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proposed10 that these changes "trigger" the protein 
conformational changes associated with cooperativity. 
The adequacy of this model is now in question, how
ever, for neither the cooperative oxygenation of CoHb 
nor the cooperative oxidation of MnHb is accompanied 
by a spin state change. 2a'5a-9 

Unliganded hemoglobin (Hb) has a different quater
nary (and tertiary) structure from that of its liganded 
forms, and the Hb linkage effects arise from a reversible 
transition between the two structures.10 If crystals of 
Fe111Hb are reduced with dithionite, their crystalline 
order and diffraction pattern are rapidly lost, as the 
change in quaternary structure of the hemoglobin on 
reduction disrupts the crystal lattice. When crystals 
of Mn111Hb are reduced with dithionite, a similar loss of 
diffraction pattern is noted, though this occurs more 
slowly than with Fe111Hb. This decreased rate of 
crystalline transformation is consistent with results in 
solution, where the rate of reduction of Mn111Hb by 
dithionite is much less than that OfFe111Hb. Evidently 
Mn111Hb undergoes a substantial change in quaternary 
structure on reduction. We conclude from this obser
vation, from the similarity of the structures of Fe111Hb 
and Mn111Hb, and from the close functional analogies 
between Hb and MnHb that the quaternary structures 
of Hb and MnHb are probably identical. 

Functional studies gave rise to the original prediction 
that CoHb2b and MnHb5 undergo quaternary structure 
transitions similar to that of Hb. The demonstration 
that a quaternary structure change occurs upon reduc
tion of Mn111Hb to MnHb tends to confirm the predic
tion of such a change upon deoxygenation of CoHb. 

Acknowledgment. We wish to acknowledge Anne 
Griffin for assistance in the preparation of Mn111Hb, 
Dr. Don Wiley, Dr. David Blow, and Ms. Joyce Baldwin 
for supplying computer programs, and C. Bull for help
ful discussions. This work was supported by the Na
tional Institutes of Health Grant HL-13531 to B.M.H. 
and National Science Foundation Grant GB 32231 to 
K. M. B. M. H. is the recipient of a National Institutes 
of Health Career Development Award. 

(10) M. F. Perutz and L. F. TenEyck, Cold Spring Harbor Symp. 
Quant, Biol., 36,295 (1971), and references therein. 

Keith Moffat,* Richard S. Loe 
Section of Biochemistry, Molecular and Cell Biology 

Cornell University 
Ithaca, New York 14850 

Brian M. Hoffman* 
Department of Chemistry, Northwestern University 

Evanston, Illinois 60201 

Received April 22, 1974 

Nitroethylene as a Versatile Ketene Equivalent. Novel 
One-Step Preparation of Prostaglandin Intermediates 
by Reduction and Abnormal Nef Reaction 

Sir: 

This communication presents, inter alia, the novel, 
convenient, facile one-step preparation of prostaglandin 
intermediates II and III from the nitroethylene adduct 
I. The I —»- II change represents the simplest entry to 
the prostanoid A nucleus and the lactone II is a key 
intermediate in the recently developed synthesis of A 
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prostaglandins.1 Compound III is a well-recognized 
prostaglandin intermediate2 and the I -*• III change not 
only constitutes a highly competitive route to III but 
also a general method for the preparation of the other
wise difficultly accessible bicyclo[2.2. ljheptenones. 

5-Methoxymethylcyclopentadiene,2 prepared, in situ, 
from thallium cyclopentadienide and 1.5 equiv of chloro-
methyl methyl ether (ether, —20°), was subjected to 
cycloaddition with nitroethylene3 (1 equiv, ether, —60°, 
100%) to give adducts I4 and IV4 in the ratio 9:1. 
In contrast to other ketene equivalents,5 which are 
reactive only above 0°, nitroethylene undergoes addi
tion even at — 100° and this is particularly advantageous 
in dealing with the highly sensitive 5-substituted cyclo-
pentadienes; further, this high reactivity of nitroethyl
ene has made it possible to replace the undesirable 
thallium cyclopentadienide with the corresponding 
sodium derivative.2 The preparation of I represents 
a new route to 7-substituted 2-functionalized norbor-
nenes. The sodium salt of I, prepared in situ (14 equiv, 
20% aqueous NaOH, 0°) on treatment with HCl (28 
equiv, 18% aqueous HCl, 10°), gave the lactone II4 

(32%) and the cyclic hydroxamic ester V4 (33%). 
Compound V could be quantitatively transformed to 

H 
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NO, 

rv 
the lactone II with nitrous acid (1, 36% aqueous NaNO2 

(2.8 equiv), 18% aqueous HCl (2.4 equiv), - 5 ° ; 2, 
Et2O extract; 3, EtOH, reflux). Consequently, the 
I —̂  II change can be effected in 60-70% yields. The 
I -»• II + V change involves the cyclization of the com
mon hydroxamic acid intermediate utilizing either of 
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the oxygens. The V -+• II change illustrates an interest
ing N2O extrusion. The structural assignment for 
II is further supported by direct comparison with 
authentic sample, prepared from the Corey prosta
glandin intermediate VI.6 Our route to II should 
be of special practical value for the synthesis of 
A prostaglandins and their analogs, currently of 
considerable interest in regard to medical treatment of 
hypertension. Further, since a stereocontrolled and 
efficient route from A prostaglandins to primary prosta
glandins is now available,7 this approach can even be 
applied to the generation of E- and F-type structures.8 

The present procedure for the I —»• III change as well 
as for the simplest route to norbornenones9 was the 
outcome of studies based on the model nitronorbornene 
(VII) (cyclopentadiene + nitroethylene (1:1), ether, 
— 20°, 100%)10 which was subjected to several proce
dures that are known to transform a secondary nitro 
group to ketone.11 In these reactions, in addition to 
VIII,4 IX4, and X,4 related respectively to III, II, and 
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V, norbornenone oxime (XI)4 and 3-cyclopentene-l-
acetaldehyde (XII)4 were encountered.12 Precisely 
the same results were obtained with I. Thus under 
conditions described for norbornenone,9 compound I 
was smoothly transformed to the ketone III4 in 60% 
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smooth transformations of, in addition to I, the cyclopentadiene-r«ms-/3-
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the corresponding ketones. 
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(12) The ketone VIII was obtained only from procedures d (14%), 
e (10%), and f (56%) and the lactone IX directly only from b (30%); 
the best procedures for the other compounds are: XII, e (30%); X, 
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yields. In our evaluation, the I -*• III transformation 
constitutes the simplest route to this key ketone. 
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Ion Pairing in Excited States of Carbanions. I. 
Cation and Solvent Effects 

Sir: 

The characterization of ionic species in excited states 
has been impeded by their generally short lifetimes and 
several other factors such as the occurrence of exciplexes 
and the existence of various quenching processes. How
ever, a great deal of recent work on the chemistry of 
excited states has been explained by postulating the 
ionization of excited species and the dissociation of these 
ions.1 

The fluorenyl carbanion has proven to be of consid
erable value as a probe of ion pairing in the ground 
state of this and similar salts in a number of low di
electric constant aprotic media.2 It seemed, therefore, 
plausible that it might be of value in probing ionic 
association in excited states.3 We wish to report such 
data on the fluorescence of this carbanion in tetra-
hydropyran (THP), tetrahydrofuran (THF), and di-
methoxyethane (DME) in and without the presence of 
dicyclohexyl-18-crown-6 (DCE). 

These data clearly indicate that two types of ion pairs, 
contact and separated ion pairs, demonstrated in the 
ground state of this carbanion, are also present in the 
first excited state and that the fraction of separated ion 
pairs in this state generally is higher than in the ground 
state. 

The preparation of salts and purification of solvents 
have previously been described.2 All manipulations 
were carried out under high vacuum in all-glass appara
tus equipped with break-seals. All salts were excited 
at their near-uv maximum. 

A typical spectrum recorded on a Perkin-Elmer MPF-
2A spectrofluorimeter used in the ratio recording mode 
consisted of a doublet, the shorter wavelength band 
being approximately twice as intense as the longer wave
length band.4 In some cases the longer wavelength 
band was present as a shoulder and was difficult to 
locate. Thus only the shorter wavelength band was 
examined. A summary of emission band maxima and 
type of ion pairing in the first excited state in a number 
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