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As an additional example, we demonstrated the preparation 
of deuterated alkenes 4a and 4b using acetic-rf3 acid-d. 

CD COOD 

r e f . 24 h 
R-N, 

4 a , 

r^ 
R=PhCH. 

The usefulness of the present concept for the completely 
regioselective allylic desulfurization to terminal olefins will 
be further enhanced if allylic sulfur compounds other than 
suifones can be generally transfered to allyltins. This was re
alized in the following allylic sulfides under similar condi
tions.18 

^^^s 

The ready availability of tri-n-butyltin hydride from inex
pensive starting materials and the facility of the reaction 
provide a stimulus for further exploration of its chemistry and 
the chemistry of allyltins. 

A typical procedure19 is as follows. A mixture of 3-tolyl-
sulfonylnona-1-ene (lb, 447 mg, 1.38 mmol), tri-n-butyltin 
hydride (928 mg, 3.19 mmol), and AIBN (~10 mg) in dry 
benzene (3 mL) was refluxed under a nitrogen atmosphere for 
2 h until the disappearance of the absorption of suifone at 1320 
and 1150 cm - ' . After the completion of the reaction, 1 -(tri-
n-butylstannyl)nona-2-ene (2b) was isolated by column 
chromatography (neutral alumina, eluted with benzene) in 
65% yield (443 mg) as a colorless oil. The further purification 
was carried out by Kugelrohr distillation under reduced 
pressure: bp 136-142 0C (0.003 mm). 

Protolysis of the crude reaction mixture was carried out 
using concentrated hydrochloric acid (3 mL) or acetic acid (3 
mL) at room temperature for several hours. 1 -Alkenes 3 were 
identified by the comparison of GC analysis and spectral data 
with those of authentic samples. 
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15N NMR of c/s-Diamine-Platinum(II) Complexes 
in Aqueous Solution1 

Sir: 

The recent interest in the aqueous chemistry of cis-di-
amine-platinum(II) compounds is the result of the discovery 
by Rosenberg and co-workers2 in 1969 that m-dichlorodi-
ammineplatinum(II) (DDP) is an antitumor agent. Although 
DDP and similar compounds have been shown to inhibit DNA 
synthesis, the exact mode of biological action of these com
pounds is not known3 despite a great number of studies of these 
anticancer agents and their interaction with biomolecules.4 

This has prompted us to explore the potential of 15N magnetic 
resonance as a probe for determining the biological binding 
site of these Pt(II) species. Studies have suggested that the 
uncharged DDP species diffuses through the cell membrane 
but, once in the cell, dissociates Cl - to form c/5-(NH3)2-
Pt(H20)22+ which may then attack one or more basic nitrogen 
sites of the purine or pyrimidine bases in the nucleic acid 
chain.5 We have accordingly prepared and recorded 15N 
spectra for aqueous solutions OfCW-(15NH3J2Pt(H2O)2

2+ (1), 
l5N-enPt(H20)2

2+ (3) (l5N-en = 100% 15N-labeled ethyl-
enediamine) and for derivatives of 1 and 3 in which one or both 
H2O molecules are replaced by 100% 15N-labeled 1-methyl-
imidazole (15N-MeIm). We have found that replacement of 
H2O by 15N-MeIm in the Pt(II) complexes produces a large 
change in both the 15N chemical shift and the 195Pt-15N 
coupling constant for the '5NH3 or 15N-en nitrogens. At the 
same time, the 15N resonances for both 15N) and 15N3 of the 
15N-MeIm are shifted from their positions in an aqueous so
lution of' 5N-MeIm and both resonances display satellites due 
to 195Pt-15N coupling. These results indicate that 15N NMR 
is a sensitive probe for detecting interactions between cis-
diamine-platinum(II)2+ species and imidazole-ring nitrogen 
in biological systems (e.g., purine base sites of nucleic acids) 
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Table I 
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(a) Nhhoren 

(b) MeIm 
N3 
N1 

amine nitrogen 
15N-H (directly bonded) 
15N-195Pt 

imidazole nitrogen 
15N1-195Pt 
15N1-195Pt 
15N3-15N (amine) 

1 

+67.0 

73.2 
388.6 

2 

+46.4 

+91.9 
-4.7 

72.0 
286.5 

436.5 
26.1 

5.4 

3 

15N Shifts" 

+45.9 

Couplings^ 

75.4 
421.4 

4 

+44.8*; +29. lc 

+93.1 
-4.8 

not observed 
411.1'; 327/ 

not observed 
24.7 

5.1 

5 

+ 28.9 

+91.1 
-4.6 

not observed 
318.9 

428.6 
25.5 

5.4 

6 

+ 121.0 
-5.4 

579.4 
32.6 

" All shifts are given in parts per million relative to the corresponding uncomplexed amine in dilute aqueous solution at high pH. h Singlet. 
' 5.1-Hz doublet. d Couplings are in hertz. The signs of the couplings have not been determined. ' Doublet of singlets. / Doublet of 5.1-Hz 
doublets. 

and suggests that other basic binding sites could be identified. 
The data also show some interesting effects of ligand strength 
on 15N NMR shifts and 195Pt-15N coupling constants in these 
square-planar Pt(II) complexes. 

15N spectral data were taken at 10.16 MHz on a Varian 
XL-100 spectrometer operated in FT mode. Approximately 
0.2 M aqueous solutions of 1, 3, and m-(1 5N-MeIm)2-
Pt(H20)22 + (6) were separately prepared by the method of 
Dhara.6 The pH of such solutions is typically ~2.0. A pro
ton-coupled spectrum of the solution of 1 shows the directly 
bonded 1 5N-1H coupling (1:3:3:1 quartet) for the equivalent 
ammine nitrogens and also displays the 1 5N-1 9 5Pt coupling 
(natural 195Pt abundance =* 34%, / = lk) leading to smaller 
"satellites" of the central quartet. Similarly, a proton-coupled 
spectrum of 3 displays a 1:2:1 triplet with corresponding 195Pt 
satellites. The latter spectrum is shown in Figure IA. Con
tinuous proton decoupling collapses the quartet and triplet 
structures to inverted singlets indicating a large negative NOE 
for both 1 and 3. By adding 2-4 mol of 15N-MeIm per Pt(II) 
to a solution of 1 or 3, we obtain solutions which initially con
tain a mixture of species, but after several days display only 
the spectral features of d5-( 1 5NH 3 ) 2Pt( l 5N-MeIm) 2

2 + (2) 
or 1 5N-enPt(1 5N-MeIm)2

2 + (5) and excess 15N-MeIm. The 
pH of such solutions is typically in the region of 7-9. Reducing 
the pH to 2.0 with aqueous HNO3 has no effect on the spectral 
features of the bound species but converts the unbound excess 
15N-MeIm completely to 15N-MeImH+ in which the 15Ni and 
15N3 resonances fortuitously superpose.7 A proton-decoupled 
15N spectrum of such a solution of 5 is shown in Figure 1C. The 
pH of a solution obtained by adding ~1 mol of 15N-MeIm/mol 
of 3 is initially ~5.5 and steadily decreases to a constant value 
of ~3.0 over a period of ~1 week. At this point such a solution 
contains excess 15N-MeImH+ and significant amounts of three 
Pt(II) species, viz., 3, 5, and a third species which we believe 
is 15N-enPt(H20)(15N-MeIm)2+ (4). A proton-decoupled 15N 
spectrum of such a solution is shown in Figure IB. The 15N 
shifts and coupling constants for all of the 15N-enPt(II) species 
in Figure 1 are summarized in Table I which also includes ' 5N 
N MR data for the species 1, 2, and 6. 

Certain features of the data in Table I should be emphasized. 
Focusing attention on the 15N shift data, we observe the fol
lowing. (1) The ' 5N resonance of the equivalent en nitrogens 
in 5 is shifted downfield by 17 ppm relative to that in 3 and the 
15N resonance for the equivalent NH 3 nitrogens in 2 is 20.6 
ppm downfield of that in 1. Thus, replacement of both H2O 
molecules by 15N-MeIm produces a sizable paramagnetic shift 
in the 15N resonance of the amine nitrogens attached to the 
Pt(II). (2) In 4 the en nitrogens are no longer equivalent. One 

15N-MeImH* 

Figure T. 15N spectra of ,5N-en Pt(II) species at 25 0C (the l5N-en spectral 
features are ~l 50-200 ppm upfield of the 15N-MeIm region): (A) pro
ton-coupled spectrum of ~0.2 M aqueous solution of 15N-CnPt(H2Oh2+ 

(3), pH 2.0; (B) proton-decoupled spectrum of solution resulting from 
addition of — 1 15N-MeIm per Pt(Il) to aqueous solution of 3, pH 2.9; (C) 
proton-decoupled spectrum of ~0.2 M aqueous solution of l5N-en 
Pt(15N-MeIm)2

2+ (5), pH adjusted to 2.0. 

of them displays a singlet resonance with nearly the same 15N 
shift and 1 9 5Pt-1 5N coupling as the 15N resonance for the en 
in 3, and the other displays a 5-Hz doublet with ' 5N shift and 
195Pt-15N coupling comparable with that for the en resonance 
in 5. We assume that the singlet is due to the en nitrogen trans 
to H2O, while the 5-Hz doublet is due to the one trans to 
15N-MeIm in the square-planar complex.8,9 (3) The N3 ni
trogen of 15N-MeIm experiences a large diamagnetic shift 
(91-93 ppm relative to that of uncomplexed aqueous 15N-
MeIm) when complexed by a m-diamine-platinum(II)2 + 

species. 

With regard to the coupling data in Table I, the important 
results are as follows. (1) The 195Pt-15N coupling for the amine 
nitrogens is easily measured and changes by more than 25% 
(~100 Hz) when H2O is replaced by 15N-MeImSn l o r 3. The 
predominant effect is again presumed to be due to substitution 
in the position trans to a given amine nitrogen. (2) Both N3 and 
N] of 15N-MeIm display measurable 195Pt-15N coupling with 
the coupling to N 3 being very much larger, as expected. (3) The 
coupling between the amine nitrogen and N 3 of 15N-MeIm is 
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measurable (~5 Hz), but only a single coupling is observed in 
2 or 4. We assume this to be the coupling between nitrogens 
which are trans to each other in the square-planar Pt(Il) 
complex and that the cis coupling is too small to be observed 
(<0.5 Hz).9 (4) The observation of the directly bonded 
15N-H couplings for the amine nitrogens in 1 and 3 demon
strates that exchange of the amine protons with H2O is slow 
on the NMR time scale (i.e., a proton resides on an amine ni
trogen for ~10 ms or longer between exchanges) when these 
amines are complexed by Pt(II). This is in contrast to dilute 
aqueous solutions of the free amine where proton exchange 
with H2O is very rapid. This may indicate that availability of 
the amine-nitrogen lone-pair electrons is important for rapid 
proton exchange with H2O, as has been suggested earlier.10 

Another interesting aspect of the data presented here is a 
consistent trend in the amine-nitrogen 15N shift and 195Pt-15N 
coupling constant to lower values on substitution of H2O by 
the stronger ligand, 15N-MeIm, at the other Pt(II) sites. A 
similar effect is seen at the N3 nitrogen of 15N-MeIm in going 
from 6 to 5 or 2. This is consistent with the expectation that 
replacement of H2O by the stronger amine ligands would lead 
to a weakening of the trans Pt-N bond. 

Addressing the question of the applicability of 15N NMR 
to studies of the interaction of c;'5-diamine-diaquoplatinum(II) 
with biological systems, the data in Table I clearly indicate that 
such association with imidazole-nitrogen sites would lead to 
substantial changes in both the 15N shift and the 15N-195Pt 
coupling for the amine nitrogen in the Pt(II) complex. At the 
same time, the imidazole nitrogen at the biological site would 
be expected to undergo a large diamagnetic shift (relative to 
its resonant frequency in the absence of Pt(II) complexation) 
and to display 195Pt satellites due to 195Pt-15N coupling. From 
an experimental point of view, the effects on the amine nitro
gens of the Pt(II) complex may be more readily observed since 
those nitrogens are easily 15N labeled and could probably be 
observed at millimolar concentrations with state-of-the-art 
NMR equipment. A possible limitation of this approach might 
be a lack of specificity in determining the particular kind of 
biological site attacked by the ds-diamine-diaquoplatinum(II) 
species. We are pursuing this question further by studying the 
15N NMR properties of the amine nitrogens in a series of 
15N-en-Pt(II) complexes with a variety of ligands at the re
maining two coordination sites and will report these results at 
a later date. 
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Reactions at the Rhodium Vertex of a 
Rhodacarborane Cluster. Preparation, Crystal 
and Solution Structure, and Reactions of 
3,3-(Ph3P)2-3-(HS04)-3,l,2-RhC2B9Hn-0(C2H5)2 

Sir: 

Since our discovery1 that the hydridorhodacarborane 
3,3-(Ph3P)2-3-H-3,l,2-RhC2B9H I, (I) is an active catalyst for 
the isomerization and hydrogenation of olefins, we have ex
plored the extensive chemistry of this cluster in depth, par
ticularly with regard to the Rh vertex. As an example, the re
action of I with sulfuric acid generates H2

2 and a novel me-
tallocarborane species (Ph3P)2(HSO4)RhC2B9Hn (II). The 
addition of hydrogen gas or primary alcohols to solutions of 
Il regenerates I, with accompanying elimination of sulfuric 
acid from the cluster. We report here the synthesis, crystal and 
solution structure, and reactivity of 3,3-(Ph3P)2-3(HS04)-
3,1,2-RhC2B9H, i-0(C2H5)2 (II). It is of note that II repre
sents the first reported metallocarborane containing a 
metal-oxygen bond. 

To a solution of 2.0 g (2.62 mmol) of I in 100 mL of di-
chloromethane, 3 mL of H2SO4 (50 mmol) was added with 
rapid stirring. Evolution of H2 was evident within 30 s and an 
orange precipitate formed. After 15 min the precipitate was 
separated by filtration, washed with CH2Cl2, and triturated 
with diethyl ether to produce bright orange crystals of II in 56% 
yield. Recrystallization from tetrahydrofuran (THF)-heptane 
affords (Ph3P)2(HSO4)RhC2B9HiI-OC4H8. Anal. Calcd for 
C42H50B9RhP2SO5: C, 54.30; H, 5.42; B, 10.47; Rh, 11.08; 
P, 6.67; S, 3.45. Found: C, 54.51; H, 5.71; B, 10.66; Rh, 11.29; 
P, 6.47; S, 3.42. 

The 200-MHz 1H NMR of II in Me2SO-^6 shows a com
plex multiplet centered at 8 7.6 (area 30) due to the Ph3P li
gands and a singlet at 5.45 (2) assigned to carborane C-H. 
Multiplets present at 3.55 (4) and at 1.75 (4) are due to the two 
sets of methylene protons present in OC4Hg. 

The 80.5-MHz ' 1B(1Hj NMR is uninformative, consisting 
of two broad resonances centered at —9 and +5 ppm relative 
to BF3O(C2Hs)2. The 81.02-MHz 31Pj1Hj NMR in THF/ 
Me2SO (Figure 1) is temperature dependent and is discussed 
below. The infrared spectrum of II (Nujol) exhibits a band 
characteristic of terminal B-H bonds at 2550 cm-1 in addition 
to absorbtions due to the coordinated dicarbollide and tri-
phenylphosphine ligands. Three bands at 1150,1050, and 800 
cm -1 are assigned to the bisulfate ligand. 

II was found to react readily with H2 gas to regenerate I and 
H2SO4. A solution of II, 200 mg (0.215 mmol) in 100 mL of 
THF, was treated with hydrogen gas (1 atm) for 10 min. An 
equal volume of water was added and the acid liberated was 
titrated potentiometrically with NaOH, giving an equivalent 
weight of 963 for II, calcd 931. Evaporation of the THF pro
vided crystals of I in 82% of isolated yield. When deuterium 
gas was used,31 could be isolated in high yield and contained 
only a trace of Rh-H by IR (vRhD 1520 cm"1). Similarly, II 
reacted rapidly with ethanol or propanol at 50 0C to produce 
I in quantitative yield and acetaldehyde or propionaldehyde,4 

respectively. 
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