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phenylcyclobutanone (6a) ([a]°p —9.6° (c 3.0, EtOH)) in 86%
yield (Scheme I).

The absolute configuration and the enantiomeric excess of the
product 6a were determined as (R)-(-)-6a and 94.0% ee by
chemical correlation of (-)-6a with (R)-(-)-2-methyl-2-phenyl-
succinic acid (12) of known configuration’ as follows. Sulfeny-
lation of the ketone (—)-6a obtained above with diphenyl disulfide
followed by sodium borohydride reduction of 7 produced an a-
phenylthio alcohol 8. Alcohol 8 upon treatment with lead tetr-
aacetate in toluene—acetic acid (4:1) at 0 °C for 8 h underwent
an oxidative cleavage® to give a thioacetal acetate'9. Hydrolysis
of this acetate 9 with potassium hydroxide in methanol at room
temperature gave a hemiacetal 10. Oxidation of this hemiacetal
10 with chromic acid in aqueous sulfuric acid—acetone at 0 °C
produced 2-methyl-2-phenylsuccinic anhydride (11), which upon
hydrolysis with potassium hydroxide in refluxing methanol gave
(R)-(-)-12 ([«]*°p —18.8° (c 3.5, EtOH), 94.0% ee)” (Scheme
II). The reaction sequences starting with ethyl methyl ketone
(2b) were successfully executed in the same way.

Addition of the a-carbanion of (Rg)-(+)-1 (100% ee)* to 2b
gave (Sg)-3b in 72% yield (the diastereomers of 3b (ratio 3:2) were
unseparable). The thermal rearrangement of (Sg)-3b thus ob-
tained was carried out by treatment with p-toluenesulfonic acid
in refluxing benzene for 3.5 h to furnish a cyclobutene derivative
(Ss)-4b in 65% yield. Reduction of the sulfoxide (Sg)-4b with
acetyl chloride followed by hydrolysis of the enol thioether (-)-5b

(7) Abbayes, H.des.; Dabard, R. Tetrahedron 1975, 31, 2111.
(8) Trost, B. M.; Hiroi, K. J. Am. Chem. Soc. 1975, 97, 6911.
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produced (S)-(-)-2-ethyl-2-methylcyclobutanone (6b). The ab-
solute configuration and the enantiomeric excess of the product
6b were determined as (S)-(—)-6b and 73.3% ee by transformation
of 6b into 4-methyl-4-hexanolactone (13) of known configuration;’
Baeyer—Villiger oxidation of (-)-6b (H,0,-NaOH in aqueous
methanol) followed by lactonization by heating in refluxing
benzene with a catalytic amount of p-toluenesulfonic acid led to
(S)-(-)-13 ([a]®p - 6.3° (¢ 3.0, CHCly), 73.3% ee).’

On the basis of the above experimental results, the asymmetric
inductions in these thermal 1,2-rearrangements of 3a,b to 4a,b
were determined to give 94.0% and 73.3% optical yields, re-
spectively.

From these stereochemical results, the mechanistic pathway
for this asymmetric induction would be represented as follows.
In the acid-catalyzed thermolysis, the carbonium ion 14 would
be formed initially. The 1,2-migration of a carbon—carbon bond
of the cyclopropane ring would occur via a transition state 15,
and a new asymmetry would be induced at this stage. The degree
of asymmetric induction would depend on the difference between
the thermodynamical stability of 15a and 15b, that is, on the
difference of the steric interference between R! or R? and the lone
pair or the oxygen atom of the chiral sulfoxide (Scheme III).

The easy access to the starting chiral sulfoxide and the high
degree of asymmetric induction in this thermal rearrangement
represent a potentially great advantage for the construction of
asymmetric quaternary carbons. Furthermore, this method
provides a facile entry to chiral cyclobutane derivatives, which
have usually been hard to access.

(9) Mayer, H.; Schudel, P.; Ruegg, R.; Isler, O. Helv. Chim. Acta 1963,
46, 963.
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Nosiheptide (1),!? a metabolite of Streptomyces actuosus, is
a member of a broader class of highly modified, sulfur-rich peptide
antibiotics, which also includes thiostrepton,® micrococcin,? the
thiopeptins,> and several other compounds. Compound 1 inhibits
protein synthesis in Gram-positive bacteria by binding to the 508
ribosomal subunit;® it is used as an animal-feed additive to increase
weight gains.” Nosiheptide contains several structural elements

(1) Pascard, C.; Ducruix, A.; Lunel, J.; Prange, T. J. Am. Chem. Soc.
1977, 99, 6418 and references therein.

(2) Endo, T.; Yonehara, H. J. Antibiot. 1978, 31, 623.

(3) Anderson, B.; Crowfoot-Hodgkin, D.; Visuramitra, M. A. Nature
(London) 1970, 225, 233.

(4) Walker, J.; Olesker, A.; Valente, L.; Ranabal, R.; Lukacz, G. J. Chem.
Soc., Chem. Commun. 1977, 706.

(5) Hensens, O. D.; Albers-Schonenberg, G. J. Antibiot. 1983, 36, 814,

(6) Cundliffe, E.; Thompson, J. J. Gen. Microbiol. 1981, 126, 185.

(\7) Benzaet, F.; Cartier, M.; Florent, J.; Godard, C.; Jung, G.; Lunel, J.;
Maney, D.; Pascal, C.; Renaut, J.; Tarridec, P.; Theilleux, J.; Tissier, R.;
Dubost, M.; Ninet, L. Experientia 1980, 36, 414,

© 1987 American Chemical Society



Communications to the Editor

J. Am. Chem. Soc., Vol. 109, No. 4, 1987 1251

Table I. '3C NMR Assignments and '*C Enrichments in 1 Derived from !3C-Labeled Precursors

3C enrichments,” % J in 1 derived from

13C chem
shift,’ ppm assignment PL-[3-1*C]cysteine  L-[CH;-'*Clmethionine L-[3-'*C]serine DL-[1-"*C]serine

12.23 Indole-CH,4 (C-3") 2.8

29.49 Cys-C3 7.2

65.90 Indole-CH,O (C-4") 28.6 34
103.60 Deala-C3 6.7
119.98 Thz(4)-C5 9.5 2.2
124.45 Thz(2)-C5 9.9 29
125.25 Thz(3)-C5 9.9 28
125.98 Thz(1)-C5 8.1 2.4
126.80 Thz(5)-C5 8.3 2.8
127.12 Pyr-C4 3.3 (66 Hz)
150.80 Pyr-C3 3.1 (66 Hz)
142.52 Pyr-C6 1.6
158.20 Thz-CO 3.0
159.45 Thz-CO 2.4
159.60 Thz-CO 40
159.80 Thz-CO 39
163.85 Thz(1)-C2 6.3
165.00 Deala-CO 5.4
167.10 Thz(5)-C2 42
168.98 Thz(4)-C2 34
181.60 Indole-CO(C-2") 6.2

¢Signals of the other 30 carbons were not significantly enriched. ®Signal assignments are based on chemical-shift theory, multiplicity, 'H-13C
correlations, long-range couplings, NOE effects, and various other techniques. The four amide carbonyl groups at C-4 of the thiazole rings have not

yet been differentiated.
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Figure 1. Structure of nosiheptide, including the sites of *C labeling
from DL-[3-13C]cysteine(O), L-[3-13C]serine (A), DL-[1-13C]serine (o),
and L-[methyl-'3C]methionine (0). Symbols are superimposed for car-
bons labeled by two precursors (@ and [4]) in separate experiments.

with biosynthetic origins that were of interest to us, notably a
2,3,4-trisubstituted indole, five thiazole rings, and a trisubstituted
pyridine.

Cultures® of S. actuosus were fed labeled substrates after 32
h of growth, and 1 was extracted from the mycelium 48-72 h later
and purified (precipitation from tetrahydrofuran/hexane,
CH,Cl,/EtOH, HPLC) for radioactivity (Beckman LS 7500) or
13C NMR (Bruker WM-300, 7.1 T, Me,SO-dy) analysis. The
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3

Figure 2. Biosynthetic origin of the indolic acid moiety of nosiheptide.

results of the stable isotope experiments are summarized in Table
I and Figure 1.

The structure of the thiazole rings suggests origin from cysteine,
which provides the sulfur, the nitrogen, C-5, C-4, and the attached
carboxyl group; C-2 comes from the carboxyl group of another
amino acid. Consistent with this notion, pL-[3-'*C]eysteine (97%
13C, 50 mg/L) labeled C-5 of the thiazole rings. C-3 of the
D-cysteine moiety was also labeled but not C-3 of the dehydro-
alanine portion. The latter is not derived from alanine (1.3%
specific incorporation for L-[U-'4C]alanine vs. 37% for L-[U-
14C]serine). Its origin from serine is confirmed by labeling of C-1
from DL-[1-13C]serine (99% *C, 200 mg/600 mL) and C-3 from
L-[3-13C]serine (93% 13C, 126 mg/600 mL).

C-1 of serine, as expected, labeled the carboxyl carbons attached
to C-4 of the five thiazole rings. One of these forms part (C-6)
of the pyridine moiety. C-3 of L-serine labeled all the carbons
enriched by C-3 of pL-cysteine except, notably, C-3 of the p-
cysteine moiety. Since C-2 of the thiazole(4), the carboxyl carbon
of this D-cysteine moiety, is labeled by pL-[1-13C]serine, one must
conclude that the D-cysteine moiety is efficiently derived from -
but not L-serine, presumably via D-cysteine. The pyridine ring
is formed, rather uniquely, from the carboxyl group of one cysteine
(C-6) and from two molecules of serine, which are connected “tail
to tail”, i.e., through their methylene carbons, to form the C-3/C-4
connectivity (Figure 2). The mechanism of this intriguing
transformation will require further study.

Our initial working hypothesis for the origin of the indole moiety
was cyclization of phenylalanine and methylation at C-3 and C-4.
The observed labeling of both indole C-3’ and C-4’ by C-3 of serine
is consistent with this idea.® However, L-[methyl-'*C]methionine
(90% '3C, 200 mg/L) labeled exclusively C-4’ and hence, only

(8) Cultures were grown in 40 mL of medium (4% glucose, 0.5% L-
glutamate, 0.1% L-aspartate, 0.1% L-arginine, 0.2% Na,SO,, 0.1% MgSO,,
0.05% K,HPO,, 0.3% CaCQ,, 0.001% ZnSO;, 0.002% FeSO,) in 250-mL
Erlenmeyer flasks at 27 °C with rotary shaking (300 rpm).

(9) C-3 of serine gives rise, via the tetrahydrofolate pathway, to the methyl
group of methionine.!®

(10) Matthews, R. G. In Folates and Pterins; Blakely, R. L., Benkovic,
S. J., Eds.; Wiley: New York, 1984; Vol. 1, pp 497-553.
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the -CH,O group at indole C-4 is derived by methylation. It is
noted, however, that the 2-carboxyl group of the indole moiety
was labeled extensively by C-1 of serine. Since the alanine side
chain of tryptophan is derived from L-serine,!! this suggests that
the indole moiety may arise by cyclization of tryptophan, con-
necting indole C-2 with the carboxyl group, followed by excision
of the side-chain carbon atom 2 plus its attached nitrogen and
methylation of indole C-4 (Figure 2). Consistent with this hy-
pothesis, pL-[7a-'4C]tryptophan (0.5 mmol/L, 10% and 8%
specific incorporation), L-[methylene-*C]tryptophan (0.5 mmol/L,
7% and 12% specific incorporation) and [2-'*C]indole (1 mmol/L,
13 and 8% spec. incorp.) were efficiently incorporated into 1.
Nonincorporation of pL-4-methyl[methylene-'#C]tryptophan!?
suggests that methylation of the indole is not the first step in the
reaction sequence.

On the basis of the above results and reasonable extrapolations,
one may speculate that 1 arises from a dodecapeptide H,N-L-
Ser-L-Cys-L-Thr-(L?)-Thr-L-Cys-L-Glu-L-Cys-D-Cys-L-Cys-L-
Ser-L-Cys-L-Ser-COOH through connection of the carbon atoms
3 of ser(3) and ser(12) and attachment of a (modified) tryptophan.
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Olefin complexes of metal carbonyl fragments have theoretical
importance! and play a role in numerous catalytic systems.?
Theory suggests an interesting trend in bond strengths for the
bis-olefin and diene complexes of the 16-electron group VI (group
6) carbonyl fragments.'¢ Bis-olefin complexes of M(CO), (M
= Cr, Mo, W) are generally thought to be more stable than
n*-diene complexes. Experiments show that the mono- and bis-
olefin complexes of molybdenum and tungsten carbonyls are quite
stable’ but such examples for chromium are rare. Only one

*In this paper the periodic group notation in parentheses is in accord with
recent actions by [TUPAC and ACS nomenclature committees. A and B
notation is eliminated because of wide confusion. Groups IA and IIA become
groups 1 and 2. The d-transition elements comprise groups 3 through 12, and
the p-block elements comprise groups 13 through 18. (Note that the former
Roman number designation is preserved in the last digit of the new numbering:
e.g., IIl = 3 and 13.)

!Present address: Argonne National Laboratory, Chemistry Division,
Argonne, IL 60439,
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Figure 1. Transient IR absorption spectrum obtained following photolysis
of a mixture of Cr(CO)s(C,H,) (0.12 torr), CO (0.56 torr), and C,H,
(500 torr). The initial spectrum (largest amplitude) corresponds to an
observation time of 30 us following the laser pulse. Subsequent spectra
are separated in time by 13.7 ms. The instrumental resolution is 5 cm™.
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Figure 2. CO pressure dependence of kg at 1975 (@) and 1961 cm™!
(O) for a constant C,H, pressure of 300 torr. The straight line is the
weighted fit to the data below 60 torr of CO. The curved line is the
weighted nonlinear least-squares fit to all the data.
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Cr(CO),(olefin), complex is known and it is stabilized by relief
of ring strain in the uncomplexed olefin.* Interestingly, the
analogous 7* complexes of nonconjugated dienes are generally quite
stable for all three rows of group VI (group 6).°

This paper reports the first gas-phase observation and infrared
spectral characterization of Cr(CO)4(C,H,);. This complex is
unstable and reacts with CO by dissociative substitution. We
follow the kinetics of this process by time-resolved IR absorption
spectrometry, extracting a unimolecular decay constant orders
of magnitude larger than the reported solution value for Cr-
(CO)4(n*-butadiene), in an apparent conflict with elementary
theory as cited above.

Our apparatus’ and the technique of time-resolved IR ab-
sorption spectrometry as applied to organometallics® have recently
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