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Figure 2. Steady-state cyclic voltammograms of Fe(CN)6
3"/4" at a gold 

electrode modified with 1.5-fim-thick porous Al2O3 film impregnated with 
PVP by contact with 0.5% (w/v) PVP solution in CH3OH; (A) 1.0 mM 
K4Fe(CN)6, 0.1 M CF3COONa, pH 8.0, v = 50 mV/s; identical volt­
ammograms are produced in this solution at a bare gold electrode of the 
same geometric surface area. (B) Medium transfer experiment: the 
electrode from (A) was first exposed to a ImM K4Fe(CN)6, pH 3.0 
solution and then transferred to a 0.1 M CF3COOH/CF3COONa, pH 
2.8 solution (continuous line);10 dashed line, blank voltammogram, 30 nM 
K4Fe(CN)6, pH 8.0.10 

ferrocyanide oxidation along the oxide pores by the solution 
ferricyanide ions inside the pores. 

Concluding, the open and well-characterized microstructure 
of these rigid aluminum oxide films is the most attractive and 
advantageous feature of this material as an electrode matrix. We 
have shown an example of reagent immobilization along the oxide 
pores by impregnation of the oxide structure with a polymer. 
Electron transport in these types of systems consists of a lateral 
electron or charge propagation along the pores and constitutes 
for us a separate problem of considerable interest. 
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The complexation of cations with rigid polydentate ligands has 
been studied in numerous research groups during the past 2 
decades.1 It is only very recently, however, that the converse 
problem of anion complexation by electron-deficient compounds 
has received widespread attention. Lehn et al.2 and Schmidtchen3 

have elegantly determined the complexing abilities of rigid polyaza 
cations with their counterions. The work of Shriver and Biallas4 

on 1,2-diborylethanes and also that of Kuivila et al.5 on di-
stannylmethanes has demonstrated chelate effects in nonrigid 
bidentate Lewis acids interacting with Lewis bases. Shore et al.6 

(1) "Host-Guest Complex Chemistry I"; Vogtle, F., Ed.; Springer-Verlag: 
New York, 1981. 

(2) Dietrich, B.; Guilhem, J.; Lehn, J.-M.; Pascard, C; Sonveaux, E. HeIv. 
Chim. Acta 1984, 67, 91-104 and references cited therein. 

(3) Schmidtchen, F. P. Chem. Ber. 1981, 114, 597-607. 
(4) Shriver, D. F.; Biallas, M. J. J. Am. Chem. Soc. 1967, 89, 1078-1081. 
(5) Karol, T. J.; Hutchinson, J. P.; Hyde, J. R.; Kuivila, H. G.; Zubieta, 

J. A. Organometallics 1983, 2, 106-114. 
(6) Saturnino, D. J.; Yamauchi, M.; Clayton, W. R.; Nelson, R. W.; Shore, 

S. G. J. Am. Chem. Soc. 1975, 97, 6063-6070. 
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have prepared bridged hydrides from flexible 1,4-diborylbutanes. 
However, the synthesis and complexing properties of multidentate 
Lewis acids that are both rigid and uncharged have not been 
previously reported. 

Conformationally defined oligoboranes are promising candidates 
for electron-deficient hosts that could engage in multidentate 
complexation with guest anions. As a prototypical example, we 
report the synthesis and hydride-abstracting ability of 1,8-
naphthalenediylbis(dimethylborane) (1). This novel bis(borane) 
may be viewed as the electron-deficient counterpart of 1,8-bis-
(dimethylamino)naphthalene (2), "proton sponge".7 Just as 2 

1, R = M e 2 B 

2, R = Me2N 

possesses a surprisingly high proton affinity due to the enforced 
interaction of its lone pairs, compound 1 might be expected to 
complex strongly with small anions by virtue of its convergent 
vacant p orbitals on the boranyl groups, which are forced sub­
stantially out of conjugation with the naphthalene ring by steric 
repulsion of the methyls on boron. The only previous mention8 

of an unbridged 1,8-diborylnaphthalene was an account of an 
unsuccessful attempt to prepare the bis(diiodoboryl) derivative. 

A solution of 1,8-dilithionaphthalene9 was prepared10 by treating 
3.43 g (9.0 mmol) of 1,8-diiodonaphthalene11 dissolved in 100 mL 
of Et2O with 7.1 mL (20 mmol) of 2.8 M n-BuLi at 0 0C for 10 
min under Ar. The resulting dilithiate solution was cooled to -70 
0C and transferred by cannula into a solution of Me2BOEt12 (2.5 
g, 29 mmol) in 20 mL of Et2O, which also was held at -70 0C. 
The combined solution was stirred and allowed to warm to +10 
0C, then recooled to -70 0C. Boron trifluoride etherate (2.46 
mL, 2.84 g, 20 mmol) was added,13 the solution was again allowed 
to warm to +10 0C, and then the volatile components were re­
moved in vacuo. The residue was extracted at ambient temper-

(7) Alder, R. W.; Bowman, P. S.; Steel, W. R. S.; Winterman, D. R. 
Chem. Commun. 1968, 723-724. "Proton Sponge" is a trademark of Aldrich 
Chemical Co. 

(8) Siebert, W,; Schaper, K.-J.; Asgarouladi, B. Z. Naturforsch, B: Anorg. 
Chem., Org. Chem. 1974, 29B, 642-646. 

(9) Letsinger, R. L.; Gilpin, J. A.; Vullo, W. J. /. Org. Chem. 1962, 27, 
672-674. 

(10) This dilithium reagent is usually generated from the 1,8-dibromide. 
We found the diiodide to be more conveniently obtained. The dilithiate did 
not react appreciably with the iodobutane side product under the conditions 
reported here. Interestingly, 1,8-dilithionaphthalene was unreactive toward 
MeI when prepared in hydrocarbon solvent. 

(11) House, H. O.; Koepsell, D. G.; Campbell, W. J. J. Org. Chem. 1972, 
37, 1003-1011. 

(12) Gerrard, W.; Mooney, E. F.; Rees, R. G. J. Chem. Soc. 1964, 
740-745. The compound was prepared from Me2BBr and SiOEt4 according 
to the method described for Me2BOMe: Cullis, C. F.; Hook, S. C. J. Chem. 
Soc. Perkin Trans. 2 1973, 803-807. The reaction of 1,8-dilithionaphthalene 
with dimethylboron bromide gave a mixture of oligomers. 

(13) Kagan, J.; Arora, S. K. Tetrahedron Lett. 1983, 24, 4043-4046. 
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ature under Ar with 20 mL of dry hexane; the extract was cooled 
to -70 0C and filtered under Ar. Concentration of the filtrate 
gave 1.27 g (68%) of 1 as an air-sensitive orange oil contaminated 
with small amounts of hydrocarbon impurities. Further purifi­
cation was achieved by vacuum distillation, giving 0.81 g (43%) 
of a pale yellow oil: bp 13O0C(COl kPa); 1 HNMR [(CD2J4O] 
(vs. Me4Si) 5 7.85 (d of d, 1, J11 = 7.9, J24 = 1.6 Hz, C2H), 7.62 
(d of d, 1, / 4 3 = 6.9, J4 2 = 1.7 Hz, C4H), 7.44 (d of d, 1, J32 

« J34 « 7 Hz, C3H), 1.02 (s, 6, Me); 13C NMR (vs. Me4Si) 5 
137.8, 134.3, 132.5, 130.8, 125.6, 14.5 (br); 11B NMR (vs. 
BF3-OEt2) 5 + 79; mass spectrum,14 m/z (relative intensity) 208 
(100, M+), 193 (26), 177 (44), 168 (60), 153 (75); high-resolution 
mass spectrum calcd for 12C14

1H18
11B2 208.1589, found 208.1600. 

When a sample of 1 was treated with excess KH suspended 
in (CH2)40 or (CD2)40, a borohydride was obtained as evidenced 
by upfield shifts of the 1H and 11B NMR signals. It was isolated 
by evaporating the solvent from the supernatant solution and 
crystallization of the residue in CH2Cl2. Anal. Calcd for 
C14H19B2K: C, 67.80; H, 7.72; B, 8.72; K, 15.76. Found: C, 
67.65; H, 7.78; B, 8.54; K, 15.58. The resulting solid adduct 
displayed a very broad IR band at 2065 cm"1 and an "B NMR 
signal at +4 ppm, indicative of a bridged monohydride structure.15 

(The 1H NMR peaks were centered at 7.1 and 0.0 ppm vs. Me4Si.) 
Recrystallization of the solid from dioxane gave single crystals 
whose structure was determined16 by X-ray diffraction (see Figure 
1). The calculated structure verified that the adduct was in fact 
a bridged hydride. The two B-H bond lengths are 1.20 (5) and 
1.49 (5) A, while the B-H-B bond angle is 142 (4) °. These values 
are consistent with previously reported data for B2(C4Hg)2H3" as 
well as with a theoretical calculation17 on B2H7". The B-H bond 
lengths in 1-KH are somewhat longer than the experimentally 
determined18 bridging bond lengths in B2H7". Otherwise, the 
formation of 1-KH appears to involve less strain and the loss of 
fewer degrees of freedom than does the formation of previously 
described bridged borohydrides. 

Compounds 1 abstracted hydride from a variety of triorgano-
borohydrides, including triphenylborohydride,19 dimethyl-1-
naphthylborohydride,20 and the monohydride of the bis(borane)21 

from the reaction of butadiene with 2 equiv of 9-borabicyclono-
nane. Thus, hydride anion is strongly chelated by 1, forming a 
complex of unusual thermodynamic stability. (This behavior is 
reminiscent of that of 2 with monoammonium salts, leading us 
to propose that 1 be trivially named "hydride sponge".) The 
complex is kinetically stable as well, failing to reduce benzaldehyde 
in (CH2)40 solution over 18 h at 60 0C. In an additional ex­
periment, hydride was removed from bis(cyclopentadienyl)zir-
conium chloride hydride by 1, which suggests 1 as a nondestructive 
reagent for detecting and sequestering hydride in organometallic 
systems.22 

The behavior of 1 in the presence of anhydrous fluoride donors 
indicates that 1 forms a bridged adduct with fluoride as well. This 
adduct is characterized by a 1H NMR doublet at 0.06 ppm (/HF 

(14) We warmly thank W. P. Reents and A. M. Mujsce for obtaining the 
mass spectral data. 

(15) Noth, H.; Wrackmeyer, B. "Nuclear Magnetic Resonance Spec­
troscopy of Boron Compounds"; Springer-Verlag: New York, 1978. 

(16) The X-ray structure was determined by Dr. C. S. Day of Crystalytics 
Co., Lincoln, NE. The crystals were orthorhombic, space group Pbca-Dlh

xi, 
a = 16.343 (4) A, b = 21.683 (5) A, c = 17.183 (4) A, a = /J = 7 = 90°, 
V = 6089 (2) A3, and Z = 8. The structure was refined to R = 0.057 and 
Rw = 0.052 by using 1492 independent reflections of Cu Ka radiation, X = 
1.54184 A, 20 between 3.0° and 105.1°, and T= 20 °C. Additional details 
will be published at a later date. 

(17) Raghavachari, K.; Schleyer, P. v. R; Spitznagel, G. W. J. Am. Chem. 
Soc. 1983, 105, 5917-5918. 

(18) Shore, S. G.; Lawrence, S. H.; Watkins, M. I.; Bau, R. J. Am. Chem. 
Soc. 1982, 104, 7669-7670. 

(19) Burlitch, J. M.; Burk, J. H.; Leonowicz, M. E.; Hughes, R. E. Inorg. 
Chem. 1979, 18, 1702-1709. 

(20) Prepared from 1-lithionaphthalene and Me2BOEt, bp 110 0C (0.03 
kPa). 

(21) Brown, H. C; Pai, G. G.; Naik, R. G. J. Org. Chem. 1984, 49, 
1072-1078. 

(22) The hydridic character of organometallic hydrides is a topic of great 
current interest. See, for example: Bursten, B. E.; Garter, M. G. Organo-
metallics 1984, 3, 895-899. 

= 19 Hz) and a broad 19F NMR signal at 195 ppm upfield from 
CFCl3. On the other hand, 1 seems to interact weakly with 
chloride and bromide. 

Further investigations of the physical organic chemistry of 
1,8-diborylnaphthalenes are in progress. In addition, the 1,8-
diborylnaphthyl unit may be useful as a building block in as­
sembling anion binders containing several boranyl substituents, 
whose boron atoms are definitely spaced. 

Supplementary Material Available: A listing of atomic positional 
and thermal parameters [K][C14H19B2-302C4H8 (7 pages). 
Ordering information is given on any current masthead page. 
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Takahashi and Tomita recently reported the isolation of two 
new antitumor antibiotics, quinocarcinol (1) and quinocarcin (2), 
from Streptomyces melanovinaceus.1 These structures2 invite 
comparison with another compound of similar biological behavior, 
naphthyridinomycin (3).3,4 Given the congruence of naphthy-
ridinomycin in its quinoidal segment with antibiotics such as the 
mitomycins,5" saframycin,5b and renieromycin,5c it might well have 
been conjectured that this substructure is critical for biological 
capability. However, the apparently potent activity of the qui-
nocarcins would tend to suggest that the hexahydroimino-
azepinoisoquinoline ring system, bearing a hydroxymethyl group 
at the 5-position, may house much of the antibiotic function. 

Our interest in the recently discovered quinocarcins evolved from 
a long-term pursuit directed to the total synthesis of naphthyri­
dinomycin. A strategy that resulted in a tetracyclic subunit, 
epimeric with that present in compound 3, has recently been 
disclosed.6 With some rather considerable modification this 
blueprint provided the basis for a synthetic attack on the quino­
carcins. An account of experiments that led to the first total 
synthesis of quinocarcinol (1) is provided herein. 

The first subtarget was the vinylisoquinolinol 13. A new se­
quence to reach this ring system was devised.7 Commercially 
available m-hydroxybenzaldehyde (4) was allylated (sodium hy­
dride, allyl bromide, 93%) to afford 5.8b Claisen rearrangement 
(7V,7V-dimethylaniline, 230 0C) gave, not unexpectedly,93 a pre-

f This paper is dedicated to Professor Peter Yates on the occasion of his 
60th birthday. 

(1) (a) Tomita, F.; Takahashi, K.; Shimizu, K. J. Antibiot. 1983, 36, 463. 
(b) Takahashi, K.; Tomita, F. J. Antibiot. 1983, 36, 468. 

(2) Hirayama, N.; Shirahata, K. / . Chem. Soc, Perkin Trans. 2, 1983, 
1705. 
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1974, 4021. Correct structural drawing is shown in: Tetrahedron Lett. 1975, 
No. 3, (errata). 
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Singh, K.; Vezina, C. /. Antibiot. 1975, 28, 497. Kluepfel, D.; Sehgal, S. N.; 
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(5) (a) Franck, R. W. Fortschr. Chem. Org. Naturst. 1979, 38, 1. (b) 
Fukuyama, T.; Sachleben, R. A. J. Am. Chem. Soc. 1982, 104, 4957. (c) 
Frincke, J. M.; Faulkner, D. J. J. Am. Chem. Soc. 1982, 104, 265. 

(6) (a) Danishefsky, S.; O'Neill, B. T.; Taniyama, E.; Vaughan, K. Tet­
rahedron Lett., in press, (b) Danishefsky, S.; O'Neill, B. T.; Springer, J. P. 
Tetrahedron Lett., in press. 

(7) The modified Pomerantz-Fritsch approach used in the model case6a 

proved inapplicable in this case, in that it seems to require an activated 
aromatic ring (cf.: Euerby, M. R.; Waigh, R. D. J. Chem. Soc, Chem. 
Commun. 1984, 127). 

(8) (a) This compound was characterized by its NMR, infrared, and mass 
spectral properties, (b) This compound was characterized by its NMR, 
infrared, and mass spectral properties, as well as by combustion analysis. 
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