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ABSTRACT

Bu3SnH, 1 BuzSnH, 1
BEt;, 0 °C BEt;, 0 °C
(PhCF3) (PhCF3)
79% 66%
R=H R =Me
trans-4 (99% ee, dr = 88/12) 5 (94% ee)

Enantioselective radical cyclization reactions were performed in the presence of chiral complexing agent 1. The title compounds 3 yielded,
depending on the 3 '-substitution (R = H, Me), the corresponding endo- (4) or exo-product (5). The highest enantioselectivities (99% and 94%
ee) were achieved with 2.5 equiv of complexing agent. The cyclization product trans-4 was obtained in 55% ee in the presence of only 0.1
equiv of complexing agent.

In recent years, enantioselective radical reactions have Our approach to enantioselective radical reactions aims
emerged as a powerful tool for the construction of stereogenicat an association of the radical or its precursor to the chiral
carbon atoms by C—C or-€H bond formation. Reagent-  complexing agenl by hydrogen bonding.Previously, we
controlled enantioselectivity has been achieved by the usehave shown that hydrogen atom transfer reactions to pro-
of chiral hydrogen donor reageritalternatively, the radical

tra_pping ageﬁtor the radical itse_ﬁ can be embeQded in,a (3) Recent work: (a) He, L.; Srikanth, G. S. C.; Castle, SJLOrg.
chiral environment by appropriate complexation. Chiral chem.2005,70, 8140—8147. (b) Sibi, M. P.; Petrovic, G.; Zimmerman, J.
Lewis acids have been the complexing agents of choice forJ: Am. Chem. So@005, 127, 2390—2391. (c) Sibi, M. P.; He, lOrg.

. g . Lett. 2004,6, 1749—1752. (d) Friestad, G. K.; Shen, Y.; Ruggles, E. L.
the latter strategy Catalytic processes (chirality multiplica-  angew. Chem., Int. E@003 42, 5061-5063. (€) Sibi, M. P.; Zimmerman,

tion) are possible as a result of Lewis acid induced substrateJ.; Rheault, TAngew. r?hotlem., Int. EQ003,42, 4521—4523. (f) Sibi, Md
ot ; : ; [ : P.; Petrovic, G.Tetrahedron: Asymmetr2003, 14, 2879—2882 an
activation. Enantioselective radical cyclization reactions have references cited therein.

been rarely reportet. (4) Recent work: (a) Sibi, M. P.; Patil, Kingew. Chem., Int. EQ004,

43, 1235-1238. (b) Sibi, M. P.; Manyem, S.; SubramaniamT@trahedron
(1) Reviews: (a) Sibi, M. P.; Manyem, S.; ZimmermanChem. Rew. 2003,59, 10575—10580 and references cited therein.

2003,103, 3263—3295. (b) Bar, G.; Parsons, @hem. Soc. Re2003, (5) Review: Renaud, P.; Gerster, Mngew. Chem., Int. EA.998,37,

32, 251-263. (c) Sibi, M. P.; Rheault, T. R. IiRadicals in Organic 2562—2579.

Synthesis; Renaud, P., Sibi, M. P., Eds.; VCH: Weinheim, 2001; Vol. 1, (6) (a) Nishida, M.; Hayashi, H.; Nishida, A.; Kawahara, ®hem.

461—478. (d) Sibi, M. P.; Porter, N. Acc. Chem. Red.999,32, 163— Commun1996, 579—580. (b) Yang, D.; Gu, S.; Yan, Y.-L.; Zhu, N.-Y.;

171. Cheung, K.-K.J. Am. Chem. So001,123, 8612—8613. (c) Sugimoto,
(2) Recent work: (a) Dakternieks, D.; Perchyonok, V. T.; Schiesser, C. H.; Kobayashi, M.; Nakamura, S.; Toru, Tetrahedron Lett2004, 45,

H. Tetrahedron: Asymmetr8003,14, 3057—3068. (b) Blumenstein, M.; 4213—-4216.

Lemmler, M.; Hayen, A.; Metzger, J. Qetrahedron: Asymmetrg003, (7) Review: Taylor, M. S.; Jacobsen, E. Ahgew. Chem., Int. EQ006

14, 3069—3077 and references cited therein. 45, 1520—1543.
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stereogenic radicals can occur in up to 88% ee78°C* [
In p.relir.ninary e_xperiments, yve have now studied radical Table 1. Reaction Conditions, Yields, and Diastereo- and
cyclization reactions of prochiral substrates and found these gnantioselectivities in the Radical Cyclization of Substtzde

reactions to be highly enantioselective even &CO(up to (Scheme 1)
99% ee) or at ambient temperature (up to 96% ee). These

- I hiahl 1 temp yield® ee?
experiments open a conceptually new route to highly entry lequivl [C]  solvent (%] d (trans4)
enantioselective radical cyclization reactions. The results
surpass by far the enantioselectivities we have previously 1 25  PhCHs; 99  47/53
achieved using complexing ageintMoreover, an unexpected g ;g ;2 Eﬁg?j gi sigg gg
chirality multiplication was observed. Complexing agént 4 95 0  PhCH; 82 8713 96

5 2.5 0 PhCF; 79 8812 99
6 1.0 0 PhCH; 8  70/30 86
7 1.0 0  PhCF; 88  173/26 91
o 8 0.5 0 PhCH; 91  63/37 70
\ENH 9 0.5 0 PhCF; 8  67/33 82
o 2 X = OTBDMS 10 0.25 0 PhCH3 85 54/46 46
Yo 3 =1 11 025 0 PhCF; 87  53/47 62
a R=H 12 0.1 0  PhCF; 82  54/46 55

1 b R=Me

aThe reaction was conducted at a substrate concentration of 15 mM
. . . . with 2.0 equiv of BySnH and 0.5 equiv of BEt(see Supporting
Figure 1. Structure of the enantiomerically pure complexing agent |nformation).? Yield of isolated producté The diastereomeric ratio (dr)
1, of the synthetic intermediate® and of the prochiral radical  trans-4/cis-4was determined b{H NMR spectroscopy and GLC analysis.
precursors3. dThe enantiomeric excess (ee) was determined by chiral GLC (23-di-
methyl-6-O-TBDMS-j-cyclodextrin).

is obtained in either enantiomeric form from Kemp’s

triacid *!° The synthesis includes five steps (61% yield) and hoth at 25°C (entry 2) and at O°C (entry 4) for the

a conventional resolution with menthyl chloroformate. predominantrans-diastereocisomerans-4. Even with sto-
CompoundL features a hydrogen bond donor (NH) and a ichiometric (entry 6) and substoichiometric amounts (entries
hydrogen bond acceptor (C=O) site. In nonpolar solvents it 8 and 10) of the complexing agent the ee’s remained
binds lactams efficiently and facilitates a differentiation of moderate to good. A major improvement was achieved upon
their enantiotopic faces due to the bulky tetrahydronaphtha-replacing the solvent toluene with trifluorotoluene. Selectivi-
lene backboné! For the present study, the 44dobutyl)- ties significantly increased under all conditions (entries 3,
quinolones3 were prepared from 4-methylquinolone. Depro- 5, 7, 9), and catalytic reactions could be conducted with 25
tonation and alkylation with the corresponding 3-tert- and 10 mol % ofl (entries 11, 12).
butyldimethylsilyl(TBDMS)oxy-1-iodopropane gave the silyl Proof for the absolute configuration of compourdsas
ethers 2, which were converted into the iodide® by obtained from their specific rotatidd.In addition, the GLC
deprotection and iodo-dehydroxylation (see Supporting In- (etention times for all stereoisomers of compouhdire
formation for further details). Radical reactions of the ynownizb Recovery yields of the complexing agent were in
unsubstituted iodide3a were initially attempted at low gl cases higher than 90%. In this respect, entry 5 describes
temperature in toluene with BEgs initiator and BySnH the synthetically most useful conditions combining high
as reducing agent. Because there was no conversion, thge|d, high diastereoselectivity, and high enantioselectivity.

reacho_n &as dcondlqcte_d at 26& Unger the?e con dd|t|_orr]15hthe The effective chirality transfer and the chirality multiplica-
racemic Gendocyclization products were formed with the -, iy the reactiorBa — trans-4is presumably linked to

cis-diastereoisomer prevailing (Scheme 1, Table 1, entry 1)'the low solubility of the substratgain trifluorotoluene. The

_ reaction mixture remained heterogeneous throughout the

reaction. It is likely that complexing ageitdissolves the

Scheme 1 substrate and allows the radical reaction to occur under

BusSnH, 1 @ homogeneous conditions. A model explaining the outcome

“ [BEt] . Ry of the reaction both with regard to enantioselectivity and
see table 1 N"o diastereoselectivity is suggested in Figure 2. The stereogenic

frans-4 is-4 - . . I : :
rans oS (10) For the use of similar amides as chiral auxiliaries in radical reactions,

see: Stack, J. G.; Curran, D. P.; Geib, S. V.; Rebek, J.; Ballestér Am.
) ) o . Chem. So0c1992,114, 7007—7018.
Reactions in the presence of superstoichiometric (2.5 (11) Selected applications: (a) Bach, T.; Aechtner, T.; Neumdiller, B.

- ; ; ; ) Chem. Eur. J2002,8, 2464—2475. (b) Bach, T.; Bergmann, H.; Grosch,
equiv) amounts of complexing agehtesulted in high ee’s g0 0" 5 A " Chem. So@002,124, 79827990, (c) Groseh, B;

Orlebar, C. N.; Herdtweck, E.; Kaneda, M.; Wada, T.; Inoue, Y.; Bach, T.

(8) Aechtner, T.; Dressel, M.; Bach, BRngew. Chem., Int. EQR2004, Chem. Eur. J2004,10, 2179—2189.
43, 5849—5851. (12) (a) Naito, T.; Tada, Y.; Ninomiya, Heterocycles1984,22, 237—
(9) Bach, T.; Bergmann, H.; Grosch, B.; Harms, K.; Herdtweck, E. 240. (b) Bach, T.; Grosch, B.; Strassner, T.; Herdtweck].EDrg. Chem.
Synthesi2001, 1395—-1405. 2003,68, 1107—1116.
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Table 2. Reaction Conditions, Yields, and Regio- and

addition s Habatractien Z Fi5SnBus Enantioselectivities in the Radical Cyclization of Substigite
O--—H—N)@ O--—H—Nﬁ‘h (Scheme 2)
—H-—- 3 R Et
L R 1¢ temp yield®
\ﬁm {fm entry [equiv] [°C]  solvent [%] It eed (5)
1 25 PhCHj3 76 65/35
Figure 2. Model to explain the enantioselectivity and the diaste- 2 2.5 25 PhCH; 64 >95/5 55
reoselectivity of the radical cyclization to compoutndns-4. 3 2.5 25 PhCF; 62 >95/5 69
4 2.5 0 PhCHj3 66 >95/5 90
5 2.5 0 PhCF; 66 >95/5 94
center at C-3 is formed in the radical addition step, the 6 1.0 0  PhCF3 59 >95/5 75
7 0.5 0 PhCF3 43 >95/5 62

stereogenic center at C-4 in the hydrogen abstraction step.

Both steps occur from the face opposite to the tetrahy- aThe reaction was conducted at a substrate concentration of 15 mM

dronaphthalene of the complexing agent. with 2.0 equiv of BuSnH and 0.5 equiv of Bt (see Supporting
. . . Information).® Yield of isolated productt The regioisomeric ratio (r/6
The radical cyclization of precursd@b occurred with was determined by'H NMR spectroscopy and GLC analystsThe

regioselectivity different from that da. The 5excproduct enantiomeric excess (ee) was determined by chiral GLC (2(-diethyl-
was formed predominantly. In the absence of any complexing &©-TEPMS--cyclodextrin).

agent the regioisomeric rat®6 was 65/35. In the presence ] - o
of the complexing agent the @ido-producté was not chair-type transition state of thexo-cyclization, become

detected (Scheme 2, Table 2) and the 5-exo-profiucas more important in the cyclization of substr&b. The rate
the exclusive product. constant for Sexaring closure of the 2,2-dimethyl-5-hexenyl

radical is (at 80°C) higher by a factor of 10 than for the
5-hexenyl radical® It is not fully clear at present why the
complexing agent further increases theX®-selectivity in

the reaction3b — 5/6. Inspection of molecular models
suggests that the interaction of a 1'-H atom and the
tetrahydronaphthalene part of the complexing agent is more
severe in the transition state of theeidlo-cyclization oBb
N“So than in the chairlike transition state of the 5-exo-cyclization.
Further studies are underway to further elucidate the selectiv-
ity issues and to extend the described method to other radical
reactions.

Scheme 2

BusSnH, 1
[BEt3]
3b
see table 2
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lectivities decreased upon reducing the amount of complexing

agent (entries 6, 7). In comparison to the reactBan— Supporting Information Available: Experimental pro-
trans-4 the product ee’s were generally inferior under cedures for the preparation of compouriand3, experi-
otherwise identical conditions (cf. Tables 1 and 2). mental details for the radical cyclization reactions, analytical

The lower enantioselectivity achieved wBb as compared ~ data for all new compounds, and NMR spectra3af 3b,
to that of3a can be accounted for by the two selection steps trans-4and5. This material is available free of charge via
involved in the formation ofrans-4from 3a. A cyclization ~ the Internet at http:/pubs.acs.org.
of 3a to the minor enantiomeric (3S)-radical does not o gg11948
necessarily lead to the formation of the enantiomerasis-4
but rather leads to the formation afis-4. In addition, (13) Examples for 6-endo- versus 5-exo-cyclizations to stabilized radi-

; . ; cals: (a) Scheffold, R.; Dike, M.; Dike, S.; Herold, T.; Walder,d..Am.
reactions3a— 4, which do not occur on the template, show & 801950 102, 3642—3644. (b) Chuang, C. P.: Galluci, J. C.; Hart,
a slight preference forcis-4 (Table 1, entry 1). The  D.J.; Hoffman, C.J. Org. Chem1988,53, 3218—3226. (c) Srikrishna,

i ivi i A.; Sundarababu, Gletrahedron1991,47, 481—496.
enantpselecnwty for the formation afs4 was consequently (14) () Bockwith, A. L. 3 Tetrahedron1981. 37, 3073—3100. (b)
lower in all experiments than fdrans-4. Spellmeyer, D. C.; Houk, K. NJ. Org. Chem.1987,52, 959-974. (c)

The endo-regioselectivity observed in the cyclization of ?les? 'E:%.éjKopgng,tBl.égeﬁagl,?T(.):lDlglégaut. J.; Thoma, G.; Kulicke, K. J.;
LT . e rach, F.Org. React. ,48, —856.
substrgteSa is likely due to the'formatlon qf a stabilized (15) Beckwith, A. L. J.. Lawrence, TJ. Chem. Soc., Perkin Trans. 2
benzylic radical?® Stereoelectronic factotéwhich favor the 1979, 1535—1539.
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