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Recent interest in the chemistry of the trishomocubyl system "% and other highly strained cage

hydrocarbon systems prompts us to communicate some preliminary results of our investigation of the

2.6.03.10-05,9

reaction of the ditosylate (2) derived from pentacyclo(5.4.0.0 )undecane-endo,endo-8,11-

diol Ql)‘ with sodium iodide in hexamethylphosphoramide (HMPA) solvent. This reaction affords five
products, (see S<:he|le).5 The isomeric diiodides (3, 4, and 5) were isolated in a total 43.4% yield.
Nmr analysis of the product mixture which contained 3, 4, and 5 was performed via integration of the
broad singlets corresponding to the protons geminal to the iodine atoms in these three compounds. This
analysis revealed the presence of the diiodides in the ratio 3 : (4 + 5) = ca. 1 : 1.5. Separation of
the three isomeric diiodides was effected via elution chromatography on silica gel (hexane eluant);
the diiodides were eluted in the order 3 - 5 - 4. The isomeric C11H;5 hydrocarbons (6 and 7) were iso-
lated via preparative vpc techniques in a total 11.6% yield. Vpc analysis of the product mixture con-
taining 6 and ] revealed their presence in the ratio 1 : 2.5.

Dehalogenation of diiodide 3 with tri-n-butyltin hydride afforded the corresponding hydrocarbon
(§)6. Dehalogenation of diiodides 4 and 5 with either zinc-acetic at:i.dz’3 or with tri-n-butyltin hy-
dride afforded trishomocubane, (9). Comparison of spectral and physical properties of the products of
these dehalogenation reactions with the corresponding literature values for _8_6 and _22’3 pemitted
our assigning the carbon skeletons of 3 and of 4 and 5, respectively.

The carbon-iodine bond stereochemistries in 3, 4, and 5 were determined yia analysis of their

i3 3

C mmr spectra. The proton noise-decoupled 1 C nmr spectrum of 3 displayed six pesks: 73.9, 78.3,

79.3, 86.4, 97.1, and 97.2 ppm upfield from benzene. The off-resonance decoupled 13

C nmx spectrum of
3 displayed five doublets and one triplet. These spectra are consistent with 3 having the C-I bonds

either endo,endo or exo,exo; sterically and mechanistically (i.e., Sy2 displacement of the endo- tosy-

late groups in 2 by iodide), the latter would appear to be the more likely of the two choices.
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The proton noise-decoupled 13¢ mar spectrum of 4 displayed eleven peaks: 69,2, 70.7, 71.8, 75.1,

79.1, 79.9, 87.2, 88,0, 95.9, 98.1, and 98.6 ppm upfield from benzene., This result requires the endo,

exo configuration of the C~I bonds in 4. The corresponding off-resonance decoupled 130 nmr spectrum

of 5 displayed only six peaks: 68.9, 72.2, 81.9, 87.7, 94.3, and 99.2 ppm upfield from benzene. This

result is consistent with either the endo,endo or exo,exo configuration of the C-I bonds im 3. Ster-
ically and mechanistically, the latter would appear to the the more likely of the two choices. Assi-
gmment of the structure of diene 6 was made vis analysis of its proton noise-decoupled 130 nmr spec-
trum (four peaks: 96.8, 79.5, 63.6, and -8.6 ppm from benzene), its It — spectrum, and by compari-
son of its physical properties with literature valuesl’z.

The title compound (7) was identified via analysis of its 130 nor gpectrum. The proton noise~
decoupled 13(':-F'I.‘ omr spectrum of 7 displayed eight lines, five arising from distinct carbon atoms
(C2, C3, C4, C7, and CB- see Scheme) and three arising from pairs of equivalent carbon atoms (Cl-C6,
C€5-Cl1, and C9-Cl0). The chemical shifts (ppm upfield from benzene) are: 66,4(1C), 71.2(2C), 75.8
(20), 79.8(1C), 87.6(1C), 88.5(2C), 88.7(1C), and 92.4(1C). The off-resonance decoupled 1 C-FT nmr
spectrum of 7 displayed seven doublets and ome triplet (the latter occurring 88.7 ppm upfield from
benzene). That 7 contains only one cyclopropane ring is suggested by the fact that it reacts with
Br2/CHC13 solution to afford a mixture of isomeric dibromides (CanBrZ, mol. wt., (by mass spectro-
metry) 302/304/306, with the intensity profile characteristic of the Bry multiplet)7.

There are two points which come out of this study which merit additional comment. First, Schley-
er and coworkersz have reported the synthesis of 4 and 5 as a "mixture of trishomocubyl diiodides"
having mp 82-84°. The foregoing 130 nmr spectral evidence suggests that our materials are the stereo-
chemically pure exo,endo and exo,exo diiodides, respectively.

The second point relates to the mechanism of formation of products 4 - 7. Control experiments
were performed by subjecting each of the products 3, 4, and 5 in turn to the reaction conditions,
(i.e., Nal in HMPA solvent, 125-130°, 45 br). The results of these control experiments, indicated
in the Pigure, suggest that 7 must be formed from 3 and not from either 4 or 5. Indeed, compounds
4 - 7 are all formed irreversibly from 3. Products 4 and 5 mutually equilibrate when either pure
compound is subjected to the reaction conditioms.

A particularly salient feature of the mechanism shown in the Figure is that an iodide-promoted
1,4-dehalogenation leading to the formation of a new, highly strained carbon-carbon sigma bond via
reductive cyclization is required to account for the formation of 7 from 3. Such reductive cycliza-
tions of «, © -dihalides are commonly encountered when promoted either electrolytically or by

8
powgrful nucleophiles. However, it is unusual to emncounter iodide-promoted reductive cycligzation in
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a 1,4-dihalide which must necessarily lead to the formation of such a highly strained cage system asj

Ve are presently studying some aspects of the chemistry of 7. We hope to report the results of
these studies shortly.

Financial support of the present study by the Faculty Research Pund, University of Oklahoma Re-
search Council, is gratefully acknowledged. We also gratefully acknowledge grants from the National
Science Foundation (GP 38410) and the Phillips Petroleum Company, Bartlesville, Oklahoma, which aided
in the purchase of nmr spectrometers and accessories at the University of Oklahoma.

REFERENCES

1. G. Underwood and B. Ramamoorthy, Tetrahedron Lett., 4125 (1970).

2. S. A. Godleski, P. von R. Schleyer, E. Osawa, and G. J. Kent, \Che-, Commun., 976 (1974).

3. P. E. Eaton, R. A, Hudson, and C. Giordano, Chem. Commun., 978 (1974).

4. Synthesis of 1: T. Sasaki, $. Eguchi, T, Kiriysma, and 0. Hiroaki, Tetrahedron, 30, 2707 (1974).

5. Satisfactory microanalytical data were obtained for all new compounds.

6. A. P, Marchand and R, W. Allen, J, Org. Chem., 39, 1596 (1974).

7. J. H. Beynon, "Mass Spectrometry and its Applications to Organic Chemistry", Elseview Publishing
Company, New York, N. Y., 1960, pp. 298-299.

8. Cf. H. O, House, "Modern Synthetic Reactions", 2nd Edition, W, A, Benjamin, Inc., New York, N, Y

1972, pp. 544-545, and references cited therein.



