
Pergamon 

0040-4039(95)00958-2 

Tetrahedron Letters, Vol. 36, No. 28, pp. 4985-4988, 1995 
Elsevier Science Lid 

Printed in Great Britain 
0040-4039/95 $9.50+0.00 

C Y C L O B U T Y L  P H E N Y L  S U L F O X I D E  A N D  ( S R ) - C Y C L O B U T Y L  p - T O L Y L  

S U L F O X I D E :  N E W  R E A G E N T S  FOR THE SPIROANNELATION OF 
C Y C L O P E N T A N O N E  

Lutz Fitjer *a, Wemer Schiotmann a and Mathias Noitemeyer b 

Institut for Organische Chemie der Universi~t GOttingen a, 
Tammanustr:lt~ 2. D-37077 G6ttingen, Germany 

Insdtut for Al|orgatlische Chen)ie der Ulliversil/it G(ittingen b, 
Tmmnannstral~ 4, D-37077 G6Uingen, Germany 

Abstract: Cyclobutyl phenyl sulfide 2, cyclobutyl phenyl sulfoxide 3 and (SR)-cyclobutyl p-tolyl 
sulfoxide (SR)-8 have been synthe~ized and u~d for the spiroannelation of cyclopentmlone. In file most 
effective ~quence, lithiated 3 is added to ketones with formation of B-hyth'oxy sulfoxides 4a-g, which 
are ring enlarged and hydrolyTed to cyclopentanones 6a-e and sulfanylcyclopentene 6f, respectively, 
after reduction to B-hydroxy sulfides Sa-f. lu an axymmetric version using (SR)-8, partial racemi?afion 
during ring enlargement was observed. 

Cyclopropyl phenyl sulfide, 1973 introduced by Trost, I and (SR)-cyclopropyl p-tolyl sulfoxide, 2 1987 in- 
troduced by Hiroi, 3 are powerful reagenLs for the synthesis of racemic and optically active cyclobutanones, re- 
spectively. However, nothing is known about the usefulness of cyclobutane analogs for the synthesis of cyclo- 
pentanones. A single report of Szeimies 4 on the preparation of cyclohutyl phenyl sulfide 2 exists, but cyclobutyl 
phenyl sulfoxide 3 and (SR)-cyclobutyl p-tolyl sulfoxide (SR)-8 are unknown. We herein report on their synthe- 
sis and use for the spiroannelation of cyclopentanone. 

Cyclobutyl phenyl sulfide 24 was easily prepared by reaction of bromocyclobutane 15 with stxlium thiophe- 
nolate and selectively oxidized to cyclobutyl phenyl suifoxide 36 by successive treatment with titanium(Ill) 
chloride in aqueous-methanolic hydrochloric acid and hydrogen peroxide. 7 Selective deprotonotion of -2 in the 
cyclobutane ring proved difficult, 8 but could be achieved in 2h at -60°C using a combination of potassium tert- 
butoxide und n-butyllithium in tetrahydrofuran. 9 The selective deprotonation of 3 using lithium diisopropylamide 
in tetrahydrofuran was complete within I h at -78°C. Due to an extensive enolization, the reaction of kaliated 2 
with cyclohexanone gave only 36% 13-hydroxy sulfide 5c. 6 An attempt to suppress the enolization by adding 
lithium bromide 10 failed. The total yield remained unchanged (35%), but concurrent addition of 2 via the or- 
position of the phenyl ring dropped the yield of 5c to 19%. 

On the contrary, the addition of iithiated 3 to ketones proved highly efficient. With the exception of 4d 6 
(51%), high yields (76-91%) of the desired B-hydroxy suifoxides 4a-g 6 were obtained. All ffhydroxysulfoxides 
were solids and after a single crystallization pure. Characteristic chemical shifts were observed for the peripheral 
carbon atoms of the cyclobutane ring (5 = 14.(18 - 15.(X)) and the carbon atoms bearing the phenylsulfinyl (5 = 
66.51 - 70.77) and the hydn~xyl group (5 = 74.76 - 86.12), respectively. An attempted ring enlargement of 4c to 
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the corresponding phenylsulfinylcyclopentene by treatment with p-toluenesulfonic acid chloride in pyridine 3b 
failed. 

With the exception of 4g, the reduction of "all B-hydroxy sulfi~xides could readily be achieved by treatment 
with titanium(IV) chloride and zinc powder in tetrahydrofuran II and yielded the 13-hydroxy sulfides 5a-f 6 in 
excellent yields (83-95%). Most characteristic were the chemical shifts for the peripheral carbon atom of the cyc- 
Iobutane ring (~5 = 13.46 - 15.28) and the carbon atoms bearing the phenylsulfanyl (~ = 62.1)5 - 65.12) and the 
hydroxyl group (8 = 74.43 - 86.62), respectively. 
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Table i. ~-Hydroxy Sulloxides 4, []-Hydroxy Sulfides 5 and Cyclopentanones 6 Prepared. 
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"from 2, bsingle diastereoisomer, Clwo diaslereoisomers a (4.5:1), sulfanylcyclopentene 

To study the rearrangement and in situ hydrolysis of the B-hydroxy sulfides 5a-f, 5e was used as a model. 
Treatment with 50% tetrafluoroboric acid in ether lc or p-toluenesulfimic acid in benzene Ic resulted in an elimi- 
nation of water with formation of the corresponding cyclohexene. However, treatment with tin(IV) chhwide in 
dichloromethane lc for 15 min at 0°C and 5 min at room temperature and subsequent aqueous work-up yielded 
the desired cyelopentanone 6e 12 in 65% yield. Using the same procedure, 79% 6416 and 67% 6e 13, but only 10% 
6a 13 and 7% 6b 12 were formed. Obviously, good yields are only obtained, if the initial C4-C 5 ring enlargement 
necessary for the formation of a cyclopentanone, cannot be fifth,wed by another thermodynamically faw,ured C 4- 
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C 5 or C5-C 6 ring enlargement. In this respect, cyclohexanones, cycloheptanones, cyclouctanones and acyclic ke- 
tones are well suited for the spiroannelation described here, but cyclobutanones and cyclopentanones are not. 

Having established the usefulness of cyclobutyl phenyl sulfoxide 3 as reagent fi~r spiroannelations of cyclo- 
pentanone, we investigated an asymmetric versi~m. Towards this end, (SS, IR,2S,SR)-menthyl p-t~lucnesulfinatc 
(SS, IR,2S,SR)-714 (IcclD -21M} °, c = I, acetone) was reacted with cyclohutyhnagnesium bromide in ether, 15 the 
resulting (SR)-cyciobutyl p-tolyl suifoxide (SR)-86 (Ioc120 D +3211 °, c = 0.50, CHCI3) lithiated as described fl~r 3 
and added to 3,3-dimethyl-cyclohexanone. Two diastereoisumers were fi~mled, recognized as (SR, IR)-96 (59%, 
[oc120 D +49 °, c = 0.94, CHCI3) and (SR, IS)-96 (30%, Ictl20 D +75 °, c = I.III, CHCI3) by X-ray an.,dysis 16 of the 
minor isomer. Reduction of the 13-hydroxy suifi~xides yielded the enantiomeric 13-hydroxy sulfides (IR)-106 
(92%, I~t120 D -5 °, c = 0.80, CHCI 3) and (IS)-I06 (90%, Iccl20 D +5 °, c = 11.78, CHCI3), respectively, but rear- 
rangement and in situ hydrolysis gave partially racemized 17 cyclopentanones, tentatively assigned 18 as (5R)-I 16 
(63%, 41% ee, [oq20 D +31 °, c = 1.01, CHCI 3) and (5S)-116 (60%, 57% ee, lalZ0 D -42 °, c = 1.07, CHCI3). 
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(a) 1. I LDA/THFI I 1ff-78°C (b) 3 TiCI4/6 Zn/THF/31ffS- I 0°C 
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In summary, we have established the feasibility of cyclopenlanone spiroannelations using cyclobutyl phenyl 
sulfoxide 3 and approached an asymmetric version using (SR)-cyclohutyl p-tolyl sulfoxide (SR)-8. Investigations 
to improve the stereoselectivity during the final ring enlargement step and to determine the absolute configura- 
tion of the ketones formed are in progress. 

Acknowledgement: Financial support of the Fonds der Chemischen Industrie is gratefully acknowledged. 



4988 

REFERENCES AND NOTES 

I. (a) Trost, B, M.; Keeley, D. E.; Bogdanowicz, M. J. J. Am. Chem. Soc. 1973, 9.5, 3(168. (b) Trost, B. M.; 
Keeley, D. E.; Arndt, H. C.; Rigby, J. H.; Bogdanowicz, M. J. J. Am. Chem. Soc. 1977. 99, 3080. (c) 
Trost, B. M.; Keeley, D. E.; Arudt, H. C.; Bogdanowicz, M. J. J. Am. (?hem. Soc. 1977, 99, 3088. 

2. Johnson, C. R.; Janinga, E. R. J. Am. Chem. Soc. 1973, 9.5, 7692. 
3. (a) Hiroi, K.; Nakamura, H.; Anzai, T. J. Am. Chem. Soc. 1987, 109, 1249. (b) Hiroi, K.; Anzai~ T.; Ogata, 

T.; Saito, M. Tetrahedron Lett. 1990, 31,239. (c) Hiroi, K.; Ogata, T. Chem. Lett. 1990, 527. 
4. Szeimies, G.; Schlosser, A.; Philipp, F.; Die~, P.; Mickler, W. Chem. Ber. 1978, !11, 1922. 
5. Cason, J.; Way, K.J. Org. Chem. 1949, 14, 31. 
6. All new compounds 13, 4a-g, 5a-f, 6d, 6f, (SR)-8, (SR, IR)-9, (SR, IS)-9, (IR)-I0, (IS)-i0, (5S)-Ii,  (5R)- 

l l J  gave correct elemental analyses and/or high resolution mass spectroscopic data. The IR, IH-NMR. 
13C-NMR and mass spectra are consistent with the structures given. 

7. Watanabe, Y.; Numata, T.; Oae, S. Synthesis 1981, 204. 
8. Deprotonation with n-butyllithium proved impossible and addition of DABCO (Corey, E. J.; Seebach, D. 

J. Org. Chen~ 1966, 31, 4097) or TMEDA (Peterson, D. J. J. Org. Chem. 1967, 32, 1717) resulted in de- 
protonation of the phenyl ring. 

9. Schlosser, M. J. Organomet. Chem. 1967, 8, 9. 
IO. Schlosser, M.; Hartmann, J. Angew. Chem. 1973, 85, 544; Angew. Chem. Int. Ed. Engl. 1973, 12, 5(18. 
I I. Drabowicz, J.; Mikolajczyk, M. Synthesis, 1978, 139. 
12. 13C NMR data: Zimmermann, D.; Ottinger, R.; Reisse, J.; Christol, H.; Brugidou, J. Org. Magn. Reson. 

1974, 6, 346. 
13. IH NMR data: Fujita, T.; Watanabe, S.; Sakamoto, M.; Hashimoto, H. Chem. Ind. 1986, 427. 
14. Tietze, L. F.; Either, T. Reaktionen und Synthesen im organisch-chemischen Praktikum; G. Thiemc 

Verlag: Stuttgart, New York, 198 I; p. 63. 
15. Anderson, K. K. J. Org. Chem. 1964, 29, 1953. 
16. (SR, IS)-9 (C19H2~O9S, M = 320.5, mp 127-128°C) formed colourless crystals from hexane, space group 

P432 J 2, a = b = I ~5.~.70(I 0), c = 2314.4(3) pm, ct = ~i = ~ = 90 °, V = 3.6493(6) nm 3, Z = 8, Dealt = I. 167 
gcm-L 3569 reflections with 3.50 < O < 22.47 ° were measured on a Stoe four-circle diffractometer using 
graphite-monochromated radiation Mo Kct. Of these, 2371 independant reflections were used fi~r the struc- 
ture determination and refinement. The structure was solved by direct methods. The anisotropic refinement 
with geometrically positioned H atoms (riding model: C-H = 96 pro, ZHCH = 109.5 °) converged at Rl = 
0.0368 (wR2 = 0.0954). All calculations were performed with the program SHELXL-93. All relevant crys- 
tallographic data have been deposited with the Fachinfirmationszentrum Karlsruhe, D-76344 Eggenstein- 
Leopoldshafen (CSD-401790). 

c1131 Q 0(11 

l~'mm'~c"2I I c1321 

Molecular structure of (SR, IS)-9 
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