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tematic investigations of anions.

Note Added in Proof: The rotational barriers in the anions from
acetaldehyde, CH,CHO", and from nitromethane, CH,NO,", are
large, 40 and 44 kcal/mol, respectively. The calculated proton
affinities of F~ and OH~ are improved when d orbitals as well as
diffuse functions are included in the basis set. The PA’s are,
respectively, 373.6 and 401.1 kcal/mol at 6-31+G*/4-31+G and
387.1 and 362.0 kcal/mol at MP2/6-31+G*//4-31+G. We thank
G. W. Spitznagel and T. Clark for this data.

Acknowledgment. We thank J. A. Pople for advice, fruitful
discussions, and encouragement, E. R. Davidson for his interest
and suggestions, G. W. Spitznagel and T. Clark for assistance,
the Fonds der Chemischen Industrie for support, and the von
Humboldt Foundation for the award of a Fellowship (to J.G.A.).

Supplementary Material Available: Calculated geometries
(Table 3) and energies of neutral molecules (Table 4) (4 pages).
Ordering information is given on any current masthead page.

Thermodynamic Stability of Carbonyl Anions,
R—C=0. A Molecular Orbital Examination

Jayaraman Chandrasekhar, Juan G. Andrade, and
Paul von Ragué Schleyer*

Institut Fiir Organische Chemie der
Friedrich- Alexander-Universitit Erlangen-Niirnberg
D-8520 Erlangen, Federal Republic of Germany

Received September 8, 1980

Carbonyl! anions, R-C=0 (1), are generally inaccessible as
practical synthetic intermediates. Consequently, many carbonyl
anion “synthons” have been devised in order to achieve indirectly
transformations like eq 1.! Carbonyl anions (as metalated de-

R-Ci=0 + R’X — RR'C=0 + X~ 1)

rivatives) are involved in the reaction of carbon monoxide with
organolithium and Grignard reagents, but the variety of products
often obtained indicate the high reactivity and kinetic instability
to be expected of RCOLi or RCOMgX species.? There is evi-
dence for the transient formation of CCOOR and C-ONR, in
solution,> LiCONR, and LiCONRNR’, reagents are useful
synthetically.* In the gas phase, CICO- dissociates readily into
CO and CI",’ reactions of various bases (B~) with formate esters,
which might have given (C"OOR, led to ROHB"~ and CO instead,®

(1) Reviews: (a) Martin, S. F. Synthesis 1979, 633. (b) Seebach, D.
Angew. Chem. Int. Ed. Engl. 1979, 18, 239. (c) Beak, P.; Reitz, D. B. Chem.
Rev. 1978, 78, 275. (d) Lever, Jr., O. W. Tetrahedron 1976, 32, 1943.

(2) Reviews and leading references: loffe, S. T.; Nesmeyanov, A. N. “The
Organic Compunds of Magnesium, Beryllium, Calcium, Strontium, and
Barium”; NorthHolland Publishing Co.; Amsterdam, 1967; p 416. Niitzel,
K. Methoden Org. Chem. (Houben-Weyl) 1973, Band XIII/2a, 245.
Schollkopf, U. Ibid. 1970, Band XIII/1, 172. Jutzi, P.; Schroder, F.-W. J.
Organomet. Chem. 1970, 24, 1. Trzupeck, L. S.; Newirth, T. L.; Kelly, E.
G.; Sbarabati, N. E.; Whitesides, G. M. J. Am. Chem. Soc. 1973, 95, 8118.

(3) (a) Powers, J. C,; Seidner, R.; Parsons, T. G. Tetrahedron Lett. 1965,
1713. (b) Brederick, H.; Effenberger, F.; Gleiter, R. Angew. Chem. 1965, 77,
964. (c) Schollkopf, U.; Gerhart, F. Angew. Chem., Int. Ed. Engl, 1967, 6,
805. (d) Jutzi, P,; Schroder, F.-W. Ibid. 1971, 10, 339. (e) Banhidai, B.;
Schéllkopf, U. Angew. Chem. 1973, 85, 861. (f) Koch, G. K.; Kop, J. M. M.
Tetrahedron Lett. 1974, 603. (g) Fraser, R. R.; Hubert, P. R. Can. J. Chem.
1974, 52, 185. (h) Schollkopf, U.; Beckhaus, H. Angew. Chem. 1976, 88, 296.
(i) Smith, K.; Swaminathan, K. J. Chem. Soc., Chem. Commun. 1976, 387.
(j) Fletcher, A. S.; Smith, K.; Swaminathan, K. J. Chem. Soc., Perkin Trans.
11977, 1881.

(4) (a) Campaigne, E.; Skowronski, G.; Forsch, R. A.; Beckman, J. C.
Synth. Commun. 1976, 6, 387. (b) Seebach, D.; Lubosch W.; Enders, D.
Chem. Ber. 1976, 109, 1309. (c) Rautenstrauch, V.; Joyeux, M. Angew.
Chem., Int. Ed. Engl. 1979, 18, 83, 85. (d) Rautenstrauch, V.; Delay, F. Ibid
1980, 19, 726. (e) Tsuda, T.; Miwa, M.; Saegusa, T. J. Org. Chem. 1979,
44, 3734,

Table I. 4-314+G Calculated Geometries of Carbonyl Systems?

HCO~ CO=1.254;CH=1.166; LHCO =110.0
H,CO CO=1.209;CH =1.080; LHCO=121.6

Mol ®  COC=1493;CO=1212;C,H, =1.079;C,H, =

Hamfz—( 1.085;C,H, = 1.084;.CCO = 124.2;
Hs H LC,C,H, =110.6; LC,C,H,, = 125.4;5
LH,C,H, =107.2;.C,C,H, = 116.3
A0 CC=1574;C0O=1.250;C,H, =1.093;C,H, =
Hf 2 < 1.088; LCCO = 113.1;£C,C,H, = 112.2;

Hz LC,C,H,, =122.5; tH,C,H,=107.5
AN CO = 1.219; CN = 1.346; CH = 1.080; NH, =
WO, 0.993; NH, = 0.990; LNCO = 124.6; LOCH =

: 121.3;£CNH, = 119.7;£.CNH, = 121.8
i A CO=1.261;CN = 1.414; NH, = 1.003; NH, =
WS 0.989; LNCO = 113.0; LCNH, =120.8;
LCNH, =119.8
_— €O, =1.203;CO, = 1.341;CH=1.071;OH =
N0 0.957; LHCO, = 125.1;LCO,H = 115.2;
LHCO, =110.7
- CO, = 1.235;CO, = 1.484; OH = 0.964;
~oy— £OCO =110.3; LCOH = 110.0
FCHO CF =1.361;CO = 1.179; CH = 1.070; LFCO =
122.0; LHCO = 110.0
FCO™ CF = 1.830; CO = 1.168; LFCO = 106.2

@ Bond lengths in &, angles in deg. See footnote 18. ® CHy,
denotes the bisector of H,CH, angle.

Table II. Calculated Ab Initio Energies of Carbonyl Systems®

4-31+Gb MP2/4-31+G//4-31+GP
system E rel F E rel B
HCO" —113.05364 -113.27932
H,CO -113.69766 -113.91974
CH,CHO  -152.69253 -153.00515
CH,CO~  —152.04848 0.0 -152.37054 0.0
CH,CHO- -152.09251 -27.6 —152.41432 -27.5
NH,CHO  -168.69064 -169.02031
NH,CO™  -168.05383 0.0 -168.39241 0.0
NHCHO-  -168.09140 -23.6 -168.43674 -27.8
HCOOH  -188.48375 -188.82960
OCOH" -187.87250 0.0 —188.22669 0.0
HCO,~ -187.92750 -34.5 —188.28706 —37.9
FCHO -212.45367 -212.80355
FCO" -211.88137 -212.24046

@ Total energies in hartrees, relative energies in kcal/mol. b Dif-
fuse orbital exponents 0.04 added to 4/l non-hydrogen atoms.
See footnote 18.

and the formyl anion, HCO", can be observed,” but appears to
be only marginally stable toward both electron and CO loss (see
below). The benzoyl anion, C¢HsCO™, has been generated in the
gas phase recently,® and proton abstraction from CH,=CHCHO’
as well as from (CH3);CCHO! has been investigated.

To what extent are carbonyl anions thermodynamically
unstable? The normal polarization of carbonyl groups (2) and
the ease of formation and the thermodynamic stability of carbonyl

(5) Riveros, J. M.; Breda, A. C,; Blair, L. K. J. Am. Chem. Soc. 1973, 95,
4066. Asubiojo, O. I.; Blair, L. K.; Brauman, J. 1. Ibid. 1975, 97, 6685.

(6) Gas-phase formate ester reactions, X~ + HCOOCH; — CH;OHX™ +
CO (X = RO, C,H~, F, OH"), presumably involve COOCHj;. The ther-
modynamic driving force for the decomposition of C"OOCH} is provided by
the complexation energy of CH;OHX". See: Faigle, J. F. G.; Isolani, P. C.;
Riveros, J. M. J. Am. Chem. Soc. 1976, 98, 2049. Isolani, P. C.; Riveros, J.
M. Chem. Phys. Lett. 1975, 33, 362. Blair, L. K,; Isolani, P. C; Riveros, J.
M. J. Am. Chem. Soc. 1973, 95, 1057. Takashima, K.; Riveros, J. M. Ibid.
1978, 100, 6128.

(7) Karpas, Z.; Klein, F. S. Int. J. Mass. Spectrom. Ion Phys. 1975, 18,
65. See: Boehme, D. K.; Mackay, G. 1; Tanner, S. D. J. Am. Chem. Sco.
1980, 102, 407. Dillard, J. G. Chem. Rev. 1973, 73, 589.

(8) De Puy, C. H., private communication.

(9) Bartmess, J. E. J. Am. Chem. Soc. 1980, 102, 2483,

(10) Noest, A. J.; Nibbering, N. M. M. J. Am. Chem. Soc. 1980, 102,
6427.
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Table III. Proton Affinities (PA), Decarbonylation Energies (DE),
and MNDO Heats of Formation (AH¢°) of Carbony! Anions®

MP2/4-
31+G//
MNDO 4-31+G 4-31+G
anion AHE  PAY PA DE¢ PA DE¢
HCO" 4.8 4048 4041 559 4019 4.2¢
CH,CO" -11.1 398.3 404.1 252 3982 20.3
NH,CO" -23.3 3836 399.6 34.1 3940 23.8
HOCO~ -83.4 376.3 3836 20.7 3783 105
FCO~ -89.1 366.1 359.1 129  353.3 9.1
CH,0CO" -804 3721

(CH,),NCO~ -27.3 379.6
(CH,),CCO~ -25.5 389.6
PhCO" -3.0 3737
H,CCHCO" 6.9 3924

@ All values in kcal/mol. b MNDO heats of formation for neu-
tral molecules taken from ref 12. AH{° of the proton was as-
sumed to be 367 kcal/mol. € Energy required for the loss of CO
from the RCO™ species. The MNDOQ values for this process are un-
reliable since the MNDO heats of formation for CO and for the
smaller R™ ions are in error by large amounts. 9 H- was calculated
with a diffuse s function (exponent 0.04).

(acyl) cations (3),'! suggests that the negative charge on carbon
in 1 might not be favorable.}? However, a carbonyl anion should

R,C*—0" R-C}=0 H,C=C—OR
2 3 4

be stabilized by the sp? hybridization and the inductive effect of
the neighboring electronegative oxygen atom.!*  “Dipole
stabilized” aions*® like 4,13 which can easily be generated by
lithiation,' are analogous sp? hybridized species with a neighboring
oxygen atom. Resonance, R—C=0 <« R-C-O-, might also
contribute to the stability of 1; (possible carbene) structures like
RR’NC-O-Li have been suggested. >4

We have now examined a number of R—C=0 species, e.g.,
with R = H, CH,, (CH,),C, C¢H,, C,H;, OH, OCHj;, NH,,
N(CH,),, and F, by means of semiempirical MNDO!? and ab
initio'® molecular orbital calculations with complete geometry
optimization. Diffuse orbitals are needed for a proper ab initio
description of carbanions.!”® Hence, we employed a newly
developed 4-31+G basis'® (the standard 4-31G basis!® augmented
by a set of diffuse s and p valence orbitals (exponents 0.04)!2 on
all first-row atoms). Geometry optimization of anionic and the
corresponding neutral (protonated) species (4-31+G//4-31+G)
were carried out by using analytically evaluated gradients.!” The
geometries resulting (Table I) were then used for single-point

(11) Olah, G. A.; Germain, A.; White, A. M. Carbonium Ions 1976, 5,
2049

(12) Polar substituents often have opposite effects on intermediates with
different charges. “Umpolung”'® circumvents such difficulties,

(13) (a) Rossi, A. R.; Remillard, B. D.; Gould, S. J. Tetrahedron Lett.
1978, 4357 and references cited therein. (b) Lehn, M. M.; Wipff, G. J. Am.
Chem. Soc. 1976, 98, 7498. (c) Clark, T.; Korner, H.; Schleyer, P. v. R.
Tetrahedron Lett. 1980 21, 743. (d) Hinde, A. L.; Pross, A.; Radom L. J.
Comput. Chem. 1980, 1, 118. (e) Oakes, F. T.; Sebastian, J. F. J. Org. Chem.
1980, 45, 4959.

(14) Baldwin, J. E.; Hofle, G. A.; Lever, O. W., Jr. J. Am. Chem. Soc.
1974, 96, 7125. Gould, S. J.; Remillard, B. D. Tetrahedron Lett. 1978, 4353,
See ref 13e.

(15) (a) Dewar, M. J. S.; Thiel, W. J. Am. Chem. Soc. 1977, 99, 4899.
(b) Dewar, M. J. S;; Rzepa, H. S. Ibid. 1978, 100, 784.

(16) The Gaussian 76 series of programs were employed: Binkley, J. S.;
Whiteside, R. A.; Hariharan, P. C.; Seeger, R.; Pople, J. A.; Hehre, W. J;
Newton, M. D. QCPE 1978, 11, 368.

(17) Kollmar, H. J. Am. Chem. Soc. 1978, 100, 2665.

(18) Chandrasekhar, J.; Andrade, J. G.; Schleyer, P. v. R. J. Am. Chem.
Soc., preceding paper. For calculation of proton affinities the choice of diffuse
orbital exponents are not especially critical, but the more recently obtained
optimized values (F, 0.090; O, 0.068; N, 0.053; C, 0.040; B, 0.034; Be, 0.026;
Li, 0.012) are recommended for general use to augment the 4-31G and
6-31G*, basis set. Although we have employed the designation “4-31+G” in
the present paper, the basis set (with 0.04 diffuse orbital exponents on C, N,
and O) does not correspond exactly to the 4-314+G basis set we are now using
more generally.

(19) Schlegel, H. B.; Wolfe, S.; Bernardi, F. J. Chem. Phys. 1975, 63,
3632. Poppinger, D. Chem. Phys. Lett. 1975, 34, 332,
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assessments of the effects of electron correlation (MP2/4-31+-
G//4-31+G) (Table I1).®° The performance of these theoretical
models with anions is very good. When zero-point corrections
(usually £5-10 kcal/mol) are taken into account, the calculated
4-31+G proton affinities are in excellent agreement with exper-
iment.}* MNDO proton affinities are also reasonably accurate,
and the modest computer time required by thiis method make it
ideal for the study of larger carbanions.'*®

The formyl anion, HC=O0, has been generated in the gas
phase’ by proton abstraction from formaldehyde by NH,™ (proton
affinity 399.6 = 3.6 kcal/mol);%* C,HsNH" (4.3 kcal/mol weaker
as a base)? is unreactive. The calculated proton affinities (Table

IIT) are in reasonable agreement with the experimental range

(395-400 kcal/mol). On this basis, AH>(HC-O) = 2-7 kcal/mol
(the MNDO value is 4.8); the electron affinity of HCO (AH:®
= 9 = 2 kcal/mol)® is 4 £ 4 kcal/mol. The hydride affinity of
CO is calculated directly (4-31+G) to be 4.2 kcal/mol (Table
III); the experimental range is 1-6 kcal/mol. For comparison,
the hydride affinity of acetylene is calculated to be 16 kcal/mol.?*
While the formyl anion is thus indicated to be only marginally
stable toward loss of CO, the substituted carbonyl anions (Table
IIT) (especially with carbon or amino groups) are more favorable
in this respect. This agrees with chemical experience.!™

The calculated geometry (4-31+G, Table I) of the formyl anion
is classical, with a somewhat elongated C=0 double bond (1.254
vs 1.209 A in formaldehyde) and <HCO = 110.0°; the C—H
bond (1.166 A) is also somewhat long, reflecting its weak char-
acter. These features are found generally; the C=0 and R—C
bonds in nearly all anions calculated are longer than in their
neutral counterparts. The R-«CO character of these species are
also indicated by the calculated charge distributions. H,C=C-
HC-O (5) and C¢HsCO™ (6) are exceptions. Due to acceptor
stabilization, C=C double bonds are found (MNDO) between
the CO group and the pheny! or vinyl substituents. The CCO
groupings are nearly linear.

5,Cg [MNDO]

6,Cg [MNDO]

Formaldehyde is a stronger acid than ethylene (PA = 418
kecal/mol)'® but is weaker than acetylene (PA = 375 kcal/mol).2!
FCOH is calculated (PA = 353 kcal/mol, 4-31+G) to be the
strongest acid in the carbonyl anion series; in the absence of
solvation it should be comparable to mercaptans, cyclopentadiene,
and phenol in acidity.?! The energies of isomers in Table II
confirms the expected; the formate anion HCOO- is about 35
kcal/mol lower in energy than HOOC". Proton loss from the
methyl groups of acetaldehyde is 28 kcal/mol more favorable than
from the aldehyde group. In agreement with an assumed ex-
perimental interpretation,’® the conjugated vinyl proton in acrolein
(CH,=CHCHUO) is removed by base in preference to loss of the
formaldehyde proton (which would lead to §).2* Our calculated
(389.6 kcal/mol) MNDO PA for (CH;);CCO" is also in agree-
ment with the experimental range (379.2-390.8 kcal/mol).1°

(20) Binkley, J. S.; Pople, J. A. Int. J. Quantum Chem. 1975, 9, 229.

(21) Bartmess, J. E.; Scott, J. A.; Mclver, R. T., Jr. J. Am. Chem. Soc.
1979, 101, 6046,

(22) Mackay, G. 1.; Hemsworth, R. S.; Boehme, D. K. Can. J. Chem.
1976, 54, 1624.

(23) Anthoney, M. E.; Carson, A. S.; Laye, P. G. J. Chem. Soc., Perkin
Trans. 2 1976, 1032.

(24) Dykstra, C. E.; Arduengo, A. J.; Fukunaga, T. J. Am. Chem. Soc.
1978, 100, 6007.

(25) The MNDO PA'’s for CH,=C(CH;)CHO, 378.3, 386.2, and ca. 400
kcal/mol for the methyl, formyl, and either of the methylene protons, re-
spectively, are in agreement with experimental observations; CH,=—C(C-
D;)CHO undergoes 77-80% dedueteration and 20-23% formyl deprotonation
with different bases in the gas phase. (Nibbering, N. M. M., private com-
munication).
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However, the CsHyO™ anion derived from (CH,;);CCHO ex-
changed only eight (not nine) hydrogens for deuterium; a di-
pole-stablized open CH, (CH,),CCHO structure has been pro-
posed as an explanation for this behavior.!® Our model calculations
indicate that homoenolization to give a ring-closed cyclopropoxide
intermediate should be most favorable;?® this probably is the
structure of the CsH;O™ species observed.!® The homoenolization
complication might be circumvented by the use of bridgehead-
substitued tertiary aldehydes, e.g., 1-adamantyl! or 1-norbornyl-
carboxaldehyde. We conclude that such bridgehead aldehydes,
aromatic aldehydes,? and disubstituted formamides should be best
suited for experimental studies of proton abstraction from CHO
groups. We also have calculated the lithiated forms, RCOL,, of
these species. The results will be reported subsequently.
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(26) For example, the cyclopropoxide anion is calculated to be about 5
kcal/mol more stable than CH;CH,—C=0 both at 4-31+G//3-21G and
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In the last several years, much attention has been paid to the
biosynthesis of antibiotics, and among those being actively in-
vestigated are aminocyclitol antibiotics! and meta-C-C¢N an-
tibiotics.>® In the field of the aminocyclitol antibiotics, most of
the work was focused on the biosynthesis of 2-deoxystreptamine
(DOS) using idiotrophs of the producing microorganisms, resulting
in identification of the biosynthetic intermediates 2-deoxy-scy!-
lo-inosose and 2-deoxy-scyllo-inosamine.” However, few ste-

(1) Rinehart K. L., Jr,; Stroshane, R. M. J. Antibiot. 1976, 29, 319-353.
Rinehart K. L., Jr. “Aminocyclitol Antibiotics”; Rinehart, K. L., Jr., Suami,
T., Eds.; American Chemical Society: Washington, D.C., 1980; ACS Symp.
Ser. No. 125, pp 335-370.

(2) Kirby, J. J.; McDonald, 1. A.; Rickards, R. W. J, Chem. Soc., Chem.
Commun. 1980, 768-769.

(3) Ghisalba, O.; Fuhrer, H.; Richter, W. J.; Moss, S. J. Antibiot. 1981,
34, 58-63. Ghisalba, O.; Ntesh, J. Ibid. 1981, 34, 64-71.

(4) Daum, S. J; Rosi, D.; Goss, W. A, J. Antibiot. 1977, 30, 98-105.

reochemical and mechanistic results have been obtained so far.

This communication deals with our studies on the biosynthesis
of ribostamycin (1), one of the DOS-containing antibiotics, to solve
the stereochemistry of DOS and neosamine C formations by means
of 2H NMR spectroscopy.

We prepared two kinds of deuterium labeled D-glucose for the
feeding experiments. Thus, D-[6,6-2H,]-glucose (2) was syn-
thesized by reduction of 1,2-O-isopropylidene-a-p-glucofuran-
ulono-6,3-lactone with NaB2H,, followed by acid hydrolysis.
(65)-D-[6-2H]-glucose (3) was prepared by a totally chemical
method which we developed recently.?

Each labeled D-glucose was separately supplemented to the
growing broth of Streptomyces ribosidificus, a ribostamycin
producer, and each labeled antibiotic was isolated from the fer-
mentation as usual.” The 2H NMR spectra of these labeled 1
samples were measured at 61.48 MHz and are shown in Figure
1.

The spectrum A of labeled 1 derived from 2 displayed signals
at 6 1.3, 2.1, 3.3, and 3.9, and their intensities were approximately
1:1:1:2. The first two signals were, respectively, assigned to the
axial and equatorial hydrogens of the C-2 methylene group of
DOS, on the basis of '"H NMR chemical shifts. The third signal
was due to a C-6 aminomethy! hydrogen of neosamine C, and the
last signal was assigned to the hydroxymethyl group of the D-ribose
moiety. Only two signals were observed in the spectrum B of
labeled 1 derived from 3, and those were assigned to the equatorial
hydrogen on C-2 of DOS and a hydrogen of the hydroxymethyl
group of the D-ribose moiety.

The labeling pattern of the D-ribose moiety is reasonable, be-
cause it is well established that this moiety is formed in part from
the hexose monophosphate pathway.!

Concerning the neosamine C formation, it was clearly shown
that the pro-S hydrogen of the hydroxymethyl group of D-glucose
is stereospecifically removed during the introduction of the C-6
amino group. This implies that stereospecific dehydrogenation
of D-glucosamine, which is a precursor of neosamine C,' takes
place to give a D-glucos-6-ulosamine-type intermediate 4, which
in turn is transaminated to neosamine C with an accompanying
hydrogen uptake from the medium, presumably in a stereospecific
manner, as depicted in Figure 2. Mechanisms involving a sub-
stitution reaction can be ruled out. This is believed to be the first
evidence suggesting the possibility of a 6-ulose-type intermediate.
The stereochemistry of the transamination step is still under
investigation.

The observation that both of the C-2 methylene hydrogens of
DOS were equally labeled from 2 and the equatorial hydrogen
was derived from the pro-S hydrogen of the hydroxymethy! group
of D-glucose clearly indicates that no hydrogen removal has taken
place at the C-6 position of D-glucose during the stereospecific
cyclization of D-glucose to 2-deoxy-scyllo-inosose; the overall
reaction proceeds with retention of configuration as shown in
Figure 2. These results confirmed that the DOS biosynthesis is
apparently different from the myo-inositol formation and hence
from the biosynthesis of streptamine and actinamine.*!0

The overall reaction from D-glucose to 2-deoxy-scyllo-inosose
seems to be a dehydration—condensation sequence, and a plausible
mechanism is to form a hypothetical enol intermediate 5§ by a
lyase-like reaction, followed by subsequent attack of the nucleo-
philic C-6 to the C-1 aldehyde group to give the first cyclized
product, 2-deoxy-scyllo-inosose, as suggested by Rinehart (Scheme
I).!! One may then point out the close similarity of this cyclization

(5) Furumai, T.; Takeda, K.; Kinumaki, A; Ito, Y.; Okuda, T. J. Antibiot.
1979, 32, 891-899.

(6) Kase, H.; lida, T.; Odakura, Y.; Shirahata, K.; Nakayama, K. J.
Antibiot. 1980, 33, 1210-1212.

(7) Fujiwara, T.; Takahashi, Y.; Matsumoto, K.; Kondo, E. J. Antibiot.
1980, 33, 824-829 Igarashi, K.; Honma, T.; Fujiwara, T.; Kondo, E. Ibid.
1980, 33, 830-835. Fujiwara, T.; Kondo, E. Ibid. 1981, 34, 13-15.

(8) Kakinuma, K. Tetrahedron Lett. 1977, 4413-4416.

(9) Umezawa, H.; Kondo, S. Methods Enzymol. 1975, 43, 263-278.

(10) Loewus, W. M.; Loewus, F. A.; Brillinger, G.-U.; Otsuka, H.; Floss,
H. G. J. Biol. Chem. 1980, 255, 11710-11712.

(11) Rinehart, K. L., Jr., Jpn. J. Antibiot. 1979, 32, S32-S46.
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