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number of suggestions2'4,5 regarding the nature of 
the cationic intermediate (or intermediates) which 
might be involved. Investigation of the course of 
the reactions using Cu-labeled cyclopropylcarbinyl 
derivatives reveals that the three methylene groups 
of the starting material achieve a degree of equiva­
lence at some point between reactants and products 
which is well (although not uniquely) accounted for 
by a "non-classical" cationic intermediate of struc­
ture I.4,5 

the extra electrons would have to go into less 
stable orbitals. It is significant that the experi­
mental data, so far available,2 indicate that cyclo­
propylcarbinyl and cyclobutyl derivatives are not 
interconverted in anion or free-radical reactions. 
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Dr. M. J. S. Dewar (private communication) sug­
gests that I can be very reasonably formulated by 
the molecular orbital theory if it is considered that 
all of the carbon atoms use the customary sps orbi­
tals and that the methinyl (CH) group is attached 
to the three methylene groups by the customary <r-
bonds. The three extra sp3 orbitals of each of the 
methylene groups are then positioned to overlap as 
shown in IV and can form one stable molecular or­
bital holding two electrons10 and two vacant, con­
siderably-less stable orbitals. This formulation is 
especially attractive since it permits prediction that 
structures analogous to II for the corresponding 
anion or free radical would be unfavorable because 

(5) (a) V. C. Chambers, Ph.D. Thesis, M.I.T., October, 1950; (b) 
R. H. Mazur, Ph.D. Thesis, M.I.T., January, 1951; (c) R. B. 
Woodward (Harvard University), private communication. 
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THE VALENCE OF PRECIPITATING RABBIT 
ANTIBODY 

Sir: 
In the course of a quantitative ultracentrifugal 

and electrophoretic investigation of the soluble 
complexes formed between antigen and antibody in 
the region of antigen excess, we have obtained 
evidence that precipitating antibody to bovine 
serum albumin (BSA) is largely bivalent. Crystal­
line BSA was iodinated to an average degree of 
5.1 I atoms per molecule (BSA-5I), and rabbit 
antisera were prepared against the un-iodinated 
BSA. The 7-globulin fraction of the pooled anti-
sera was first purified by precipitation with Vs 
saturated (NH4) 2SO4, and then a specific antigen-
antibody precipitate was formed in the equivalence 
zone using BSA-5I as antigen. The precipitate was 
washed with cold saline and then was redissolved in 
antigen excess. Treatment of this solution with 
Va saturated (NH^SCU resulted in a precipitate 
that completely redissolved in buffered saline. 
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This final solution was analyzed for I and N, and 
thus the total antigen and total antibody content 
determined. Solutions in greater antigen excess 
were prepared by adding known amounts of BSA-5I 
to this solution. 

Ultracentrifuge experiments were carried out in 
phosphate buffer, pYL 7.6, M = 0.1, at 21 ± 1°. 
Several species of antigen-antibody complexes, as 
well as free antigen, appeared in the sedimentation 
diagrams, as was originally observed by Heidel-
berger and Pedersen1 in similar systems. The 
faster-sedimenting complexes, present to a large 
extent in solutions in low antigen excess, were 
considerably diminished in solutions in high excess, 
and in the latter a single peak (a complex) became 
most prominent. The a complex appears to be the 
richest antigen-containing complex capable of 
being formed by the antibody in this system. 
Extrapolation of the sedimentation constants of the 
a complex to zero effective concentration yields 
the value sf0 = 8.7 5. 

Electrophoresis experiments were performed in 
veronal buffer, pH 8.5, M = 0.1. Resolution of the 
free antigen, with its appropriate mobility, was 
readily achieved in both ascending and descending 
limbs, and the relative areas under the free antigen 
peak were accurately determined from the ascend­
ing pattern. The values so obtained agreed with 
the per cent, of free antigen evaluated from the 
ultracentrifuge diagrams. Resolution among the 
complexes was poor, but in solutions in which 
sufficiently large proportions of the a complex were 
present, a partial but definite separation of a faster-
moving peak from the other complexes was ob­
served. The relative area under this peak agreed 
with the per cent, of the a complex in the solution 
determined ultracentrifugaily. 

For several reasons which are too lengthy to be 
detailed here, it is unlikely that the a complex is 
the 3:1 antigen:antibody species. One reason is 
that such a complex, with s%0 = 8.7 5 and a molecu­
lar weight of 370,000, would be required to have a 
frictional ratio, f/fo, of 2.1. This value suggests a 
molecular asymmetry that is larger than would be 
expected for a complex in which 3 antigen molecules 
were attached to a single antibody molecule. The 
a complex must therefore be either largely the 1:1 
or 2:1 antigen: antibody species, or a mixture of 
about equal proportions of the two. However, 
1:1 and 2:1 complexes should have observably 
different electrophoretic mobilities, and the fact 
that all of the a complex observed ultracentrifugally 
can be accounted for under a single peak electro-
phoretically makes it unlikely that the a complex 
is a mixture of the two species, and likely that it is 
rather largely one or the other. 

The following considerations indicate that the 
a complex cannot be the 1:1 species. If the amount 
of free antigen in a given solution, determined 
electrophoretically, is subtracted from the total 
antigen present, the result is the total amount of 
antigen bound in all of the complexes in that solu­
tion. This, divided by the total antibody, and 
multiplied by the appropriate molecular weight 

factor, 2.3, gives ( A G / A B ) N , B , the average number 
of antigen molecules bound per antibody in all of 
the complexes in the solution. The results are 
presented in Table I. This average number rises 
well above unity as the antigen excess is increased. 
Solution II-2 contains about 33% of the complexes 
as the a complex, the other species in the solution 
being characterized by smaller antigen-antibody 
ratios. The a complex therefore cannot be the 
1:1 species, since it must obviously be richer in 
antigen. 

TABLE I 

COMPOSITION OF ANTIGEN-ANTIBODY 
% Total 

Solution antigen 

I 34.7 
II 35.8 
1-1 50.0 
1-2 62.2 
II-2 68.1 

% Free 
antigen 

8.6 
12.4 
28.1 
42.6 
50.9 

COMPI. ,EXES 

( A G / A B } N , H 

0.92 
0.82 
1.01 
1.19 
1.24 

We conclude that the major part of the a complex 
contains 2 antigen molecules and 1 antibody mole­
cule, and that the antibody is therefore largely bi­
valent. Further studies with this and similar 
systems are in progress or are contemplated, and a 
detailed account of this investigation will be pub­
lished shortly. 
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A NEW ROUTE TO HYDROPHENANTHRENE 
KETONES. THE SYNTHESIS OF THE Ci8 KETONE 

DERIVED FROM DEHYDROABLETIC ACID 
Sir: 

The presently available methods for the prepa­
ration of hydrophenanthrene ketones of type I are 
useful only in the special case where R ' = H,1 

while the synthesis of substances related to the 
resin acids from such intermediates would require 
that the R' group be methyl. We now wish to re­
port a simple general synthesis of these hydro­
phenanthrene ketones. 

Alkylation of the sodium derivative of Hage-
mann's ester2 in a 3:1 mixture of benzene and di-
methylformamide with the required /3-phenethyl 
bromide gave, in 70% yield, the following 2-sub-
stituted-3-methvl-4-carbethoxy- A2-cyclohexenones: 
2-[/3-phenethyl], b.p. 178-182° (0.4 mm.), dinitro-
phenylhydrazone (orange needles) m.p. 132-133° 
(C24H26N4O6: C, 61.79; H, 5.62; found: C, 62.19; 
H, 5.68), semicarbazone m.p. 167-168° (C19H24N3O3: 
C, 66.66; H, 7.07; found: C, 66.96; H, 7.46); 
2-(/3-m-isopropylphenethyl], b.p. 190-194° (0.4 
mm.), dinitrophenylhydrazone (orange-red needles) 
m.p. 103° (C27H82N4O6: C, 63.76; H, 6.34; found: 
C, 64.09; H, 6.34). These were decarbethoxylated 

(1) Inter alia, R. Robinson and J. Walker. J. Chem. Soc, 747 (1936), 
183 (1938); W. E. Bachmann, S. Kushner and A. C. Stevenson, T H I S 
JOURNAL, 6«, 974 (1942). 

(2) C. T. Hagemann, Bar., 26, 876 (1893); cf. L. I. Smith and G. F. 
Knnault, THIS )ot>RNAi. 65, 63) (1943). 


