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Regioselective rhodium-catalyzed allylic amination followed by ring-closing metathesis, using the Grubbs’ catalyst, provides an expeditious
route to monosubstituted azacycles. The enantiomerically enriched allylamine 1 can also be resubjected to the reaction sequence with (R)-
and (S)-2b to facilitate the diastereospecific construction of 2,5-disubstituted pyrrolines 3/4.

The stereoselective construction of nitrogen heterocyclestoward controlling the regioselectivity in metal-catalyzed
remains a topic of intense synthetic intere%T his may be allylic substitution reactiondwe demonstrated that Wilkin-
attributed to their ubiquity in biologically interesting natural son’s catalyst [Rh(PRRCI)] can be modifiedn situ with

and unnatural products, in addition to the challenges associ-trimethyl phosphite to furnish a catalyst that facilitates the
ated with the design of stereochemical and architecturally regioselective and enantioselective allylic amination of
flexible approaches to these molecules. Hence, although aunsymmetrical acyclic allylic carbonates, to afford the
number of interesting and synthetically useful methods have secondary substituted products in excellent yield and with
been developed, they are often specific to a particular ring aimost complete retention of absolute configuratién.

size and/or stereochemical motif which imparts limitations  perein, we describe the combination of the regioselective

to their utility as general methodsin a program directed  41vjic amination with ring-closing metathesis as a strategy
. : : for the construction of mono- and disubstituted azacycles,
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Marks, T. J. J. Am. Chem. So0&998, 120, 4871. (c) Meguro, M (3) (a) Evans, P. A.; Nelson, J. Detrahedron Lett1998,39, 1725. (b)
Yamamoto, Y.Tetrahedron Lett1998,39, 5421. (d) Larock, R. C.; Ty, Evans, P. A.; Nelson, J. 0. Am. Chem. S0d.998,120, 5581.

C.; Pace, PJ. Org. Chem1998,63, 6859. (e) Serino, C.; Stehle, N.; Park, (4) Evans, P. A.; Robinson, J. E.; Nelson, JJDAmM. Chem. S04999,

Y. S.; Florio, S,; Beak, PJ. Org. Chem.1999, 64, 1160. (f) Naito, T.; 121, 6761.

Nakagawa, K.; Nakamura, T.; Kasei, A.; Ninomiya, |.; Kiguchi JT Org. (5) For a recent review on allylic amination, see: Johannsen, M.;
Chem.1999,64, 2003 and pertinent references therein. Jorgensen, K. AChem. Re. 1998 98, 1689 and pertinent references therein.

10.1021/019910641 CCC: $18.00  © 1999 American Chemical Society
Published on Web 11/16/1999



s system to determine whether the enantiospecific rhodium-

Table 1. Regioselective Allylic Amination/Ring-Closing catalyzed allylic amination with a chiral non-racemic nu-

Metathesis Approach to Monocyclic Azacycles cleopht|)le occurs through matched and mismatched transition
allylic — yield ______ yieldof7 states’ , _ ,
entry carbonate 2 Nu (%)P ratio of 5:6 (%) Thls strategy requwed an alternative protecting group, to
A A 001 o1 facilitate the formation of th&l-p-toluenesulfonyl allylamine
e a n= a =99. . . .
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metathesis reactions were carried out on a 0.5 mmol reaction scale using 5 89% CFCOH
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provide the versatility required for a general approach to this B”O\/k/

problem. 1

Table 1 summarizes the results for the rhodium-catalyzed
allylic amination using the lithium anion of th&-p- ) ) ) )
toluenesulfonyl alkenylamines as nucleophiles with a variety Treatment of the enantiomerically enriched allylic carbonate

of racemic allylic carbonate@a—c (Scheme 1). The allylic ~ €Nt2¢ (=99% ee} with trimethyl phosphite modified
Wilkinson’s catalyst and the lithium anion &f-p-toluene-

_ sulfonyl p-methoxybenzylamine furnished the allylamines
8a/bin 86% vyield as a 70:1 mixture of regioisomers favoring

Scheme 1. General Strategy for Monosubstituted Azacycles g5  Treatment of8a with trifluoroacetic acid at room

TsNLi(CH2),CH=CH temperature furnished the allylamitg>99% ee by HPLC
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RN POMe)yTHF, 30°C R~ ~F * k/\ﬂ The allylaminel was then resubjected to the allylic
2 84-94% 5 6 amination reaction as outlined in Scheme 3. Diastereospecific
n=1,2&3 rhodium-catalyzed allylic amination with the enantiomeri-

cally enriched allylic carbonate®]- and (S)-2busing the

Grubbs' Catalyst lithium anion of 1 furnished the diene9/10 and 11/10in

84-94% (5 mol%})

CH,Cly, A 87% and 85% yield, as 31:1 and 42:1 mixtures of regioiso-
mers, favoring9 and 11, respectively. Interestingly, the
TS\N_() matched alkylation with R)-2b proceeded with excellent
“ diastereospecificity (d& 99:1), while the analogous alky-
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Scheme 3. Diastereospecific Construction ofs- andtrans-2,5-Disubstituted Pyrrolines

(R)-2b BnM . BnM 5 mol% Grubbs' Cat. Bno/"'.Q
87 TN AN NPl PhH, A TN
Ph 10 86% 3 Ph

ds =299 :1
BnO” X  LiHMDS, cat. Rh(l) 2°:1°=31:1

TsNH P(OMe),, 30 °C
1

9

(SF2b gro ™ . BnO” Y XX 5 mol% Grubbs' Cat. g~ A
85’/&: N N
= NN TN PhH, A T

7%
10 ° a ™M

lation with the mismatched carbonate{% proceeded with  support. We also thank Zeneca Pharmaceuticals for an
the expected lower, but synthetically useful diastereospeci- Excellence in Research Award, Eli Lilly for a Young Faculty
ficity (ds = 22:1). Treatment of the dienésand 11 with Grantee Award, and Glaxo Wellcome for a Chemistry
Grubbs’ catalyst in refluxing benzene furnished tie and  Scholar Award. The Camille and Henry Dreyfus Foundation
trans-2,5-disubstituted pyrrolinesand4 in 86% and 87% s thanked for a Camille Dreyfus TeacheScholar Award
yield, respectively. (P.A.E.). Brian M. Wagner and Thomas H. Bailey are

In conclusion, we have demonstrated that the rhodium- acknowledged for obtaining high-resolution mass spectral
catalyzed allylic amination may be combined with ring- data.

closing metathesis to provide a general approach to mono-
substituted azacycles. Furthermore, the allylic amination . ) ) )
product may be deprotected and resubjected to the reaction Supporting Information Available: Experimental pro-
sequence to facilitate the diastereospecific construction of cedures for the preparation 8fand spectroscopic data for
cis- andtrans-2,5-disubstituted pyrrolines. all new compounds. This material is available free of charge
via the Internet at http://pubs.acs.org.

Acknowledgment. We sincerely thank the National

Institutes of Health (GM58877) for generous financial 0OL991064L

Org. Lett., Vol. 1, No. 12, 1999 1931



