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Figure 1. Bond angles used in  the calculations of 1-3. 
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Figure 2. The changes in the energies of the  HOMO (top curve), 
HOMO-1 (center curve), and HOMO-2 (bot tom curve) in 3a-c. 

interactions and mixing of the CZs orbital due to rehy- 
bridization) but destabilized for larger deviations from the 
optimal 0 value. 

How does the same distortion affect benzene? The 
geometry and energy change in a fashion that is analogous 
to that observed for 1 and 2 (Table I). Thus, as 0 deviates 
from 120°, R' lengthens, R2 shortens, and the total energy 
is raised substantially. The molecular orbitals, however, 
behave very differently when compared to those in 1 and 
2 (Table 11, Figure 2). The doubly degenerate HOMO'S 
(which are of a type) lower in energy when going from 3a 
to 3b and 3c, by 2.1 and 6.8 kcal mol-', respectively. The 
other occupied 7r orbital (HOMO-2) is destabilized by 
about the same respective amount (2.4 and 9.1 kcal mol-', 
see Table 11). Therefore, although the total energy is raised 
by 145.8 kcal mol-l along the series, the R energy is lowered 
by 4.5 kcal mol-l. On the other hand, HOMO-1, a doubly 
degenerate u orbital is substantially destabilized (16.6 and 
40.1 kcal mol-l, respectively) during this procedure, acting 
as if it were the HOMO according to Walsh's postulate." 

The structure of 3c was optimized also a t  the HF/6- 
31G* and MP2/3-21G levels of theory. The results (Table 
111) indicate that the observed bond alternation is not an 

(17) A t  the suggestion of a referee, similar calculations were carried 
out (MNDO) on benzene, freezing the CC bonds lengths. As might be 
expected, the relevant orbital changes corresponding to those in Table 
I1 are much smaller, HOMO and HOMO-2 staying practically invariant, 
HOMO-I increasing in energy by increments that are about half of those 
in Table 11. 
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artefact of an inflexible basis set or insufficient correlation 
interaction. 

In summary, our results are in agreement with Shaik's 
understanding of the system, which regards a symmetrical 
R structure as being imposed by the cr frame. In addition, 
the much discussed Mills-Nixon effect18 is confirmed by 
these calculations, implying that the bond fixation present 
in the central ring of the angular phenylenes must origi- 
nate, a t  least partly, from the bond-angle distortion im- 
posed by the attached four-membered rings. 
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Accelerating Effect of a Remote Cationic Center on 
the Cope Rearrangement. Evidence of 
a-Participation by a Norbornane C-C Bond in a 
Novel Tetracyclic Framework? 

Summary: The first observation of acceleration of 
[3,3]-sigmatropic (Cope) rearrangement, by a remote 
cationic center, in a novel tetracyclic framework embodying 
a norbornyl moiety, is described. 

Dedicated with respect and affection to Prof. M. V. George on 
his 60th birthday. 
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Communications 

Sir: In 1960, Yatesla and Cooksonlb were the first to ob- 
serve the acceleration of Cope rearrangement la,b - 2a,b 
under the influence of protic and Lewis acids. Subse- 
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quently, several examples have been reportedlcVd wherein 
a cationic center attached to the 1,Bdiene unit of the Cope 
system catalyzes the reaction through the mutual delo- 
calization of the charge and the six electrons of the Cope 
transition state (Scheme I). Herein, we wish to record the 
first observation of the accelerating effect of a cationic 
center, remote from the Cope system, on the rate of re- 
arrangement. More significantly, such an effect originates 
through the participation of a norbornyl a-bond. 

In connection with a synthetic objective, we recently 
described2 the synthesis of a novel, tetracyclic compound 
3, in which endo positions C2-C6 and C3-C5 of the nor- 
bornane moiety present in it are locked through two sym- 
metrical 3-carbon (propeny1)bridges. The resulting cis,- 
cis-1,5-cyclodecadiene ring (heavy line) in 3 is firmly 
constrained in a boatlike geometry for a facile [3,3]-sig- 
matropic rearrangement to 4, a compound of intrinsic 
synthetic interest to us. However, tetracycle 3 proved to 

3 5 

4 7 8 

be passive to thermal activation and was recovered un- 
changed (-95%) when subjected to standard Cope rear- 
rangement regimen (175 "C, 4 h, o-dichlorobenzene)? But, 
exposure of 3 to 90% H2S04 (0-10 OC, 3 h), conditions 
routinely employed for the deprotection of a-halogenated 
7-oxonorbornane  acetal^,^,^ led to its conversion to the 
rearranged tetracyclic ketone 55 in near quantitative yield. 
During this reaction, neither the anticipated deacetalized 
ketone 7 nor the rearranged acetal 4 could be detected. 
The structure of rearranged ketone 5 was further secured 
through its intramolecular (2 + 2)-photocycloaddition to 
the known hexacyclic ketone 6.2 

Reaction of 3 with Lewis acids was also investigated. 
When exposed to T ic& or BF,-etherate in dichloro- 

(1) (a) Yates, P.; Eaton, P. E. Tetrahedron Lett. 1960,5. (b) Cookson, 
R. C.; Hudec, J.; Williams, R. J. Zbid. 1960,29. (c) Breslow, R.; Hoffman, 
J. M., Jr. J. Am. Chem. SOC. 1972,94,2111. (d) For a recent review on 
catalyzed Cope rearrangements, see: Lutz, R. P. Chem. Rev. 1984,84,205. 

(2) Mehta, G.; Padma, S. J. Am. Chem. SOC. 1987,109, 2212. 
(3) Rhodes, S. J.; Raulins, N. R. Org. React. (N.Y.) 1975, 22, 1. 
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methane under ambient conditions (28 "C, 6 h, -80%), 
3 underwent acetal cleavage and rearrangement to 5. This 
response of acetal 3 to TiC14 is in marked contrast with 
that of related polycyclic acetals 8ak and 9a,2 which under 
identical conditions do not furnish the carbonyl com- 
pounds but lead to 8b5 and 9b,5 respectively, in high yield. 

8a:R= R1 = OCH3 Q p :  R =  R1 = O C H ~  
b: R E  OCH3; R i s C l  b: R = OCH3; R1 =CI 

The striking acceleration of the 3 - 5 rearrangement 
by protic and Lewis acids can be explained through the 
initial rate-determining formation of the oxacarbonium ion 
10, which delocalizes into the Cope system to form the ion 
11 on way to the product 5 (Scheme 11). An alternate, 
though less likely, stepwise mechanistic proposal involving 
intermediate 12 cannot be completely ruled out at  this 
stage. Nevertheless, the important finding emerges that 
we have for the first time a system in which the 7-nor- 
bornyl cation moiety present in 10 elicits definite response 

(4) (a) Akhtar, I. A.; Fray, G. I.; Yarrow, J. M. J. Chem. SOC. C. 1968, 
812. (b) Marchand, A. P.; Chou, T.-C. Tetrahedron 1976,31,2655. (c) 
Eaton, P. E.; Chakraborty, U. R. J.  Am. Chem. SOC. 1978,100,3634. (d) 
Mehta, G.; Nair, M. S.; Srikrishna, A. Indian J. Chem. 1983,22B, 959. 

(5) All new compounds were characterized on the basis of their spec- 
tral and microanalytical data. Compound 5: mp 25C-1 "C dec; IR (KBr) 
3050, 1760, 1620,730 cm-l; 'H NMR (100 MHz, CDC13) 6 6.0-5.84 (2 H, 
m), 3.36-3.16 (4 H, m), 1.85 (4 H, AB q with st, JAB = 10 Hz). On storage 
and in DMSO, 5 readily forms a hydrate 'H NMR (100 MHz, DMSO-d& 
S 6.24-6.1 (2 H, m), 3.34 (4 H, s), 1.88 (4 H, AB q, JAB = 12 Hz); ',C NMR 
(25.0MHz, DMSO-d6) 6 143.1, 133.6, 108.8, 68.7, 32.4, 22.6,19.7. 8b: mp 
>240 "C; IR (KBr) 2950, 1440, 1210, 730 cm-'; 'H NMR (100 MHz, 
CDC1,) 6 3.8 (3 H, s), 3.05 (2 H, br s), 2.92 (2 H, br s), 1.94 (4 H, br s), 
1.8 (4 H, br 8 ) .  9b: mp 228-31 "C; IR (KBr) 3050, 1210, 740 cm-'; 'H 
NMR (100 MHz, CDCI,) 6 6.2-5.8 (4 H, m), 3.82 (3 H, s), 3.72-3.6 (2 H, 
m), 3.52-3.4 (2 H, m). The stereochemistry of 8b and 9b should be 
regarded as tentative. 
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from the C&3 a-bond. Further experiments are planned 
to adduce support for this unusual observation. 
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Regioselective Opening of Epoxides and Ethers by 
(Trialkylsily1)manganese Pentacarbonyl Complexes. 
A General Strategy for the Synthesis of Spiroketal 
Lactone and Cyclopentenone Derivatives 

Summary: (Trialkylsily1)manganese pentacarbonyl reag- 
ents react with epoxides and cyclic ethers in a regioselective 
manner to furnish functionalized alkylmanganese penta- 
carbonyl complexes. These complexes undergo subsequent 
sequential insertion with either alkenes or alkynes to afford 
manganacycles. Photodemetalation of the alkene-derived 
manganacycles give either aldol-like products or spiroketal 
lactone derivatives. Acid-catalyzed demetalation of alkyne 
adducts affords cyclopentenone derivatives by a Nazarov 
cyclization sequence. 

Sir: Preparation of functionalized organotransition metal 
complexes remains as one of the major hurdles to the 
application of transition metal based reagents for organic 
synthesis.' On the other hand, a myriad of methods are 
available in the organic arsenal for the stereoselective 
synthesis of epoxides,2 and epoxides should be ideal sub- 
strates for the synthesis of transition metal reagents if 
effective ring cleavage strategies could be effected. As 
outlined in Scheme I, the nucleophilic opening of an ep- 
oxide by a nucleophilic metal complex to afford a P-alkoxy 
complex should be a viable method of producing func- 
tionalized organotransition metal complexes for further 
elaboration in organic synthesis. In addition, this strategy 
could be extended to cyclic ethers with the expectation that 
regioselective ring scission would yield novel complexes 
poised to serve as intermediates in a wide variety of sub- 
sequent transformations (see Scheme I). 

Our laboratory has recently demonstrated that alkyl- 
manganese pentacarbonyl complexes (1) undergo sequen- 
tial insertion reactions with either alkenes or alkynes to 

(1) For leading references, see: (a) Collman, J. P.; Hegedus, L. S.; 
Norton, J. R.; Finke, R. G. Principles and Applications of Organo- 
transition Metal Chemistry; University Science Books: Mill Valley, CA, 
1987. Kuhlman, E. J.; Alexander, J. J. Coord. Chem. Reu. 1980, 33, 
195-225. Wojcicki, A. Adu. Organomet. Chem. 1973,11,88. Davies, S.  
G. Oganotransition Metal Chemistry: Applications to  Organic Syn -  
thesis; Pergamon: Oxford, 1983. Wender, I.; Pino, P. Organic Synthesis 
uia Metal Carbonyls; Interscience: New York, 1977; Vol. 1 and 2. Kahn, 
M. M. T.; Martell, A. E. Homogenous Catalysis by Metal Complexes; 
Academic: New York, 1974; Vol. 1. 

(2) (a) House, H. 0. Modern Synthetic Reactions, 2nd ed.; Benja- 
min/Cummings: Menlo Park, CA, 1972. (b) Wade, L. G., Jr. Compen- 
dium of Organic Synthetic Methods; Wiley-Interscience: New York, 
Vols. 1-5. ( c )  Behrens, C. H.; Sharpless, K. B. Aldrichimica Acta 1983, 
16, 67 and references cited therein. 
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furnish unique manganese complexes (manganacycles) 2 
and 4, respectively (Scheme 11). Photoinitiated demeta- 
lation of manganacycle 2 gave the 1,Cdicarbonyl derivative 
3, whereas manganacycle 4 underwent demetalation to 
afford either enone 5 or butenolide 6, depending upon the 
specific demetalation conditions e m p l ~ y e d . ~  

A previous investigation by Gladysz had shown that 
TMS complex 7 reacted with epoxides and ethers to yield 
the corresponding (sily1oxy)manganese derivatives; how- 
ever, subsequent reactions of these complexes were not 
r e p ~ r t e d . ~ ? ~  In this paper we report that epoxides and 
cyclic ethers react with (trimethylsily1)manganese penta- 
carbonyl (7) or (tert-butyldimethylsily1)manganese pen- 
tacarbonyl (8) to afford [ (silyloxy)alkyl]manganese com- 
plexes, which are competent in the sequential insertion 
reactions indicated in Scheme I1 and furnish functionalized 
manganacycle derivatives. Subsequent transformations 
of these manganacycles lead to the production of 0-hy- 
droxycarbonyl, spiroketal lactone, and cyclopentenone 
derivatives. 

(3) (a) DeShong, P.; Slough, G. A. Organometallics 1984,3,636. (b) 
DeShong, P.; Slough, G. A. J. Am. Chem. Soc. 1985, 107, 7788. (c) 
DeShong, P.; Slough, G. A.; Rheingold, A. L. Tetrahedron Let t .  1987,28, 
2229. (d) DeShong, P.; Slough, G. A.; Sidler, D. R. Tetrahedron Let t .  
1987,28,2233. (e) DeShong, P.; Slough, G. A.; Elango, V. Carbohydr. Res. 
1987,171, 342. (0 DeShong, P.; Sidler, D. R.; Rybczynski, P. J.; Slough, 
G. A.; Rheingold, A. L. J. A m .  Chem. Soc. 1988,110, 2575. 

(4) (a) Brinkman, K. C.; Gladysz, J. A. J. Chem. Soc., Chem. Commun. 
1980,1260. (b) Gladysz, J. A. Acc. Chem. Res. 1984,17,326. For related 
studies, see 4c-f. (c) Gladysz, J. A.; Williams, G. M.; Tam, W.; Johnson, 
D. L.; Parker, D. W.; Selover, J. C. Inorg. Chem. 1979, 18, 553. (d) 
Johnson, D. L.; Gladysz, J. A. Inorg. Chem. 1981,20,2508. (e) Marsi, M.; 
Gladysz, J. A. Organometallics 1982, 1, 1467. (0 Marsi, M.; Brinkman, 
K. C.; Lisensky, C. A.; Vaughn, G. D.; Gladysz, J. A. J. Org. Chem. 1985, 
50, 3396. 

(5) For related chemistry in a cobalt system, see: Murai, T.; Kato, S.; 
Murai, S.; Toki, T.; Suzuki, S.; Sonoda, N. J.  Am. Chem. Soc. 1984, 106, 
6093. 
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