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tion3 unless a number of resonance structures is 
hybridized. However, the LCAO orbitals are 
reasonable, and indicate that the compound has 
filled valence orbitals. Local hybridization is con­
veniently assumed to be sp along the BCl direction. 
The eight sp orbitals pointing inward form two 
strongly bonding orbitals and, in the one-electron 
approximation, a vacant doubly degenerate pair 
which may interact with the lone pairs on the Cl 
atoms.4 The x orbitals of the boron atoms form 
six pairs of bonding orbitals, thus giving a total of 
eight bonding pairs for the B . . . B interactions. A 
more detailed discussion of the structure determina­
tion and valence theory will be presented elsewhere. 
This molecule, like other known boron hydrides 
and halides, has high enough symmetry to prevent 
reactive regions, and low enough symmetry • that 
unfilled electronic levels do not occur near the high­
est filled levels. The occurrence of this new poly­
hedron has suggested a study, now under way, of 
LCAO molecular orbitals in other polyhedra, and a 
comparison with orbitals in Mo(CN)8

-4, which also 
has D2(J symmetry.6 
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TWO NEW TETRACYCLINE-RELATED COMPOUNDS: 
7-CHLORO-5a( 1 Ia)-DEHYDROTETRACYCLINE AND 
Sa-e£«-TETRACYCLINE. A NEW ROUTE TO TETRA­

CYCLINE 

Sir: 

We wish to report the isolation, characterization, 
and structure proof of two new tetracycline-related 
compounds: 7-chloro-5a (11 a) -dehydrotetracycline 
(I), accumulated by Streptomyces aureofaciens Dug-
gar mutant S-1308, and 5a-e£i-tetracycline (II), 
prepared from I by catalytic hydrogenation.1 
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7-Chloro-5a(lla)-dehydrotetracycline hydrochlo­
ride: M26D +15.5° (0.65% in 0.03N HCl); Xmax 

(1) The configurations in this paper are based on the stereochemis­
try suggested by Hochstein, et al. (THIS JOURNAL, 75, 5467 (1953)) for 
5-hydroxytetracycline. 

221 mix, e 27,500; Xmax 251 m/t, e 23,000; XmM 
375 mix (very broad), e 4,300. Anal. Found for 
C22H22N2Cl2O8: C, 51.23; H, 5.12; N, 5.21; Cl, 
13.82; 0 (Unterzaucher), 24.54; loss on drying, 
0; ash, 0. The origin and composition of I implied 
a close relationship to 7-chlorotetracycline. Upon 
catalytic hydrogenation (Pd-C), I rapidly absorbed 
two moles of hydrogen, yielding two chlorine-free 
organic products. They were tetracycline and II, 
an isomer of tetracycline differing from tetracy­
cline, on the basis of the ultraviolet absorption 
spectrum (300-400 m/i), in the Rings B-C-D 
chromophore region. 5a-e^n'-Tetracycline hydro­
chloride monohydrate: [a]25D +147° (0.50% in 
0.1 N H2SO4); Xmax 220 rail, e 15,000; Xmax 
265 mix, e 19,200; Xmax 336 (broad), e 12,000. 
Anal. Found for C22H^N2ClO8-H2O: C, 53.12; 
H, 5.33; N, 5.36; Cl, 7.41; 0 (Unterzaucher), 
28.75; loss on drying, 3.43; ash, 0. The hydro­
gen uptake, the fact that tetracycline is a major re­
duction product, and the difference between the 
ultraviolet absorption spectrum of I and of 7-
chlorotetracycline, especially in the region attrib­
uted solely to the Rings B-C-D chromophore 
(300^00 ran), suggested that I is a dehydrochloro-
tetracycline, the additional unsaturation being as­
sociated with the Rings B-C-D chromophore. The 
presence in I of non-hydrogen-bonded carbonyl ab­
sorption in the infrared (5.8 ix) favors 5a(lla) as the 
position of the additional double bond. 

The isomeric relationship of II and tetracycline 
was established by analysis and by the conversion 
of II in essentially quantitative yield under es­
tablished dehydration conditions to anhydrotetra-
cycline. These facts, together with the fact that 
tetracycline and II maintain their different identi­
ties under conditions expected to bring about tau­
tomeric equilibrium, established II as 5a.-epi-tetr&-
cy cline. 

Further confirmation of the relationship between 
tetracycline and II was found in their relative rates 
of dehydration. In IiV sulfuric acid at 100°, the 
half reaction times for dehydration of tetracycline 
and II were <1 min. and 67 min., respectively. This 
is consistent with the structural assignment of 
5a(a)H,6(/3)OH (therefore trans) for tetracycline1 

and 5a(/3)H,6(/3)OH (therefore cis) for II. 
Paper chromatography gave these Ri values for 

I in the systems: 0.3M sodium phosphate (pH 
3.0)/w-butanol, 0.49; Macllvaine's buffer (pK 
4.7)/ethyl acetate, 0.87; 0.37V phosphoric acid, 
0.1% trichloroacetic acid/9:1 chloroform -w-buta-
nol, 0.39. II ih the phosphate/butanol system had 
an R{ value of 0.65. 

The organism, S-1308, accumulating I is a mu­
tant descended from the original 7-chlorotetracy-
cline-producing 5. aureofaciens A-377 soil isolate 
of Duggar. 

Neither 7-chloro-5a (11 a) -dehydrotetracycline 
nor 5a-e£i-tetracycline possesses in vitro antibac­
terial activity toward Staphylococcus aureus in ex­
cess of 0.5% that of 7-chlorotetracycline. 

It is now known that the antibacterial activity of 
tetracycline (toward 5. aureus) is substantially un­
altered by replacement of 5-H with OH, of 6-CH3 
with H, or of 7-H with Cl or Br. In contrast, other 
small changes reducing this antibacterial activity 
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of tetracycline by twenty-fold or greater are 2-car-
boxamide to nitrile, epimerization at C.4, epimeri-
zation at C.5a, and dehydrogenation at C.5a(lla). 
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STUDIES' INVOLVING ISOTOPIC ALLY LABELLED 
FORMIC ACID AND ITS DERIVATIVES. IV. DETEC­
TION OF CYANIDE (CN-) IN A MIXTURE OF FORMIC 

ACID AND NITROGEN IN THE MASS SPEC­
TROMETER 

Sir: 

During mass spectrometric studies of formic 
acid,1 a research spectrometer2 was modified for 
examining ion-molecule reactions. An essentially 
field-free region was set up between the ionization 
chamber and the first accelerating plate. Ions pro­
duced from one gas in the ionization chamber are 
passed at low energy through neutral molecules of 
another gas introduced into the field-free space. As 
the 10-fold higher pressure3 in the chamber permits 
little back diffusion from the field-free region, it is 
possible to determine which of two species furnishes 
the ion in an ion-molecule reaction by inverting 
the mode of addition of two gases and noting the 
effect on the relative abundance of a production. 

Ionization of formic acid in the chamber by elec­
trons having an indicated energy4 of 2.3 e.v. pro­
duced HCOO - ions1 and essentially no positive 
ions.5 

With nitrogen gas in the field-free region, a nega­
tive ion of mass 26 was detected. Its mass was not 
affected by substitution of DCOOH for the formic 
acid. Substitution of either HC13OOH for formic 
acid or nitrogen-N16 for nitrogen shifted the mass of 
this ion to 27. Use of both HC13OOH and nitro­
gen-N16 in the same experiment caused mass 28 to 
appear. When carbon monoxide or carbon dioxide 
was substituted for formic acid the ion of mass 26 
failed to appear. We conclude that this negative 
ion is C N - . Since the positive peaks known to 
arise from hydrogen cyanide and cyanogen6 were 
absent even with the electron energy raised to 75 
e.v., neither of these substances is a likely precur­
sor. Inversion of the mode of addition—that is in­
troduction of nitrogen into the ionization chamber 
and formic acid into the field-free region—resulted 
in a 10-fold reduction in abundance of the C N - ion. 

(1) Previous study, G. A. Ropp and C. E. Melton, T H I S JOURNAL, 
80, 3509 (1958). 

(2) C. E. Melton, G. A. Ropp and P. S. Rudolph, J. Chem. Phys., 
in press (October, 1958). 

(3) G. F. Wells and C. E. Melton, Rev. ScL Instr., 28, 1065 (1957). 
(4) C. E. Melton and G. F. Wells, J. Chem. Phys., 27, 1132 (1957); 

previous experience indicates that the actual electron energy does not 
differ by more than ± 3 e.v. from the indicated energy. 

(5) T. Mariner and W. Bleakney, Phys. Rev., 72, 792 (1947). 
(6) C. A. McDowell and J. W. Warren, Trans. Faraday Soc, 48, 

1084 (1952); K. E. Dorsch and H. Kallman, Z. physik., 60, 376 (1930); 
J. T. Tate, P. T. Smith and A. L. Vaughan, Phys. Rev., 48, 525 (1935). 

When, in a subsequent experiment, an equimolar 
mixture of nitrogen and formic acid at 2 mm. pres­
sure was subjected to a spark discharge, 1% hy­
drogen cyanide was found in the product mixture. 

In the mass spectrometric study, some active spe­
cies produced from formic acid in the ionization 
chamber apparently reacts with nitrogen molecules 
to give rise to the C N - ions. The active species is 
probably the negative ion,7 HCOO - , although we 
cannot rule out all other possibilities. Were the 
present reaction between HCOO - and N2 mole­
cules, this would presumably be the first mass-
spectrometric observation of a negative8 ion-mole­
cule reaction of this type. 

The present results indicate some similarity be­
tween the reactions produced by the electric dis­
charge and those effected by the 2.3 e.v. electrons 
in the mass spectrometer. The results also may 
be significant because of a current interest in ni­
trogen fixation by ionizing radiations. 

Helpful discussions with Russell Baldock, John 
Burns and P. S. Rudolph are acknowledged. 

(7) The low energy of the ionizing electrons makes it improbable 
that a positive ion is the precursor of the C N " ion. A free-radical pre­
cursor is unlikely at the low pressures employed since a three-step 
process would be required: (a) electron impact with formic acid to 
produce a radical, (b) reaction of the radical with nitrogen, and (c) 
conversion of the resulting species to CN". 

(8) A number of positive ion-molecule reactions are known: see 
H. S. Johnston in Annual Reviews of Physical Chemistry, 8, 252-3 
(1957). However, see E. E. Muschlitz, Jr., J. Appl. Phys., :!8, 1414 
(1957). 

(9) Operated by Union Carbide Corporation for the U. S. Atomic 
Energy Commission. 
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A NOVEL SYNTHESIS OF METAL CARBONYLS USING 
TRIETHYLALUMINUM AS THE REDUCING AGENT1 

Sir: 
We wish to report a novel method for preparing 

transition metal carbonyls, one that is of particu­
lar value for the less accessible metal carbonyls. 
The method consists essentially of a reductive car-
bonylation2 reaction of an appropriate salt of the 
transition metal with triethylaluminum and car­
bon monoxide. The reaction generally is carried 
out in an ether solvent at elevated temperature and 
pressure. The triethylaluminum appears to func­
tion in this reaction as a selective reducing agent for 
the transition metal, permitting carbonylation to 
occur at a rate greater than the rate of reduction 
to the free metal. 

The method differs from the conventional Grig-
nard methods3-7 in that (1) it is applicable to the 

(1) Reductive Carbonylation Synthesis of Metal Carbonyls. I. 
(2) The term "reductive carbonylation" as used here denotes over­

all reduction and carbonylation of the transition metal in a compound 
or intermediate in which the metal has a formal positive charge of 
one or greater. 

(3) A. Job and A. Cassal, Compt. rend., 183, 392-4 (1926). 
(4) A. Job and J. Rouvillois, Bull. soc. chim., 41, 1041 (1927). 
(5) W. Hieber and E. Romberg, Z. anorg. Chem., 221, 321 (1935). 
(6) K. A. Kocheskov, A. N. Nesmeyanov, N. M. Nadj, I. M. Ros-

sinskaya and L. M. Borissova, Compt. rend. acad. set., 26, 54 (1940). 
(7) B. B. Owen, J. English, Jr., H. G. Cassidy and C. V. Dundon, 

THIS JOURNAL, 69, 1723 (1947). 


