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tricyclic alcohol 177 (oil, overall yield 87%). Assignment of the 
stereochemistry at C-3 and C-8 in 17 was based on a presumed 
attack by the reagents from the less hindered sides, and on the 
difficulty in forming a trans 5-5-fused ring,13 in addition to 
the NMR spectrum. Deoxygenation of 17 using Barton's 
procedure,14 which consisted of tri-«-butyltin hydride reduc­
tion of the corresponding S-methyl dithiocarbonate 18,7 gave 
the product 197 (oil, yield 90%), which was deprotected (1% 
H2SO4 in aqueous acetone, 50 0C) to give the alcohol 207 (oil) 
quantitatively. Oxidation of 20 with pyridinium chlorochro-
mate in methylene chloride then gave the nor ketone 217 (mp 
44-45 0C, yield 86%). The spectral data (IR, NMR, and mass) 
were completely identical with those of an authentic sample15 

obtained from natural hirsutene. Since the nor ketone has been 
transformed into hirsutene,3 the synthesis of 21 constitutes the 
completion of the task. Now that the utility of this unique 
skeletal rearrangement for a stereocontrolled synthesis of the 
hirsutane skeleton has been illustrated, the synthesis of highly 
oxidized coriolin-related substances is the subject of current 
studies. 
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A Nuclear Magnetic Resonance Study of the 
Bis(2.2'-bipyridine)platinum(II) Cation 
in Basic Solution 

Sir: 

The reactions of nucleophiles with metal complexes con­
taining phen and bpy1 have recently collectively been attributed 
to attack on the ligand so that the chemistry of this important 
and large group of complexes has been relegated to what is 
essentially claimed to be the organic chemistry of the Hgands.2 

For certain specific reactions involving octahedral complexes, 
this may be so. For four-coordinate complexes of Pt(II) and 
Pd(H) it has been challenged.3 

The title complex (which because of steric hindrance is not 
strictly planar3) is known to react with base according to 

[Pt(bpy)2]2+ + OH-^±[Pt(bpy)2OH]+ (1) 

[Pt(bpy)2OH]+ + H2O -> [Pt(bpy)(OH)(OH2)]+ + bpy 

(2) 

K = 104-8 M - ' at 25 0C3 '4 so that a small excess of base gives 
a solution containing effectively only [Pt(bpy)2OH]+ which 
is long lived at room temperature; ?i/2 = 480 h at 25 0C.3 

Gillard et al.4 have presented 1H NMR data for [Pt(bpy)2-
OH]+ in which new features at high field not present in 
[Pt(bpy)2]

2+ were interpreted as demonstrating "nucleophilic 
attack (by OH -) at the carbon atom adjacent to the ring ni­
trogen".4 The quality of all of the spectra given by these au­
thors2 leaves much to be desired and we find their use for de­
tailed interpretation unconvincing. We have therefore rein­
vestigated the 1H NMR spectra and have also measured the 
corresponding 13C NMR spectra. 

Beer's law is obeyed for [Pt(bpy)2OH]+ over the whole 
concentration range and for all of the wavelengths investigated 
(1 X 10-6 to 4 X 1O-2M, 240-480 nm). The spectra were in­
dependent of anion, ClO4

- or NO3 -, and there were no ab­
sorption bands in the visible or the near-infrared region up to 
1200 nm. We conclude therefore that polymerization is neg­
ligible. 

From potentiometric titrations of [Pt(bpy)2]2+ with base 
we find that only one (1.02 ± 0.03) OH - is present in 
[Pt(bpy)2OH]+. 13C and 1H NMR spectra (for system of 
numbering, see Figure 1) in neutral solution are given in Fig­
ures 2 and 3. Both spectra show that all four aromatic rings are 

0002-7863/79/1501 -6118$01.00/0 © 1979 American Chemical Society 



Communications to the Editor 6119 

1H 
[PtlbnfcOHl* 

Figure 1. System of numbering. 

13C 
[Pt|bpY|,r 

140 

6/ppm 

Figure 2. 22.63-MHz 13C NMR spectrum of [Pt(bpy)2](N03)2 (CP, (II , 
= 3 X 10~2 M) in 97% deuterated water at T = 300 K. The spectrum was 
obtained on a Bruker WH-90 instrument in the Fourier transform mode 
(72.318 scans). The pulse width was 14 ̂ s and the protons were decoupled 
using broad-band double irradiation. The chemical shift, 5, was measured 
relative to dioxane (0.25%, Sdioxane 67.40 ppm vs. Me,»Si). The assignment 
of the peaks was based on well-characterized 13C NMR spectra of het­
erocyclic compounds and was later confirmed by selective decoupling of 
the protons attached to the C atoms. The system of numbering is given in 
Figure 1. Spin-spin coupling is clearly demonstrated between 195Pt (33.8% 
abundance, / = V2) and C-3 (3J = 29 Hz), C-5 (3J = 36 Hz), and C-6 (2J 
= 28.5 Hz), while coupling to C-4 is barely noticeable (V < 20 Hz). Ex­
cept for the reference peak, no other signals were observed in the range 
0-200 ppm. All the protonated carbon atoms have equal intensities, within* 
the experimental error of ±5%. 
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Figure 3. 270-MHz1H NMR spectrum of [Pt(bpy)2](N03)2 (CPt(ii) = 
4 X I0~2 M) in 99.92% deuterated water at 300 K. The spectrum was 
obtained on a Bruker HX-270 instrument in the Fourier transform mode 
(50 scans) using a pulse width of 8 ^s. The assignments were based on the 
spin multiplets and on experiments applying selective decoupling of the 
different groups. The system of numbering used here is given in Figure 
1. The chemical shifts were measured relative to acetone (0.1 %, 5aceionc 
2.17 ppm vs. Me4Si). Besides peaks shown here, no other signals were 
observed (with the exception of the acetone band and a small peak due to 
H2O) in the range 0-10 ppm. The intensities of the three bands were 
4.0:8.2:3.8 (±5%). 

equivalent within the NMR time scale. We presume, by 
analogy to bis(2,2'-bipyridine)palladium(II) nitrate,5 that the 
steric hindrance between the two ligands leads to "rectangular 
and tetrahedral" distortions. 

The NMR spectra of solutions of [Pt(bpy)20H]+ are more 
complex (Figures 4 and 5). In the 13C spectrum (Figure 5) the 
original five lines of Figure 2 are now double and still with 
equal intensity. Proton decoupling experiments were carried 
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Figure 4. 270-MHz 1H NMR spectrum of [Pt(bpy)2](N03)2 in alkaline 
solution (Cp1(Ii) = 4 X 10-2 M, C O D - = 5 X 10"2 M, T= 300 K) using 
99.92% deuterated water. The spectrum was obtained on a Bruker HX-270 
instrument under the conditions given in Figure 3. The system of num­
bering applied here is in principle the same as used before, but the protons 
on one half of the bpy molecule have been marked with a prime in order 
to differentiate them from the protons on the other half, since the two 
aromatic rings of the ligand molecule are no longer identical. The different 
protons were identified by means of specific proton decoupling experiments 
which exhibited full self-consistency. 6 is given in parts per million vs. 
Me4Si using the same reference as in Figure 3. No other peaks apart from 
those shown on this figure plus the reference and a small water signal were 
observed in the range 0-10 ppm. The intensities of the bands (from left 
to right) are 1.5:8.9:1.9:1.9:1.8 (±5%). 
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Figure 5. 67.89-MHz 13C NMR spectrum of [Pt(bpy)2](N03)2 in alkaline 
solution (Cp1(Ii) = 3 X 10- 2 M,C O D - = 4X 10-2 M) in 97% deuterated 
water at 300 K. The spectrum was obtained on a Bruker HX-270 instru­
ment in the Fourier transform mode (20.319 scans). The pulse width was 
12 /JS and the protons were decoupled using broad-band double irradiation. 
The chemical shifts were measured relative to dioxane using the same 
internal reference as in Figure 2. The same system of labeling the C atoms 
as was used for labeling the protons of Figure 4 is used here. In addition 
to the doubling of all lines, broad bands appear around 5 152 and 141 ppm 
with half-width =* 120 Hz and at 128 and 127 ppm with half-width =* 40 
Hz. Except for the dioxane peak, no other signals than those shown here 
are seen in the range 0-200 ppm. It is seen that the platinum couplings have 
decreased below resolution. Because of the small chemical shift between 
H-3 and H-4, selective decoupling of these protons could not be performed 
accurately and, for this reason, it cannot be decided which of the C-3 and 
C-4 peaks belong to which H-3 or -3' and H-4 or -4' protons, respectively. 
All of the sharp peaks have equal intensities. 

out and from these the fully consistent pictures given on Fig­
ures 4 and 5 emerged. Pairs of rings from the two ligands are 
equivalent. Since only 1 mol of OH - is consumed/mol of 
complex, this effectively rules out OH - attack of bpy ligands 
unless OH - exchange between two of the four aromatic rings 
is fast on the NMR time scale. This we consider unlikely. 

Both 'Hand 13C NMR spectra of [Pt(bpy)2OH]+ are very 
similar to the spectra of c/j.-bis(2,2'-bipyridine) complexes, 
exemplified by m-[Ir(bpy)2Cl2]+ and m-[Rh(bpy)2Cl2]+. 
The most characteristic feature of the 1HNMR spectra is that 
half of the H-6 hydrogens (labeled 6') move upfield (5H-6' 7.6 
ppm in the platinum complex and 7.8 ppm in the iridium 
complex6). In the latter complex this is because these hydro­
gens are directly above the plane of an aromatic ring and 
therefore more shielded. This is further substantiated by the 
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Figure 6. Proposed structure of title complex in basic solution. 

1H NMR spectrum of the tris(2,2'-bipyridine)osmium(II) 
complex6 in which all of the H-6 hydrogens have 8 7.6 ppm. 
The 13C NMR spectra of [Pt(bpy)2OH]+ (Figure 5) and 
cis-[RhCbPy)2CIj]+ (which was measured because it was 
readily available to us) are also very similar, and it is especially 
noteworthy that the four broad bands referred to in Figure 5 
also appear in the kinetically inert rhodium complex. Since 
chemical exchange can presumably be excluded in this latter 
complex, these bands are probably due to intramolecular dis­
tortions in the flexible ligands. 

All experimental evidence therefore points toward a con-
figurational change from a distorted square planar structure 
in neutral solutions to a five- (or six-) coordinated species in 
alkaline solution. In the latter the two bpy ligands are in the 
cis position to each other. This is also supported by the 1H-
methyl resonance in the platinum(II) complex with 5,5'-
dimethyl-substituted bipyridine which splits in basic solution4 

just as do the H-5 and the H-5' protons of Figure 4, and we see 
no way to explain our data within the "covalent hydration of 
the ligand" hypothesis advanced by Gillard.2 

A more detailed structure of [Pt(bpy)2OH] + must neces­
sarily be speculative. This could be a five-coordinate trigonal 
bipyramid but also could be a distorted six-coordinate complex 
derived from a normal square planar Pt(II) complex. Thus the 
structure in Figure 6 is consistent with all the NMR experi­
ments because proton transfer enables O H - to exchange be­
tween the two sites shown as OH and OH 2 in the figure with 
a rate which is rapid on the NMR time scale. 

It is a notable feature of the so-called "Gillard pseudo base 
mechanism" that phen and bpy and also O H - and C N - are 
assumed to behave analogously. It is therefore relevant to the 
present work that O H - and C N - give analogous changes in 
the UV-visible spectrum of [Pt(phen)2]2+ and that studies of 
the [Pt(phen)2CN]+ cation have shown that the C N - group 
is directly coordinated to the platinum both in solution7 and 
in the solid state.8 Neither for this complex nor for [Pt-
(bpy)2OH]+ is it necessary to invoke new or "novel" mecha­
nisms or structures. 

The present NMR study confirms the suggestion3 that the 
hydrolysis of Pt(bpy)2

2+ in basic solution occurs via attack on 
the metal center and therefore by the associative mechanism 
generally accepted for substitution reactions in Pt(II) com­
plexes.9 
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Stereoselective Aldol Condensations 
via Boron Enolates 

Sir: 

The aldol condensation is a reaction of fundamental im­
portance in biosynthesis. Consequently, considerable effort has 
been expended to develop stereoregulated variants of this 
process in the laboratory. It is now well appreciated that kinetic 
aldol stereoselection is, in part, defined by enolate geometry 
for those condensations wherein two new stereocenters are 
created in the condensation step (Scheme I).'-2 Given the 
reasonable postulate that the reaction proceeds via a pericyclic 
process, la '2a the influence of variable steric parameters may 
be analyzed to determine their effects upon the relative heats 
of formation of diastereoisomeric transition states from an 
enolate of defined geometry. For example, for (Zs)-enolates one 
might anticipate that transition state T2 might be destabilized 
relative to Ti by maximizing both R2 ** Ri and R2 *•* L steric 
parameters. Heathcock and co-workers have recently dem-
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