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ABSTRACT : 4-‘Butyl iodoxybenzene transforms Bz-Met-OMe to products 
arising from, S oxidation and C-H insertion followed by degradation. Z-Met 
(sui~xi~)-OMe is very effective in bringing about ester hydrolysis via intra- 
molecular attack. The S ojti&+tion to suffoxides and then to s&ones can be 
monitored and controlled, proceeds Urith chiral retention, affects neither the 
peptide bond nor the protecting groups and has been further illustrated with, 
Z-Gly-Met-OMe, Z-Met-OMe and Z-S(benzyl)-Cys-OMe. 

The selective transformation of the methionine side chain is an important operation in protein synthesis 

and rupture, a recent example being in the humuiin synthesis, enabling the separation of the 8 -galacto- 

sidase fragment from insulin chains’. This paper reports of a study of the reaction of N-benzoylmethionine 

methyl ester (Bz-Met-OMe,L)’ and related compounds with 4-‘butyl iodoxybenzene (213 revealing, inter 

a, unexpected, novel and useful facets pertaining to (I_) as well as (2). 

The reaction of (i, with 3 eq of (2) in refluxing PhCI for 3 h, gave Bz-Met fsulfone)-OH& 48%), 

Bz-Me&u1 fonej-OMe@b, 10%) and Bz-Asp(B -OH)-OMe&, 14%) : 

COOMe 

,s 
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The formation of (&I and (2) was quite unexpected and a detailed examination of the oxidation 

of (1) with J-5 eq of (2) yielded, (&I (29%), &I (9%), &I (l2%), @) (36%) and (5) (12%) : 

(I.> 
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The genesis of acids (3a) and (5a) can be rationalized on the basis of intramolecular cyclization - - 

of the initialiy formed sulfoxide (5b) leading to (2) foilowed by hydrolysis to (5a)’ and by further oxidation - - 

to (3a). i’he logical extfmsion of this, namely, the possible use of methionine S+xides in peptide rupture, - 
is under study. me formation of the remaining broducts tirther reinforce the notion of 4-‘butyl iodoxy- 

benzene as an ozone equivalent3. Whilst pathways leading to (5b) and (2) are unexceptional, those to - 
(21, and &) likely invotve C-H insertion of (3) and fragmentation (SCHEME I). me pathways envisaged 

in these transformations are similar to those involved in the reaction of dialkyisui~des with ozone leading 
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SCHEME 1 
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dr 
to oxidation and, fragmentation without selectivity5. In the present case also, the isolation of (9 and 

(5) in the same range of yields, suggests lack of selectivity in the (2) C-H insertion. The (L)+(i) degradation 

opens up the possibility of the use of methionine or related compounds as placid precursors of aspartic 

acid in protein synthesis6, provided higher selectivity and yields could be obtained. 

Using I eq. of the reagent (2) and by careti monitoring of the reacjion by tic, Z-Met(sulfone) 

-OMe(z) was obtained in 57% yields from Z-Met-OMe(), thus making 

mentally viable. 

(2) 
e 

1 eq 

(8) 'Me 

the sul fone transformation experi- 

No perceptible loss of chirality was noted in the side chain oxidation with (2). Neither was the 

peptide bond affected as demonstrated with the transformation of Z-Gly-Met-OMe(&) to Z-Gly-Met 

(sulfoxide)-OMe (a 42%) and Z-Gly-Met(sulfone)-OMe(ll, 26%) : 

Me\dCOOMe 

s (11) 
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S-Protected cysteine presented a profile similar to that of methionine towards (2). Z-SfbenZyl) 

-Cy+DMe(z) on treatment with 1.5 eq. of (1) gave Z-S(benzyl)-Cys(sulfoxide)-OMe(J_@ M%), Z-S(bewl) 

-Cys(sul f&de)-OH&, 7%) and Z-S(benzyl)Cys(sul fone-OMe(, 18%) : 

&Ph 

L (l*):R=H so 
4 Wb):R=Me CH2_Ph 

I 

(la) CHZ-Ph 

We feel that 4-‘butyl iodoxybenzene has potential for use in the side chain modification of peptides. 
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EXPERIMEN TAL7 

I. The reaction of 4-t butyl iodoxybenzene (2) with N-benzoyl methionine methyl ester(Bz-Met-OMe, I): 

Isolation of Bz-Metfsuftine)-OH(3), Bz-Met(sulBDne)-OMe(3b) and Bz-Asp-(8 -OH)-OMd4). 

A stirred solution of (L)8 (0.518 g, 1.94 mmol) in chlorobenzene(I3 ml) was admixed, in lots, with 
(2) (1.70 g, 5.82 mmol, 3 eq), refluxed for 3 h when a clear solution was obtained, cooled solvents evapora- 
ted in s the residue triturated with satd. NaHCO (~50 ml) for 3 h, extracted wjth EtOAc (3x30 ml), 
drieT evaporated and the residue chromatographed dn silica gel. Elution with EtOAc:PhH::LO:UO gave, 
0.056 s(lO%) of (2), mp I l8-120°C(E_tPAc). fFound:C,51.68; H,5.39;N,4.37; Calf. for C H NO5S:C,52.17; 
H,5.68; N,4.68%); IR: V (KBr) cm 3300, 1730, 1630, 1560, 1290, 1120; H-NMR! a (CjoC13)2.9(s,3H), 
3.0-3.41(m,4H), 3.75fs,3flq%q,lH), 7.I-7.9fm,5H); m/z:299(M+). 

The bicarbonate extract was cooled, made acidic to pHI 3(2N H saturated with NaCI, extrac- 
ted with EtOAd3x30 ml), dried and eva orated. 
unds (tic), consisted of (2) (mp 229°C $ 

The residue (0.51Og) free from non-acidic compo- 
, 48%) and (i) (mp 126“C, 14%). This analysis was made on the 

basis of separation of the corresponding methyl esters-prepared in quantitative rields with diazomethane- 
by preparative tic, using PhH:EtOAc::7:3 as the developer. Compounds ()bg\rde su ra) and Bz-Asp (6-OMe) 
-0Me thus obtained were fourd idenfjcal to that of authentic samp!es. Bz-Asp( 
(benzene-hexane); IR: V 

- - B&G)-QMe : mp 88-89°C 
(KBr) cm ,3300, 173Ofbr), 1640, 1510; H-NMR :sCCDC13) 3.I(dd,2H), 3.7(s,3H), 

3.8&3H), 5.I(m,IH), 7.&?.&m,6H); [ =I = 70(c,0.46,CHC13). 

D 

If. The reaction of (1) with restricted amount of reagent (2) : Isolation of, (3a), (3b), (C), Bz-Met 
(sul tbxide)-OH(5a), Bz-Met(sul foxide)-OMe(5b) and BzNHCH(CH2CH2SO H)COOMe(6) : 

The reaction of (L) (0.801 g, 3 mmol) with (2) 0.314 g, 4.5 mmol) was carried out and processed 
as described in Experiment 1. The neutral residue on chromatography over silica gel and elution with 
PhH:EtOAc::h7 gay7 0.255 g(29%) of (2) followed)by 0.106 g (12%) of (@ mp. 132Yfbenzene-hexane); 

3300, 1735, 1625, 1570, 1030; H-NMR : S(CDCl3 2.8-3.5!m,lH), 3&,3H), 4.%q,IH), 
: 283(M+), 269(M+-16). 

Further elution with PhH:EtOAc:: I:4 gave 0.304 g(36%) of (2); colorless glassy mass; fFound:C, 
55.25; H,6.13; N,4.?6; Calc. for C H, NO S: CJ5.12; H,6.00; N,4.94%); IR : v (neat) 3300, 1730, 
1635, 156;, 1030; H-NMR: 6 (C&)33) &&,3H), 2.63-3.10(m,lH), 3.73fs,3H), 4.@'f&lH), 7.SS.O(m,5H); 
m/z:283(M ), 267(M+-16). 

The acidic residue, arising from processing of the bicarbonate extract as described in Experiment 
I, was found to be free from neutral products (tic) and consisted of (2) (9%) and (&) (12%). This analysis 
was made on the basis of separation of the corresponding methyl esters by column chromatography using 
PhH:EtOAc(kZ and then I:)) as eluent. Bz-Asp -di OMe) and (3) thus obtained were found to be identical 
with authentic samples. 

111. The reaction of N-benzyloxycarbonyl methionine methyl ester(S) with (2) : Isolation of Z-Met 
(sulfone)-OMe(9). 

The reaction of (8)” (0.24 g, 0.808 mmol) and (2) (0.284 g, 0.972 mmol) was carried out as described 
in Experiment 1. The oxidation was monitored by tlcand terminated after 2.5 h. Work-up as described 
in Experiment I yielded. only neutral residue, which on chromatography over silica gel and elution with 
PhH:EtOAc::l:l gave 0.150 g (57%) of (9) mp.89°C(ben;rr)) T;_ydtC, 50.84; H,5.86; N, 4.01; Calc. for 

: C,Sl.O6t H,5.77; N,4.25%T; IR : v 
~t$$~&~C3l$$~ (m,2H), 2.88(s,3H), 2.93-3.flh,2H): 3.76(~,3$‘?5~r~iH~,??l9~~?!$, ’ :!$d,!g 

- 9 ; : . 

IV. The reaction of N-benzyloxycarbonyl glycyl methionine methyl ester (Z-Gly-Met-OMe, IO) with(2): 
Isolation of Z-Cly-Met(sul fDxide)-OMe( I I) and Z-Gly-Meflsulfcne)-OMe( 12). 
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To a stirred solution of (IO)11 (I.416 g, 4 mm& in chlorobenzene (30 ml) was added (2) (f.46 g, 
5 mmol) at rt. The mixture was held at 80-9OT for 1.5 h, cooled solvents evaporated _& vaciio and the 
residue chromatographed over silica gel. Elution with EtOAc:MeOH::98:2 gave 0.400 g(26696)mE); thick 
syrupy liquid; (Found: 
IR: v 

C,49.69; HJ.42; N,7.24; Calcd. ‘pr C H22N 0 S : C, 49.74; H&69; N,7.25%; 

3.7&m 
(neat) cm 3340, 1735, 1680, 1540, 1300, 1140, H-Nk : 6k6C13~ 2.8#s,3H), 2.92-3.44(m,lH), 
+77-4.7KmJ3H), 5&5&,2H), 5.94<br,ZH), 7.26fs,5H); m/z : 386(M+). 

Further elution with EtOAc:MeOH::l:l gave 0.620 g (42%) of (II-I); thick syrupy Jiquid;_fFound: 
C,Sl.SO; HJ.62; N.7.31; Falc. for C H N 0 S : C,51.89; H&94; N,7.56%)$ IR : w (neat) cm 3330, 
1740 1670 1540 104> H-NMR : a’&&!$ ? $.51(s,3H), 2.58-3.28(m,4H), 3.7(~,3H),3.~,2H), CJS(m,IH), 
S.O8&,2H), >.98(b:,2H), ?.28(s,5H); m/z : 370&L 

V. The reaction of N-benzyloxycarb~yi(S-~nzyl~ cysteine methyl ester Z-@benzyl)-Cys-CMd 13) 
with (2) : Isolation Of Z_(S-benzyl)Cys-(sul foxide)-OH( I la), Z-&benzyl)Cys-(sul foxirje)-DMef 14br 
and Z-&bentyl)-Cys_(suI fonej-OMe( 15). 

A stirred solution of @)I2 (0.359 g, 1 mmol) in chlorobenzene (15 ml) admixed with (2) (0.438 g, 
I.5 mmol), refluxed for 1.5 h, cooled, solvents evaporated, the residue triturated with aquou& NaHCO 
for 3.5 h, extracted with EtOAdL20 ml), dried, evaporated and the residue chromatogra~ed over silic a 
gel. Elution with benzene gave 0.068 g(lS%) of (15); mp 175°C (benzene-hexan$ (Found: C,58.22; H,5.39; 
N,3.22; Cakj. br C,9 H NO S : C,58.31; HJ.37; N,3.58%); IR:w 3315, 1730 1685, 1520 
1300, 1130, H-NMR : &DCl~) 3.5fd,ZH), 3.71(5,3H), 4.2(s,2H), 4.7~~~~r~.~~s,2H), 5.9(br,I’r;), 7.jfs,lOH$ 
m/z : 391 (M+). 

Further elution with PhH:EtOAc::7:3 gave 0.11 I g(H)%) of (B); mp. 119-121*C (benzene);_JFound? 
C,60.28t H&77; N, 3.43; Yale. 
1730, 1685, 1520, 1030; 

for Cl H NO S : C,60.80; H,5.60; N,3.73%); IR : v 
H-NMR : 6 ?C&$ 3.06(d,2H), 3.61(s,3H), 3.91(s,2H), ~.~~~~~,‘~O,~S~~~~ 

6.1 I(Br,IH), 7.Hs,IOH); m/z : 375(M+). 

Tbe acidic residue, arising from processing of the bicarbonate extract as described in Experiment 
I, was found to be free of neutral oroducts(tlc) and consisted of (Ita) (7%). This anafvsjs Was madeon 
the basis of diazomethane esterif&ticn and isolation of (I#) by chromatography over silica gel and 
elution with PhHtEtOAc::7:3. 
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