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anionic chelating and bridging ligand xanthopterinate (=xanth). 

(A)2Mo04-2H20 + 77(NH4)6Mo7024-4H20 + 
A = Na, TEA 

Me2SO 

2 xanthopterin go „c < | h» (A)2Mo205(xanth)2 

Use of ammonium heptamolybdate in the reaction is critical to 
formation of the product in high yields. The dinuclear complex 
is moisture sensitive and degrades in the atmosphere or in wet 
solvents to xanthopterin and an unidentified polymolybdate. The 
dimeric complex does not react with triphenyl phosphine when 
heated at 110 0C for 4 h. However, treatment with the protic 
reactants dithiothreitol (dttH2) or 3,4-toluenedithiol (tdtH2) 
precipitates xanthopterin with formation of a molybdenum-oxo-dtt 
complex or Mo(tdt)3, respectively, as identified by TLC. 

The electronic spectrum of xanthopterin in DMF shows an 
absorption at 390 nm (e = 3360 cm"1 M"1) that shifts to 424 nm 
(e = 2400 cm"1 M"1) upon deprotonation to the dianionic form 
in strong base.8 The corresponding Xmax for the Na+ and TEA+ 

salts of Mo2Os(xanth)2
2- in DMF are 418 nm (e = 6820 cm"1 M"1) 

and 424 nm (« = 6910 cm"1 M"1), respectively, suggesting that 
xanthopterin exists in a doubly deprotonated form in the mo
lybdenum complex. Infrared data9 from both salts of the dimer 
suggest coordination through both oxygen atoms of the pterin since 
the strong ^c=O absorptions of xanthopterin at 1680 and 1660 
cm"1 are absent in the product spectrum. Absorptions typical10 

of terminal M o = O and bridging Mo-O-Mo groups of the 
[Mo2O5

2+] unit were observed near 930, 900 cm"1 and 785, 765 
cm"1, respectively. 

The crystal structure13 of [Na(Me2SO)2]2Mo205(xanth)2 

confirms the chelation mode of the xanthopterin ligand. One view 
of the oxo-molybdenum dianion is shown in Figure 1. Selected 
bond distances and angles are given in Table I. 

The dimolybdenum dianion consists of a syn-[Mo2O5
2+] unit 

chelated and bridged by two xanthopterinate ligands. A non-
crystallographic molecular 2-fold symmetry axis passes through 
the bridging oxygen in a plane perpendicular to the Mo-Mo axis. 
In [Mo205(xanth)2]2" coordination of the two oxygen atoms of 
each pterin ligand to different Mo atoms favors formation of the 
less common .JyH-[Mo2O5]

2"1" unit.11 Each molybdenum is bound 
to 0 3 and N5 of one xanthopterin forming a five-membered 
chelate ring analogous to that of 8-hydroxyquinolinate. This 
binding mode is analogous to the "primary binding site"4f observed 
in flavins coordinated to Ru(II),4e Cu(I), Cu(II),4f and Ag(I).4* 
The second oxygen atom, 04 , bridges the xanthopterin ligand to 

(7) Pariyadath, N., manuscript in preparation. 
(8) TEA2(xanth) was prepared by dissolving xanthopterin in methanol by 

dropwise addition of 2 equiv of TEAOH (as a 25% methanolic solution) then 
precipitating the salt with diethyl ether. 

(9) Infrared data (KBr, era"'): [Na-(dmf)2]2Mo2Os(xanth)2 i*NH 3395 s, 
3340 s; yCE=0(dmf) 1663 vs; vc—o.c—N 1616 rn, 1565 s, 1538 vs; M̂o=O 

934 
s, 906 sh, 902 s; cMo_o_Mo 782 iris, 768 m; i/Mo_o,i/Mo_N(ligand) 683 w, 665 
m, 630 m, 560 m. TEA2Mo205(xanth)2 eNH 3415 s, 3305 m; XC-OC-N 1620 
m, 1554 vs, 1538 s; KMO_O 926 s, 904 s, 899 s, 894 sh; pMo_o_Mo 785 ms, 760 
s; "Mo-o^Mo-NOigand) 684 w, 629 m, 616 m, 552 m. 

(10) (a) Wieghardt, K.; Backes-Dahmann, G.; Herrmann, W.; Weiss, J. 
Angew. Chem., Int. Ed. Engl. 1984, 23, 899. (b) Marabella, C. P.; Enemark, 
J. H.; Miller, K. F.; Bruce, A. E.; Pariyadath, N.; Corbin, J. L.; Stiefel, E. 
I. Inorg. Chem. 1983, 22, 3456. 

(11) (a) Pierpont, C. G.; Buchanan, R. M. Inorg. Chem. 1982, 21, 652. 
(b) Pierpont, C. G.; Buchanan, R. M. J. Am. Chem. Soc. 1975, 97, 6450. 

(12) Uyeda, K.; Rabinowitz, J. C. Anal. Biochem. 1963, 6, 100. 
(13) Crystals of [Na(Me2SO)2]2[Mo2Os(xanth)2] were grown from 

Me2SO/THF. A yellow-orange rectangular parallelepiped of approximate 
dimensions 0.45 X 0.45 X 0.52 mm was glued to the inside of a thin-walled 
capillary and sealed with mother liquor. Data were collected on a Nicolet 
four-circle autodiffractometer using Mo Ka radiation and the structure was 
solved by Dr. Cynthia Day of Crystalytics Co. The compound crystallizes in 
the triclinic lattice system, space group Pl, having cell dimensions a = 9.404 
(2) A, b = 9.412 (2) A, c = 23.721 (5) A and a = 92.18 (2)°, /3 = 92.01 (2)°, 
7 = 90.22 (2)° giving V = 2097 (1) A3 and a calculated density of 1.560 
g/cm3 for Z = I. The structure was solved by using direct methods. Hy
drogen atoms on amino nitrogens Na and Nb were located from a difference 
Fourier synthesis and refined as isotropic spheres. All other hydrogen positions 
were calculated assuming C-H distances of 0.96. Final least-squares re
finement on 551 parameters used 4085 unique data having / > 3ff(/) and gave 
residuals R = 4.8 and /?w = 5.6% and GOF of 2.63. 

the second molybdenum. The inner coordination sphere about 
each Mo is a distorted octahedron (see Table I) of one nitrogen 
and five oxygen atoms. The two terminal Mo-oxygen bond lengths 
on each Mo atom are slightly different, likely due to the interaction 
of the sodium counterions with Oa2 and 0 b l . 

The pterin rings are planar and this planarity extends through 
the Mo bound to atoms 0 3 and N5. The dihedral angle between 
pterin planes is 47.3°, a value very close to the angle observed 
in a related catecholate complex, [Mo205(3,5-dibutyl-
catecholate)2].

lla The sodium cations establish a three-dimensional 
crystal lattice by connecting the dianions. Each of the counterions 
is bound to one terminal oxo ligand and one xanthopterin oxygen 
and connects to adjacent dianions through pterin nitrogens Nl 
and N8. The remaining coordination sites of each six-coordinate 
sodium atom are filled by oxygen atoms of two dimethyl sulfoxide 
solvent molecules. 

Coordination of xanthopterin by molybdenum has a large effect 
on the ligand's fluorescence properties. Chelation quenches the 
fluorescence intensity by 95% compared to that of free xantho
pterin. The close resemblance of the spectra from solutions of 
the Mo dimers to that of xanthopterin suggests that the observed 
fluorescence is due to dissociated, neutral ligand (formed by trace 
acid hydrolysis). Previously, the disappearance of fluorescent 
character in pterins has been attributed to their reduction of di-
and tetrahydro forms.12 Clearly, metal coordination also leads 
to fluorescence quenching. 

The results of these initial studies on molybdenum-pterin co
ordination chemistry show (a) structural proof for molybdenum 
coordination through endocyclic nitrogen atoms and exocyclic 
oxygen atoms in pterin heterocycles and (b) effective quenching 
of a highly fluorescent pterin by coordination to molybdenum. 

Registry No. Na2Mo205(xanth)2, 105139-37-5; [TEA]2Mo2O5-
(xanth)2, 105226-34-4; Mo(tdt)3, 10507-75-2; dtt, 3483-12-3; Mo, 
7439-98-7; [Na/(Me2SO)2]2Mo205(xanth)2, 105227-46-1; xanthopterin, 
119-44-8; MO, 7439-98-7. 

Supplementary Material Available: Tables of atomic coordinates 
and anisotropic thermal parameters for non-hydrogen atoms (6 
pages); structure factor tables for [[Mo(O)2(O2N5C6H3)J2O]-
Na2-4(CH3)2SO (18 pages). Ordering information is given on 
any current masthead page. 
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In this paper we report that the title compound can be char
acterized in three stable oxidation states: the reduced, COA 
(leuco, B7),

1 the fully oxidized (tetraquinone imine, "TQI", B3Q4, 
old nomenclature "pernigraniline"), and the intermediate oxidation 
state, B5Q2 ("emeraldine"). The properties of these materials, 
particularly as a function of pH, showed that B5Q2 is an excellent 
model of polyaniline (PANI) because it exhibits all the properties 
of the polymer, particularly Bronsted acid doping.2 

(1) Besides the two capping phenyl groups, in COA there are seven p-
phenylene rings (benzenoid group, B) in the backbone. Oxidation of one of 
the backbone B's produces a quinone imine (quinonoid group, Q); the resulting 
backbone would then be B6Q. Thus this nomenclature: B7 (COA), B6Q 
(COA-BI), B5Q2 (COA "emeraldine"), B4Q3 (COA-"nigraniline"), and B3Q4 
[COA pernigraniline or tetraquinone imine (TQI)]. 

(2) (a) Vachon, D.; Angus, R. O., Jr.; Lu, F. L.; Nowak, M.; Liu, Z. X.; 
Schaffer, H.; Wudl, F.; Heeger, A. J. Synth. Met., in press, (b) The same 
result was found by: Ginder, J. M.; Epstein, A. J.; Bigelow, R. W.; Richter, 
A. F.; MacDiarmid, A. G. Bull. Am. Phys. Soc. 1986, K17. (c) See also: 
Travers, J. P.; Chroboczek, J.; Devreux, F.; Genoud, F.; Nechtschein, M.; 
Syed, A.; Genies, E. M.; Tsintavis, C. MoI. Cryst. Liq. Cryst. 1985, 121, 195. 
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Figure 1. Infrared spectra (KBr) of B5Q2-4HC1-3H20 (top) and 
PANI-HCl (bottom). 

Scheme I 

CO2H 

2 ( 0 ^ - N H - K Q ^ N H 4 - H + HO-^ 

CO2H 

OH = e 

Q>-NH^g^NH^g) 
COA 

The crude product, prepared3 according to Scheme I,2" consisted 
of mostly B6Q as determined from its color and electronic spectrum 
(weak absorption at 620 nm, see Figure 3). Reduction of B6Q 
with phenylhydrazine and recrystallization from D M F containing 
a trace of phenylhydrazine afforded clumps of white microcrystals 
of B7

3 which slowly turned blue when exposed to the atmosphere. 
Two equivalents of ammonium persulfate in aqueous 1.0 M HCl 

(conditions which produce P A N I from aniline) converted B7 to 
deep green HCl salt of B5Q2

4 whose four-probe compressed pellet 
conductivity was ~ 1 S cm~' (same order of magnitude as PANI!)2 

and whose ESR (g = 2.0036, 0.6 spins/molecule), IR (cf. Figures 
1 and 2), and UV-vis spectra (Figure 3) were identical with that 
of Bronsted acid doped polyaniline.2 Dilute aqueous ammonia 
converted the green solid to a blue-black insulator (same behavior 
as PANI , conductivity of <10"7 S cm"1) whose spectral features 
corresponded to those of PANI; phenylhydrazine converted it back 
to B7, indicating that ammonium persulfate did not effect the 
polymerization of B7 to P A N I . 

Excess lead dioxide in D M F , at room temperature, converted 
B7 to B3Q4 ,5 a dark violet ("pernigraniline") solid, soluble in 
chloroform and slightly soluble in hot benzene. 

In summary, we have demonstrated that (1) a monodisperse 
polyaniline of M W 806 can be prepared; (2) it can be converted 
to a partially oxidized form, B5Q2, which exhibits the same 
spectroscopic properties and same conductivity as that of the 

(3) Two equivalents of tetraaniline7 and 1 equiv of dihydroxydihydro-
terephthalic acid (obtained through reduction of dihydroxyterephthalic acid, 
(cf.: Baeyer, A.; Noyes, W. Chem. Ber. 1889, 22, 2168) were allowed to 
condense in distilled, degassed m-cresol over 48 h under an inert atmosphere, 
followed by overnight exposure to air. Dilution with ether, followed by fil
tration, afforded B6Q in 60% yield., UV-vis (DMF) Xn-, 332 (e = 8.84 X 10"), 
618 nm (e = 6.97 X 103). Stirring with excess phenylhydrazine in DMF, 
followed by copious washing with benzene, afforded B7. Anal, calcd for 
C54H46H8: C, 80.40; H, 5.71; N, 13.90. Found: C, 80.53; H, 5.66; N, 13.69. 
UV-vis (DMF) Xmax 334 nm (« = 7.44 X 10"). Ir, see Figure 2. Mp (DSC) 
330 0C, followed by decomposition at 358 0C. 

(4) Anal. CaICdTOrC54H46Cl4N8^H2O: C, 64.67; H, 4.9; Cl, 4.17; N, 
11.18; O, 4.79. Found: C, 65.36; H, 4.97; Cl, 14.01; N, 11.26 (by difference), 
O, 4.40. UV-vis (see Figure 3), IR (see Figure 1). 

(5) MS 798; IR (KBr, cm"1) 3045 w, 1580 s, 1490 s, 1320 m, 1215 m, 1165 
w, 1105 m, 1085 w 1025 w, 1010 w, 955 w, 910 w, 850 s, 795 w, 745 w, 700 
w; UV-vis (DMF) Xmax 320 (i = 4.35 X 10"), 525 nm (« = 2.57 X 103). 

3000 1600 
l/(cm~') 

800 

Figure 2. Infrared spectra (KBr) of COA (top), B5Q2 (middle), and B3Q4 

(bottom), note that the C = N stretching assignable to B5Q2 (1598 cm"1) 
and B3Q4 occurs at exactly the same frequency as the aromatic C = C 
stretching vibration in pristine, white COA. 

300 500 700 900 
X(nm) 

Figure 3. Ultraviolet-visible spectra in DMF solution (not normalized) 
of four different oxidation states of COA and of B5Q2-4HC1-3H20. COA 
( - • ) ; (B6Q) ( - ) ; B5Q2 ( - ) ; B3Q4 (---); B5Q2-4HC1-3H20(-). 

product from ammonium persulfate oxidation of aniline; and (3) 
it can be completely oxidized to a polyimine. The significance 
of these results is that the high conductivity of such a low mo
lecular weight oligomer demands that the charge carriers are 
localized on a few aniline units and that an intermolecular 
mechanism for charge transport is predominant in Bronsted acid 
"doped" B5Q2 and, by inference, in PANI . From these results 
we conclude that qualitatively PANl can be represented fully by 
COA6 and that Wilstatter7 and Wnek's8 hypotheses are sub-

(6) The most recent attempt to model PANI with a small oligomer dealt 
with independent measurements on 7V,A"-diphenyl-p-phenylenediamine and 
7V,A"-diphenylbenzoquinone imine: McManus, P. M.; Yang, S. C; Cushman, 
R. J. J. Chem. Soc, Chem. Commun. 1985, 156. A tetraaniline model was 
recently studied by: Cao, Y.; Li, S.; Zhijiann, X.; Guo, D. Preprint, 1986. 
Wolfe, J. Abstracts of Papers, 192nd National Meeting of the American 
Chemical Society, Anaheim, CA; American Chemical Society: Washington, 
DC, 1986. 



J. Am. Chem. Soc. 1986, 108, 8313-8314 8313 

stantially correct. 
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Seven-membered carbocycles occur among many classes of 
natural products. Most commonly, the seven-membered ring is 
bound to at least one additional ring of another size. Especially 
well-known examples are the guaianes and pseudoguaianes,1 but 
other cases include the himachalenes (e.g., a-himachalene, I),2 

colchicine (2),3 and the phorbol esters (e.g., 3).4 Because of the 
importance of these compounds, many methods have been devised 
for the construction of cycloheptane derivatives.5 However, we 
now report the very direct formation of a tricyclic cyclo-
heptanone-containing system in a one-pot reaction sequence, which 
is based upon the condensation of an enolate with a cyclopropanone 
derivative and which apparently employs the homoenolate re
activity of a cyclopropanoxide intermediate.6 

CH3O 

AoHhJ 

Reaction of the readily available cyclopropanone ethyl hemi-
acetal (4)7 with methylmagnesium bromide followed by the ad
dition of lithium cyclohexenolate affords a mixture of products 
composed of the formal cyclopropanone adduct 5 in 14% yield 
and, much more interestingly, the tricyclic product 6 in 67% yield 
(eq 1). A small amount (3%) of starting material 4 is recovered, 

(1) (a) Nozoe, S. In Natural Products Chemistry; Nakamishi, K., Goto, 
T., Ito, S., Natori, S., Nozoe, S., Eds.; Academic Press: New York, 1974; 
Vol. 1, pp 121-129. (b) Fischer, N. H.; Olivier, E. J.; Fischer, H. D. Fortschr. 
Chem. Org. Naturst. 1979, 38, 47. (c) Heathcock, C. H.; Graham, S. L.; 
Pirrung, M. C; Plavac, F.; White, C. T. In The Total Synthesis of Natural 
Products; ApSimon, J., Ed.; Wiley: New York, 1983; Vol. 5, pp 347-377. 

(2) (a) Joseph, T. C; Dev, S. Tetrahedron 1968, 24, 3809. (b) Piers, E.; 
Ruediger, E. H. Can. J. Chem. 1983, 61, 1239. 

(3) (a) Capraro, H. G.; Brossi, A. In The Alkaloids; Brossi, A., Ed.; 
Academic Press: Orlando, FL, 1984; Vol. 23, pp 1-70. (b) Boger, D. L.; 
Brotherton, C. E. J. Org. Chem. 1985, 50, 3425 and the numerous references 
cited therein. 

(4) (a) Cassady, J. M.; Suffness, M. In Anticancer Agents Based on 
Natural Product Models; Cassady, J. M., Douros, J. D., Eds.; Academic 
Press: New York, 1980. (b) Evans, F. J.; Taylor, S. E. Fortschr. Chem. Org. 
Naturst. 1983, 44, 1 (especially pp 27-57). (c) Ebeling, J. G.; Vandenbark, 
G. R.; Kuhn, L. J.; Ganong, B. R.; Bell, R. M.; Niedel, J. E. Proc. Nat. Acad. 
Sci. U.S.A. 1985, 82, 815. 

HO < 
(I)CH3MgBf, 

OB THF, O0C 

-7»to+25«C 

l/f-
H 

O 

--£-OH 

£ (67%) 

(1) 

but other components, present in trace quantities in the reaction 
mixture, have not been identified. 

Determination of the structure of product 6 was initially dif
ficult, even with the use of 300-MHz 1H NMR and europium shift 
reagent studies. However, the 1H NMR spectrum obtained at 
600 MHz is sufficiently resolved to permit assignment of the 
indicated structure.8 Subsequent single-crystal X-ray diffraction 
studies (Figure 1) confirm this assignment.9 

In order to probe the pathway by which 6 is formed, we have 
done a number of further experiments, the most important of 
which are summarized here. When the simple adduct 5 is isolated 
from the original reaction mixture, purified, and then subjected 
to further reaction with methylmagnesium bromide and lithium 
cyclohexenolate, tricyclic 6 is obtained in 80% yield (eq T). 
Silylation of adduct 5 to give 7 followed by reaction with lithium 
cyclohexenolate permits isolation of the further adducts 8-10 (eq 

(5) For some recent methods for seven-membered carbocycle formation, 
see: (a) Piers, E.; Morton, H. E.; Nagakura, I.; Thies, R. W. Can. J. Chem. 
1983, 61, 1226. (b) Hoffmann, H. M. R.; Henning, R. HeIv. Chim. Acta 
1983, 66, 828. (c) Noyori, R.; Hayakawa, Y. Org. React. 1983, 29, 163. (d) 
Garst, M. E.; McBride, B. J.; Douglass, J. G. Tetrahedron Lett. 1983, 24, 
1675. (e) Hoffmann, H. M. R. Angew. Chem., Int. Ed. Engl. 1984, 23, 1. 
(f) Fohlisch, B.; Herter, R. Chem. Ber. 1984, 117, 2580. (g) Boardman, L. 
D.; Bagheri, V.; Sawada, H.; Negishi, E. J. Am. Chem. Soc. 1984, 106, 6105. 
(h) Bromidge, S. M.; Sammes, P. G.; Street, L. J. J. Chem. Soc, Perkin Trans 
1 1985, 1725. (i) Boger, D. L.; Brotherton, C. E. J. Org. Chem. 1985, 50, 
3425. G) Paquette, L. A.; Kravetz, T. M. Ibid. 1985, 50, 3781. (k) Hudlicky, 
T.; Govindan, S. V.; Frazier, J. O. Ibid. 1985, 50, 4166. (1) Mann, J.; Overton, 
H. J.; Lewis, T. Tetrahedron Lett. 1985, 26, 6133. (m) Joshi, N. N.; Hoff
mann, H. M. R. Ibid. 1986, 27, 687. (n) Wender, P. A.; Fischer, K. Ibid. 
1986, 27, 1857. (o) Sammes, P. G. Gazz. Chim. Ital. 1986, 116, 109. 

(6) For a review of cyclopropanone derivatives, see: (a) Salatin, J. Chem. 
Rev. 1983, 83, 619. For other recent work in this area, see: (b) Marino, J. 
P.; Laborde, E. / . Am. Chem. Soc. 1985, 107, 734. (c) Bury, A.; Earl, H. 
A.; Stirling, C. J. M. J. Chem. Soc, Chem. Commun. 1985, 393. (d) De 
Kimpe, N.; Palamareva, M.; Schamp, N. J. Org. Chem. 1985, 50, 2993. (e) 
Gadwood, R. C; Rubino, M. R.; Nagarajan, S. C.; Michel, S. T. Ibid. 1985, 
50, 3255. (f) Cunico, R. F.; Kuan, C-P. Ibid. 1985, 50, 5410. (g) Nakamura, 
E.; Shimada, J.; Kuwajima, I. Organometallics 1985, 4, 641. (h) Cunico, R. 
F. Ibid. 1985, 4, 2176. (i) Nakamura, E.; Oshino, H.; Kuwajima, I. J. Am. 
Chem. Soc. 1986, 108, 3745. (j) Nakamura, E.; Kuwajima, I. Tetrahedron 
Lett. 1986, 27, 83. (k) Spitzner, D.; Swoboda, H. Ibid. 1986, 27, 1281. (1) 
Fukuzawa, S.; Fujinami, T.; Sakai, S. J. Chem. Soc, Chem. Commun. 1986, 
475. (m) Ryu, I.; Murai, S.; Sonoda, N. J. Org. Chem. 1986, 51, 2389. See 
also ref 5i. 

(7) Salatin, J.; Magerite, J. Org. Synth. 1985, 63, 147. 
(8) The 600-MHz 1H NMR spectrum of 6 (CDCl3; after exchange with 

D2O) was obtained at Carnegie-Mellon University: d 2.92 (dd, J = 12.7, 4.3 
Hz, H11), 2.75 (ddd, J = 15.8, 12.3, 6.0 Hz, H9b), 2.41 (ddd, J = 15.9, 5.9, 
2.6 Hz, H,a), 2.25 (br A, J = 13.4 Hz, H12a), 2.14 (ddd, J = 15.2, 12.4, 6.0 
Hz, Hga), 2.02 (dq, / = 13.9, 3.7 Hz, H12b), 1.89 (br d, J = 13.4 Hz, H6b) 
1.83 (ddd, J = 14.9, 6.0, 2.6 Hz, Hgb), 1.80 (br d, J = 13.4 Hz, H6J, 1.74 
( b r d , / = 13.0Hz, H15b), 1.45-1.64 (m, 8H, CH2), 1.35 (dd, J = 12.2,3.4 
Hz, H2), 1.07-1.24 (m, 3 H, CH1). 

(9) Compound 6 crystallized in the monoclinic space group P2t with a = 
5.808 (2) A, * = 9.036 (4) A, c = 12.839 (3) A, and 0 = 97.68 (2)°. The 
structure was solved with Multan (189 reflections with a minimum E of 1.54 
and 1404 relationships), using 1518 unique reflections with F0

2 > 2.Oa(F0
2) 

(26 < 48.3°) measured on an Enraf-Nonius CAD4 diffractometer using Mo 
Ka radiation. Refinement with anisotropic temperature factors and calculated 
hydrogen atom positions led to R = 0.038 and /?». = 0.059. Complete details 
of this structure determination will be reported in our full paper on the 
cycloheptanone annulation. 

(10) Hanessian, S.; Lavallee, P. Can. J. Chem. 1975, 53, 2975. 
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