sequitor).) The carbon magnetic resonance spectrum
of unlabeled streptovaricin D (1) showed peaks for the
expected 40 carbon atoms. Relevant carbon atom
signals were assigned (Table II) with the help of the

TableII. Important Carbon Magnetic Resonance
Peaks for Streptovaricin D (1)
Carbon Rel

atome act enrichment®
C-1 169.4 0.7
C-3 134.7 0.0
C-5 144.1 1.3
C-7 83.6 0.8
C9 77.6 1.1
C-11 73.4¢ 1.0
C-13 70.4¢ 0.8
C-15 153.6 1.1
C-17 169.0 0.0
C-19 159.6 1.3
C-21 188.7 0.0

e Numbering for 1 is shown in Figure 1. ® Ppm from TMS;
CD,Cl; = 53.80. ¢ Calculated by measuring peak heights in the
spectrum of enriched streptovaricin D relative to the height (arbi-
trarily assigned the value 1.00) of the peak at 153.6 ppm (the tallest
of these peaks in the unenriched spectrumy), then dividing those rela-
tive heights by the relative heights of the same peaks (calculated
the same way, from an assigned value 1.00 for the peak at 153.6
ppm) in the natural abundance spectrum. The relative enrich-
ments, which of necessity are rough approximations, have been
normalized so their sumis 8.0. ¢ May be interchanged.

carbon magnetic resonance spectra of other strepto-
varicins; of standard chemical shift data;” and of
complete, off resonance, and specific proton®decoupling.®

The carbon magnetic resonance spectrum of !3C-
labeled streptovaricin D showed eight clearly enriched
peaks of similar intensity for C-1, C-5, C-7, C-9, C-11,
C-13, C-15, and C-19. Most important, the present
data establish that the amide-head pathway (path a) is
that followed, since the amide carbon (C-1) and C-5
are labeled by propionate carboxyl but C-3 is not.
That one of the ring carbons (C-19) is labeled by pro-
pionate carboxyl implies a continuous sequence of
propionate and acetate units leading from C-20 through
C-1. We assume acetate (or malonate) as the origin of
C-3 and C-4 and of C-17 and C-18.

The quinone carbonyl (C-21) is unlabeled by pro-
pionate, as are C-26 and C-24, the carbons adjacent
to the remaining methyl group at C-25.1° The lack of
a methyl at the carbon in rifamycin® corresponding
to C-25 suggests that our C-25 methyl group comes

(7) (a) L. F. Johnson and W, C, Jankowski, “Carbon-13 NMR Spec-
tra,” Wiley-Interscience, New York, N, Y., 1972; (b) I. B, Stothers,
“Carbon-13 NMR Spectroscopy,” Academic Press, New York, N. Y.,
1972; (¢) G. C. Levy and G. L. Nelson, “Carbon-13 Nuclear Magnetic
Resonance for Organic Chemists,” Wiley-Interscience, New York,
N.Y, 1972,

(8) K. L. Rinehart, Jr.,, M, L. Maheshwari, F. J. Antosz, H., H.
Mathur, K. Sasaki, and R, J, Schacht, J. 4mer. Chem. Soc., 93, 6274
(1971).

(9) A more detailed description of the methods used to assign chemi-
cal shifts to individual carbon atoms will be published in the Proceed-
ings of the First International Conference on Stable Isotopes in Chem-
istry, Biology and Medicine, Argonne National Laboratory, May 9-11,
1973, USAEC Publication, CONF-730525, and in the microfilm edition
of this journal. See paragraph at end of paper regarding supplementary
material,

(10) After our presentation of these streptovaricin biosynthesis re-
sults,? we were informed by Dr, P, Sensi, Gruppo Lepetit, Milan, Italy,
that workers in his laboratory had reached similar conclusions on the
biosynthesis of rifamycin, employing carbon-13 label, again contradict-
ing the earlier (unpublished) results.
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from methionine. The origin of the benzenoid aro-
matic ring and the quinone carbonyl carbon (C-21
through C-27) remains to be established. Experiments
along these lines are in progress.
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Collision-Induced Negative Ion Mass Spectrometry*
Sir.

We have previously shown that certain classes of
organic compounds will accept an electron to produce
molecular anions which may then undergo characteristic
decompositions.>3 It has been demonstrated*-¢ that
molecular anions may be formed by secondary electron
capture under these conditions,” and it follows that our
spectra may be produced by the decomposition of
molecular anions with thermal or near thermal energies.
This has been substantiated for the case of the 2-aryl-
1,3-oxathianes.?

There are many molecular anions which do not de-
compose, and there are some functional groups which
show no fragmentation in the negative mode. It is

(1) This investigation was supported by Grant C67/16756 from the
Australian Research Grants Committee,

(2) 1.H. Bowie, A, C, Ho, and A. Fry, J. Chem. Soc. B, 530 (1971).

(3) For a recent review see JI. H. Bowie, Mass Spectrom., 2, 137
(1973).

(4) G. Jacobs and A. Henglein, Advan. Mass Spectrom., 289 (1966).

(5) 1. C. 1. Thynne, Chem. Commun., 1075 (1968); P. W, Harland,
K. A, C. MacNeil, and J. C. I. Thynne, Dyn. Mass Spectrom., 1, 122
(1970).

(6) T. McAllister, J. Chem. Soc., Chem, Commun., 245 (1972).

(7) Conditions used: Hitachi Perkin-Elmer R.M,U, 7D instru-
ment, source pressures 2-5 X 1077 Torr, electron beam energy 70 eV.

(8) I.H, Bowie and A, C. Ho, Aust.J. Chem,, in press,
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Figure 1. Collision induced negative ion mass spectrum of
phthalic anhydride.

therefore of interest to devise a method by which initially
unreactive molecular anions gain enough internal energy
to enable fragmentation to occur. Collision excitation
has recently been used to investigate the properties of
collision-induced dissociations in positive ion spec-
tra,*~!! and adaptation of this technique to negative ions
enables collision-induced fragmentation to be achieved.
Sample pressures of ca. 5 X 10~7 Torr in the ion source
are used, and collision gas is introduced through a
separate inlet system into the first field-free region of
the mass spectrometer to give a pressure of 10~% Torr.
The collision gas should (a) not produce negative ions
under the reaction conditions and (b) not react with
negative ions to produce ion-molecule product ions.
We have successfully used krypton, nitrogen, benzene,
and toluene for this purpose, but the use of aliphatic
hydrocarbons (e.g., methane!?) as collision gases is to
be avoided because of the risk of ion-molecule reactions
producing anomalous peaks.

The spectra produced by this technique contain new
peaks due to both fragmentation in the ion source!3 and
to collision-induced dissociations in the field-free
regions. Differential pumping of the ion source should
be used if a spectrum is required which contains only
fragment ions produced by collision-induced dissocia-
tions. The spectra reported in this communication
were obtained with the differential pumping unit in-
operative.

The first three examples to be discussed are those of
molecular anions which give no fragmentation in the
absence of collision gas. The spectrum!¢ (Figure 1) of
phthalic anhydride!* shows the decompositions M — CO
— CO; and M — C,0;. Collision-induced peaks!® are

(9) K.R, Jennings, Int. J. Mass Spectrom. Ion Phys., 1,227 (1968).

(10) W. F. Haddon and F. W, McLafferty, J. Amer. Chem. Soc., 90,
4745 (1968).

(11) F. W, McLafferty and H, D, R, Schuddemage, J. Amer. Chem.
Soc., 91, 1866 (1969).

(12) The chemical ionization negative ion mass spectra of some
chlorinated insecticides using methane as the collision gas have been
described: R. C. Dougherty, I, Dalton, and F. I. Biros, Org. Mass
Spectrom., 6, 1171 (1972),

(13) The mechanism for the formation of the ions in the ion source is
not known. Collision excitation seems unlikely, and a referee has
suggested that charge-exchange processes may be operating: cf.
R, C. Dougherty and C. R. Weisberger, J. Amer. Chem. Soc., 90, 6570
(1968), and references cited therein,

(14) Hitachi Perkin-Elmer R.M.U, 7D instrument, sample pressure
5 X 1077 Torr, toluene as collision gas, total pressure 3 X 105 Torr,
electron beam energy 70 ¢V, and accelerating potential 3600 V. Identi-
cal conditions were used for other spectra.

(15) For the conventional negative ion spectra of phthalic anhydrides
see T, Blumenthal and J. H, Bowie, dust. J. Chem., 24, 1853 (1971).

(16) The reactant and product ions produced in all collision-induced
dissociations mentioned in the text have been uniquely defined by ap-
plication of the “metastable defocusing’’ technique: M. Barber and
R. M. Elliot, paper presented to the 12th Annual Conference on Mass

observed for these processes and also for processes
which do not occur in the ion source. Examples of the
latter type are the decompositions M — CHO - (collision
induced peak (cip) at m/e 95.7)yand M — C,HO;- (cip at
mje 38.0). The spectrum of maleic anhydride shows the
following fragment ions: wviz., (M — CO)-~ (cip at m/e
50.0), CO;-—,and C,H~. The naphthoquinone molecu-
lar anion does not fragment in the ion source, but
pronounced collision-induced peaks are produced in
both field-free regions. These peaks are observed at
m/e 105.3 and 64.6, produced by the unusual decompo-
sitions M — CHO- and M — (CHO- + CO).

The final example is that of a functional group which
does not fragment under normal conditions. The con-
ventional negative ion spectrum of p-nitroacetophe-
none ' shows the decompositions M — NO: and M —
NO;~. The collision-induced spectrum shows the
following decompositions of the COMe group in the
field-free regions: viz.,(M — NO-) — Me:,(M — NO-
— Me:) = CO,(M—=NO-)— MeCO-,and(M — NO-)
— CH,CO.

In summary, collision excitation allows the observa-

tion of fragmentations of moieties which do not de-
compose under the normal conditions used for the
formation of molecular anions and shows considerable
potential for the study of the reactivities of negative ions
in the gas phase and for the structure determination of
some types of organic compounds.
Spectrometry, ASTM E-14, Montreal, 1964; K. R. Jennings, J, Chem,
Phys., 43, 4176 (1965); J. H. Futrell, K. R. Ryan, and L, W, Sieck,
J. Chem. Phys., 43, 1832 (1965); and A, H. Struck and H, W, Major,
paper presented to the 12th Annual Conference on Mass Spectrometry,
ASTM E-14, Dallas, 1969,

(17) 1. H, Bowie, Org. Mass Spectrom., 5, 945 (1971).
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Adelaide, South Australia 5001
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Influence of Trans Ligands on the Bonding Mode of
Thiocyanate in Cobalt(III) Complexes. Evidence for
Adjacent and Remote Attack during
Electron-Transfer Reactions

Sir:

We report here the stereoselective formation and
subsequent linkage isomerization of complexes of the
type trans-LCo(DH),SCN, where L = amine, phos-
phine, or phosphite ligand and DH = monoanion of
dimethylglyoxime. These complexes were prepared
in situ from isomeric mixtures of CNpyCo(DH),SCN-
CNpyCo(DH),NCS, where CNpy = 4-cyanopyridine,
by addition of ligand, L. The reactions are examples of
a new class of ligand-exchange reactions! which pro-
ceed only in the presence of catalytic amounts of
LCo(DH), according to eq 1-3. The slow step is

slow LCo(DH).X + L’'Co(DH); —
L'Co(DH):X + LCo(DH). (1)

fast LCo(DH). + L’ == L’'Co(DH): + L (2

LCo(DH).X + L’ — L’Co(DH)X + L 3)
believed to involve an inner-sphere electron transfer.

(1) L. G. Marzilli, J. G. Salerno, and L. A. Epps, Inorg. Chem., 11,
2050 (1972).
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