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by column chromatography, showed a large optical rotation.15 

The optical purity of Va was determined by the use of chiral 
shift reagents.16 Figure 1, shows the portion of the shifted 
spectrum resulting from one of the methylene protons adjacent 
to the ether oxygen. As can be seen (spectrum a) the doublet 
in the unshifted spectrum from this proton splits into four lines. 
When the opposite enantiomers of the complex were used 
different pairs of these lines decrease in intensity (spectra b, 
c). Although an exact integration was difficult, the optical 
purity (31 ± 2%) of the product appears to be the same as the 
starting complex. 

Thus, the product Vb results from trapping of an interme
diate cyclobutadienoid while it is still under the chiral influence 
of the metal. This suggests that in the earlier3'4 intermolecular 
trapping experiments, optically active products would have 
resulted if the cyclobutadiene ligand was not free from the 
metal at the time of reaction. 
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Stereospecific Synthesis of a Sulfenamide Cobalt(III) 
Complex Derived from (l?)-Cysteine 

Sir: 

[Co(en)2-(.R)-cysteinato] (ClO4^-H2O was prepared from 
(R,R)-cystine, ethylenediamine and cobalt(II) perchlorate and 
separated into two brown diastereoisomers (Ia, Ib). The pro
posed structure of one of these isomers (Ia, [M]483

20 +9015 
deg M - 1 m -1 , 1O-2 M HClO4) is depicted in Figure 1. Two 

Figure 1. Mechanism for sulfenamide formation. 

Figure 2. The crystal structure of A-(S)-(ethylenediamine-(/?)-cys-
teinesulfenamide)(ethylenediamine)cobalt(III) tetrachlorozincate. 

components are observed for the first ligand field band con
sistent with the C4„ symmetry of the bonding atoms (e484

max 
= 133, €~580

sh 50 M"1 cm"1, 10~2 M HClO4) but a strong 
charge transfer absorption (e281max 12 450) obscures the sec
ond ligand field band region (e~360

sh 324). This spectral 
property is characteristic of S bound to Co(III).1,2 For N,0 
amino acid chelates in general, both ligand field bands 
are observed (~485 and 345 nm). Comparison of the 1H 
NMR and visible spectra of Ia with [Co(en)2S(CH2)2NH2]-
(C104)2(«

481
max 126, e~580

sh 48, e~360
sh 318, e

281
max 13 40O)2 

and [Co(en)2SCH2OCO]C104 («
514

max 153, e360
sh 367, e28°max 

11 300) eliminated the third possibility of S,0 chelation. The 
other feature consistent with N,S bonding is the pKa of the 
ionizable proton which is ~4, characteristic of a free carboxylic 
acid group in this type of complex.3 Further, ion-exchange 
chromatography (pH 2 and 7) reflects the two possible cation 
charges, 2+ and +, and both mono- and diperchlorate salts of 
I have been isolated. Note that (uncoordinated) -NH3+ (p^Ta 
~ 9) or -SH (pATa ~ 10) is expected to be significantly less 
acidic than -COOH. 

The cysteinato isomers show a capacity for oxidation at S 
by a variety of oxidizing agents. In particular, a dimethyl 
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Figure 3. Alkylation of N1S chelated cysteine via the Pummerer rear
rangement. 

sulfoxide/acetic anhydride mixture yielded a single isomer of 
a red complex(VI) in >90% yield. This product had essentially 
the same analysis as the reactant but exhibited widely different 
1H NMR and visible spectra from Ia or Ib and from the S-
bound sulfenato and sulf/nato complex products derived from 
other oxidants.4 Charge transfer absorption obscured the 
second ligand field band, suggesting S bound to Co(III). 
However, no sensible structural assignment could be made with 
all these data and a crystal of the ZnCl4

2- salt was therefore 
examined by x-ray crystallography. Anal. Calcd for 
CoC7H20N5SO2ZnCl4: C, 16.7; H, 4.0; N, 13.9; S, 6.4; Cl, 
28.1. Found: C, 16.7; H, 4.2; N, 13.4; S, 6.4; Cl, 27.8. 

Crystal data: CoZnCl4SO2N5CTH20; orthorhombic with 
a= 16.455(2),*= 16.646 (2), c = 6.315 (7) A; space group 
P2\2\2\, M = 504.4 amu; dm = 1.9, dc = 1.94 g cm - 3 for Z 
= 4. For 1905 independent data with F0

2 > 3(F0
2) the R index 

is 0.035. Coordination about Co(III) is octahedral (normal), 
and there are no significant distortions in the chelates. 
(N2-S1-C3, 99.0 (3)°; Co-N2-C2, 107.6 (4)°; S1-C3-C4, 
114.4(5)°). 

The structure (Figure 2) points to two remarkable features 
for the mild conditions (20 0C, ~12 h) of the synthesis. A shift 
from the N,S to the N,0 bonded chelate has occurred and the 
freed S atom has then condensed with one of the N atoms of 
one ethylenediamine chelate to generate an unusual hetero
cyclic six membered (chair) ring containing a sulfonamide 
linkage. Overall a new quadridentate has been formed from 
a Iris chelate. 

The 1H NMR of VI (IO"3 M DCl and D2O) was complex. 
In addition to the characteristic CH2 (T 7.26, m, br, 6 H) and 
NH2 (T 4.7, 4.95, 5.59, s, br, 6 H) signals of en, resonances 
were observed at r 4.04 (s, br, 2 H, NH2 of amino acid), r 
6.88-7.20 (m, br, 2 H, CH2 of en a to N-bound sulfenamide 
linkage), and, as a complex pattern of sharp lines, at T 6.48-
6.95 (m), 6.26 (d), 6.13 (d), 5.96 (s), and 5.92 (d, br) (S-CH2 
and -CH-, ABX pattern). The NH sulfenamide proton was 
exchanged instantly even in 1 M DCl but was clearly observed 
in Me2SO-J6 at T 2.48 (s, br, 1 H). The proton decoupled 13C 
NMR (D2O) showed all seven C atoms as separate sharp 
singlets, confirming the presence of a single isomer (vide infra). 
The first ligand field band (e486

max 135; 10~2 M HClO4) in the 
visible spectrum is consistent with a CoN5O chromophore. The 
intense charge transfer band (e345

max 2590) which obscures 
the second ligand field band is ascribed to the chromophore of 
the sulfenamide, although bonded through the N atom rather 
than the S atom. The band is reduced in intensity and shifted 
to lower energies relative to the S bonded complexes I. Com
plex VI shows a pÂa of ~10 (NH of sulfenamide), and crystals 
of a deep wine red deprotonated form have been isolated. 

The extraordinary rearrangement (Figure 1) has a rational 
interpretation if the properties of the Me2SO/acetic anhydride 

mixture are exercised. Acetylation of the (CHa)2SO oxygen5 

yields the sulfoxonium ion II and allows a nucleophilic dis
placement by the coordinated mercaptide ion of the cysteinato 
complex Ia to generate a disulfide linkage III and acetate ion. 
This immediately renders the coordinated cysteine S - positive 
and thence a good leaving group. Capture of the free carboxyl 
group gives the N,0 bound ion IV. The alkylated disulfide 
residue is now susceptible to nucleophilic attack and removal 
of a proton from an ethylenediamine nitrogen by acetate pro
vides this opportunity. Finally the coordinated amide ion of V 
cleaves the disulfide link to generate the complex product VI 
and (CHj)2S. 

In larger scale preparations of the sulfenamide VI a small 
quantity (~2%) of an orange 3+ product (VIII) was isolated 
and characterized (anal., 1H NMR, visible, and ORD spectra) 
as ACo(en)2-(fl)-(NH2CH(CH2SCH2SCH3)COOH)3+ 

(Figure 3). This arises from the Pummerer rearrangement of 
the sulfoxonium ion II to the thioether VII5 followed by nu
cleophilic attack of the bound mercaptide ion of I. Similar 
rearrangements have been observed with the Me2SO/ 
(CF3CO)2O reagent.5-6 

The remarkable stereospecificity of the sulfenamide reaction 
prompts comment. The chirality of the amino acid directs the 
condensation to one N atom (Figure 1). However two other 
isomeric products are possible, one inverted about the cobalt 
center and the other inverted about the chiral sulfenamide N 
center (Figure 2). We have shown that A-N,S-Co(en)2-
(i?)-cysteinato2+ ion undergoes the same type of oxidation to 
give the same A sulfenamide isomer described here. These 
stereochemical aspects and the equilibration and structures 
of both the A and A sulfenamide isomers will be described in 
a subsequent publication. 
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Disproportionation at the Ligand in Nitro Complexes of 
Ruthenium(III) 

Sir: 

Complexes of Ru(II) and Ru(III) are usually substitution 
inert and stable, and Ru(III)/Ru(II) couples have been used 
extensively in the study of one-electron transfer processes.1 

This is certainly true for «s-bis-2,2'-bipyridine (bpy) com
plexes where more than 100 reversible Ru(III)/Ru(II) couples 
are known.2 However, oxidation to Ru(III) can lead to 
chemical instability because of oxidation of a bound ligand 
(reactions 1, 2). 

[Ru11KbPy)2(Nj)2J
+-I-CH3CN 

- [Ru1KbPy)2(CH3CN)N3J
+ 3Z2N2 (D3 
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