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G-methylation, 12a-hydroxylation, 2-acetyl to 2-
carboxamide conversion, nor 2-nitrile hydrolysis
(CN — CONH,;) was observed. In addition, no
biological transformation products were detected
from the following compounds: apoterramycin?;
dedimethylaminotetracycline; 4a,l12a-anhydrotet-
racycline®; isoaureomycin’; dedimethylamino-12a-
deoxytetracycline®; and 12a-deoxytetracycline.?

The observed rehydration of 5a,6-anhydro-12a-
deoxytetracycline to 12a-deoxytetracycline, unac-
companied by 12a-hydroxylation, demonstrates
that neither of these compounds is an intermediate
in the biosynthetic pathway and that the presence
of 12a-hydroxyl is unimportant in the rehydration
reaction.®

The rehydration of the 5a,6-anhydrotetracyclines
is probably the net result of a biological oxidation
and then a biological reduction. Thus the ap-
parent rehydration of 5a,6-anhydro-7-chlorotetra-
cycline (1) to 7-chlorotetracycline (3) would be the
result first, of oxidative hydroxylation to yield 7-
chloro-5a,11a-dehydrotetracycline (2) followed by
biological reduction of the 5a,1la double bond
yielding 3. This was confirmed by the conversion
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of Cl%.5a,6-anhydro-7-chlorotetracycline to Cl%.
7-chloro-5a,11a-dehydrotetracycline by S. aureo-
faciens S1308, a mutant blocked for the reduction
of 2 to 3. We therefore conclude that oxidative
hydroxylation of 5a,6-anhydrotetracyclines at C-6
and reduction of the resulting 5a,lla-dehydro-
tetracyclines are the final two steps in the bio-
synthetic pathways to the tetracyclines.!.12
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cycline would appear as:
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5-hydroxytetracycline
although at this time experimental evidence for the intermediate iii is
lacking.

(12) NoTe ApDED IN ProOr.—A. I. Scott and C.T. Bedford [J.
Am, Chem. Soc., 84, 2271 (1962)] have now reported the photodxida-
tion of 5a,6-anhydro-7-chlorotetracycline to the 6-hydroperoxide and
the reduction of this product to 7-chloro-5a,11a-dehydrotetracycline in
simulation of the biosynthetic process.

LEDERLE LABORATORIES J. R. D. McCorMICK
PaiLip A, MILLER
SyLvIA JOHNSON
AMERICAN CvanamIp COMPANY NANCY ARNOLD

PEARL RIVER, NEW YORK NEWELL O. SJOLANDER
RECEIVED JUNE 7, 1962

A REINVESTIGATION OF THE APPLICABILITY OF
THE SELECTIVITY RELATIONSHIP TO SE
REACTIONS OF BIPHENYL AND FLUORENE

Sir:

The non-adherence of the rates of electrophilic
aromatic substitution reactions in the para position
of biphenyl to the Selectivity Relationship recently
has been clearly demonstrated.! The anomalously
small activation by the phenyl group, and the in-
crease in its activating ability with increase in
electron demand of the attacking electrophile
have been rationalized on the basis of the variable
noncoplanar configuration of the two benzene rings.!
This theory is supposedly further substantiated
by the much greater reactivity of fluorene and the
adherence of the latter compound to the Selectiv-
ity Relationship in SE reactions. In fact, a rein-
vestigation of the available data for S reactions of
fluorene! shows an apparent deviation from the
Selectivity Relationship analogous to that of biphenyl
(see Fig. 1).

(1) L. M. Stock and H. C. Brown, J. Awm. Chem. Soc., 84, 1242

(1962), and H. C. Brown, ¢ al., ibid., 84, 1229, 1233, 1236 and 1238
(1962),
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Fig. 1.—Log 2 — Fl; vs. log pMe for Sy reactions.

In Fig. 1, line A is the best least-squares straight
line through the available points which passes
through the origin.? The standard deviation of
points from this line is 0.6. It can be seen that the
arbitrary curve B fits enough better to suggest
that the data, although scattered, may contain a
trend similar to that shown by data for biphenyl.
If biphenyl and fluorene really differ with regard
to the Selectivity Relationship, a plot of log 2—
Fl; vs. log piFP should show a marked curvature.
However, (see Fig. 2) the best least-squares line
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Fig. 2—Log 2 — Fl: vs. log p:F» for Sg reactions,

with zero intercept? shows that the data fit a
more reasonable linear relationship than line A,
Fig. 1. The standard deviation of points from the
line is 0.4. Two points for nitration in acetic anhy-
dride are shown in Fig. 2. The point farthest
from the line corresponds to a value p:F8 = 11,
obtained by Dewar.® The point closer to the line

(2) (a) The form of the relationship used in Fig. 1islog 2 — Fl; =
(¢ *+s_Fl/oc*p_ Me) log psMel 2 — Fl; is the partial rate factor for sub-
stitution in one of the 2-positions of flucrene and psMe is the partial
rate factor for substitution in the para position of toluene. (b) The
requirement that the line pass through the origin is discussed by Brown
[J. Am. Chem. Soc., TT, 2300 (1955)].

(3) F. B. Deans, C. Eaborn and D. E. Webster, J. Chem. Soc., 3031
(1959); P. B. D. de La Mare and M, Hassan, ¢bid., 3004 (1957);
M. J. 8. Dewar, T. Mole and E. W. T. Warford, ibid., 3576 (1956).
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is obtained from an average of the values, pfh =
32.6 and 38.0, obtained by Simamura? and Nor-
man.? The least-squares line in Fig. 2 was ob-
tained from an average of these two points.®

On the basis of the available data we are led to
the conclusion that o*,_r is at least as good, and
probably a better linear function of ¢*,—pn as of
o Tp~Me, and that apparently fluorene does not fit the
Selectivity Relationship much better than biphenyl.

It is reasonable to attribute the much lower re-
activity of biphenyl as opposed to fluorene to the
deviation from planarity in the biphenyl system.
However, since biphenyl and fluorene (on the basis
of available data) both show greater participation
of the phenyl substituent as the electron demand
of the attacking reagent becomes larger, it is un-
reasonable to say that biphenyl is a special case
due to its nonplanar geometry. 4 prior: the 0.4
kcal.! barrier to rotation in biphenyl should be no
more special than ionization potentials of other
types of substituents which are of the order of 7-11
electron volts, In every case, maximum stabili-
zation of transition states depends upon an energy
balance. Thus, in general, it would be expected
that the different electron demand of various
electrophiles would solicit a correspondingly vari-
able response by the substituent group. This idea
has been discussed by a number of workers and has
most recently been demonstrated and discussed by
Knowles, Norman and Radda.?
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ISOMERS OF By Hs™?
Sir:

There are to date no known isomers among
molecular or ionic species containing only boron
and hydrogen, presumably owing to facile rear-
rangement of both B and H geometries in electron
deficient situations. We wish to report an isomer
of ByHis~2 ion as the first example.

It has been reported! recently that Fe*? oxida-
tion of the BjH,;,~? ion, the proposed? structure
of which has now been provemn,! produces centro-
symmetric? ByoHyg~2 (ion A; m. p. of HNEts* salt,
173-174°). The B! nuclear magnetic resonance
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