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ABSTRACT : &- Butyl iodoxybenzene transforms Bz-Met-OMe to products

arising from, S oxidation and C-H insertion followed by degradation. Z-Met

(sulfoxide)-OMe is very effective in bringing about ester hydrolysis via intra-

molecular attack. The S oxidation to sulfoxides and then to sulfones can be

monitored and controlled, proceeds with 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 humulin 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)2 and related compounds with lc—tbutyl iodoxybenzene (2)3 revealing, inter

alia, unexpected, novel and useful facets pertaining to (1) as well as (2).

The reaction of {1) with 3 eq of (2) in refluxing PhC! for 3 h, gave Bz-Met (sul fone)-OH(3a, 48%),
Bz-Met(sul fone)-OMe(3b, 10%) and Bz-Asp(8 -OH)-OMe(4, 14%) :

PhCONH _COOMe PhRCONH _COOR PhCONH _COOMe

he

+
_S 0‘102:3'-'0 d-0 (2):R-H COOH

Me” " Xg (g_t_;).R-Me (4)

The formation of (3a) and (4) was quite unexpected and a detailed examination of the oxidation
of (1) with 1.5 eq of (2) yielded, {3b) (29%), (4) (9%), (5a) (12%), (5b) (36%) and (6) (12%) :

PhCONH _COOR PhCONH _COOMe

(0 '-¥-)——’(3b)+(4) + +
€q (50): R=H 1 1
(5b): R=Me Me” "X (8) HO” o

The genesis of acids (3a) and (5a) can be rationalized on the basis of intramolecular cyclization
of the initially formed sul foxide (5b) leading to (7) followed by hydrolysis to (_53)3 and by further oxidation
to (3a). The logical extension of this, namely, the possible use of methionine S-oxides in peptide rupture,
is under study. The formation of the remaining products further reinforce the notion of l;-tbutyl iodoxy -
benzene as an ozone equivalent3 . Whilst pathways leading to (3b) and (3b) are unexceptional, those to
(4), and (6) likely involve C-H insertion of {2) and fragmentation (SCHEME 1). The pathways envisaged
in these transformations are similar to those involved in the reaction of dialkylsul fides with ozone leading
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SCHEME 1
PhCONH COOMe A= PhCONH COOMe PhCONH COOMe
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@S ﬁ @s //o
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PhCONH
(5b) ——> + —_— ——
S~ . 40
Me” 0O Me” o
(7 (5a) (39)
PhCONH COOMe ArI-OPhCONH COOMe PhCONH COOMe
—_—
0\1/ 0 > )
gS/O ((|) MeSO2H H HO
(2)
(3b) ———
PhCONH COOMe Ar1<0 PhCONH COOMe
ri=
——>
Os
'?'6”-? CH,0 SOy H
O)\}/O (8

to oxidation and, fragmentation without selectivityj. In the present case also, the isolation of (4) and
(6) in the same range of yields, suggests lack of selectivity in the (2) C-H insertion. The (1)+(4) 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 | eq. of the reagent (2) and by careful monitoring of the reaction by tlc, Z-Met(sul fone)
-OMe(9) was obtained in 57% yields from Z-Met-OMe(8), thus making the sulfone transformation experi-
mentally viable.

PhCH,0CONH _cooMe PhCH0CONH _CcoOMe
' (2)
le
s | Ox
(8) “Me () o7 "Me

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(10) to Z-Gly-Met
(sul foxide)-OMe (11, 42%) and Z-Gly-Met(sul fone)-OMe(12, 26%) :

PhCH,QCONH PhCHgOCONH1
-

PhCHZOCONj\ 1
0" SNn 4+ 0% “\H

Me. Me.
\s/\)\coom N s~ coome

r
(1_Q) A coome & an 0”0 (49
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S-Protected cysteine presented a profile similar to that of methionine towards (2). Z-S(benzyl)
-Cys-OMe(13) on treatiment with 1.5 eq. of (2) gave Z-S(benzyl)~Cys(sul foxide)-OMe(1 4b, 30%), Z-S(benzyl)
-Cys(sul foxide)-OH(1%a, 7%) and Z-S{benzyl)Cys(suifone-OMe(15, 18%) :

PhCH20CONH COOMe PhCH,OCONH _COOR PhCH,0CONH _COOMe

(2) 0
— (140):R=H “§=° Z
(13) CHzPh (14b) :R =Me CHz-Ph (18) CHz—Ph

We feel that ‘J-tbutyl iodoxybenzene has potential for use in the side chain modification of peptides.
ACKNOWLEDGEMENT : We are most grateful to DST and CSIR, New Delhi for generous financial support.
EXPERIMENTAL’

I The reaction of 4- butyl iodoxybenzene (2) with N-benzoyl methionine methyl ester{Bz-Met-OMe,1):
Isolation of Bz-Met(sulfone)-OH(3a), Bz-Met(sul fone)-OMe(3b) and Bz-Asp-(g8 -OH)-OMe(4).

A stirred solution of (i)8 (0.518 g, 1.94 mmol) in chlorobenzene(13 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 vacuo, the residue triturated with satd. NaHCO, (= 50 ml) for 3 h, extracted with EtOAc (3x30 ml),
dried, evaporated and the residue chromatographed on silica gel. Elution with EtOAc:PhH::60:40 gave,
0.056 g(10%) of (3b), mp I18-120°C(EtPAc). (Found:C,51.68; H,5.39;N,4.37; Ca]F' for C‘ H NOss:C,52.l7_;
H,5.68; N,4.68%); TR:v (KBr) cm™ 3300, 1730, 1630, 1560, 1290, 1120; H-NMR:%( CIJ)2.9(S,3H),
3.0-3.41(m,4H), 3.75(s,3HT, 8.q, I1H), 7.1-7.9(m,5H); m/z:299(M").

The bicarbonate extract was cooled, made acidic to pH~ 32N H%SO ), saturated with NaCl, extrac-
ted with EtOAc(3x30 ml), dried and evaporated. The residue (0.510g) tdtally free from non-acidic compo-
unds (tlc), consisted of (3a) (mp 229°CY9, 48%) and (4) (mp 126°C, 14%). This analysis was made on the
basis of separation of the corresponding methyl esters-prepared in quantitative vields with diazomethane-
by preparative tlc, using PhH:EtOAc::7:3 as the developer. Compounds (3bXyide supra) and Bz-Asp (B-OMe)
-OMe thus obtained were found idenﬂcal to that of authentic samp:es. Bz-Aspl B-OMe)-OMe : mp 88-89°C

(benzene-hexane); IR: V (KBr) cm 2;300, 1730(br), 1640, 1530; H-NMR :G(CDCI3) 3.1{dd,2H), 3.7(s,3H),
3.8(s,3H), 5.1(m,1H), 7.478%(m,6H); [ «]°= 70(c,0.46,CHCI ).

: D
. The reaction of (1) with restricted amount of reagent (2) : Isolation of, (3a), (3b), (4), Bz-Met

(sul foxide)-OH(5a), Bz-Met(sul foxide)-OMe(5b) and BzNHCH(CH;}CH‘,SO;,H)COOM?(Q :

The reaction of (1) (0.801 g, 3 mmol) with (2) (1.314 g, 4.5 mmol) was carried out and processed
as described in Experiment I. The neutral residue on chromatography over silica gel and elution with
PhH:EtOAc:: 37 gave 0.255 g(29%) of (3b) followed by 0.106 g (12%) of (6); mp. 132°C(benzene-hexane);
IR: Vv (KBr) cm™" 3300, 1735, 1625, 1570, 1030; "H-NMR :G(CDCIB) 2.8-3.5{m,4H), 3.8(s,3H), 4.%q,1H),
7.2-81%m,5H); m/z : 285(M"), 26%(M"-16).

Further elution with PhH:EtOAc:: I:4 gave 0.304 g(36%) of (5b); colorless glassymass; (Found:C,
55.25; Hy6.13% N33 Calc. for C .H _NO/S: C,55.12; H,6.00; N,434%); IR 1y (neat) 3300, 1730,
1635, 1563, 1030; 'H-NMR: 8 (CDCT,)! 2.56(5,3H), 2.63-3.10(m,4H), 3.73s,3H), 48K, 1H), 7.3-8.0(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 (tlc) and consisted of (#) (9%) and (5a) (12%). This analysis
was made on the basis of separation of the corresponding methyl esters by column chromatography using
PhH:EtOAc(3:2 and then 1:1) as eluent. Bz-Asp -di OMe) and (5b) thus obtained were found to be identical
with authentic samples.

m. The reaction of N-benzyloxycarbonyl methionine methyl ester{8 with (2) : Isolation of Z-Met
(sul fone)-OMe(9).

The reaction of (8)'0 (0.24 g, 0.808 mmol) and (2) (0.284 g, 0.972 mmol) was carried out as described
in Experiment I. The oxidation was monitored by tlc and terminated after 2.5 h. Work-up as described
in Experiment | yielded. only neutral residue, which on chromatography over silica gel and elution with
PhH:EtOAc::1:1 gave 0.150 g (57%) of (9) mp.89°C(benzene) (Foul?d:C, 50.84; H,5.86; N, 4.01; Calc. for

? I‘H NO_.S : C,51.063 H,5.77; N,“.25967; IR : v (KBr) cm 3310, 1725, 1680, 1520, 1310, 1120;
I‘LN&& :g(CDCl ) 2.’38 (m,2H), 2.88(s,3H), 2.93-3.3351,2!‘1), 3,76(s,3H), 4.53(m,IH), 5.09(s,2H), 5.78(d,!H),
7.31(s,5H); m/z: 32%(M").

V. The reaction of N-benzyloxycarbonyl glycyl methionine methyl ester (Z-Gly-Met-OMe, 10) with(2):
Tsolation of Z-Gly -Met{sul foxide)-OMe(11) and Z-Gly-Met{sul fone)-OMe(12).
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To a stirred solution of (_1_0_)“ (1.416 g, % mmol) in chlorobenzene (30 ml) was added (2) (1.46 g,
5 mmol) at rt. The mixture was held at 80-90°C for 1.5 h, cooled solvents evaporated in vacuoc and the
residue chromatographed over silica gel. Elution with EtOAC:MeOH::98:2 gave 0.400 g{26%) of (123 thick
sycupy liquid; (Found: C,49.69; H,5.42; N,7.24; Caled. f?r C H22N 0,5 : C, 49.78; H,5.69; N,7.25%;
IR: v (neat) cm ~ 3340, 1735, 1680, 1540, 1300, 1140, H—NM’R :G&SCIB) 2.8%s,3H), 2.92-3.44(m,4H),
3.7(s, 38} 3.77-4.72(m, 3H), 5.05(s,2H), 5.94{br,2H), 7.26(s,5H); m/z : 386(M*).

Further elution with EtOAc:MeOH::i:l gave 0.620 g (42%) of {1]); thick syrupy liquids iFound:
C,51.80; H,5.62; N,7.315 Calc. for C  HpoN 0. ¢ C,51.8% H,5.9% N,7.56%); IR &y (neat) cm™' 3330,
1740, 1670, 1540, 10655 TH-NMR : 8/ 0€13 5.51(s,3H), 2.58-3.28(m,4H), 3.7(s,3H),3.88%%,2H), 4.78(m,1H),
5.08(s,2H), 5.98(br,2H), 7.28(s,5H); m/z : 3700M%).

V. The reaction of N-benzyloxycarbonyl(S-benzyl) cysteine methyl ester Z-{S-benzyl)-Cys-OMe{]3)

with {2) : Isolation of Z-{S-benzyl}-Cys-{sulfoxide)-OH(14a), Z-(5-benzyll-Cys-
and Z-{5-benzyl)-Cys{sul fore)-OMel1 5V, * ma—

A stirred solution of (_l_i‘g)l2 {0.359 g, 1 mmol) in bchlorobenzene (15 ml) admixed with (2) (0.438
1.5 mmol), refluxed fo:: 1.5 h, cooled, solvents evaporated, the residue triturated with aquoué—s NaHCOg .
for 3.5 h, extracted with EtOAc(3x20 ml), dried, evaporated and the residue chromatographed over silicd
fgs:e‘i 2[:;{ut(1:on with benzene gave 0.068 g(18%) of (15} mp 175°C (benzene»hcxane)‘; {Found: C,58.22; H,5.39
;3.22; aiﬁ. for Cl??&‘&g& : C,58.31; H,5.37; N,3.58%); IR:v (KBr) cm™ 3315, 1730, 1685, 1520,

:nB/OZO, glgB;Oth;:NMR 3) 3.5(d,2H), 3.71(s,3H), 4.2s,2H), #.72@83‘”1), 5.08(s,2H), 5.%(br,iH), 7.3s,10H);

Further elution with PhH:EtOAc:7:3 gave 0.111 g(30%) of (14b); m ®
F : u7: N (14b)y mp. 119-121°C (benzene); {Found:
$;§g.281,6;15,5.i7§;20N, 1?).;‘03; ?S{.({:\;Mf;r (islg(}(ij NO)SS : 5,60.80; H,5.604 N,;.?B%); JR : v __ (KBr} cn;'sFBBIO,
s 5 : 1) 3.06(d,2H), 3.6 .9 .
6.11(Br, 1H), 7.2(s,10H); m/z + 375(M"). 3 2, 2616530, 391210, #.5RBr1R), 501(5,2H,

The acidic residue, arising from processing of the bicarbonate extract as described in Experiment
I, was found to be free of neutral products{tic) and consisted of (14a} (7%). This analysis was madeon
the basis of diazomethane esterification and isolation of {14b) by chromatography over silica gel and
elution with PhH:EtOAc7:3, T
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