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obtained a highly active ‘‘incorporation factor
preparation” from nucleic acid. Recently, a
simplified assay using starved, intact Bacillus
megatherium cells was developed by Demain and
Newkirk?® in which C-glycine incorporation was
also stimulated by the “incorporation factor prepa-
ration.” The work reported here was accomplished
with the guidance of these assays.

Dr. Gale at Cambridge digested a sample of
B. megatherium nucleic acid with ribonuclease and
fractionated it according to the scheme previously
described.! This incorporation factor preparation
was further purified by paper strip chromatog-
raphy in 109, aqueous sodium bicarbonate.
The zone of R 0.7-0.9 was eluted with water and
the fraction thus obtained separated from colored
impurities by passage over ECTEQOLA cellulose
to give a colorless oil with high incorporation
factor activity in both the disrupted S. awreus
system?® and the intact B. megatherium assay.?

Examination of this highly purified incorporation
factor showed it to have essentially no ultraviolet
absorption or optical rotation. In the paper strip
systems previously described, 709, 2-propanol-
ammonia and a mixture of ether, alcohol, water,
and ammonia 50:40:10:1, it had been reported
that the biological activity for disrupted S. aureus
was located in the areas R 0.80 and 0.70, respec-
tively.! Tt has been found possible to locate spots
in these areas visually at the vy-level by treating
the papers first with periodic acid® and then with
benzidine acetate. During electrophoresis on paper
at pH 10.6, incorporation factor moved toward
the cathode.! However, the rate of movement was
found to be identical to that of glucose, and thus
was due to electroendosmosis and not to the
presence of a positively charged group. No
reducing properties could be detected for the perio-
date-reacting spot. The mobility of the oily
incorporation factor and its lack of optical activity
suggested a very simple molecule. Assay of a
large number of known compounds with the B.
megatherium assay showed certain sugars, p-gluconic
acid delta-lactone and glycerol to possess activity,
but glycerol was the most active. In our B.
megatherium system, glycerol and the purified
“incorporation factor” were qualitatively and
quantitatively identical in incorporation activity.
The paper strip behavior of glycerol was found to
be indistinguishable from that of the sample of
incorporation factor described above. In addition,
the infrared absorption spectra were identical.
A crystalline benzoate prepared from incorporation
factor was identical with authentic glycerol triben-
zoate by m.p. (73-73.5°) and mixed m.p.

The requirement of a cofactor necessary for
maximum activity in the assay has been considered,
as has also the possibility that in the nucleic acid
this incorporation factor exists as a bound form
of glycerol with high specific activity. For
example, Baddiley and his associates® identified
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cytidine diphosphate glycerol and the teichoic
acids as components of bacterial cells. We have
tested diacetin, monostearin, sphingomyelin, batyl
alcohol, triacetylsphinogosine and other lipids,
but none was nearly as active as glycerol itself.
Also, beginning with relatively early stages of the
fractionation procedure, the reported! R: values
of incorporation factor activity are the same as
those of glycerol. Whether glycerol exists in a
less stable or in a bound form within the nucleic
acid remains to be determined.

The authors wish to acknowledge their indebted-
ness to Dr. Gale both for his many helpful sugges-
tions and discussions, and for supplying them with
materials and samples of incorporation factor at
various stages of purification.
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FERROCENE AND RELATED ORGANOMETALLIC
»~-COMPLEXES. III. AN UNEQUIVOCAL SYNTHESIS
OF BIFERROCENYL2

Sir:

During the course of research in 1957 relating to
the synthesis of long-chain trialkylsilylferrocenes
from the reaction of ferrocenyllithium and trialkyl-
chlorosilanes, we isolated, in addition to the
desired reaction products, trace amounts of a
dark-orange, sublimable crystalline solid.® This
material, after purification by chromatography and
recrystallization, melted at 239-240° and had the
composition of the dimer of ferrocene, biferrocenyl

(I) (Caled. for CyHpFe: C, 64.91; H, 4.90;
I
Fe, 30.19; mol. wt.,, 370. Found: C, 65.03;

H, 5.08; Fe, 30.39). A definite structural as-
signment could not be made at that time, however,
owing to the lack of reliable molecular weight
measurements and to the fact that related homol-
ogous ferrocenyl compournds possess nearly identi-
cal elemental compositions. Recently, Goldberg
and Mayo have suggested the structural assign-
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ment I for the material on the basis of infrared
studies.*

We wish to report an unequivocal, convenient
synthesis of biferrocenyl by means of the Ullmann
reaction of haloferrocenes. For example, the re-
action of iodoferrocene® and activated copper
bronze at 150-160° produces biferrocenyl (Found:
C, 64.99; H, 4.97; Fe, 30.09; mol. wt., 360),
m.p. 239-240° (dec.), in 96-1009, yield. The
reaction can be carried out under very mild con-
ditions, z72., 60°, without any appreciable lowering
in yield of the coupling product. Biferrocenyl
prepared in this manner by the well-known Ull-
mann bi-aryl reaction is identical to biferrocenyl
obtained previously, both in melting point and in a
comparison of the infrared and ultraviolet spectra
of the two products. Examples of quantitative
Ullmann bi-aryl couplings are extremely rare in
the chemical literature.” Moderate to high yields
of bi-aryls from the Ullmann reaction usually
require activation by strongly electron withdrawing
substituents such as the nitro group.

We have also obtained biferrocenyl in reason-
ably good yield (47-619%,), together with ferrocene,
from the reaction of diferrocenylmercury®® and
powdered silver at 250-300°.1 Moreover, the
simultaneous heating of an equimolar mixture of
diferrocenylmercury and diphenylmercury in the
presence of silver has produced phenylferrocene,
m.p. 111-112° in 459, yield, accompanied by
lesser amounts of biferrocenyl and ferrocene.
Phenylferrocene prepared in this manner was
identical to a sample obtained from the reaction of
ferrocene and phenyldiazonium chloride.!1.1? The
reaction of diferrocenylmercury with other aryl-
mercury compounds in the presence of silver should
constitute an alternate method for the synthesis of
arylferrocenes.

Nesmeyanova and Perevalova recently have re-
ported a similar reaction between diferrocenyl-
mercury and palladium black at elevated tem-
peratures.!®* The yields of biferrocenyl obtained
by their method amounted to only 1-69, however.
Nesmeyanov and co-workers also have reported
the isolation of biferrocenyl from the reaction of
ferrocenylboronic acid with an ammoniacal solu-
tion of silver oxide.!*

It is assumed tentatively that the reaction of
diferrocenylmercury and silver proceeds via a
homolytic mechanism involving ferrocenyl radicals,
as has been suggested by Nesmeyanova and
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Perevalova in their studies. Experiments de-
signed to elucidate the mechanism and determine
the scope of the reaction are in progress.

The discovery of these facile syntheses of bi-
ferrocenyl from readily available starting ma-
terials®®%1* now permits studies of the chemical
reactivity of this compound and a comparison of
its properties with those of ferrocene. Thus, as in
the case of ferrocene,!®1 biferrocenyl reacts readily
with acetyl chloride and aluminum chloride in the
usual Friedel-Crafts manner to produce a mixture
of isomeric diacetylbiferrocenyls: red needles,
m.p. 147-147.5° (Caled. for CosHssFes0s: C, 63.48;
H, 4.88; Fe, 24.60. Found: C, 63.32; H, 5.10;
Fe, 24.68); red needles, m.p. 191-192° (Found:
C, 63.85; H, 4.98; Fe, 24.20). Benzoylbifer-
rocenyl, m.p. 124-125° (Caled. for CyHiFe,O:
C, 68.38; H, 4.68. Found: C, 68.03; H, 4.87),
can be prepared by Friedel-Crafts benzoylation
of biferrocenyl in a manner analogous to the
benzoylation of ferrocene.!” Studies of this nature
and of related reactions of the haloferrocenes are
being continued.
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M. D. RauscH®®

THE ISOMERIZATION OF BIS-(1-BORACYCLOALKYL)
ALKANES VIA THE HYDROBORATION OF DIENES

Sir:

We wish to report that the position of the boron
atom in the thermal rearrangement of bis-(1-
borocycloalkyl)-alkanes, prepared by the hydro-
boration of dienes,! has been found to be determined
by the size of the hetero ring. This result is in
contrast to earlier reports? on the isomerization of
acyclic secondary or tertiary alkylboranes at 100
to 160° in which migration of the boron atom
down a long carbon chain to the terminal position
was observed.®

1,3-Pentadiene was allowed to react with di-
borane? (diene: ByHe::3:1) at 25° to give a mix-
ture of bis-1,3- and bis-1,4-(1-bora-2-methylcyclo-
pentyl)-pentane (I), which on oxidation with
alkaline hydrogen peroxide® gave an 849, yield of
a 10:90 mixture* of 1,3- and 1,4-pentanediols, b.p.
107-114° at 9 mm., »%p 1.4450, as shown by vapor
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