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clude that the splitting is quite similar throughout the
series, with perhaps a slight tendency to increase as the
NNC angle increases. ,

Indirect support for our assignment of the pes of
1(1) can be obtained by noting that in a certain sense
our assignments appear to be consistent with the pes of
2,3-diazabicyclo[2.2.1]heptane.®  Upon forming the hy-
drazine derivatives of 1(n), the N-N bond would be
expected to lengthen and the dihedral angle between
the ‘“lone pair” orbitals would increase from 0 to about
120°. Consequently the interaction of the “lone pair”’
orbitals would be less. This is, in fact, confirmed by
the pes of the hydrazine derivative of 1(1) which indi-
cates a value of 1.81 eV for A® compared with the value
of 2.95 eV reported here for 1(1).

Because of its low extinction coefficient, the observed
uv transition of 1(») (¢f. Table 1I) is certainly of the n —
7* type. Recent ab initio calculations’® indicate that
for cis azo compounds the n — 7* transition energy
decreases as £ NNC increases, mainly because the n—
level is destabilized while the #* level remains approxi-
mately unchanged. Thus within a series of closely
related molecules we can expect that the variation of
IP; parallels the variation of the n — =* transition en-
ergy. This is indeed the case for 1(n) for which a
reasonable correlation of Amax (in eV) vs. IPy is ob-
served (cf. Tables I and 1I); there is a small discrepancy
for 1(4) but slight changes in correlation energy and
orbital reorganization effects prevent a strictly quan-
titative correlation between Amax and IPi.

Finally we would like to point out an interesting
feature of the pes of all cis azo molecules that have been
studied to date; the separation of the n— and = levels is
remarkably constant (about 2.5 £ 0.2 eV) whereas the
splitting of the n4 and n- “lone pair” orbitals can be as
small as 1.6 eV in 3,4-diazatricyclo[4.2.1.0%%non-3-
enels or as large as 3.5 eV in diazirine.?
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Configuration of the B-Carbon Atoms of the
B-Methyllanthionine Residues in Nisin

Sir:

B-Methyllanthionine occurs in yeast! and as a con-
stituent of several interesting heterodetic polyeyclic

(1) P. Downey and S. Black, J; Biol. Chem., 228, 171 (1957),

peptides, the structures of two of which have recently
been elucidated.?® Although the configurations of
alanine and aminobutyric acid obtained after desul-
furization have been determined,*?* the assignment at
the B-carbon atom had to await comparison of the

" natural material with synthetic: S-methyllanthionine of

known configuration ; o

This has now been accomplished for the isomer oc-
curring in nisin,? and several observations have been
made pertaining to the problem in general. ;

Starting materials for the synthesis of the isomers of
B-methyllanthionine are the diastereoisomeric pairs A
and B of pL-B-methyl-S-benzylcysteine prepared by the
addition of benzylmercaptan to the azlactone of ben-
zoyldehydrobutyrine followed by fractional crystal-
lization and hydrolysis of the products. The con-
figurational identities were determined by application
of the cyanogen bromide reaction® to the N-acetyl-G-
methyl-S-methylcysteines. The benzyl group was re-
moved by reaction with anhydrous hydrogen fluoride
(HF) for 1 hr at room temperature in the presence of
anisole. After evaporation of the HF and washing
with ethyl acetate, the amino acids were S-methylated
by treatment with methyl-p-nitrobenzene sulfonate in
0.05 M phosphate buffer (pH 8.5) under nitrogen.
The S-methyl derivatives were treated with a fourfold
excess of acetic anhydride at the same pH, and suffi-
clent 88 % formic acid was added to give a 607 formic
acid solution. Exposure to 3 equiv of cyanogen bro-
mide at room temperature for 2 days resulted in the
transformation of 50% of the acetyl-pL-B-methyl-S-
methylcysteine A to 97% pure DL-O-acetyl-allo-threo-
nine (Figure 1) while the amino acids B, correspondingly
yielded DL-O-acetylthreonine of identical configura-
tional purity. o ‘ f -

The identity of the products was determined by com-
parison of their elution volumes from cation exchange

" resin columns (0.9 X 60 cm, 53°, 0.2 N sodium citrate

buffer, pH 3.25) with those of authentic samples pre-
pared from DL-threonine and DL-allo-threonine by
treatment with 1 N HCl in glacial acetic acid and crys-
tallization from alcohol-ether. Since an inversion of
configuration at the B-carbon atom is expected in the
cyanogen bromide reaction (Figure 1), the pair desig-
nated A must be the DL-threo amino acids, while B are
the pL-allo isomers. ' ' L

The B-methyllanthionines were obtained from the
reaction of the B-methylcysteines with AN-formyl-L-3-
chloroalanine.! The latter was prepared by dissolving
t-chloroalanine hydrochloride in anhydrous formic
acid, adding 1 equiv of sodium bicarbonate and 20
equiv of preformed formic acetic anhydride? at 10° in
two portions separated by a 2-hr interval. The mix-

" ture was lyophilized after 4 hr and the product allowed

to react with the thiol amino acids in 0.05 M phosphate
buffer (pH 8.5) under nitrogen. The formyl group
was removed with 6 N HCl in 10 min at 100°8 Amino

(2) E. Gross and L. L. Morell, J. Amer. Chem. Soc., 93,4634 (1971).

(3) E. Gross, H, H. Kiltz, and E, Nebelin, Hoppe-Sepler’s Z. Physiol.
Cliem., 354,.810(1973). ; : '

@) H. E. Carter; C. M. Stevens, and L. F. Ney, J. Biol. Chem,, 139,
247(1941).

(5) E. Gross; Methods Enzymol., 11, 238.(1966). .

(6) B-Chloroalanine not protécted at the amino group: reacts via azt-
ridine intermediates’ to-generate undesired products resulting from the
addition of sulfhydryl groups to theé a-carbon atom,

(7) V..C. Mehlenbacher; Org, dnal,; 1,37(1953).
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Figure - 1. ' The reaction 'of N-acetyl-B-meth iQS— ' i
with cyanogen bromide; : y 2 Ik Srmethyleysteine

acid ar}alysis indicated an initial 5% per day rate of
formation of B-methyllanthionine. The only side reac-
tion of significance, the formation of serine, proceeded
at half that rate. The products from DL-threo=3-
meth}{lcysteine are not separated in the chromato-
graphic system employed (peak II, Figure 2); those
from DL-allo-B-methylcysteine are eluted at different
effluent yolumes (peaks I and I’, Figure 2).° ~
_The isomer of B-methyllanthionine occurring in
nisin? coelutes with the threo derivatives and must
therefore have the L-configuration at the B-carbon atom
since the a-carbon atom of the amino butyric acid

gmie’zcy had previously been assigned the b configura-
ion. ' ' F

Inasmuch as the assignment of configuration is based

on properties of the amino acids obtained by acid hy-
drqu sis, knowledge of the extent of racemization oc-
curring under these conditions is necessary. Lanthio-
nine is completely racemized under the conditions of
ap;d hydrolysis.? Isolation of the isomers represented
by peak I’ and treatment with 6 N HCI for 24 hr at

110° results in the transformation of 30 %, of the material

to the isomers of peak I and 107 to the isomers of peak
1L When't‘he isomers of peak II are exposed to the
same conditions, they are transformed to the extent of
107 to the isomers of peaks I and I/, '
Evidently the a-carbon atom of the alanine moiety is
subject to more extensive configurational change than
that of the amino butyric acid portion. - This is con-
sistent w1th‘ the occurrence of 0.5 residues of al/o-B-
m'ethyllanthmnine in hydrolysates of nisin which con-
tains a total of four residues of the amino acid. Thus
only 63 % of the amino acid in a hydrolysate retains the
original configurations, while 277 is inverted at the
alarine moiety alone, 3% at both the a-carbon atoms
of the alanine and amino butyric acid portions, and
7%' at the a-carbon atom of the amino butyric acid
motety only. In spite of this, B-methyllanthionine
having the correct configuration at the a~carbon atoms®

(8)..This procedure gé.ve 95% fonine i jal s

This pi e g % pure Lelanthionine in a trial synthesis
whgf.lrexn the undesired product of epimerization ,(meso-lanthiosxlﬁne) dse
ea% )y iletected bl)al ion exchange chromatography: i

A9) In a synthesis involving addition of DL-cystei enzoylde-
hydrobutyrineazlactone, the Kortars of oayle

1 . uantitics ‘of {

and I' are in the proportion | :% o1 e p’ea‘ks 'I’ in.
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Figure 2. The separation of the isomers of 6-met11yllanthionihe
by ion exchpnge chromatography (column; 0.9 X 60 cm, 53°, 0.2
N sod}wn citrate buffer, pH 3.25).  Isomers not shown in inset are
enantiomers with the p-alanine moiety, '

and showing the elution ~behavior of the threo com-
pom:xd 1 was isolated by the selective process of crystal-
lization from a hydrolysate of subtilin. !1 :
(10) A, Schoberl, E. Gross, I. L. Morell, and B, Wi
Biophys, Acta, 121, 406 (1966), L e dodn
(11) G. Alderton, J. Arwier. Chem, Soc,, 75, 2391 (1953).
John L. Morell, Erhard Gross*
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Fe[OAI(O-n-Bu),},. A New Molecular
Qxygen Activator

Sir:

We want to report the behavior of an oxo alkoxide of
alummum and iron(Il) as a reversible molecular oxygen
activator,

 This amorphous compound, highly soluble in hydro-
carbons, is obtained by a straight condensation reaction
(at §OO°K in decalin under argon atmosphere), ac-
cording to eq 1. Its composition was established by

2A1(OR); + Fe!'(CH,COO), —> -
(OR);AIOFeOAI(OR), + 2CH,COOR (1)

elementary analysis;! the Al/Fe ratio is found to be
near 1.98 by complexometric titration (EDTA in acetate
buffer aft?r oxidation of Fe(ll) into Fe(IIl)). The
OR/Al ratio as determined by glc after hydrolysis of the
complex equals 1.96. All these values are consistent
with the expected ones for eq 1, i.e., Al/Fe = OR/Al
= 2. R may be a n-butyl, isopropyl, or isobutyl group.
Other oxo alkoxides may also be prepared in the same

(1) M. Osgan and Ph, Teyssié, J. Polym. Sci., Part B 5,789 (1967);
T. Ouhadi, A. J. Hubert, and P, Teyssi, to be submitted for publica-
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 way with Zn, Co(Il), Mn(ID), or Mo(ll), instead of
Fe(ll); hOWever, these latter compounds may have
physical, chemical, and catalytic properties significantly
different from the aluminum-iron complex.

Oxygen binding by this iron oxo alkoxide in heptane _

solution at 298°K occurs rap1dly until a O,/Fe ratio of
about 0.25; then a slower absorptron is observed until
a final Og/Fe (0.5) ratio is reached

The kinetics of molecular oxygen absorptron do not
correspond to any simple reaction order process, most
probably as the degree of association of the oxo alkox-
ide molecules in solution changes from n = 8 (initial
complex) down to n = 2 (completely oxidized complex)
in the course of the oxygen absorptron process (cryo-
scopic measurements), .

The oxidized compound behaves as a strong per-
oxidic oxidation agent toward Kl in 10 N hydrochloric
acid, immediate and quantrtatWe oxidation of iodide
to I, occurring under argon at 373°K (two molecules
of I, per molecule of complex I).

Oxygen may also be swept off quantltatlvely by re-
fluxing the complex in o-dichlorobenzene. Upon oxi-
_dation, the solution which is initially green (in hep-
tane or other solvents) turns red; refluxing in CsH,Cl,
yields back the initial green coloratron and the process:
may be repeated several times, . ,

By redox titration, Fe(D is found to be the domi-
nant species in the unoxidized complex, while, after
O, absorption, Fe(IIl) is the only valence state as ob-
served by a specific EDTA complexometrrc titration.:
This valency change of Fe is supported by uv-visible
spectra which show a band at 950 nm in the unoxidized
complex; this band, characteristic of’ the high-spin
Fe(II) complexes and assigned to the “Ty, — °E, transi-
tion,? disappears upon oxidation,

Supported by the former data, a reversible oxygen
transport mechanism (eq 2) may be postulated. -

2 - , 298°K
- [(OR):AIOFeOAOR )], + O — W
CsH4Cl2
‘f  (ORNAIOEEOAIOR),
l @
([) i
- (O'R)‘ZAIOFeOAl(OR)z‘ .

The reversibility of a mechanism such as eq 2 (wrth'

respect to Fe) has been ascertamed over four complete

redox cycles from epr data. No srgnal is detected for

the unoxidized material at 298°K hence, this species
probably contains Fe(II) which is not detected by epr
at this temperature. Upon oxidation, a broad reso-
nance line (peak-to-peak line width = 1500 Oe) centered
near g = 2.3 appears gradually. Internal calibration

with respect to a known standard (Varlan Strong Pitch)

was used to evaluate the relative spectral intensities and
to show that the epr signal was of the order of magmtude .
expected for the oxidized compound in solution at the

used concentration level, hence rulmg out 1mpur1ty
effects; this signal is assrgned to Fe(IlI) species.

The epr signal of the oxidized solid compound has
an intensity which is nearly mdependent of temperature

(2) F A, Cotton and G Wr[kmson, “Advanced Inorgamc Chernrs—
try,"” Interscience, New York, N. Y., 1966, p 857,

in the range 77-320°K. The behavior of this signal
compares itself quantitatively to that reported for
Fe(IlI) in zeolites;® accordingly, we propose that the
solid compound shows ferromagnetic behavior,

From a catalytic standpoint, this reversible oxidation
of the ferrous ions, associated with oxygen transport,
seems: quite interesting and rather unusual; to our
knowledge, very few similar examples have been re-
ported: one in the case of heterogeneous catalysts*
and another one for a soluble complex.®
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(3) L.S. Singer and D. N. Stamires, J. Chem, Phys., 42, 3299 (1965),

(4))R L. Garten, W. N. Delgass, and M, Boudart J. Catal,, 18, 90
€1970),

(5) L. Vaska Abstracts of the American Chemical Society Summer
Symposium on Coordination and Activation of Small Molecules by.
Transrtron Metals, Buffalo,N Y June 1972,
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A General Method for the Determmatwn of Sterrc
Effects durmg Colhslonal Energy Transfer.
Partral Photoresolutron of Penta—z 3- dlene =

Sir:

Since an electronically excited sensitizer (P*) and a
quencher (A) must be very close during collisional en-
ergy transfer, bulky groups close to the ohromophores
of P and A should be important in determining the
efficiency of transfer, Demonstration of such effects
has proved difficult! and only in a few cases have they
been reported 28 The main problem has been to sep-
arate a group’s electronic pertubation on a chromo-
phore (auxochromrc effect) from its steric influence on
the ease of approach of another molecule. We have
devised a general method for the study of steric in-

fluences on collisional energy transfer which excludes.

auxochromic effects. We report here its first applica-
tion: the partral photoresolutlon of penta-Z 3-diene
D).

Since the energy levels of any pair of enantromerrc,
allenes are the same, the rate constants for energy trans-

fer from a nonchrral P to (R)- and (S)-1 must be iden-

tical (i.e., ke = k). When P is optically active, k. and

ks need not be equal The collision complexes

[P +(S)-1]*and [P . -(R)-1]* are diastereomeric and, in

prmcrpal chemrcally d1stmgurshab1e We have mea-

(l) See, forexample, P, I, Wagner, J M. Mc Grath andR G, Zepp,
J. Amer. Chem. Soc., 94,6883 (1972). :
2) (@) G, S, Hammond and R, S Cole, ibid., 87, 3256 (1963);

(bW, G. Herkstoeter, L. B Iones, and G. 8. Hammond ibid, 88,

4777 (1966,

(3) K.Jandaand T:S, Wattack, ibid., 94, 305 (1972).

(4) The work of Hammond and Cole, ref 2a, orlgmally ted us to
consider this problem. Their system; except for the existence of a

meso form of their quencher, would have altowed exactly the same

treatment as applied here, We thank Professor Hammond for helpful
discussions; For a pertinent, theoretical discussion of asymmetrm
inductions, see L. Salem, J. Amer, Chem, Soc., 95,94 (1973),
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sured k,/k; with the tert-butyl ether of 21,22+ drhydro~
neoergosterol (2) as a sensitizer.?

e

Scheme I, although simplified; represents the prob-

- Scheme L
2 —h-v> 2% ‘ (1)
2 (BT o 24 X+ | 2
2% 4 (8)-1 o, + X* | 3
x* S BRI 4+ (1 — IS 10

able, important steps in the sensitized isomerization of
1 by 2. At the photostationary state for 1, eq 5 is

kslke = (((R-11/[(S)-1Dessl(1 — B)/B]  (5)

valid. The ratio of [(R)-1)/[(S)-1] can be determined
from the specific rotation of 1, measured after pro-
longed sensitization by 2, and from the absolute rotation
of optically pure 1, calculated by Brewster® to be [a]sss
174°. Subject to the provisions that X* is achiral and
that it does not begin to decay to 1 until it séparates
from 2, the decay ratio, (1 — B3)/8, must be unity (vide
infra).

The sequence for the R = S isomerization of chiral

allenes is thought to proceed from an antiplanar gound -

state and pass through one or both of two possible
planar (achiral) excited states, cis-X* and mrans-X*,
which decay to regenerate the ground state” Even if
(R)- and (S)-1 produce different ratios of cis-X*/trans-
X* after excitation by 2, eq 5 remains valid since each
excited state must decay with equal probability to (R)-
and (S)-1.8

In a typical experiment,® a 6-ml portion of a deoxy—‘r

genated, argon-saturated isooctane solution of racemic

(5). Experimental details will be included in a full paper.

(6) 1. H. Brewster, Top. Stereochem., 2,35 (1967);

(7) (a) W. T. Borden, J. Chem. Phys., 45, 2512 (1966); (b) H. R,
Ward and E. Karafiath, J. dmer. Chem. Soc., 91, 7475 (1969).  For
other discussions of this problem, see: R, J. Buenker, J, Chem. Phys,
48,1368 (1968); 1. M. Andre, M. C, Andre, and G. Leroy, Chent, Phys
Lett 3,695 (1969); L. T, Schaad Tetrahedron, 26, 4115 (1970); L. 1.
We1mann and R, E, Chrrstoffersen, I Amer. Chem Soc., 95, 2074
(1973).  In each of these, the calculated barrier to rotation is lower than
was calculated in ref 7a.

(8) It is possible,% but improbable,’® 9 in this case that the ultimate
precursors to the regeneratron of 1 after its excitation are cyclopro=
pylidenes, i-ifi; " Sinceiand ii are chiral, they could “decay” via a'con-
rotatory opening to give an excess of (R)~ or (8)-1.2%  However, if any
pomt along the reaction, 1 — X* — 1, includes a planar configiration,
eq:5 is still valid. = The work of Ward and Karafiath’™ indicates that a
planar configuration is obtained,

1\@, ,VI‘VIB Me Me
'IVIe M'e' X e

it
i L ii
(9) (a) W. T, Borden, private communication in ref 7b; (b) W. T~

Borden, Tetrahedron Lett,, 447 (1967).
(10) W, M, Jones and'J, M., Walbrick, ibid,,; 5229 (1968).
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1 (43 X 1072 M; [als 0 £ 0.5°!! (isooctane)) and
2(5.3 X 10-%* M) was irradiated at 0° for 3 hr with four
125-W low-pressure mercury lamps. Glpc analysis
demonstrated that 100 &= 597 of the starting 1 remained
after irradiation. The allene 1 and part of the solvent
were distilled directly from the irradiation vessel and
their ORD spectrum was recorded. A graph of [«]
vs. N was constructed for it and for a solution of inde-
pendently synthesized S-enriched 1 ([aJsss 1.7 £ 0.3°).12

From a comparison of the two curves and from
Brewster’s® calculated rotation for optically pure 1, the

“per cent of resolution of irradiated 1 was calculated,

Since both the ORD curves of (S)-1 and of irradiated 1
were negative in the ultraviolet region, sensitization by
2 produces an excess, ca. 3.4%, of (S)-1 (ki/k, = 51.7/
48.3). Irradiations for periods up to 9 hr did not
change the enantiomeric conipositions or absolute
quantities of 1. The ORD curve of 2 is positive
throughout the uv region;

<Molecular models (Frsher—Taylor—leschfelder) in-
dicate a slight steric preference for transfer from excited
2 to-(R)<1:  They also predict that good = overlap be-
tween 2 and either endntiometer of 1 will be difficult.

By the PPP method, Borden™ calculated E, = 147
keal/mol and E; = 99 kcal/mol for the first excited
singlet and triplet of antiplanar allene. This makes
“vertical” energy transfer from a tetraalkyl-substituted
phenyl chromophore (E; = 105 kcalfmol,’® E, = 80
kecal/mol!%) to 1 improbable. A reversible, stepwise
addition of 1 to the phenyl chromophore of 2 is un=
likely, also, since irradiation of benzene-allene solu-
tions produces stable adducts:!® Calculated energies
for the planar excited states of allene’ (E; = 94 kcal/
mol, £y = 62 kcal/mol) indicate that a “thermally ac-
tivated’” transfer!® could occur,: In fact, it is possible
that an electronically excited state of 1 is not obtained
during isomerization. Elucidation of the nature of the
energy transfer step'” and experiments with other
allenes and optically active sensitizers are in progress
and will be presented in a full paper,

While we have not mentioned the possible synthetic
importance of this work it should be noted that with
better: selectivity, this method would offer a simple,
one-step alternative to existing methods!®!%18 for the
resolution of allenes.
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