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frothing, and after 10 min over a steam bath the slurry
was treated with 10 ml of water and filtered. The pre-
cipitate which was free of boranes was discarded while
the filtrate was slowly neutralized with 1097 aqueous
Me,NOH. After each small aliquot of base was added,
the resulting precipitate was collected and another
aliquot of base added to the new filtrate. The number
of solid fractions depends on the amount of Me,NOH
per aliquot. The tlc of each fraction was recorded,
and those in which the same spot predominated were
combined. The solubility and the R; values both in-
creased in the order [Me;N]:BysHys (I) < [MesN];BayHss
(II) < [MC4N]3B24H220H (III) < [MC4N]2B12H12 (IV) <
[MC4N]2B12H110H (V) < [MC4N]2B12H10(OH)2 (VI)
The new products are described in the order that they
come out of solution. They can all be recrystallized
from boiling water. The yield of V was 2797, and only
small amounts of IV and VI were seen; these will not
be discussed as they are familiar products.?

The yield of crude I was 6.8 g(59%7). Though R; =
0 on PEI-F, the salt moved on silica gel when eluted
with CH;CN-NH,OH-H,0 (12:5:3). The !'B nmr of
compound I consisted of a doublet at 6 31.7 ppm (J =
130 Hz). The uv spectrum in CH;CN consisted of an in-
tense band at 2170 A and a weak one at 2550 A. The
ir spectrum included absorptions at 3610(m), 3020(m),
2940(w), 2480(vs, B-H), 2200(s, BHB), 1600(w, H,), 1745-
(s), 1275(w), 1030(m), 1025(m), 940(s), 750(s), and 715-
(s). Anal. Calcd for [(CH3)uN];BsgHys- SH,O: C, 23.4;
H, 11.3; N, 6.83; B, 50.6; neut equiv, 205. Found:
C, 23.8, H, 11.3; N, 6.70; B, 50.2; neut equiv, 202.
The neutralization curve exhibited only one sharp
vertical rise indicating that the bridge protons were not
titrated below pH 11.5. The Onsager plot of the
conductance data for the K+ and Cst salts exhibited
considerable curvature even at low concentrations so an
exact value of the limiting equivalent conductance
could not be obtained. However, even the lowest
extrapolation yielded a molar conductance well in ex-
cess of the value expected for a 4:1 electrolyte.®* The
low tic R; value and the curvature of the conductance
curve are also consistent with a very high charge on
the anion. A tetrameric unit of —35 charge is the
smallest that fits the analytical and conductance data.

Recrystallization of II until only one tlc spot of Ry =
0.12 was seen yielded 0.50 g (4.1 %) of material, the ir
spectrum and the tlc characteristics of which matched
perfectly those of an authentic sample of the same
compound kindly provided us by Dr. R. L. Middaugh.?
The !'B nmr consisted of a doublet, § 33.7 ppm (J =
135 Hz). Anal. Caled for [(CH;)N]:B2sHses-2H,0:
C, 26.4; H, 11.7;, N, 7.77; B, 47.9. Found: C,
26.4; H,11.5; N,7.73; B, 47.8.

After recrystallization from water the yield of III,

= 0.17, was 0.20 g (1.6 %7). 'The !''B nmr consisted

of a singlet at 6 13.97 (area 1) and an unsymmetrical
doublet at § 33.76 (area 23, J = 130 Hz) with a shoulder
at 44.17 ppm. The position of the singlet and the area
ratio indicate that it represents the unique oxygen sub-
stituted boron.? The ir spectrum contained bands at
3620 (m), 3020 (m), 2480 (vs, BH), 2250 (m, BHB),
1600 (w, H;O), 1480 (s), 1170 (m, BO), 1080 (m), 1040
(s), 1015 (s), 940 (s), 740 (sh), 715 (m), and 705 (m).

(4) H. S. Harned and B. B. Owen, '‘The Physical Chemistry of
Electrolytic Solutions,” Reinhold, New York, N. Y., 1958, p 236.

Anal. Calcd for [(CH3),N]:B:sH::OH-H,O: C, 26.7;
H, 11.4; N,7.80; B, 48.1. Found: C,27.1; H, 11.4;
N, 7.56; B, 45.3.

Oxalic acid is helpful, but not essential in this reac-
tion. Thus when a solution of (H;0),Bi.Hi. is sub-
jected to rotary evaporation over a steam bath until a
precipitate forms, the slurry converted to a clear solu-
tion with water, and then treated with Me,NOH, the
same products are obtained but in lower yields, since a
greater fraction of Bi,H.2~ remains undecomposed.

Unless indicated otherwise the eluent used in our tic
work consisted of saturated NH,PF;, CH;OH, and H,O
(17:2:1). The ''B nmr were recorded in CH;CN-D,O
solutions with a Varian XL-100-15 spectrometer, and
the peaks are given in & parts per million relative to
trimethyl borate.

Work is currently in progress on the effects of reac-
tion conditions on the relative yields of the reported
products. We have some evidence that the “tetramer”
can be decomposed to other species, but the precise
nature of the decomposition products is still uncertain.
We are interested in finding out whether the tetramer
disproportionates to form smaller and larger units,
since the “polymerization” of BiH;;*~ has been re-
ported in the patent literature.> No individual com-
ponents of these ‘““polymeric” mixtures were identified,
and the nature of bonding between the polyhedral units
was not specified except that ‘““boron-boron bonds” are
involved; also the formulas shown do not exclude the
possibility of B~O-B bridges either.

(5) U.S. Patent No. 3,350,324 (Chem. Abstr., 68, 3484 (1968)); U.S.
Patent No. 3,368,878 (Chem. Abstr., 68, 105747 (1968)).
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A Revised Structure of Vermiculine. A Novel
Macrolide Dilactone Antibiotic from

Penicillium vermiculatum
Sir:
Vermiculine is a highly crystalline antibiotic substance

isolated from Penicillium vermiculatum Dangeard.!
The unusual medium ring lactone structure (1) was

o

(0]
1

assigned on the basis of uv, ir, nmr, and mass spectral
data.?

We had occasion to examine the chemistry of vermicu-
line as a prelude to an attempt at total synthesis.?
Treatment of vermiculine with hot pyridine (80°) for
3-4 hr produced no reaction. However, treatment with
aqueous methanolic sodium carbonate produced ester

(1) J. Fuska, P, Nemec, and 1. Kuhr, J. Antibiot., Ser. 4, 25, 208
(19(;)2)i’. Sedmera, J. Vokoun, M. Podojil, Z, Vanek, J. Fuska, P. Nemec,
and I, Kuhr, Tetrahedron Lett., 1347 (1973).

(3) We are indebted to Dr. Jan Fuska and his associates for a most
generous gift of vermiculine,
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3 was verified by comparison with an independently
prepared sample. Ozonolysis of unsaturated ester 4*
(methylene chloride, —78°) and reduction of the ozonide
with dimethyl sulfide® produced the authentic sample of
3.

Reduction of vermiculine with excess zinc powder in
refluxing acetic acid (6 hr) led to a crystalline acid (mp
70-72°) whose methyl ester proved to be identical with 3.

These results led us to question the proposed struc-
ture. Vermiculine had apparently urdergone a re-
markably facile elimination of the a-hydroxy ketone.
Further, the proton nmr spectrum showed relatively
few high field resonances. Examination of a molecular
model of 1 suggested that marked transannular
anisotropic shielding by the keto acrylate system would
be expected. A search of the literature also revealed
that (1) acyclic v-keto acrylate systems undergo facile
isomerization to the more stable trans form,® (2) the
configuration of the double bond in an unsaturated
carbonyl system contained in a nine-membered ring
favors the cis form,” and (3) simple octanolides undergo
rather facile hydrolysis under both acidic and basic
conditions by attack on carbonyl and by nucleophilic
displacement at the carbon bearing the hydroxyl group.?
However, nmr evidence indicated the double bond to
be unequivocally trans (J/ = 16 Hz) even after treatment
with pyridine. The correct interpretation of these data
was sufficiently obscure that we undertook to un-
ambiguously establish the structure of vermiculine by a
single-crystal X-ray diffraction analysis.

Vermiculine crystallizes from chloroform as clear,
large cubes. The crystals belong to the orthorhombic
crystal class with a unit cell of dimensions a = 21.457(2),
b = 10.109(1), and ¢ = 9.021(1) A. Systematic
extinctions uniquely define the space group P2;2,2,,
and calculated and measured densities indicate one
molecule of CyoH;.O5 as an asymmetric unit. A total
of 1537 unique diffraction maxima with § < 57° were
recorded using monochromated Cu Kea radiation
(1.5418 A) and a fully automated four-circle diffrac-
tometer. After Lorentz, polarization, and background
corrections, 1355 reflections were judged observed
(|Fo| > 30(Fo)). The structure was solved by convert-
ing the observed intensities to normalized structure
factors and assigning phases with a weighted multisolu-
tion tangent formula approach.® The best phased

(4) The synthesis of 4 from Hagemann’s ester proceeds by alkylation
with methyl acrylate, decarboxylation, methylation, formation of the
ethylene thio ketal (boron trifluoride), and desulfurization with Raney
nickel (W=-2),

(5) 1. J. Pappas, W. P. Keaveney, E. Gancher, and M. Berger, Tetra-
hedron Lett., 4273 (1966).

(6) A keto ester prepared from maleic anhydride by addition of a
trialkylaluminum reagent, gave on hydrolysis the trans derivative: ¢f. H.
Reinheckel and K. Haage, Angew. Chem., Int. Ed. Engl., 5, 511 (1966).

(7) E. L. Eliel, N. J. Allinger, S. J. Angyal, and G. A. Morrison,

“Conformational Analysis,” Wiley-Interscience, New York, N. Y.,
1966, p 221.

(8) R. Huisgen and H. Ott, Tetrahedron Lett., 6, 253 (1959).

(9) G. Germain, P. Main, and M. M. Woolfson, Acta Crystallogr.,
Sect. B, 24,274 (1970).
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Figure 1. A perspective drawing of the X-ray model of vermicul-
ine. Hydrogen atoms are not shown, and no absolute stereo-
chemistry is implied.

three-dimensional E synthesis revealed all 28 nonhydro-
gen atoms. Least-squares refinement followed by a
difference F synthesis showed all of the hydrogens
clearly. Full-matrix least-squares refinements with
anisotropic temperature factors for the carbon and
oxygen atoms and fixed hydrogens converged slowly to
a conventional discrepancy index of 0.037.% Bond
lengths and angles agreed well (esd’s of 0.005 A and
0.5°, respectively) with generally accepted values.!!
See paragraph at end of paper regarding supplementary
material containing bond lengths and angles and frac-
tional coordinates. Figure | shows a computer drawing
of the X-ray model.

The 16-membered macrocyclic ring has an approxi-
mate twofold axis perpendicular to the best molecular
least-squares plane and through the center of gravity.
The maximum deviation from twofold symmetry is
0.18 A for O(1) and O(1') while the average deviation
is 0.094 A. The long sides of the roughly rectangular
molecule are formed by planar arrays of atoms (O(3"),
C(1), O(1), C(2), C(3), C(4), O(2), and C(5) while the
twofold related atoms form the other side). The
average deviation from planarity is 0.15 A. These two
planes form a sharp V with an interplanar angle of 22°
and the wide opening on the O(1), O(1’) side of the
molecule. The greatest width of the molecule is
3.49 A between atoms C(3) and C(17).

The revised structure for vermiculine (5) represents
the first example of a dilactone in the macrolide anti-
biotic series. It is closely related to the antifungal agent
pyrenophorin'? which has exocyclic methyls rather
than the acetonyl moiety of vermiculine. Other poly-
lactones are nonactin and related molecules!®»!4 and
the acyclic portion of the antimycins.!* The base unit
for vermiculine (5) is a C-10 hydroxy diketo acid (6)

(10) The following library of crystallographic programs was used:
C. R, Hubbard, C. O. Quicksall, and R. A, Jacobson, “The Fast Fourier
Algorithm and the Programs ALFF, ALFFDP, ALFFT and
FIREDEL,” USAEC Report 1S-2625, Iowa State University-Institute
for Atomic Research, Ames, Iowa, 1971; W. R, Busing, K. O. Martin,
and H. A. Levy, “A Fortran Crystallographic Least Squares Pro-
gram,” USAEC Report ORNL-TM-305, Oak Ridge National Labora-
tory, Oak Ridge, Tenn., 1965; C, Johnson, “ORTEP, A Fortran
Thermal-Ellipsoid Plot Program,” U. S. Atomic Energy Commission
Report ORNL-3794, Oak Ridge National Laboratory, Oak Ridge,
Tenn., 1965,

(11) O. Kennard, D. G. Watson, F, H. Allen, N, W, Isaacs, W.D. S,
Motherwell, R. C, Pettersen, and W, G. Town, *Molecular Structures
and Dimensions,” Vol. Al, N. V. A, QOosthock, Ed., Utrecht, Nether-
lands, 1972,

(12) S. Nozoe, K. Hirai, K. Tsuda, K. Ishibashi, M. Shirasuka, and
J. F. Grove, Tetrahedron Lett., 4675 (1966).

(13) D. Gottlieb and P. D, Shaw, ‘‘Antibiotics,”” Vol. 1, Springer-
Verlag, New York, N. Y., 1967, pp 542-584 and 649-650.

(14) H. Gerlach and V. Prelog, Justus Liebigs Ann. Chem., 669, 121
(1963).
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which is most plausibly derived from polyacetate as is
indicated by hydration of the double bond (7).!5

(0] HO O

Vermiculine (5) has the fewest asymmetric centers of
any of the macrolide antibiotics. In view of vermicu-
line’s relative simplicity and its useful antibiotic prop-
erties, studies on the possible complexation of metal
ions as well as approaches to the total synthesis are
currently underway in our laboratories.

Supplementary Material Available. The fractional coordinates
(Table I), important bond distances (Table II), and important bond
angles (Table I1I) will appear following these pages in the microfilm
edition of this volume of the journal, Photocopies of the supple-
mentary material from this paper only or microfiche (105 X 148
mm, 24X reduction, negatives) containing all of the supplementary
material for the papers in this issue may be obtained from the
Journals Department, American Chemical Society, 1155 16th St.,
N.W., Washington, D. C. 20036. Remit check or money order
for $3.00 for photocopy or $2.00 for microfiche, referring to code
number JACS-74-5954,

(15) J. B. Hendrickson and J. H. Richards, ‘“The Biosynthesis of
Steroids, Terpenes and Acetogenins,” W, A, Benjamin, New York,
N. Y, 1964, pp 29-31.

(16) Camille and Henry Dreyfus Teacher-Scholar Grant Awardee
1972-1977 and Fellow of the Alfred P. Sloan Foundation 1973-1975.
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Stereochemistry of Oxidative Addition of Benzyl-o-d
Chioride to Tetrakis(triphenylphosphine)paliadium(0).
Direct Evidence for Configurational Inversion at
Carbon viag a Nonradical Mechanism

Sir:

Oxidative addition of alkyl halides to low valent
group VIII transition metal complexes may involve
intermediate free carbon radicals“? or occur by an

(1) J. S. Bradley, D. E. Connor, D. Dolphin, J. A, Labinger, and J. A.
Osborn, J. Amer. Chem. Soc., 94, 4043 (1972).

(2) J. A. Labinger, A, V. Kramer, and J. A, Osborn, J. Amer. Chem.
Soc., 95, 7908 (1973).

SN2-type transition state®® depending on the nature of
the reactants. Recently, we reported? that the reaction
of tetrakis(triphenylphosphine)palladium(0) (1) with
a-phenethyl bromide (2) in the presence of carbon
monoxide gave the acylpalladium complex 3, PhCH-
(CH;)(CO)Pd(PPh;),Br, in which >9097 inversion of
configuration at the benzylic carbon had occurred.
This stereochemistry is consistent with an initial oxi-
dative addition of 2 to palladium, with inversion of con-
figuration at carbon, to yield an alkylpalladium inter-
mediate 4, PhCH(CH;)Pd(PPh;),Br, which then under-
goes carbon monoxide insertion, with complete reten-
tion of configuration at carbon,!® to afford 3. How-
ever, an attempt to isolate the alkylpalladium complex
4 from the reaction of 1 with 2 afforded only dibromo-
bis(triphenylphosphine)palladium(II).

Recently, a nonchain radical mechanism has been
proposed for the oxidative addition of methyl iodide,
ethyl iodide, and benzyl bromide to tris(triphenylphos-
phine)platinum(0) based on the observation of the
derived nitroxide radical, -Bu(R)NO- (R = CH,,
C;H:, PhCH,), in esr using fert-nitrosobutane as a spin
trap.!! The spin trapping results together with the
failure to isolate 4 suggest the possibilities that the
formation of the acyl complex 3 may involve direct
nucleophilic attack by a palladium-bonded carbonyl
at the benzylic carbon, and the reaction of benzyl ha-
lides with 1 in the absence of carbon monoxide may
occur by a radical pathway with racemization at carbon.
This communication reports the stereochemistry of
the oxidative addition reaction of benzyl-a-d chloride
(5) with 1 to afford the benzylpalladium complex 6,
PhCH(D)Pd(PPh;),Cl, and spin trapping studies of the
addition of benzyl halides to 1.

Optically active (S)(+4)-5!2-!¢ was prepared by the
reaction of optically pure (S)(+)-benzyl-a-d alcohol
(7)'® with phosgene. Treatment of (S)(+4)-5 with 1
in degassed benzene under nitrogen afforded the benzyl
complex 6 which upon carbonylation yielded the phenyl-
acetylpalladium complex 8. Both 6 and 8 exhibited
only very small optical rotation. Bromine cleavage
of 8 followed by methanolysis gave (—)-methyl phenyl-
acetate-a-d (9), and lithium aluminum hydride reduc-
tion of the levorotatory ester 9 gave the known (R)-(4)-

(3) P, B, Chock and J. Halpern, J. Amer. Chem. Soc., 88,3511 (1966).

(@) 1, C, Douek and G. Wilkinson, J. Chem. Soc. A, 2604 (1969).

(5) A. J. H, Davis and W. A. G. Grahm, Inorg, Chem., 9, 2658
(1970).

(6) A. J. H. Davis and W. A. G. Grahm, Inorg. Chem., 10, 1651
(1971).

(7 R. Ugo, A. Pasini, A, Fusi, and S. Cenini, J, Amer. Chem. Soc.,
94,7364 (1972).

(8) J. P, Collman and M. R. MacLaury, J. Amer. Chem. Soc., 96,
3019 (1974).

(9) K. S. Y. Lau, R, W, Fries, and J. K. Stille, J. Amer. Chem. Soc.,
96, 4983 (1974).

(10) L. F. Hines and J. K, Stille, J. 4mer. Chem. Soc., 94, 485 (1972).

(11) M. F. Lappert and P, W. Lednor, J. Chem. Soc., Chem. Com=
mun., 948 (1973).

(12) J. L. Kice, R, H, Engebrecht, and N. E. Pawlowski, J. 4mer.
Chem. Soc., 87, 431 (1965).

(13) E. G. Miller, D, R. Rayner, H. T, Thomas, and K, Mislow,
J. Amer. Chem. Soc., 90, 4861 (1968).

(14) A calculated optical purity of 99 = 6% can be assigned to (S)-
(+)-5 if the reaction of chiral benzyl-a-d tosylate with chloride ion to
afford chiral benzyl-a-d chioride is assumed to take place with com-
plete inversion of configuration at carbon as the ethanolysis of benzyl-
a=d tosylate does, 15

(15) A. Streitweiser, Jr., and J. R, Wolfe, Jr., J. A4mer. Chem. Soc.,
81,4912 (1959).

(16) V.E. Althouse, D. M, Feigl, W, A, Sanderson, and H. S. Mosher,
J. Amer. Chem. Soc., 88,3595 (1966).
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