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Abstract 

Iron(III) tetraphenylporphyrin, Fe(tpp)OTf, is an efficient catalyst for the regioselective rearrangement of 
simple monoalkyl-substituted epoxides into the corresponding aldehydes. © 1999 Elsevier Science Ltd. All rights 
reserved. 
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Epoxides are one of the most versatile classes of organic compounds owing to their high reactivity. 
Among epoxide-transformations, the rearrangement of epoxides such as those bearing aryl-, vinyl-, silyl-, 
and trialkyl-substituents to carbonyl compounds is a well-investigated reaction, and leading references 
can be found in several reviews and articles. 1,2 However, less commonly observed are isomerization 
reactions of epoxides having a simple monoalkyl-substituent to the corresponding aldehydes and/or 
methyl ketones. 3-5 In particular, reports on a regioselective catalytic version of the isomerization to 
aldehydes are very limited. 4,5 In the course of our general research program directed toward the 
development of novel and synthetically useful chemical properties of metalloporphyrins, we have 
recently found that a high-valent metalloporphyrin works as a mild and characteristic Lewis acid 
catalyst in the rearrangement of small-ring heterocycles. 6 This communication describes that monoalkyl- 
substituted epoxides (1) are effectively isomerized to aldehydes (2) by iron(HI) tetraphenylporphyrin 
triflate, Fe(tpp)OTf, catalysis in a highly regioselective manner (Scheme 1). 

R~_~ Fe(tpp)OTf / 2 tool% 

dioxane / reflux ~ R H 

Scheme 1. 

Table 1 shows the results of rearrangement of 1,2-epoxydecane (la)  with Lewis acids. All attempts 
with conventional Lewis acids such as BF3.0Et2, TiCh and MgBr2.0Et2 in a catalytic (5 mol%) and an 
equimolar amount in dichloromethane were unsuccessful; no reaction occurred (runs 2, 4 and 6) or gave 
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T a b l e  1 

L e w i s  a c i d - m e d i a t e d  r e a r r a n g e m e n t  o f  e p o x i d e  l a  

O 
, ~ r  o Lewis Acid ~,~,,,7 CHO + 

l a  2a 3a 

Conditions Yield (%)e 
Run Lewis acid (mol%) solvent / time I temp (2a/3a) b 

1 BF3-OEt 2 (100) CH2CI 2 / 05h / 0*C complex mixture 

2 BF3.OEt 2 (5) CH2CI 2 / 24h / 0*C-= r t no reaction 

3 TiCI4 (100) CH2CI2 / 05h I 0*C complex mixture 
4 TiCI4 (5) CH2CI2124h I 0*C --,~ r t no reaction 

5 MgBr2"OEt2 (100) CH2CI 2 / 05h / 0*C complex mixture 

6 MgBr2.OEt 2 (5) CH2CI 2124h I 0°C --~- r t no reaction 

7 Fe(tpp)OTf (2) CICH2CH2CI / 45h / reflux 93 (93/7) 

I 8 Fe(tpp)OTf (2) dioxane / 15h I reflux -100 (96•4) I 

9 Fe(tpp)OTf (2) toluene / 3h / reflux -100 (94/6) 

10 Fe(tpp)CIO4 (2) dioxane / 8h / reflux 79 ¢ (93/7) 

a Isolated yi©ld. 
b Isomer ratios were demrmin~l by 270MHz I H-NMR analysis of tl~ etude re.action mixture, 
c 15% of la  was rccov©r~. 

only inseparable complex mixtures (runs 1, 3 and 5). On the other hand, iron(III) tetraphenylporphyrin 
complexes with sufficient Lewis acidity showed a unique behavior for the rearrangement of la. 7 When 
la  was treated with a catalytic amount of Fe(tpp)OTf (2 mol%) in refluxing 1,2-dichloroethane for 4.5 
h, the corresponding aldehyde 2a was obtained in high yield along with a small amount of methylketone 
3a (run 7). The total yield and the ratio of 2a and 3a were 93% and 93/7, respectively. This catalytic 
rearrangement also took place smoothly in various solvents with practical regioselectivity (runs 7-9), 
and the reaction in dioxane gave the most satisfactory result with respect to the yield, reaction time and 
the isomer ratio of 2a and 3a (run 8). The same rearrangement with Fe(tpp)C104 (2 mol%) was, on the 
other hand, incomplete in dioxane; 15% of the starting material was recovered after an 8 h reaction (run 
10). 

We then examined the generality of the Fe(tpp)OTf-catalyzed rearrangement with various monoalkyl- 
substituted epoxides ( la - l f )  in refluxing dioxane, a The results are summarized in Table 2. The total 
yield and regioselectivity of the products in the rearrangement were independent of the chain length of 
the epoxides used, and la  and lb  were quantitatively converted to the corresponding aldehydes, 2a and 
2b, respectively. The presence of a phenyl group or a terminal double bond in the substrates essentially 
showed no effect on the regioselectivity of the rearrangement: epoxides l c - l e  were regioselectively 
converted to the corresponding aldehydes 2e-2e in satisfactory yields. Diepoxide If  also underwent 
the catalytic isomerization without an increased amount of catalyst under the same conditions. Again, 
the yield and chemoselectivity of dialdehyde 2f were excellent. Although we have not yet studied 
the mechanism of this rearrangement, the rationale for the formation of aldehydes 2 is as follows: an 
electrophilic attack of metalloporphyrin, Fe(tpp)OTf, toward the oxygen atom of epoxides I brings about 
the C-O bond cleavage to give the more stable carbocation, i.e., a secondary carbocation. The subsequent 
1,2-shift of a hydride from the terminal carbon affords aldehyde 2. 

In summary, we have shown that Fe(tpp)OTf can effectively catalyze the regioselective rearrangement 
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Table 2 
Fe(tpp)OTf-catalyzed rearrangement of epoxides 1 to aldehydes 2 

Yield (%)" 
Run Substrate Products (2 1 3) b 

O 

c . o  - 00 
(96/4) 

l a  2a 3a 

0 

(95/5) 
1 b 2b 3b 

O 

(94/6) 

lc  2c 3c 

O -100 
4 P h , v ~  Ph~/~CH 0 Ph.,,~,,,. (94/6) 

ld  2d 3d 
0 

5 p h . , ' ~  P h ~ C H O  ph.,,,,,,,,,~ -100 (9416) 

I • 2e 3e 
0 0 

0 0 6 ~ O H C ~ C H O  ~ 98 (97•3) 

I f  2f 3f 

a Isolated yield. 
b Isomer ratios were determined by 270MHz IH-NMR analysis of the crude reaction mixture. 

of monoalkyl-substituted epoxides 1 to the corresponding aldehydes 2. Compared to other reagents 
reported so far for the rearrangement of 1 to 2, 4,5 the Fe(tpp)OTf catalyst has several advantages as 
follows: (1) this stable, crystalline solid is more convenient to handle; (2) only a catalytic amount of 
Fe(tpp)OTf (<2 mol%) is required for the rearrangement; and (3) high yields and almost complete 
regioselectivity can easily be achieved by this metalloporphyrin catalyst. We are further investigating 
the scope, mechanism, and synthetic utility of this potentially useful reaction. 

Acknowledgements 

This research was supported in part by a Grant-in-Aid for Scientific Research (C) (no. 08672454) from 
the Ministry of Education, Science, Sports, and Culture, Japan, The Science Research Promotion Fund 
from Japan  Private School Promotion Foundation, and Special Grant from Meiji College of Pharmacy. 

R e f e r e n c e s  

1. Reviews: (a) Rickborn, B. In Comprehensive Organic Synthesis; Trost, B. M.; Fleming, I.; Pattenden, G., Eds.; Pergamon: 
Oxford, 1991; Vol. 3, p. 733. (b) Smith, J. G. Synthesis 1984, 629. (c) Crandali, J. K.; Apparu, M. Org. React. 1983, 29, 
345. 



7246 

2. (a) Kulasegaram, S.; Kulawiec, R. J. J. Org. Chem. 1997, 62, 6547. (b) Ishihara, K.; Hanaki, N.; Yamamoto, H. Synlett 
1995, 721. (c) Masaki, Y.; Miura, T.; Ochiai, M. Chem. Lett. 1993, 17. (d) Maruoka, K.; Murase, N.; Bureau, R.; Ooi, T.; 
Yamamoto, H. Tetrahedron 1994, 50, 3663. (e) Sudha, R.; Narasimhan, K. M.; Saraswathy, V. G.; Sankararaman, S. J. 
Org. Chem. 1996, 61, 1877. (f) Picione, J.; Mahmood, S. J.; Gill, A.; Hossain, M. M. Tetrahedron Lett. 1998, 39, 2681. 
(g) Kita, Y.; Kitagaki, S.; Yoshida, Y.; Mihara, S.; Fang, D.-F.; Kondo, M.; Okamoto, S.; Imai, R.; Akai, S.; Fujioka, H. J. 
Org. Chem. 1997, 62, 4997. 

3. Several transition metal-mediated transformations of monoalkyl-substituted epoxides into the corresponding 
methylketones have been reported: (a) Kulasegaram, V.; Kulawiec, R. J. J. Org. Chem. 1994, 59, 7195. (b) Kulasegaram, 
S.; Kulawiec, R. J. Tetrahedron 1998, 54, 1361. (c) Prandi, J.; Namy, J. L.; Menoret, G.; Kagan, H. B. J. Organomet. 
Chem. 1985, 285, 449. 

4. Yamamoto and co-workers have recently demonstrated that a strong basic reagent, lithium 2,2,6,6-tetramethylpiperidide 
(LiTMP), can promote the regioselective transformation of monoalkylsubstituted epoxides into aldehydes. This reaction, 
however, requires more than a stoichiometric amount of LiTMP: Yanagisawa, A.; Yasue, K.; Yamamoto, H. J. Chem. Soc., 
Chem. Commun. 1994, 2103. 

5. It has been reported that Sc- and Ni-based complexes can catalyze the simple rearrangement of propylene oxide to 
propanal: (a) Cabrera, A.; Math~, F.; Castanet, Y.; Mortreux, A.; Petit, E J. Mol. Catal. 1991, 64, LI 1. (b) Miyashita, 
A.; Shimada, T.; Sugawara, A.; Nohira, H. Chem. Lett. 1986, 1323. 

6. (a) Takanami, T.; Hirabe, R.; Ueno, M.; Hino, F.; Suda, K. Chem. Lett. 1996, 1031. (b) Suda, K.; Sashima, M.; Izutsu, M.; 
Hino, E J. Chem. Soc., Chem. Commun. 1994, 949. (c) Suda, K.; Umehara, T.; Hino, F. Chem. Pharm. Bull. 1990, 38, 839. 

7. Fe(tpp)C104 and Fe(tpp)OTf were prepared from Fe(tpp)C1 by ligand exchange reaction with AgC104 and AgOTf, 
respectively, in THF followed by recrystallization (hexane-CH2C12), and stored over silica gel under reduced pressure (1 
mmHg) at 60°C and 110°C, respectively. The identification of these complexes was done by comparison of their UV-vis 
spectra and cyclic voltammograms with those of authentic compounds: (a) Kastner, M. E.; Scheidt, W. R.; Mashiko, T.; 
Reed, C. A. J. Am. Chem. Soc. 1978, 100, 666. (b) Reed, C. A.; Mashiko, T.; Bentley, S. P.; Kastner, M. E.; Scheidt, W. R.; 
Spartalian, K.; Lang, G. J. Am. Chem. Soc. 1979, 101, 2948. (c) Boersma, A. D.; Goff, H. M. lnorg. Chem. 1982, 21,581. 

8. General procedure: A solution of an epoxide 1 (1 mmoi) and Fe(tpp)OTf (0.02 mmol) in dioxane (3 ml) was refluxed under 
N2 until the starting material was no longer detectable by TLC (1.5-6.5 h). The solvent was removed by evaporation and 
the resulting residue was purified by a florisil short column (EtOAc) to give the corresponding aldehyde 2. All the products 
gave satisfactory NMR, IR and high resolution mass spectra. For example, ~H and 13C NMR data of dialdehyde 2f are as 
follows. ~H NMR (270 MHz, CDC13) 8:9.77 (2H, t, J=l.7 Hz), 2.44 (4H, dt, J=1.7 and 7.3 Hz), 1.63 (4H, m), 1.41-1.30 
(4H, m); 13C NMR (67.8 MHz, CDC13) 8: 202.6, 43.8, 28.9, 21.8. 


