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clusters [Cp*M(CO),],As,!! (a + b = 4), the w-allyl analogue
dimethyltriarsinidene complex {Cp*W(CO),[n’-(MeAs-
AsAsMe)]}'? (eq-3), and the single-bonded carbonylated metal
dirner [Cp*M(CO);],"? (eq 4) (see reaction summary, Scheme
D).

The structures of 1 and 2 were determined by single-crystal
X-ray diffraction.!* 1 is a neutral organometallic analogue of
the well-known hexatungstate W¢0,2 structure,* in which two
O? have been replaced (formally) by two Cp*~. Bond distances
for 1 reveal extensive distortion of the prototype W40, structure;
the W-u4O distances occur in three sets: Cp*W-0(3), 2.204 (13)
A; W(3)-0(3), 2.355 (2) A; and W(2)-0(3), 2.502 (15) A. This
compares to the WO bond distances of ca. 2.33 A in several
W0, structures.'®  The variations in the W-u4O distances
in 1 are comparable to those seen in the heteropolytungstate
[CpTiWs0,5]*, in which the bond trans to the substituted metal
atom is lengthened.® 1 is sparingly soluble in polar solvents; the
Cp* 'H NMR signal (5 2.611 ppm) is unusually deshielded and
in keepiniwith the abnormally long average W-C,, distance,
241 (3) A.

The octamolybdenum cluster 2 is joined about its inversion
center by two d! molybdenum(V) atoms which are each capped
by three u;-O bridges to a trigonal base of equivalent Cp*-co-
ordinated molybdenum atoms. Assignment of oxidation state for
Mo(4) was made by comparison of bond distances in 2 to other
MoV and Mo"! structures.!® The Cp*-coordinated molybdenum
atoms are assigned an average formal oxidation state of 42/4; an
absence of charge localization is suggested by the close similarities
in the three Cp*Mo coordination spheres. The structure of 2 is
unlike the open network of the large anionic polymolybdates that
have been studied as either thermal or photolytic oxidation cat-
alysts.!” A closer structural analogy is that of the oxo-bridged
condensed vanadium clusters (e.g., [CpsV4(u3-O)s]2(1-O) and

(8) Preparation of 1: [Cp*W(CO),}, (0.30 g, 0.40 mmol) was dissolved
in 15 mL of a dry, degassed toluene solution containing 0.217 g (0.48 mmol)
of pentamethylcyclopentaarsine (containing 25% arsaoxane) in a sealed tube
and heated at 170 °C for 22 h. Yellow-brown, needle-shaped crystals were
separated by filtration: 42% yield; mp = 300-305 °C; 'H NMR (CD,CN)
Cp* 2.611 ppm; IR (KBr) » 984 (s), 853 (m, sh), 816 (vs, br), 785 (vs), 436
(m) em™!. Anal. Calcd for Cy0H;300,,Wg: C, 14.60; H, 1.84. Found: C,
14.99; H, 2.10. Preparation of 2: [Cp*Mo(CO),}, (0.50 g, 0.87 mmol) and
(CH,As)s (0.78 g, 1.74 mmol) were reacted as described above at 150 °C.
Dark green insoluble crystals were separated by filtration: 22% yield; mp =
437-440 °C; IR (KBr) » 1025 (s), 1013 (m, sh), 930 (vs), 911 (sh), 733 (m),
656 (m), 608 (vs, br), 525 (m) cm™!. Alternate preparation of 2: [Cp*Mo-
(CO),), (0.458 g, 0.797 mmol) and (CH;As0), (0.065 g, 0.154 mmol) were
reacted as described above at 150 °C. Anal. Calcd for CgHggO1sMog: C,
39.28; H, 4.94. Found: C, 38.20; H, 4.76.

(9) (a) Faller, J. W.; Ma, Y. J. Organomer. Chem. 1988, 340, 59. (b)
Leoni, P.; Pasquali, M.; Salsini, L.; di Bugno, C.; Braga, D.; Sabatino, P. J.
Chem. Soc., Dalton Trans. 1989, 155,

(10) Arzoumanian, H.; Baldy, A.; Pierrot, M.; Petrignani, J.-F.; J. Orga-
nomet. Chem. 1985, 294, 327.

(11) M = Mo, a =1, b = 3. Bernal, L; Brunner, H.; Meier, W.; Pfisterer,
H.; Wachter, J.; Ziegler, M. L. Angew. Chem., Int. Ed. Engl. 1984, 23, 438.
M,As, is not observed in these reactions.

(12) Harper, J. R.; Fountain, M. E.; Rheingold, A. L. Organometallics
1989, 8, 2316.

(13) M = Mo. Clegg, W.; Compton, N. A.; Errington, R. J.; Norman,
N. C. Acta Crystallogr. 1988, C44, 568.

(14) A description of the isolation and characterization of all reaction
products of the arsaoxane system and full crystallographic details of 1 and
2 will be reported in forthcoming papers.

(15) 1: CyH ;00,7 W¢; monoclinic, C2/c, a = 8.905 (3) A, b = 18.285 (8)
A, c=18.638(7) A, 8 =9897 (3)°, V= 2998 (2) A3, Z = 4, D(caled) =
3.65 gcm™, T= 23 °C, R(F) = 5.95%, R(WF) = 6.21%. 2: CeHaO1¢Mog;
triclinic, P1,a = 11.240 2) A, b= 11.349 (3) A, c = 15.598 (3) A, « = 70.31
(2)°, 8 = 82.19 (2)°, v = 60.05 (1)°, ¥ = 1622.0 (6) A3, Z = 1, D(calcd)
=188 gem™>, T =23 °C, R(F) = 2.71%, R(WF) = 3.15%.

(16) (a) Fuchs, J.; Freiwald, W.; Hartl, H. Acta Crystallogr. 1978, B34,
1764. (b) Willing, W.; Miiller, U.; Berg, A. Acta Crystallogr. 1986, C42,
1644. (c) Brencic, J. V.; Ceh, B.; Leban, I.; Marcac, T. J. Crystallogr.
Spectrosc. Res. 1986, 16, 755. (d) Bhattacharyya, R.; Biswas, S.; Armstrong,
J; Holt, E. M. Inorg. Chem. 1989, 28, 4297.

(17) (a) McCarron, E. M., III; Harlow, R. L. J. Am. Chem. Soc. 1983,
105, 6179. (b) McCarron, E. M., III; Whitney, J. F.; Chase, D. B. Inorg.
Chem. 1984, 23, 3275. (c) Torardi, C. C.; Calabrese, J. C. Inorg. Chem. 1984,
23, 3281. (d) Day, V. W.; Fredrich, M. F.; Klemperer, W. G.; Liu, R.-S. J.
Am. Chem. Soc. 1979, 101, 491. (e) Hill, C. L.; Bouchard, D. A. J. Am.
Chem. Soc. 1988, 107, 5148.
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[CpsVe(u3-0)s]a[(13-O35) V4Cps]) synthesized by Bottomley and
co-workers,!

The synthesis of 2 from crystalline (CH;As0O), implicates the
arsaoxane as the oxidant in these reactions. Following initial
arsaoxane coordination, rapid cleavage of the heterocyclic ring
and transfer of oxygen to the metal center occur to form MoVY!
and MoV-oxo clusters. Evidence for initial arsaoxane coordination
comes in reactions of both Mo(CO)4'? and Mn,(CO),o® systems,
in which intact, but expanded, arsaoxane systems coordinate as
12- and eight-membered rings, respectively. Reduction of the
arsaoxanes to the precursor cycloorganopolyarsines allows for
further reaction with either [Cp*M(CO),], or [Cp*M(CO),],
to produce the tetrahedrane-analogue and =-allyl-analogue com-
pounds.

Synthetic routes to, and the structure and bonding modes of,
high-oxidation-state metal clusters are generally not well-devel-
oped,?! and further reactions are planned to assess the applicability
of this system to other transition metals.
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(18) (a) Bottomley, F.; Sutin, L. Adv. Organomet. Chem. 1988, 28, 339.
(b) Bottomley, F.; Paez, D. E.; White, P. 8. J. Am. Chem. Soc. 1985, 107,
7226. (c) Bottomley, F.; Drummond, D. F.; Paez, D. E.; White, P. S. J. Chem.
Soc., Chem. Commun. 1986, 1752.

(19) Rheingold, A. L.; DiMaio, A.-J. Organometrallics 1986, 5, 393.

(20) Rheingold, A. L.; DiMaio, A.-J., unpublished results.

(21) Herrmann, W. A. 4ngew. Chem., Int. Ed. Engl. 1988, 27, 1297.
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While studying the preparation and properties of platinum
cluster compounds with acetate as a ligand,! we have found two
new compounds, given in the title. These Pt-Pt-bonded compounds
have acetate or acetylacetonate ligands which bridge between two
platinum ions through an oxygen and a carbon atom. Although
platinum ions tend to take on a Pt-C-bonded structure, such
C,0O-bridging modes are to the best of our knowledge unprece-
dented for these ligands.??

Platinum(III) dimers with a Pt-Pt single bond are known for
various bridging ligands including sulfate and phosphate,* but

(1) Yamaguchi, T.; Sasaki, Y.; Nagasawa, A,; Ito, T.; Koga, N.; Moro-
kuma, K. Inorg. Chem. 1989, 28, 4311-4312.

(2) Pd(II) complexes of unidentate CH,COOH- and chelated CH,COQ*
have been reported: Baba, S.; Ogura, T.; Kawaguchi, S.; Tokunan, H.; Kai,
Y .; Kasai, N. J. Chem. Soc., Chem. Commun. 1972, 910. Zenitani, Y.; Inoue,
K.; Kai, Y.; Yasuoka, N.; Kasai, N. Bull. Chem. Soc. Jpn. 1976, 49, 1531.

(3) Coordination of acac™ through ¥-C is known for some Pt(1I) complexes.
See: Kawaguchi, S. Variely of Coordination Modes of Ligands in Metal
Complexes; Springer-Verlag: Berlin, 1988,

(4) Pt(III) dimers with sulfate bridges: (a) Muraveiskaya, G. S.; Kukina,
G. A.; Orlova, V. S.; Evstaf'eva, O. N.; Porai-Koshifts, M. A. Dokl. Akad.
Nauk. SSSR 1976, 226, 596-599. (b) Cotton, F. A.; Falvello, L. R.; Han,
S. Inorg. Chem. 1982, 21, 2889-2891. (c) Bancroft, D. P.; Cotton, F. A,;
Falvello, L. R.; Han, S.; Schwotzer, W. Inorg. Chim. Acta 1984, 87, 147-153.
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Figure 1. Structures of [Pt!!',(u-CH,COO0-C,0),(u-CH;CO0-0,-
0,Cl,]* in 1 showing the 50% probability thermal ellipsoids. Selected
interatomic distances (A) and angles (deg) are as follows: Pt-Pt = 2.45]
(1); Pt=C = 2,01 (2), 2.02 (3); Pt—O (trans to O) = 1.97 (2) - 2.03 (2);
Pt—O (trans to C) = 2.18 (2), 2.21 (2); Pt-Cl = 2.46 (1), 2.42 (1);
Pt-Pt-Cl = 175.4 (2), 177.5 (2); Pt—C—C (within the chelate ring of
C-bonded acetate) = 117.92 (19), 115.83 (19).

the most commonly known tetra(u-acetato) analogue’ has not been
reported previously. The new “tetra(acetato)-diplatinate(1I1)”
complex has been isolated as a cesium salt, Cs;[Pt,(CH,CO-
0),(CH;CO0),CL]CI-:3H,0 (1).2 The '3C NMR spectrum of
1in D,O revealed that the complex contains two types of “acetate”
ligands, one of which appears at fairly higher magnetic field with
a large Jpc coupling constant.®? The 'H NMR spectrum shows
a sharp CHj signal at 2.26 ppm and an AB quartet centered at
3.69 ppm in an approximately 2:3 integrated intensity ratio.® The
X-ray structure of the complex cation (Figure 1)? is superficially

(5) Pt(III) dimers with phosphate bridges: (a) Muraveiskaya, G. S.;
Orlova, V. S.; Evstaf'eva, O. N. Russ. J. Inorg. Chem. (Engl. Transl.) 1974,
19, 561-565. (b) Muraveiskaya, G. S.; Abashkin, V. E.; Evstaf'eva, O. N;
Golovaneva, . F.; Shchelokov, R. N. Sov. J. Coord. Chem. (Engl. Transl.)
1981, 6, 218-225. (c) Cotton, F. A,; Falvello, L. R.; Han, S. Inorg. Chem.
1982, 2/, 1709-1710. (d) Conder, H. L.; Cotton, F. A_; Falvello, L. R.; Han,
S.; Walton, R. A, Inorg. Chem. 1983, 22, 1887-1891. (e) Cotton, F. A.; Han,
S.; Conder, H. L.; Walton, R. A. Inorg. Chim. Acta 1983, 72, 191-193. (f)
El-Mehdawi, R.; Bryan, S. A.; Roundhill, D. M. J. Am. Chem. Soc. 19885,
107, 6282-6286. (g) El-Mehdawi, R.; Fronczek, F. R.; Roundhill, D. M.
Inorg. Chem. 1986, 25, 1155-1159. (h) El-Mehdawi, R.; Fronczek, F. R.;
Roundhill, D. M. Inorg. Chem. 1986, 25, 3714-3716.

(6) Pt(IHl) dimers with other bridging ligands: (a) Cotton, F. A.; Walton,
R. A. Struct. Bonding (Berlin) 1988, 62, 1-49. (b) Woollins, J. D.; Kelly,
P. F. Coord. Chem. Rev. 1988, 62, 115-140. (c) O’'Halloran, T. V.; Roberts,
M. M,; Lippard, S. J. Inorg. Chem. 1986, 25, 957-964. (d) Umakoshi, K.;
Kinoshita, I.; Ichimura, A.; Ooi, S. Inorg. Chem. 1987, 26, 3551-3556. (e)
Roundhill, D. M.; Gray, H. B.; Che, C-M. Acc. Chem. Res. 1989, 22, 55-61.
(f) Abe, T.; Moriyama, H.; Matsumoto, K. Chem. Lett. 1989, 185-186. (g)
Che, C.-M,; Lo, C.-F.; Lau, T.-C; Poon, C.-K.; Gray, H. B. Inorg. Chem.
1989, 28, 3270-3272 and references cited therein.

(7) (a) Cotton, F. A.; Walton, R. A. Multiple Bonds Between Metal
Atoms; Wiley: New York, 1982. (b) Mehrotra, R. C.; Bohra, R. Metal
Carboxylates; Academic Press: London, 1983.

(8) Preparation of complex 1: K,PtCl, (2 g) and 3.2 g of CH,COOAg in
100 ¢cm? of CH;COOH-H,0 (10:1) were refluxed for 3-4 h. Black solid was
removed by filtration at room temperature, and the filtrate was evaporated
to ca. Scm’. To the concentrate was added 50 cm? of concentrated HCJ, and
the solution was kept at 50 °C for | h. After evaporation to dryness, the
residue was extracted by 20 cm® of water and treated with Dowex 1-X2
column after dilution to 500 cm? by water. The yellow eluate in 2 M HCl
was evaporated after addition of ca. 500 mg of CsCl, to give a yellow solid
of 1, which was recrystallized from water: yield, ca. 5%. Anal. Caled: C,
8.11; H, 1.35; C], 9.00. Found: C, 8.07; H, 1.04; Cl, 8.73. Electronic
absorption maxima in HO: 372 nm (¢/M"! cm™, 780), 436 (90). NMR data
(JEOL JNM-GSX-270 FT-NMR spectrometer) in D,O: 'H, 3.69 ppm (g,
2 H, CH,), 2.26 (s, 3 H, CH,); PC{H}, 190.37, 189.07 (C=0), 22.30 (CH,,
Ypc =053 Hz), 6.80 (CH,, V¢ = 665 Hz); ¥*Pt{'H}, 905 ppm vs [PtCl,]*
at 6 = 0.

(9) X-ray analysis of 1: Compound 1 crystallizes in the monoclinic space
group P2,/n, with a = 13.668 (7) A, b = 19.319 (8) A, c = 8.958 (9) &, 8
= 101.28 (6)°, V = 2319.7 (28) A}, Z = 4. With the use of 4794 unique
reflections (F, > 30(F,)) collected at room temperature with Mo Ko (A =
0.71069 A) radiation up to 26 = 60° on a Rigaku AFC-6A diffractometer,
the structure was solved by the heavy-atom method and refined by block-
diagonal least squares with anisotropic temperature factors for metal and
chlorine atoms to a final R value of 0.078.
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Figure 2. Structures of Pt!',(u-CH,C00-0,0"),(u-
CH,COCHCOCH,-0,C%), (2) showing the 40% probability thermal
ellipsoids. Selected interatomic distances (A) and angles (deg) are as
follows: Pt-Pt = 2,578 (1), 2.595 (1); Pt-O(acetate) = 2.01 (2) - 2.03
(2); Pt-O(acac) = 2.48 (2), 2.57 (2); Pt—C(acac) = 2.09 (2), 2.14 (2);
Pt-Pt-Pt = 87.37 (4); Pt=0-C(acac) = 111.9 (16), 117.0 (19); Pt-C-
C(within the chelate ring of acac) = 111.1 (15), 119.5 (15).

similar to those of common tetra(acetato)dimetal complexes.
These NMR data strongly suggest, however, that two of the four
bridging ligands coordinate with a carbon and an oxygen atom
rather than take the O,0’-bridging mode. The X-ray structure
is fully consistent with the NMR data by assignment of ligand
bonds of ca. 1.5 A and ca. 1.3 A to C-C and C-O bonds, re-
spectively. The two “CH,COO? " ligands are mutually cis, and
each Pt atom is coordinated by one carbon and three oxygen atoms
as well as one apical CI" ion. The Pt-Pt distance (2.451 A) is
the shortest ever observed for Pt(III) dimers.!# 619 A trans
influence from the Pt-C bond is apparent, with Pt—-O bonds trans
to Pt~C longer by ca. 0.2 A than those cis to Pt-C bonds. Other
known Pt-C-bonded Pt(III) dimers are a series of the complexes
with Pt_CH3 bonds ([Ptz(cH3COO)2(CH3)4(py)2] and its ana-
logues).10

The octa(acetato)tetraplatinum(II) complex is unique in that
the four platinum(II) ions take on a square-planar arrangement
with four Pt-Pt single bonds.!! We recently reported that in-plane
acetates are labile and easily replaced by other carboxylate lig-
ands.! Such a facile regioselective substitution of Pt,(CH;COO),
with acetylacetonate ions (acac™) gave a new tetrakis(acetyl-
acetonato) complex, Pt,(u-CH,COO0) (u-acac), (2).12  X-ray
structural analysis disclosed that the acetylacetonate ions bridge
between two platinum ions through an oxygen and a central v
carbon (Figure 2).)* Pt-Pt bond lengths are somewhat longer
than those in octa(acetato) (2.50 A)!! and tetrakis(acetato)tet-
rakis(trichloroacetato) complexes (2.49 A).! The Pt-O(acac) bond
is fairly long (2.5 A). Nevertheless, 'H and '3C NMR spectra

(10) (a) Bancroft, D, P.; Cotton, F. A,; Falvello, R. F.; Schwotzer, W.
Inorg. Chem. 1986, 25, 763-770. (b) Bancroft, D. P.; Cotton, F. A. Inorg.
Chem. 1988, 27, 16331637, 4022-4025. (c) Peterson, E. S.; Bancroft, D.
P.; Min, D,; Cotton, F. A.; Abbott, E. H. Inorg. Chem. 1990, 29, 229-232.

(11) Carrodo, M. A. A. F. de C. T.; Skapski, A. C. J. Chem. Soc., Chem.
Commun. 1976, 410-411; Acta Crystallogr., Sect. B: Struct. Crystallogr.
Cryst. Chem. 1978, B34, 1857-1862; 1978, B34, 3576-3581.

(12) Preparation of complex 2: Pt,(CH;COO); (200 mg) in 20 cm? of
Hacac—CH,Cl; (2:1) was slowly evaporated at 60 °C. Addition of Hacac-
CH,CJ, and evaporation were repeated until all the starting material reacted,
to give red oil. This was purified by the use of a silica gel column, and 2 was
isolated by evaporating from orange eluate in CH,CN: yield, ca. 10%. Anal.
Caled: C, 23.27; H, 2.81. Found: C, 23.80; H, 2.83. Electronic absorption
maximum in CH,CN: 288 nm (¢/M™! cm™!, 30500). NMR data (JEOL
JNM-GSX-270 FT-NMR spectrometer) in CDCly: 'H, 6.13 ppm (s, 1 H,
CH), 2.44 (s, 3 H, CH,(acac)), 2.29 (s, 3 H, CH,(acac)), 1.89 (s, 3 H,
CH,(acetate)); PC{IH], 215.17 (COCHS), 208.34 (COCHS,), 191.66 (CH,C-
00), 43.86 (CH), 32.61 (CH,;CO), 32.25 (CH,;CO), 23.70 (CH,COO0);
195pt{'H}, 194 ppm vs [PtCl}* at § = 0.

(13) X-ray analysis of 2. Compound 2 crystallizes in the tetragonal space
group P4,2,3, with @ = 9.644 (1) A, ¢ = 38.158 (9) A, ¥ = 3548.7(12) A®,
Z = 4. With the use of 2650 unique reflections (F, > 30(F,)) collected at
room temperature with Mo Ka (A = 0.71069 A) radiation up to 26 = 60°
on a Rigaku AFC-5R diffractometer equipped with a rotating anode (40 kV,
200 mA), the structure was solved similarly as 1. The final R value is 0.061.
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in CD4CN clearly discriminate between the two types of COCH,
groups within the acac ligand, and the Pt—O bond does not break,
even at 70 °C. Lengthening of the Pt-O bond may be caused
by the trans influence of the Pt-C bond across the Pt-Pt bond.
Such a trans influence has been reported for some Pt(III) di-
mers, 106,14

The present two complexes further indicate that platinum(II)
and platinum(I1I) states prefer to form a Pt—C bond where possible
and that platinum complexes will provide further an interesting
field even for cluster complexes in the border of classical coor-
dination and organometallic chemistry.
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(14) Lippert, B.; Schollhorn, H.; Thewalt, U. J. Am. Chem. Soc. 1986,
108, 525~526. Schollhorn, H.; Thewalt, U.; Lippert, B. J. Chem. Soc., Chem.
Commun. 1986, 258-260.
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Recently isolated antitumor antibiotics are proving to be ex-
traordinary for their exceptional potency, unusual enediyne bicyclic
structures, and remarkable biradical DNA cleaving mechanisms.
The glycosylated esperamicin,!’? calicheamicin®* and neo-
carzinostatin®® variations were the first families extracted from
widely dispersed soil samples. This year a Bristol-Myers/Cornell
team presented another theme with the isolation and structure
elucidation of dynemicin A, 1a.” The violet compound combines
the enediyne moiety and the classical anthracycline quinone
chromophore. Sandwiched between the two funtionalities is a
tetra-substituted epoxide.

Several questions beg for resolution. If the compound disables
DNA similar to its natural enediyne congeners, which end of the
molecule carries the weaponry? Can the two ends act in concert
through a common trigger? What mechanistic intermediates are
consistent with the actions of other antitumor antibiotics?

(1) Lee, M. D;; Dunne, T. S; Siegel, M. M.; Chang, C. C. Morton, G. O;
Borders, D. B. J. Am. Chem. Soc. 1987, 109, 3464-3466.

(2) Lee, M. D; Dunne, T. S.; Chang, C. C.; Ellestad, G. A.; Siegel, M.
M.; Morton, G. O.; McGahren, W. J.; Borders, D. B. J. Am. Chem. Soc. 1987,
109, 3466-3468.

(3) Golik, J.; Clardy, J.; Dubay, G. Groenewold, G.; Kawaguchi, H.;
Konishi, M.; Kirshnan, B.; Ohkuma, H.; Saitoh, K.-i.; Doyle, T. W. J. Am.
Chem. Soc. 1987, 109, 3461-3462.

(4) Golik, J.; Dubay, G.; Groenewold, G.; Kawaguchi, H.; Konishi, M.;
Kirshnan, B.; Ohkuma, H.; Saitoh, K.-i; Doyle, T. W. J. Am. Chem. Soc.
1987, 109, 3462-3464.

(5) Kappen, L. S.; Ellenberger, T. E.; Goldberg, 1. H. Biochemistry 1987,
26, 384-390.

(6) Myers, A. G.; Proteau, P. J.; Handel, T. M. J. Am. Chem. Soc. 1988,
110, 7212-7214.

(7) Konishi, M.; Ohkuma, H.; Matsumoto, K.; Tsuno, T.; Kamei, H,;
Miyaki, T.; Oki, T.; Kawaguchi, H.; Van Duyne, G. D,; Clardy, J. J. Antibiot.
1989, 42, 1449-1452.
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a CO,H OCH,3
b H H

Computational methodology offers insights into and projections
beyond these issues.

The force field predicted structure of dynemicin A (1a) is shown
in Figure 1. The calculation assumes hydrogen bonding in the
anthraquinone fragment leading to planarity for the extended
m-system. Geometric features resemble previous enediyne X-ray
structures:®!13 r(acetylene C---C) = 3.66 A; C=C—C bonds
are bent with predicted angles ranging from 162 to 169 °C. The
molecule is an almost perfect right-angled elbow. Perched atop
the bicyclic extension of the anthraquinone fragment, the epoxide
ring is poised for interaction with the aromatic framework.
Nothing has been reported concerning the ability of dynemicin
to cleave DNA, but the compound exhibits potent antibacterial
activity and extends the life span of mice inoculated with leu-
kemia.” If as in neocarzinostatin the epoxide opening is a trigger
for biradical formation and subsequent DNA damage,'*!" two
extreme mechanisms for ring opening are suggested: acid-cata-
lyzed ring rupture or base-catalyzed deprotonation of the hy-
droquinone two-electron-reduction product'® (10, Figure 2) ac-
companied by simultaneous epoxide cleavage to give 2a. Both
are stereoelectronically favored by the flat architecture of 1 to
stabilize a carbocation or a C=C double bond, respectively.

The acid-promoted cationic route was evaluated with structures
3-6 by the MM2//PRDDO protocol for calculating AE*(TS-GS)
described previously.!>!?

OH OH

(8) Golik, J.; Clardy, J.; Dubay, G.; Groenewold, G.; Kawaguchi, H.;
Konishi, M.; Krishnan, B.; Ohkuma, H.; Saitoh, K.-i.; Doyle, T. W. J. Am.
Chem. Soc. 1987, 109, 3461-3462.

(9) Nicolaou, K. C.; Ogawa, Y .; Zuccarello, G.; Schweiger, E. J.; Kuma-
zawa, T. J. Am. Chem. Soc. 1988, 1]0, 4866—4868.

(10) Danishefsky, S. J.; Mantlo, N. B.; Yamashita, D. S. J. Am. Chem.
Soc. 1988, 110, 6890-6891.

(11) Magnus, P.; Lewis, R. T.; Huffman, J. C. J. Am. Chem. Soc. 1988,
110, 69216923,

(12) Schoenen, F. J.; Porco, J. A,; Schreiber, S. L.; VanDuyne, G. D;
Clardy, J. Tetrahedron Let:. 1989, 30, 3765-3768.

(13) Snyder, J. P. J. Am. Chem. Soc. 1989, 11/, 7630-7632. AE*(TS-
GS) is the PRDDO energy difference between ground-state enediyne and the
corresponding biradicaloid transition state.

(14) Zein, N.; Sinha, A. M.; McGahren, W. J.; Ellestad, G. A. Science
1988, 240, 1198-1201.

(15) Zein, N.; Poncin, M.; Nilakantan, R.; Ellestad, G. A. Science 1989,
244, 697-699.

(16) Hawley, R. C,; Kiessling L. L.; Schreiber, S. L. Proc. Natl. Acad. Sci.
U.S.A. 1989, 86, 1105-1109.

(17) Zein, N.; McGahren, W. J.; Morton, G. O.; Ashcroft, J.; Ellestad,
G. A. J. Am. Chem. Soc. 1989, 111, 6808—6890.

(18) Boldt, M.; Gaudiano, G.; Haddadin, M. J.; Koch, T. H. J. Am. Chem.
Soc. 1989, /1], 2283-2292.

(19) MM2 force field parameters for epoxides and carbenium ions were
developed for this work and will be reported in due course. The epoxide values
are similar to a set recently published (Podlogar, B. L.; Raber, D. J. J. Org.
Chem. 1989, 54, 5032-5035). Bridgehead carbocations are likewise well-
described by MM2 molecular mechanics (cf.: Miiller, P.; Mareda, J. Helv.
Chim. Acta 1987, 70, 1017-1029).

© 1990 American Chemical Society



