
61 16 Journal of the American Chemical Society / 101:20 / September 26, 1979 

Table I. Spin Saturation Transfer Data for 2" 

T, K 

298 
301 
304 
307 
310 

T 1 OfWu* 

6.47 
6.87 
7.27 
7.67 
8.07 

M , (0) - Mz(Co)' 

Mz(=°) 

0.11 
0.19 
0.23 
0.38 
0.47 

k X 102, s - ' d 

1.70 
2.77 
3.16 
4.95 
5.83 

" In dioxane-^s solvent. * Measured using a it, T, 7r/2, 5Ti se­
quence. < M7(O) is the normal equilibrium magnetization of Hi,6 and 
M',(<=) is the equilibrium magnetization of Hi,6 with saturation of H7. 
'' The rate constant, k, for exchange in a two-site equal population 
system is given by k = l/T1(i,6)[(A/z(0) - MZ(»)/A/Z(°=)].23 The 
two-site treatment is adequate since the rate of 1,3 and 1,4 shifts is 
zero in the temperature range studied. 

bility. The result demonstrates for the first time a clear dif­
ference between main and transition group systematics, posing 
an interesting problem for the theory of sigmatropic shifts. 

Two conformations are possible for 2, which may have the 
Re(CO)S moiety in a quasi-axial (2a) or quasi-equatorial (2b) 

(OC), 

<w^ 
Re(CO), 

2a 2b 

position. The observed H1-H7 coupling constant in 2 is 8.7 Hz, 
similar to the value of 8 Hz observed for the triphenyltin de­
rivative 3;20 3 has been shown by X-ray crystallography to have 
the substituent in the quasi-axial position.22 If it is the case that 
2a is the predominant or only conformer present in solutions 
of 2, there should be no geometric constraint on a 1,5 shift, and 
the different migration pathways of the rhenium and tin 
compounds must be otherwise explained. 

We are continuing this investigation on the assumption that 
other stable wo«o/!a/)?o-7-cycloheptatrienyl derivatives of 
transition metals can be synthesized and that their study will 
contribute to the understanding of fluxional processes in or-
ganometallic chemistry. 
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A New, Stereocontrolled Synthesis of 
c/s,anfi,c/s-Tricyclo[6.3.0.02'6]undecanes. 
Total Synthesis of (±)-Hirsutene 

Sir: 

The m,a«//,m-tricyclo[6.3.0.02'6]undecane system is found 
in the carbon skeleton of the hirsutane group of sesquiterpenes, 
as for example, hirsutic acid1 (1), coriolin2 (2), and their 
biogenetic precursor, hirsutene3 (3). These substances are 

OH 

HOiC-

known to be endowed with remarkable biological properties 
and have been the subject of intense synthetic investigation, 
recently culminating in the description of the biogenetic-like 
synthesis of hirsutene4 and a stereocontrolled synthesis of 
hirsutic acid.5 

We report herein a new stereocontrolled synthesis of hir­
sutene and the chemical precursors of coriolin and thus record 
a general method of entry into the cis,anti,cis-tricy-
clo[6.3.0.02'6]undecane series. The key step in this approach 
is a unique skeletal rearrangement of a tricyclic 6-4-5-fused 
ring to a cis,anti,cis-tricyclic 5-5-5-fused ring. The cis,syn,-
cis-tricyclic series, the stereochemistry of which is incompatible 
with that of the hirsutane skeleton, have been synthesized by 
photocycloaddition.6 
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Our synthesis begins with the preparation of the starting 
ethylene ketal (4,7 bp ~ 5 7 0 C (0.005 mm)) from 2,2-di-
methylcyclohexanone in 54% overall yield in five steps: (1) 
b romine /THF, 10 0 C ; (2) ethylene glycol /TsOH/benzene, 
reflux; (3) potassium ft?/7-butoxide/Me2SO, 15 0 C ; (4) TV-
bromosuccinimide/benzoyl pe rox ide /CCU, reflux; (5) 
AcOAg/e ther , 20 0 C . The photocycloaddition of a simple 
cyclohexenone derivative to cyclopentane-l,3-dione enol ac­
etate has been developed by de Mayo et al.,8 and modified by 
others,9 giving the tricyclic 6-4-5-fused ring. Irradiation of 
a solution of the ketal 4 (21.0 g) and 2-methylcyclopentane-
1,3-dione enol acetate (5,8 1.73 g) in cyclohexane (31 mL), 

J t> :<P& 
OAc 

-Q ! H 

' U OAr H OAc . H OR1 

OR 

8: R=R' = Ac, R! = H 

10 : R = R' = Ac, R! = COC,H,Br 

12: R = R' = H, R !=CH2OCH, 

13: R iTs .R^H.R^CHjOCH, 

11 : R-COC1H4Br 

through a Pyrex filter using a high-pressure 400-W mercury 
lamp, for 60 h at 20 0 C under argon gave two adducts of 
structures 67 (mp 213-214 0 C , 35% yield from 5) and V (mp 
193-196 0 C , 1% yield from 5), with recovery of the starting 
ketal 4 (18.9 g) after silica gel column chromatography (on 
silica gel TLC, hexane-EtOAc, 2:1; Rf0.63, 0.32, 0.28, and 
0.24 for 4, 5, 6, and 7). Their structures were determined to be 
the cis,anti,trans, head-to-head forms by X-ray crystallo-
graphic analysis10 of thep-bromobenzoates 107 (Figure 1, mp 
169 0 C ) and l l 7 (mp 199 0 C ) of the corresponding alcohols 
87 and 9,7 which were in turn prepared from 6 and 7 by sodium 
borohydride reduction in methanol. The adduct 7 apparently 
resulted from an allylic migration of the acetoxy group of ketal 
4 before its cycloaddition to 5. It was noteworthy that no other 
stereoisomers could be isolated in significant yields. Also, 6 
possesses a highly twisted trans 4-6-fused ring, which was 
expected to provide the driving force for the forthcoming re­
arrangement. 

Protection of 8 with a methoxymethyl group (methoxy-
methyl chloride and 7V,/V-diisopropylethylamine, 20 °C, 5 h), 
followed by removal (sodium methoxide, 20 0 C , 24 h) of the 
acetyl group, gave the diol 127 (foam, overall yield 74%) which, 
in turn, when treated with 4 equiv of p-toluenesulfonyl chloride 
in pyridine at 19 0 C for 4 h, yielded the labile monotosylate 137 

(mp 105-106 0 C , yield 82%) after Sephadex LH-20 column 
chromatography (on silica gel TLC, hexane-methyl ethyl 
ketone, 2:1; R1 0.02 and 0.38 for 12 and 13). In the N M R 
spectrum, the H-6 signal showed a double triplet (75,6 = Jbj 
= 10, Jy,6 = 5.5 Hz), which was similar to those of 8 and 10, 
suggesting that the six-membered ring in 13 existed in a chair 
form with an equatorial tosyloxy group. Conformationally, 13 
is considered to adopt a similar form to that of 10 (Figure 1), 
and the migrating C-2-C-7 bond can be trans coplanar to the 
C-6-tosyloxy bond, while the C-7 -C-8 bond can not be co-
planar. Therefore, the sequential skeletal rearrangement of 
13 is facilitated by the breaking of parallel bonds to give, ste-
reospecifically, the desired tricyclic 5-5-5-fused ring, 

(C26) V N 

T^ I Y 1 

Figure 1. A structural view of 10 as seen by X-ray analysis. The final R 
factor was 0.1 12 for 2857 planes measured by Cu Ka radiation. 

m,a«?/,c«-tricyclo[6.3.0.02 '6]undecane derivative and not the 
undesired 6-5-5-fused ring, tricyclo[5.3.1.02 5]undecane de­
rivative.1 ' 

When treated with 1 equiv of potassium carbonate in 60% 
aqueous acetone in a sealed tube at 85 0 C for 1 day, 13 fur­
nished a single product 147 (oil, yield 90%). The IR spectrum 
of 14 showed an absence of hydroxyl groups, and the molecular 

OCH,OCH, 

14 

weight ( M + 324) and elemental analysis showed the chemical 
formula to be C18H28O5, suggesting that 14 was the /3-epoxide, 
which could be reasonably formed by an adjacent attack of the 
C-8 hydroxyl oxygen on an intermediary carbonium ion at C-7, 
The cis,anti,cis stereochemistry was confirmed by direct-
method X-ray analysis10 of the corresponding ketotriol 157 '1 2 

(mp 172 0 C ) , prepared from 14 by treatment with 1% sulfuric 
acid in aqueous acetone (45 0 C , 3 days, yield 81%), demon­
strating that 14 and 15 could be suitably functionalized in­
termediates for the synthesis of coriolin-related compounds. 

The stage was thus set for the synthesis of ( i)-hirsutene (3). 
Treatment of 14 with 10 equiv of sodium iodide and 10 equiv 
of zinc in 97% aqueous D M F at 130 0 C for 2 days, followed 
by deketalization with 0.1% sulfuric acid in aqueous acetone 
at 20 0 C for 4 h, gave the unsaturated ketone 167 (oil, overall 
yield 56%). Highly stereoselective reduction of 16 over Pd 
black in MeOH under 3 atm of hydrogen, followed by treat­
ment with LiAlH4 in T H F , afforded as a single product the 
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O O C H 1 O C H J J OCH1 

>£& x#> 
H H H 

16 
17: X=OH 

V 
^ ^ ^ H l U 18: X = OCS2CH1 

H H 

21 : Y = O 

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 
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