
Tetrahedron Letters,Vol.29,No.32,pp 3891-3894,1988 0040-4039/88 $3.00 + .Oo 
Printed in Great Britain Pergamon Press plc 

GmaNEATIw AND INTNAno- cATIauIc 

CY-TIONS OF N-S DHUTND 

FmNmNNaABm ALDmYDFs 

Michael J. Melnick, Alan J. Freyer and Steven M. Weinreb* 

Department of Chemistry, The Pennsylvania State University 

University Park, Pennsylvania 16802 

Abstract: Boron trifluoride etherate promotes both in situ formation of N-tosyliminium complexes 
from olefinic enolizable aldehydes and N-sulfinyl-p-toluenesulfcnamide, and subsequent 
intramolecular electrophilic cyclization to afford homoallylic amines. 

Although ene reactions are now widely recognized as powerful tools for organic synthesis,' 

examples of imines acting as enophiles are still rare. There are only a few documented cases of 

apparently concerted imino ene reactions, 
2 
along with several instances of processes affording 

formal ene-like products which may arise via stepwise, ionic mechani~ms.~ This latter type of 

reaction is very closely related to the large body of work on cationic additions of olefins to 

iminium salts. 
4 

We have recently been exploring inter- and intramolecular ene reactions of N-tosylimines 

derived from glyoxylates, 
2b 

a transformation first reported by Achmatowicz. 
2a 

As part of our 

efforts to extend this methodology, we became interested in the possibility of effecting ene 

reactions with N-tosylimines derived from enolizable aldehydes. The possibility of imine 

tautomerization in these cases had to be considered as a potential problem. 

To our knowledge, sulfonylimines of enolizable aldehydes are unknown, although Kresze, & 

al. have reported efficient methodology for syntheses of N-tosylimines of non-enolizable - 

aldehydes. 
5 

We thus decided to apply the Kresze procedure to an enolizable aldehyde, and the 

results are shown in Schema 1. Treatment of aldehyde 1 with N-sulfinyl-p-toluenesulfonamide at 

O°C in the presence of boron trifluoride etherate (0.5 equiv) gave a 79% yield of a 1:l mixture 

of bicyclo[3.3.1]sulfonamides 6 and 7. We believe that 1 reacts with the sulfinyl compound5 to 

afford a Lewis acid complexed N-tosyliminum intermediate (cf 2/3). Based upon the fact that 

epimeric sulfonamide cyclization products are formed, along with results discussed below, it 

seems reasonable that the iminium salt cyclizes via a non-concerted process. Therefore, 

cyclization of iminium ion conformers 2 and 3 would afford carbonium ions 5 and 4, respectively, 

which upon deprotonation yield the observed ene-like products. Other Lewis acids such as Me2A1C1 

and SnC14 gave complex product mixtures, while in the absence of a catalyst no reaction occurred. 
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Interestingly, competing processes such as intramolecular aldehyde ene reaction' or 

intermolecular ene reactions between the N-sulfinyl compound and the olefin 
697 (or enolized 

aldehyde') were not observed. 

The two additional examples of the cyclization methodology in &here 2 show a higher level 

of stereoselectivity. Aldehyde 6 was converted to a 3/l mixture of epimers 9 and 10, both having 

a cis-fused decalin system. 
6 

Acyclic enal 11 also yielded a 3/l mixture of trans and cis ene 

products 12 and 13. 

Scheme 2 

? 

TsNSO 
* 

BF,-Et20 

Me 
(0.5 equiv) 

0°C/CH2C12 

52% 
6 

” ) 

50% 

11 

NHTs FHTs 

a+fl 

Me Me 

9 (3/l) 10 

o;n”“Ts + cb”HTs 

12 WI 13 



3893 

The cyclization of aldehyde 14 took a slightly different course (Mreme 3). Treatment of 14 

with the N-sulfinylsulfonamide and one equivalent of boron trifluoride etherate gave a single 

fluorosulfonsmide 15 having the stereochemistry sh0wn.l If the amount of BP3 is reduced, 

mixtures of 15 and ene product 16 were produced. This result is consistent with the mechanism 

shown in scb*w 1. Attack of fluoride ion' from the less congested exo face of the intermediate 

carbonium ion would yield 15. The fact that g-proton elimination is slow probably reflects the 

ring strain present in ene product 16. If ferric chloride is used as catalyst, chloride 17 is 

formed as a single stereoisomer. 
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These preliminary studies have demonstrated that N-sulfonyliminium complexes can be produced 

in situ from a variety of simple enolieable aldehydes and that these species act as electrophiles 

in intramolecular cyclieations with olefins. It should be noted that most iminium salts 

previously used in ene reactions2 or cationic3'4 cyclizations are either derived from 

non-enolieable aldehydes or are incorporated into rings. We are exploring further applications 

of the chemistry of these structurally unique.electron deficient N-tosylimines. 

Acknowlmdgamtt. We are grateful to the National Institutes of Health for financial support 

(CA-34303). 



3894 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

For reviews see: Oppolzer, W.; Snieckus, V. Angew. Chem. Int. Rd. Engl. 1978, l7, 476. 

Snider, B.B. Act. Chem. Res. 1988, l3, 426. 

(a) Achmatowicz, 0.; Pietraszkiewicz, M. J. Chem. Sot. Perkin Tram 1 1981, 2680. (b) 

Tschaen, D.M.; Turos, E.; Weinreb, SM. J. Org. Chew. 1984 49, 5058. (c) Lin, J.-M.: 

Koch, K.; Fowler, F.M. J. Org. Chem. 1986, 5l, 167. (d) Brazmeier, H.; Kresze, G.; 

Synthesis 1985, 683. 

See: Demailly, G.; Solladie, G. J. Org. Chew. 1981, 46, 3102. Shishido, K.; Hiroya, K.; 

Fukumoto, K.; Kametani, T. J. Chew. Sot., Chem. Comun. 1987, 1360. Shishido, K.; 

Fukumoto, K.; Kametani, T. Tetrahedron Lett. 1986, 27, 1167. Cohen, T.; Onopchenko, A. 

J. Org. Chem., 1983, 48, 4531. Dabre, T.; Nussbaumer, C.; Borschberg, H.J. Helv. Chim. 

Acta 1984, 67, 1040, and references cited therein. 

For reviews see: Zaugg. H.E. Synthesis 1984, 85. Speckamp, W.N.; Hiemstra, H. 

Tetrahedron Rep. 1985, 4l, 4367. Blumenkopf, T.A.; Overman, L.E. Chem. Rev. 1986, 86, 857. 

See also: Larsen, S.D.; Grieco, P.A.; Fobare, W.F. J. Am. Chem. Sot. 1986, 108, 3512. 

Albrecht, R.; Kresze, G.; Mlakar. B. Chem. Ber. 1964, 97, 483. Albrecht, R.; Kresze, G. 

Chem. Ber. 1965, 98, 1431. 

Starflinger, W.; Kresze, G.; Huss, K. J. Org. Chem. 1986, 5l, 37. Gadras, A.; Dunogues, 

J.; Calas, R.; Deleris, G. J. Org. Chem. 1984, 49, 442 and references cited therein. 

Bussas, R.; Kresze, G.; Munsterer, H.; Schwobel, A. Sulfur Rep. 1983, 2, 215. 

Compounds were characterized by NMR decoupling and NOE experiments. 

For an example of BF3 acting as a fluoride ion source see: Smith, A.B.; Dieter, R.K. 

J. Am. Chem. Sot. 1981, 103. 2017. 

(Received in USA 25 May 1988) 


