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CATIONIC CYCLIZATION REACTIONS INITIATED
BY STABILIZED BENZYL CATIONS
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SUMMARY: The in situ generation of stabilized benzyl cations and their subsequent use in cyclization
reactions with a monosubstituted benzene, a furan and a B-keto ester terminators is described.

The role of electron rich aromatic rings in cationic cyclizations has been limited largely to their use
as terminators in these reactions.! There are only limited reports of such a system being used to facilitate
the initiation of a cyclization reaction, and the generality of the process has not been examined. Previous
reports in this area come from the work of Murphy,2 Evans,® Kametani,4 Lednicer,5 and others,® who
have reported that 6-membered rings couid be made quite efficiently using stabilized benzyl cations to
initiate cyclization reactions, however only electron rich aromatic benzenes were used as the cyclization
lerminators.” For example, Lednicer treated benzyl alcohol 1 with p-toluene sulfonic acid in refluxing

benzene to afford a 56% yield of tetrahydronaphthalene 2 (equation 1).5
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Tetrahydronaphthalenes such as 2 are important fungicidal agents,8 inhibitor-antifertility agents,?

and possess hypocholestereclemic activity,1° yet their preparation via a benzyl cation initiated cyclization
has seen only limited application. We report herein the development of a general method for the in-situ
generation of stabilized benzyl cations and their subsequent use in cyclization reactions with several dif-
ferent cyclization terminators.

The work described here is directed toward studying the chemistry of unsubstituted, highly reactive
quinone methides, which can be viewed as either a protonated quinone methide or a stabilized benzyl cation
(Figure 1).11 The generation of benzyl cations from benzylic alcohols and ethers is normally effected by an
excess of a strong protic or Lewis Acid at ambient temperatures or above,2-7 howaver, there are ex-
ceptions.12
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FIGURE 1
W i H
e reasoned that a bidentate group such as a OH +O/
methoxyethoxymethyl (MEM) ether would afford a quinone
methide/benzyl cation under mild conditions upon treatment S
with Zn(ll) or Ti{IV) at low temperatures, allowing access
to the cationic intermediate under extremely mild conditions. +
While this notion provided the initial impetus for the studies PHENOL QUINONE
CATION METHIDE

presented here, our results show that simple alkyl ethers
and unprotected benzyl alcohols are also sources of benzyl
cations under mild conditions.

The required substrates shown in Table 1 were prepared using standard chemistry.73 The cy-
clization reactions were carried out using titanium tetrachloride for all terminators except a B-keto
esler (entries 1 and 2) where trifluoroacetic acid proved more effective. The reaction tolerates ter-
minators with a range of reactivity, is very fast, and the yields are excellent. Even though a strong
Lewis acid is utilized in entries 4-9, the reaction times are extremely short and the temperature is
low (-78°C). Entries 5 and 6 show a MEM ether and a methyl ether afford virtually identical yields of
the tetrahydronaphthalene. This biologically active compound (entries 5 and 6) has been previously
prepared by several groups via different routes.’¥  Entries 8 and 9 show that it is not necessary 1o
protect the benzylic alcohol at all. This is the only example where the yield is higher when the reaction
is conducted at room temperature.

It is worth noting that this in-situ procedure affords a 0
higher yield of cyclized product than when quinone methide 3
(an isolated intermediale) is subjected to the same reaction ‘
conditions.!1® These studies bode faverably for the appli- |
cation of the reaction as a general synthesis method; the
choice of leaving group is governed by its ease of introduc- O
tion and chemical compatibility with the reaction sequence 3
involved, not due to a limitation of the methadology.

The substituent requirements on the phenol oxygen have been examined to determine if a quinone
methide (or protonated quinone methide) intermediate is required for a successful cyclization. In
entry 2, the O-methyl phencl afforded the cyclized product in 99% yield, however the reaction half-
life increased by a factor of 1.75 relative to the free phenol (4 minutes vs 7 minutes}; the
corresponding acetate (entry 3), fails to give any cyclized product under identical conditions, the only
reaction that occurred was decomposition of the MEM ether (half-life>1 week). The ability to form a
quinone methide is not a reguirement for a reaction to occur, however, the rate of reaction with a free
phenol is notably faster than the corresponding O-alkyl phenol.

Eniry 7 shows the cyclization results in modest stereoselectivity (4.4 : 1) when 1,3-disubsti-
tuted tetrahydronaphthalenes are formed using this methodology.
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TABLE 1. BENZYL CATION INITIATED CYCLIZATION REACTIONS
ENTRY SUBSTRATE’ CONDITIONS PRODUCT YIELD® (%)

OR
1 R=H
10 eq CF3CO2H
2 OMEM R=CH, 15 min, 24°C
[0}
CHCl3
3 COCHs g pc

94 (1:1)°¢

99 (1:1)°
CO,CH;

OO
o1 ]
o)
o

OH OH
4 eq TiCly
4 3 min, -78°C 76
OMEM CHLCl, o
/=0 | 4
-
OH
5 R2zH, R®=MEM OH 93
J vearmon ()
6 oR® R2zH, R®*<CH3; 2 min, -78°C 96
O e LG
7  R? R2=CHj, R®°=MEM R2 97 (4.4:1)°
4 eq TiClg
OH
8 2 min, -78°C OH 78
O CHCl, O
OH
4 eq TiCly .O
9 O 2 min, 24°C 9
CHsClp

Al ylelds refer to isolated, purified compounds, characterized by 'H NMR, e NMR, IR, MS
and HRMS or elemental analysis, homogeneous by tlc and capillary GC analysis.

No reaction was observed. ° Ratic of diastereoisomers determined by capillary GC.
MEM = CH,OCH,CH;OCH;

Based on the results described above we anticipate benzyl cation initiated cyclization reactions to
be a general process that can be used with a large variety of cyclization terminators. Current work is
directed toward applying the methodology to the synthesis of natural products.



5744

ACKNOWLEDGEMENTS  We thank Dr. Richard Kondrat and Mr. Ronald New for obtaining the mass
spectra of all new compounds. This research was supported by a grant from the National Institutes of
Heaith (GM 39354).

REFERENCES

1.

10.

11.

12.

13.

14,

C.f. Bartlett, P.A. "Olefin Cyclization Processes That Form Carbon-Caroon Bonds” in:
Asymmetric Synthesis Vol 3 Morrison, J.D. ed; Academic Press, New York,1984, pp 341-
409.

Murphy, W.S.; Wattanasin, 8. J. Chem. Soc. Perkin | 1980, 1567.

Hart, D.J.; Cain, P.A.; Evans, D.A. J. Am. Chem. Soc. 1978, 100, 1548.

Kametani, T.; Takahashi, K.; Logc, C.V. Tetrahedron 1975, 31, 235.

Lednicer, D.; Emmert, D.E.; Lyster, 8.C.; Duncan, G.W. J. Med. Chem. 1969, 12, 881.

Cf. (a) Bradley, J.P.; Jarvis, T.C.; Johnson, C.D.; McDonnell, P.D.; Weatherstone, T.A.P.
Tetrahedron Lett. 1983, 24, 2851. (b) Kuhn, von M.; von Wartburg, A. Helv. Chim. Acta
1967, 50, 1546. (c) Brown, E.; Loriot, M.; Robin, J.-P. Tetrahedron Lett. 1979, 20,
1389. (d) Ganeshpure, P.A.; Stevenson, R. J. Chem. Soc. Perkin | 1981, 1681. (e}
Ziegler, F.E.; Schwartz, J.A. J. Org. Chem. 1978, 43, 985.

For an example of a cyclization terminated by a mono alkyl-substituted benzene see: Snider,
B.B.; Jackson, A.C. J. Org. Chem. 1983, 48, 985.

Bencze, W.L.; Huebner, C.F. Chem. Abs. 1964, 60, 9220; Belgium Patent No. 626,199, June
1963.

{a) Bencze, W.L.; Carney, RW.J.; Barsky, L..; Renzi, A.A.;; Dorfman, L.; deStevens, G.
Experientia, 1965, 21, 261. (b} Bencze, W.L.; Carney, R.W.J.; Barsky, L.I.; Renzi, A.A.;
deStevens, G. J. Med. Chem. 1967, 10, 138. (c) Tatee, T.; Carlson, K.E.; Katzenellenbogen,
J.A.; Robertson, D.W. J. Med. Chem, 1979, 22, 1509.

Bencze, W.L. Chem. Abs. 1965, 63, 13177, Netherlands Patent No. 6,413,268, May 1965.

For previous work from our laboratory on the chemistry of quinone methides see: (a) Angle,
S.R.; Tumbull, K.D. J. Am. Chem. Soc. 1989, 111, 1136. (b) Angle, S.R.; Louie, M.8.;
Mattson, H.L.; Yang, W. Tetrahedron Lett. 1989, 30, 1193.

Using SbFs/S02CIF Qlah and co-workers have observed the formation of benzyl cations from

benzyl aicohols at -789C: (a) Olah, G.A.; Porter, R.D.: Jeuell, C.L.; White, AM. J. Am. Chem.
Soc. 1972, 94, 2044. (b) Bollinger, J.M.; Comisarow, M.B.; Cupas, C.A.; Olah, G.A. J. Am.
Chem. Soc. 1967, 89, 5687.

Angle, 8.R.; Louie, M.S. Unpublished work.
(a) Bencze, W.L.; Kisis, B.; Puckett, R.T.; Finch, N. Tetrahedron, 1970, 26, 5407. (b}

Jacques, J.; Kagan, H. B. Bull. Sec. Chim. Fr. 1956, 128. (c) Mentzer, C.; Molho, D.; Xuong,
D. Bull. Soc. Chim. Fr.1948, 268. (d) Koenigs, W. Chem Ber. 1891, 24, 179.

(Received in USA 7 July 1989)



