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sulfonic acid at -92 0C, and observation of the resultant 13C NMR 
spectrum, indicated a small splitting of the peak at 5 136.7 into 
two peaks at 5 137.1 and 136.3. Were two rapidly equilibrating 
structures involved, a much larger splitting would be expected.10 

We are continuing our study of the intrabridgehead chemistry 
of the i'«,o«r-bicyclo[4.4.4]tetradecane system. 
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a (a) (EtO)2P(O)CH2COOEt, NaH, THF; (b) LiAlH4, THF; 
(e) pyridinium chlorochromate, CH2Cl2, NaOAc; (d) H2, Pd/C, 
ethanol; (e) TiCl3, Zn-Cu, dimethoxyethane, A; (f) H2, PtO2, 
ether, 50 psi, 3 days. 

aldehyde 7 taking place in 30% yield to give ;'n-bicyclo[4.4.4]-
1-tetradecene (3).7 In addition to in-isomer 3, a small amount 
of isomeric product—presumably the corresponding out 
isomer—was detected by GC/MS. 

That the titanium-induced cyclization did indeed give the in 
isomer 3 rather than the alternative out isomer was confirmed 
by subsequent reactions. Thus, catalytic hydrogenation of 3 over 
Adams' catalyst proceeded slowly in ether solution to give in,-
ouf-bicyclo [4.4.4] tetradecane (2), which shows six signals in its 
13C NMR spectrum and shows two unique one-proton absorptions 
at 5 2.50 and 0.81 in its 1H NMR spectrum,8 assignable to the 
two different bridgehead protons. Since the resonance at 5 2.50 
did not appear when the reduction was carried out with deuterium 
rather than hydrogen, we assign that signal to the outside hydrogen 
and the signal at <5 0.81 to the inside hydrogen. The unusually 
high upfield shift of the inside hydrogen is presumably due to 
anisotropic shielding by nearby C-C bonds. 

One of the most intriguing chemical consequences of in.out 
bicycloalkane geometry is the possibility of intrabridgehead in­
teractions.3 Treatment of olefin 3 with trifluoroacetic acid in 
CDCl3 at room temperature yielded a stable solution that showed 
a broad one-proton singlet at S -3.5 in its 1H NMR spectrum and 
contained only three peaks at 5 18.7, 40.8, and 139.3 in its 13C 
NMR spectrum. When deuterated trifluoroacetic acid was used, 
the recovered olefin contained 11 deuterium atoms. These data 
are consistent with the /u-hydrido-bridged structure 8, in which 

the inside hydrogen bears a partial negative charge and is sym­
metrically disposed between the two positively charged bridgehead 
carbons.9 Confirmation of the assignment as a static hydrido-
bridged structure rather than as a pair of rapidly equilibrating 
degenerate cationic structures was obtained by using the Saunders 
isotopic perturbation technique.10 Introduction of a deuterium 
atom into the cation by treatment of 3 with deuterated fluoro-

(7) 1H NMR (300 MHz, CDCl3) 5 5.42 (br dd, 1 H), 3.35 (br dd, 1 H) 
2.54 (dd, 1 H), 2.34 (q, 1 H), 2.18 (m, 2 H), 2.1-0.85 (m, 18 H); 13C NMR 
(CDCl3) 5 143.0, 131.7, 36.3, 36.0, 35.1, 33.7, 33.6, 32.3, 29.7, 28.9, 27.5, 26.4, 
25.8, 23.1; mass spectrum, m/z M+ 192. 

(8) Mp 159-161 0C (sealed tube); 1H NMR (CDCl3) J 2.50 (m, 1 H), 
1.73 (dd, 6 H), 1.53 (m, 12 H), 1.13 (dd, 6 H), 0.81 (m, 1 H); " C NMR 
(CDCl3) S 36.1, 31.0, 29.7, 28.7, 25.0, 7.7; mass spectrum, m/z M+ 194. 

(9) Similar, though less stable, M-hydrido-bridged structures have been 
reported by Sorenson: Kirchen, R. P.; Ranganayakulu, K.; Rauk, A.; Singh, 
B. P.; Sorenson, T. S. J. Am. Chem. Soc. 1981, 103, 588. 

(10) Saunders, M.; Telkowski, L.; Kates, M. R. J. Am. Chem. Soc. 1977, 
99, 6237. 
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Treatment of stoichiometric transition-metal carbonyl reagents 
with alkynes often produces benzoquinones or benzoquinone 
complexes.2"15 The generation of these organic products has been 
rationalized in terms of an initial maleoylmetal complex formation, 
1, followed by subsequent reaction with an alkyne to give a 
benzoquinone (eq. I).16,17 Early work by Maitlis provided strong 
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support for this pathway to quinones.7 Our studies on the synthesis 
of analogous phthaloymetal complexes18'19 and their reaction with 
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alkynes to give naphthoquinones19 '20 confirmed the latter half of 
the reaction shown in eq 1 and gave us a powerful method for 
the synthesis of naphthoquinone-derived natural products.21'22 We 
now report that readily available cyclobutenediones 223 react with 
ClCo(PPh3)3 to give high yields of stable, crystalline maleoylcobalt 
complexes 3,2 4 '2 5 which, after ligand exchange to 6-coordinate 
dimethylglyoxime complexes 4, react with a wide variety of alkynes 
to provide high yields of substituted benzoquinones in a convergent 
and regioselective manner (Scheme I) .2 6 

Our current results are listed in Table I. Reaction of cyclo­
butenediones 2a-d23 with ClCo(PPh3)3

27 (1.5-2.5 equiv) proceeded 
in benzene between room temperature and 60 0 C , depending on 
the substrate, and gave the air-stable maleoylcobalt complexes 
3a-d in yields of 90%, 99%, 86%, and 63%, respectively, after 
crystallization. Trigonal bipyramidal structures with trans diapical 
PPh 3 ligands were assigned on the basis of spectroscopic data 
(supplementary material) and analogy with our earlier studies 
of phthaloylcobalt complexes.18,15 As in our previous investigations 
of the phthaloylcobalt analogues,19'20 treatment of the bisphosphine 
complexes 3 with an alkyne in the presence of AgBF4 gave good 
yields of benzoquinones (i.e., 3a + 3-hexyne - * 2,3-diethyl-5,6-
dimethylbenzoquinone, 70%; 3d + 3-hexyne —• 2,3-diethyl-5-
methoxy-6-methylbenzoquinone, 77%). However, in concurrent 
studies with phthaloylcobalt complexes directed at eliminating 
the need for AgBF4 in this chemistry, we discovered that the simple 
expedient of treating the bis(triphenylphosphine)cobalt complexes 
with 1 equiv of dimethylglyoxime in pyridine at room temperature 
gave very high yields of dimethylglyoxime complexes which reacted 

(19) Baysdon, S. L.; Liebeskind, L. S. Organometallics 1982, /, 771-775. 
(20) Liebeskind, L. S.; Baysdon, S. L.; South, M. S. J. Am. Chem. Soc. 

1980, 102, 7397-7398. 
(21) Liebeskind, L. S.; South, M. S.; Baysdon, S. L.; Jewell, C. F., Jr. 

"Abstracts of Papers", 181st National Meeting of the American Chemical 
Society, Atlanta, GA, March 1981; American Chemical Society: Washington, 
DC, 1981; ORGN 20. 

(22) South, M. S.; Liebeskind, L. S. J. Am. Chem. Soc. 1984, 106, 4181. 
(23) We have developed a practical method for converting ketones into 

cyclobutenediones in four steps, ca. 55% overall yield: 2-butanone -* 2a, 
cyclohexanone -*• 2b, cycloheptanone - • 2c. Liebeskind, L. S.; Baysdon, S. 
L. Tetrahedron Lett. 1984, 25, 1747-1750. Cyclobutenedione 2d was prepared 
by methylation (CH3I, DBU, CH3CN, reflux) of l-hydroxy-2-methyl-l-
cyclobutene-3,4-dione: Brady, W. T.; Watts, R. D. J. Org. Chem. 1980, 45, 
3525-3527. 

(24) Maleoylmetal complexes have been produced from a wide variety of 
nongeneral reactions, see ref 5, 7, 8, 12, and the following: (a) Case, J. R.; 
Clarkson, R.; Jones, E. R. H.; Whiting, M. C. Proc. Chem. Soc., London 1959, 
150. (b) Bird, C. W.; Briggs, E. M.; Hudec, J. / . Chem. Soc. C 1967, 
1862-1864. (c) Mague, J. T.; Nutt, M. O.; Gause, E. H. J. Chem. Soc, 
Dalton Trans. 1973, 2578-2587. (d) Petterson, R. C; Cihonski, J. L.; Young, 
F. R., Ill; Levenson, R. A. J. Chem. Soc, Chem. Commun. 1975, 370-371. 
(e) Canziani, F.; Malatesta, M. C; Longoni, G. J. Chem. Soc, Chem. Com­
mun. 1975, 267-268. (f) Grevels, F. W.; Buchkremer, J.; Koerner von 
Gustorf, E. A. J. Organomet. Chem. 1976, Ul, 235-239. (g) Herbstein, F. 
H.; Kaftory, M. Acta Crystallogr., Sect. B 1977, B33, 3318-3321. (h) Frisch, 
P. D.; Khare, G. P. J. Am. Chem. Soc. 1978, 100, 8267-8269. (i) Amie, S.; 
Milone, L.; Sappa, E.; Tiripicchio, A.; Manfredi, A. M. M. / . Chem. Soc, 
Dalton Trans. 1979, 1664-1670. (j) Corrigan, P. A.; Dickson, R. S. Ausl. 
J. Chem. 1979, 32, 2147-2158. (k) Hoberg, H.; Herrera, A. Angew. Chem. 
1980, 92, 951. (1) Herrera, A.; Hoberg, H. Synthesis 1981, 831-833. 

(25) For a related (diiminomaleoyl)metal complex, see: Yamazaki, H.; 
Aoki, K.; Yamamoto, Y.; Wakatuski, Y. / . Am. Chem. Soc 1975, 97, 
3546-3548. 

(26) Hoberg has reported241 that a (dimethylmaleoyl)nickel complex (but 
not the diphenyl- or monophenyl-substituted complex) reacted with maleic 
anhydride to give 3,6-dihydroxy-4,5-dimethylphthalic anhydride. 

(27) A simple, large-scale, reproducible preparation of this material is 
described in ref 19. 
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Table I. Conversion of Cyclobutenediones into Benzoquinones 
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"Reference 23. 'Yields refer to purified, recrystallized material. 
c Ratios were determined by integration of the 270-MHz spectra and 
by capillary gas-liquid chromatography. ''Yields refer to isolated ma­
terial purified by chromatography. 'Reactions were performed 0.1 M 
in acetone at 80 0C for 90 min using 1.5 equiv of alkyne and 1.0 equiv 
of CoCl2.6H20 to coordinate any liberated pyridine or dimethylgly­
oxime. -^Reactions were performed 0.1 M in CH2Cl2 at 100 0C for 6 h 
by use of 2.0 equiv of alkyne. ^Partial reduction to the hydroquinone 
occurred. 

with alkynes on heating without added AgBF4 and produced high 
yields of quinones.28 Similar treatment of maleoylcobalt com­
plexes 3a-d provided the air-stable dimethylglyoxime variants 4a-d 
in 83%, 90%, 86%, and 87% yields, respectively. The maleoyl­
cobalt complexes from cyclobutenediones 2a-c were heated with 
3-hexyne and 1-hexyne (1.5 equiv, 0.1 M in acetone, 1 equiv of 
CoCl2-6H20,2 9 80 0 C , 90 min) and gave, after chromatography, 
the corresponding benzoquinones in very good yields (Table I) . 
Reaction of complex 4d was surveyed with a wider variety of 
alkynes in order to assess the inherent regiochemical preference 
of this complex (2.0 equiv of alkyne, 0.1 M in CH2Cl2 , 6 h, 100 
0 C). 3 0 Reaction of 4d with propyne gave a 5.2:1 mixture (81%) 
of 2-methoxy-3,5-dimethylbenzoquinone and 3-methoxy-2,5-di-
methylbenzoquinone identified after separation (SiO2 , 5:1 hex-
ane/ether, four passes) by comparison of IR, UV, and mp of the 
separate isomers with data available in the literature.31 '32 The 
major/minor quinone regioisomers produced from reaction of 
1-hexyne and 3,3-dimethyl-l-butyne with 4d showed the same 
chromatographic trends (major isomer less polar) and 270-MHz 
1H N M R spectroscopic trends (vinyl H of major isomer absorbed 
upfield of minor isomer) as the propyne derived regioisomers, and 
structural assignments were made accordingly. Ethyl tetrolate, 
an alkyne that failed to react in the AgBF 4 system, produced a 

(28) The rationale behind and full details of this ligand modification will 
be discussed in: Liebeskind, L. S.; Baysdon, S. L.; Goedken, V., manuscript 
in preparation. 

(29) Addition of CoCl2-6H20 to the reaction mixture gave higher yields 
of product in shorter reaction times perhaps by coordinating any free pyridine 
or dimethylglyoxime.28 Further studies are under way to clarify the role of 
CoCl2-6H20 in this chemistry. 

(30) The resulting methoxymethylbenzoquinone substitution pattern is 
found in many naturally occurring quinones. Added CoCl2-6H20 was found 
to diminish the regioisomeric ratio for at least one alkyne and therefore was 
not used in this preliminary screening. 

(31) Flaig, W.; Salfield, J. C. Liebigs Ann. Chem. 1958, 618, 117-139. 
(32) Flaig, W.; Salfield, J. C. Liebigs Ann. Chem. 1959, 626, 215-224. 
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64% yield of product regioisomers (3.7:1 ratio) and the major 
regioisomer was identified by conversion into 2,4-dimethyl-3,5-
6-trimethoxybenzyl alcohol, which was identical with an authentic 
sample prepared from 2,6-dimethylbenzoquinone (see supple­
mentary material). Finally, very high regioselectivity was achieved 
in the reaction of 1-ethoxypropyne with cobalt complex 4d to 
predominate the 2,5-dialkoxybenzoquinone regioisomer (13.5:1, 
81% yield).33 

Efforts to improve34 and further explore the regiochemistry of 
this highly convergent route to quinones are under way as a prelude 
to the use of this method in the total synthesis of quinone-based 
natural products. 
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(33) 2,5-Dialkoxybenzoquinones are readily distinguished from 2,6-dialk-
oxybenzoquinones by infrared: Thomson, R. H. "Naturally Occurring 
Quinones", 2nd ed.; Academic Press: New York, 1971; p 64-69. 

(34) We have recently observed a significant increase in the regioselectivity 
of quinone formation from 1-hexyne and complex 4d when the reaction was 
conducted at room temperature in the presence of SnCl4. Under these con­
ditions a 10:1 ratio of regioisomers was formed favoring the same isomer as 
that shown in Table I. 
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Our approach to the preparation of ferromagnetic organic 
salts1,2 requires cation radicals that are easily oxidizable to di-
cations with triplet ground states. This approach is being pursued 
with the hexaaminotriphenylene derivative I, whose dication is 
indeed a triplet,1 but one would expect the triplet-singlet energy 
gap to be even larger if the central core were a benzene ring. For 
this reason we have long been interested in HOC (II).2'3 A 

Vl VIl 

(1) Breslow, R.; Jaun, B.; Kluttz, R. Q.; Xia, CZ. Tetrahedron 1982, 38, 
863-867. 

(2) Breslow, R. Pure App. Chem. 1982, 54, 927-938. 
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benzene ring with six simple dimethylamino substituents was not 
easily oxidized to the dication,3 apparently because the substituents 
are twisted by steric interaction. We now wish to report the 
synthesis and preliminary study of HOC (II), in which the nitrogen 
atoms can fully contribute to the stabilization of higher oxidation 
states of the benzene ring. As expected, a variety of cations of 
II can be prepared or detected. Furthermore, the dication of II 
is indeed in a triplet electronic state, with the correct spectroscopic 
properties. 

Catalytic hydrogenation (10% Pd/C, EtOAc) of 2,4,6-tri-
nitro-l,3,5-triaminobenzene4 afforded crude hexaaminobenzene 
(III)5 in ca. 80% yield. The air-sensitive substance was directly 
converted to the hexaamide IV6 with chloroacetyl chloride in 59% 
overall yield based on the trinitro compound, and IV was cyclized 
with 0.4 M NaOEt in EtOH/Me2SO at room temperature. If 
the cyclization steps were completely random, the desired product 
V should have been formed in only 46% yield. The formation of 
V requires that all the alkylations be, e.g., in a clockwise sense, 
and any counterclockwise process should block its formation. If 
the cyclizations had been random but complete as far as possible, 
they should also have formed products VI and VII. However, 
we hoped that cyclization might propagate, so that the first 
akylation would make it easier to alkylate in the neighboring 
position. This is indeed the case. The yield of V6 is 80%, and 
other cyclization isomers (VI and VII) are not detected. When 
only 2 equiv of NaOEt are used with IV, the fully cyclized desired 
product V is formed in 99% of the theoretical (33%) yield, and 
IV is recovered in 94% of the theoretical (67%) yield. Presumably 
the neighboring alkylation is faster when the first cyclization forces 
a chloroacetyl group into the plane, or possibly cyclization increases 
the NH acidity. 

Reduction of V with borane affords HOC (II) in 77% yield as 
an air-sensitive solid. The 1H NMR spectrum of II shows a signal 
at 3.1 ppm. The EI mass spectrum (70 V) shows M+ at 324 and 
M2+ at 162. Cyclic voltammetry of II in CH3CN at 600 mV/s 
shows four reversible waves at -0.11, 0.36, 0.87, and 1.25 V vs. 
SCE. It is interesting that the fourth wave corresponds to the 
formation of HOC4+, a tetracation with two TT electrons instead 
of six (ignoring the nitrogen electrons, which of course contribute 
much to the stability of these cations). The third and fourth waves 
indicate formation of the first reported derivatives of benzene 
trication and tetracation. 

The cation radical HOC+ was formed by oxidation (with air 
or I2, Br2, or NO+SbF6") as a deep green species, Xmax (e) 716 
(10400), 373 (8300), 304 nm (27 000). The ESR spectrum 
showed 23-25 lines. The dication HOC2+ was prepared by ox­
idation of HOC in CH2Cl2 with 2 equiv of NO+SbF6" in CH3CN. 
It gave a purple solution, Xmax («) 525 (15 000), 360 sh, 316 nm 
(28 000). The frozen solution showed a typical triplet ESR 
spectrum, with Am = 2 at 1485, z lines at 2545 and 3805, and 
x, y lines at 2825 and 3560 G. From this the value of E is zero, 
and the value of the zero-field splitting parameter D is 0.059 cm-1, 
larger than the 0.022 cm"1 for the triplet dication of I1 but smaller 
than the 0.101 cm"1 of hexachlorobenzene dication.7 The intensity 
of the Am = 2 transition follows the Curie \/T law over the 
temperature range 100-150 K, as expected if the triplet is the 
ground state. 

Further work will be needed to characterize the HOC2+ triplet 
species completely, and to establish whether it can be used to 
construct an organic ferromagnet. The easy synthesis devised for 
HOC should make it possible to explore the properties of all the 
cations that electrochemistry indicates to be accessible. 

Acknowledgment. This work has been supported by the Na­
tional Science Foundation. 

(3) Johnson, W. R. Ph.D. Thesis, Columbia University, New York, 1976. 
(4) Fliirscheim, B.', Holmes, E. L. J. Chem. Soc. 1929, 330-337. 
(5) Backer et al. (Backer, H. J.; van der Baan, Sj. Reel. Trav. Chim. 

Pays-Bas 1937, 56, 1175-1186) and ref 4 report this compound by reduction 
with phenylhydrazine. We find that catalytic hydrogenation is much superior. 

(6) Characterized by MS, 1H NMR, IR, and combustion analysis. 
(7) Wasserman, E.; Hutton, R. S.; Kuck, V. J.; Chandross, E. J. Am. 

Chem. Soc. 1974, 96, 1965-1966. 

© 1984 American Chemical Society 


