
fluxing benzene for 1 h and evaporating the solvent afforded 
the thione VI as a yellow gum: IR (CHCl3) 1825 cm"'; NMR 
(CDCl3) 8 5.86 (s, 1 H), 5.43 (s, 1 H), 5.21 (m, 2 H), and 1.92 
(s, 3 H). Thione VI was obtained in comparable yield to thione 
V. However, it was less stable than V, and, consequently, pu
rification was achieved by removing the pentyl sulfide by
product through the used of cellulose preparative thin layer 
chromatography. 

The thione functionality adds a new dimension to /J-lactam 
chemistry. The utilization of the thioxo-|8-lactam in the con
struction of new penicillins and cephalosporins is currently 
under investigation. 
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Molecular Structure of 
^-(9-Methy ladenine- N1, iV^-bisfdiisopropy 1 
sulfoxide- S)- rrans-dichloroplatinum(II)1 

Sir: 

The anticarcinogenic chemotherapeutic effect of plati-
num(II) complexes is thought to be associated, in vivo, with 
the direct complexation of the platinum complex with the 
purine and pyrimidine bases of deoxyribonucleic acid.2-3 Re-
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Figure 1. 

cent experiments have suggested that complexation with the 
purine bases is more important than with pyrimidine bases.4 

On the basis of spectroscopic results, it has been suggested 
that platinum complexes can coordinate to one of the N7, N1, 
or NH2-6 positions of adenosine5'6 and coordination at N7 has 
been confirmed by x-ray crystallography.7 In addition, it has 
been suggested that Nl and N7 positions can be coordinated 
simultaneously by two different platinum atoms.6 We report 
here x-ray crystallographic evidence that confirms this 
suggestion. 

Yellow crystals of the title compound were prepared by the 
stoichiometric reaction of K[PtCl3(|(CH3)2CH|2SO)]8 with 
9-methyladenine in water, the product being crystallized from 
acetone solution by evaporation at room temperature. Satis
factory analyses were obtained for C, H, S, N, and Cl. 

Crystal data: Ci8H35Cl4N5O2Pt2S2; M 949.6; monoclinic; 
space group PlxJc; a = 15.620 (8), b = 17.357 (5), c = 14.05 
(2) A; /3 = 104.8 (I)0; Z = 4; dz~ 1.71 g cm"3. Intensity data 
were collected using a Syntex Pl diffractometer with Mo Ka 
radiation. The two crystallographically independent platinum 
atoms were located by direct methods. (The pseudosymmetry 
between the coordinates of the two platinum atoms precluded 
a unique solution to the Patterson map.) The other atoms were 
located by successive electron density difference syntheses. 
Full-matrix least-squares refinement, with anisotropic tem
perature factors for Pt, Cl, and S atoms, converged to a con
ventional R value of 0.069 for 1344 reflections with / > 
3CT(Z). 

The molecule is shown in Figure 1. The arrangement of Ii-
gand atoms about each platinum atom is essentially a square, 
the Pt-CI (Pt(I)-Cl(I), 2.29 (1); Pt(l)-Cl(2), 2.31 (1); 
Pt(7)-Cl(3), 2.30 (1); Pt(7)-Cl(4), 2.30 (I)), Pt-N (Pt(I) 
-N(I), 2.08 (3); Pt(7)-N(7), 2.07 (3)); and Pt-S (Pt(I)-S(I), 
2.23 (1); Pt(7)-S(7), 2.25 (I)) distances, bond lengths within 
the bis(isopropyl) sulfoxide group and all angles do not differ 
significantly from values we have found previously for a similar 
platinum complex of 1-methylcytosine.8 Bond lengths and 
angles within the 9-methyladenine group do not differ signif
icantly from the average values listed by Voet and Rich.9 

Significant features of the structure are the large dihedral 
angles between the plane of the 9-methyladenine and the plane 
of each platinum atom and its four bonded atoms. The ade-
nine-Pt(7) plane angle is 61° and the adenine-Pt(l) plane 
angle is 89°. Similar large angles have been observed for a 
platinum-1-methylcytosine complex (840)8 and a platinum-
2,6-lutidine complex (81°).10 These large angles are caused 
by the steric requirements of the groups attached to the carbon 
atoms adjacent to the bound nitrogen atom, and similar large 
dihedral angles will occur in any square planar platinum-
DNA-base complex. This will undoubtedly cause a marked 
distortion in a coiled DNA chain, when platinum complexes 
are bound to the bases. This distortion may well be the reason 
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why m-dichlorodiammineplatinum(II), in addition to being 
a useful anticancer agent, is an activator of other anticancer 
drugs.1' 

The title molecule is of further interest in that recent studies 
have shown that K(PtCl3Me2SO) complexes directly and ef
ficiently to the base functions of denatured DNA.12 One to one 
complexation is observed with cytosine, guanine, and thymine 
bases, while 1:2 complexation is observed for the adenine bases. 
This difference in the complexation behavior of the adenine 
bases is clearly consistent with the structure reported here and 
provides a potentially useful method for sequencing the adenine 
bases in DNA using electron microscopy.12 
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Resonance Raman Spectra of Liganded and Unliganded 
Carp Hemoglobin in Both R and T States 

Sir: 

Unliganded mammalian hemoglobins (Hb) adopt a ther-
modynamically stable conformation exhibiting a low ligand 
affinity, denoted the T state. The binding of oxygen and other 
ligands or oxidation is usually accompanied by a transition to 
a different, high affinity, conformation, denoted the R state, 
and the cooperative ligand-binding properties of hemoglobin 

are a consequence of the reversible transition between these 
two forms.1 The nature of the transduction mechanism 
whereby ligation or oxidation of the pentacoordinate ferroheme 
controls this conformational equilibrium, and reciprocally, 
whereby the protein conformation determines the apparent 
ligand affinity at the heme, is a matter of keen interest.2 

The most widely known and completely articulated proposal 
is the "trigger mechanism" elaborated by Perutz1,3 following 
suggestions of Williams4 and Hoard.5 It includes a proposed 
coupling between protein conformation and the spin state and 
position of iron: the five-coordinate high-spin Fe(II) of an 
unliganded heme in Hb lies substantially out of the mean 
porphyrin plane and is considered to be held in a stressed state 
by tension exerted through the protein. Upon oxygenation, the 
Fe atom becomes low spin and moves into the porphyrin plane 
with a concomitant release to tension. However, this mecha
nism has been seriously questioned, and other views of the 
nature of the stresses (forces) on the heme group and resulting 
strains (deformations) have been presented.26 We here report 
a resonance Raman (RR) spectroscopic study of deoxy- and 
cyanomet-Hb from the carp which shows no evidence of heme 
strain upon changing protein conformation. 

At neutral pH, carp {cyprinus carpio) hemoglobin shows 
cooperative effects characteristic of a T *± R switch upon li
gation. However, at low pH, particularly in the presence of 
organic phosphates, both unliganded and liganded forms re
main in the T state, whereas at high pH, both forms adopt the 
R conformation.7 Therefore, it is possible to induce a change 
between T and R merely by changing the pH, providing a 
unique opportunity to examine in both low and high affinity 
conformations the properties of both liganded and unliganded 
hemes. 

Resonance Raman spectroscopy provides a particularly 
sensitive probe of heme properties. A number of vibrational 
bands have been correlated to heme spin and oxidation state.8 

The underlying cause of observed variations in vibrational 
frequencies is perturbations in the porphyrin structure, var
iously considered to be doming occurring upon motion of the 
metal-atom8 and changes in the diameter of the porphyrin 
"central hole".9 In either case, these "structure-sensitive" 
Raman bands provide a means of investigating whether 
changes in protein conformation can indeed induce strains in 
the heme prosthetic group. 

We have obtained10 RR spectra of carp deoxy-Hb in the T 
state, pH 5.8 with 4mM inositol hexaphosphate (IHP), and 
in the R state, pH 8.8, usually at 4° in order to improve protein 
stability. Figure 1 presents the high-frequency region of the 
RR spectra obtained with laser frequencies near the visible 
(5145 A) and Soret (4579 A) heme absorptions; Table I lists 
the frequencies of the structure-sensitive bands for both the 

Table I. Frequencies of Structure-Sensitive RR Bands for Hb and Cyanomet-Hb 

Human" 

Deoxy-Hb 

T state" 
Carp* 

R statef Human" 

Cyanomet-Hb 

T state" 
Carp' 

R state1' 

1358 (p) vs 
1473 (p) m 
1546(dp)m 
1552 (ap)s 
1565 (p) m 
1607 (dp)s 

1354(B1Q) 
1471 (B,Q) 

1545(Q) 

1557(QK 
1564(B) 
1604(B1Q) 

1355(B1Q) 
1469 (B,Q) 

1544(Q) 
1559(Q)/ 

1565(B) 

1603(B1Q) 

1374 (p) vs 
1508 (p)m 
1564 (dp) m 
1588 (ap)s 
1583 (p)m 
1642 (dp) vs 

1372(B1Q) 

1504(B1Q) 

1560(Q) 
1590(Q) 
1584(B) 
1642(B1Q) 

1371 (B1Q) 
1505(B1Q) 
1561 (Q) 
1588(Q) 
1586(B) 
1641 (B1Q) 

" Vs = very strong, s = strong, m = medium, p = polarized, dp = depolarized, ap = anomalously polarized; ref 8a. * Spectra taken at 4 0C. 
'B = 4579-A excitation; Q = 5145-A excitation; vs and s bands—estimated reproducibility, ±1 cm-1; m bands—estimated reproducibility, 
±2 cm-1. d ~\.2 mM in heme, 0.1 M phosphate-citrate, pH 5.8, plus 4 mM IHP. 'M.2raM in heme, 0.1 M Tris, pH 8.8.1 This feature 
appears as a shoulder in spectra with the abscissa expanded, and is clearly resolved from the adjacent (1545 cm-') peak in successive spectra 
taken with parallel and perpendicular orientation of the polaroid analyzer. 
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