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Regio- and Diastereoselective Tandem Table 1. Development of the Sequential Rhodium-Catalyzed
Rhodium-Catalyzed Allylic Alkylation/ Allylic Alkylation/Pauson-Khand Annulation
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The construction of complex polycyclic systems using transition E>§I>:0 + E>§:E>:0
metal-catalyzed annulation reactions provides a powerful strategy wd H wd A
for target directed synthesidhe PausorKhand (PK) annulation 2a 3a

is representative of this class of transformations in which a
tetheredeneyne undergoes a formal [2 2 + 1] reaction to
furnish a bicyclic cyclopentenorfé.A significant limitation with
this process is the necessity fortramolecularity in order to 1 [RRhCI(CO)dppp] None ~ THF ~ 31:1 86 31 40

2°:1° yield ds vyield
entry catalyst additive solvent 4:52¢ (%)? 2:3® (%)

suppress competitiventermolecular metal-catalyzed reactions. g " AGOTS Eﬁ'_t’lf“e 116211 5487 5511 (?30
However, a recent study provided a new approach to this problem, 2 " Ag - .

. 1 - e gOTf toluene 15:1 59 511 35
which utilized a dual catalytic system to facilitate a one-pot g " None DMSO 181 57 11 57
palladium-catalyzed allylic alkylation followed by a rhodium- 6 " " DME 171 36 101 34
catalyzed PK annulation reactién. 7 " " MeCN 37:1 88 7:1 87

We envisioned an alternative approach to this problem that 8 RhCI(CO)(PPh. " " 31 72 31 12
utilized a single metal-catalyst to facilitate both transformations 9 RhCI(CO)dppe " " 81 36 41 18
in a tandem sequence, usiogly the reaction temperature to 10 [RhCI(CO)dppb] " " 81 62 51 20

modulate the catalyt.|§: activity. .'I.'he obwous advantage of this ™oy reactions were carried out on a 0.25 mmol reaction scale using
strategy was the ability to significantly increase the molecular 19 mol9 rhodium and 1.2 equiv of the propargyllic nucleophile.
complexity of the bicyclic adduct through the introduction of a © Ratios of regioisomers were determined by capillary GLC on aliquots
stereogenic center at C-2, which we anticipated would control of the crude reaction mixturé The primary producbawas prepared
diastereoselectivity in the PK annulatidrerein, we now independentlyia Pd(0) catalysi§.  GLC yields.® Ratios of diaste-
describe the development of the regio- and diastereoselectivereoisomers were determined by capillary GLC.

rhodium-catalyzedandemallylic alkylation/PausorKhand an- ,
nulation reaction using stabilized carbon and heteroatom nucleo-mOd'f.Ied Wllklnson_s catal_yst_ (Rh(PB}_aCI) that had proven
effective for the allylic substitution reactiohfsirnished only trace

philes (eq 1). amounts of the annulation addu@s/3a Hence, we decided to
R R reexamine the allylic alkylation with rhodium catalysts that had
0CO,Me ML, proven effective for the PK reaction. Interestingly, although the
" )\/ rE——vgvvag X)Zl@:o + X, | o (I PK catalysts were significantly different, we reasoned the strong
€ - 7F H wl sr-acidity of a carbon monoxide ligand may be sufficient to attain

1 Me 2 ° 3 high regioselectivity in the allylic substitutidd Treatment of the

allylic carbonatel with the sodium salt of thex-branched

Preliminary studies examined the feasibility of the metal- malonate and [RhCI(CO)dppyplin tetrahydrofuran and toluene
catalyzed multicomponent annulation reaction (Table 1). We respectively, furnished alkylation products/5a with >12:1
anticipated that the tandem process would evolve from the regioselectivity (entries-22). The corresponding PK reaction with
combination of the rhodium-catalyzed allylic substitufiavith 4a furnished the bicyclic adductga/3awith modest diastereo-
the PK annulatiod¢# Initial efforts with the trimethyl phosphite  selectivity, favoring thecis-adduct2a .

T This work was initiated at the Department of Chemistry and Biochemistry. Initial ef-fort-s 0 Improve catalyst tumover and SE|eCt|VIt-y'
University of Delaware, Newark, DE 19716. » through anin situ counterion exchange with AgOTT, resulted in

(1) o].ma I.: Tzamarioudaki, M.: Li. Z.: Donavan, R.Ghem. Re. 1996 reduced turnover and similar selectivity irrespective of the solvent
96, 6 (entries 3-4). The disparity between the solvents prompted the
£ (I%) EgHngg‘ég%‘eg%gggg%gﬁf%”heK;‘]?SQ?yr‘flﬁcég’gd jgel_(as) SChoyre N-examination of alternatives that could potentially facilitate both
Pergamon: Oxford, 1995, p 703. (b) Geis, O.; Schmalz, HAGgew. Chem., transformations with improved turnover and selectivity. This study
Int. Ed.1998 37, 911. (c) Jeong, N. Ifrransitiqn Metals in Organic Synthesis provided acetonitrile as the potential medium to facilitate the
Beller, M., Bolm, C., Eds.; Wiley-VCH: Weinheim, 1998; Vol. 1, p 560. (d)  tandem reaction (entries5). Finally, a series of electronically

Buchwald, S. L.; Hicks, F. A. InComprehensgie Asymmetric Catalysis o : . . . .
Jacobsen, E. N., Pfalz, A., Yamamoto, H., Eds.; Springer: Berlin, 1999; Vol. similar rhodium catalysts, in which the steric environment of

2, |E> ;15()1). (e) Brummcl>(nd,fK. M.; Kent, Jh. El'.etrahedronZOr?Q 56, 3263. phosphine was systematically altered, were examined to determine
3) (a) Co: Pagenkopf, B. L.; Livinghouse, J. Am. Chem. S0d.998 the optimum catalyst (entries-8.0)

120, 2285. (b) Ir: Shibata, T.; Takagi, K. Am. Chem. So@00Q 122, 9852. o : . .

(c) Rh: Koga, Y.; Kobayashi, T.; Narasaka, ®hem. Lett1998 249. Jeong, The ?‘b'“ty to Qapalyze thh trqnsformatlons with [RhCI(CO)-

N.; Lee, S.; Sung, B. KOrganometallics1998 17, 3642. Jeong, N.; Sung,  dppp} in acetonitrile, albeit at different reaction temperatures,

B 'éhéfgg'g LK A, %h?,\”/hri?‘%ogglzczhg;igggd%;g; gorimoto.allowed the development of the tandem process (Table 2).

T Suzuki. N.- Okada, T.- Mitsudo, T1. Am. Chem. S0d.997 119, 6187. Treatment of the allylic carbonatewith the sodium salt of the

(e) Ti: Hicks, F. A.; Buchwald, S. LJ. Am. Chem. Sod.996 118 11688 a-branched dimethyl malonate derivative and [RhCI(CO)dppp]
and references therein.
(4) Jeong, N.; Seo, S.-D.; Shin, J.-¥.Am. Chem. So200Q 122 10220. (6) (a) Evans, P. A.; Nelson, J. D. Am. Chem. S0d998 120, 5581. (b)
(5) For a related diastereoselective Pausiéhand reaction using cobalt, Evans, P. A.; Robinson, J. E.; Nelson, J. D.Am. Chem. Sod.999 121,
see: Breczinski, P. M.; Stumpf, A.; Hope, H.; Krafft, M. E.; Casalnuovo, J. 6761. (c) Evans, P. A.; Leahy, D. K. Am. Chem. So200Q 122, 5012. (d)
A.; Shore, N. ETetrahedron1999 55, 6797. Evans, P. A.; Kennedy, L. J. Am. Chem. So@001, 123 1234.
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Table 2. Scope of the Regio- and Diastereoselective Tandem the substituent at C-2. Insertion of the metal then leads to the
Rhodium-Catalyzed Allylic Alkylation/PauserkKhand Annulation irreversible formation of the diastereomeric metallacydidiv,
Reaction (eq ) which are poised to undergo migratory insertion of metal bound
entry X M R 21°4:5° ds2:3° yield (%) carbon monoxide, followed by reductive elimination to afford the

1 (MeOCHC Na H a 271 51 82 bicyclic adducts?/3. Hence, provided the initial coordination is

5 i " Me b 191 61 80 reversible, increasing the size of the substituent at C-2 should

3 " " Ph ¢ 111 9:1 78 significantly improve the diastereoselectivity.

4 TsN Li H d 20:1 31 79

5 " " Me e 3211 6:1 84 )O\C%Me wﬂsw;@o + TsN)C@:o @

6 " " Ph f 571 7:1 81 Np” N =—CHNLITs :

7 0O Li H g 51 =191 63 MeCN, 3010 80°C  np No M

8 " " Me h 71 =101 73 ©)-6 829 [ rres B

9 " " Ph i 81 =191 81

a All reactions were carried out on a 0.5 mmol reaction scale using . .
5—6 mol % of [RhCI(CO)dppp]and 1.2 equiv. of nucleophilé.Ratios To test this hypothesis, the C-2 methyl group was replaced

of regioisomers were determined by HPLC and capillary Gt Ratios with a 2-naphthyl substituent. This study also provided an

of diastereoisomers were determined by 400 MHAIMR. “Isolated ~ OPpoOrtunity to examine the enantiospecificity of the allylic
yields. amination with this particular catalyst and thus ascertain whether

the allylic substitution was consistent with our previous stuélies.
Treatment of the chiral nonracemic allylic carbonés-6 (=

R
/ 2 . . . e .
/ML” R >_</H ~Re 99% eg under the optimized reaction conditions furnished the
X\‘/\\ TN ML, X 0 azabicycles7/8 in 82% vyield, as a 43:1 mixture of diastereo-

H H

R
/ Ry i T2
/\

isomers favoring’ (eq 2)? Furthermore, the allylic amination is
highly enantiospecific (98%eg and proceeds with retention of

X absolute configuratio#,

R1)\/ Re In conclusion, we have developed a new regio- and diastereo-
4 selective tandem rhodium-catalyzed allylic substitution/Pauson-
\ = Re Ry Ry thnd ann_ul_ation reaction. _This st_udy de_monstrates that excellent

/ML" R 1 y o reglqselectwlty may be obtame.d.Wltlh additional rhodium catalysts,

X \’ ; wvn L provided there is a strong-acidic ligand present on the metal
A HH R, M center. The annulation reaction was also applied to chiral
i iv 3 nonracemic allylic carbonate, which is likely to have significant
Figure 1. utility for asymmetric synthesis.

Acknowledgment. We sincerely thank the National Institutes of

in acetonitrile at 30C, under an atmosphere of carbon monoxide, Health (GM5_8877) for generous fin_ancial support. We a!so_ thank Zeneca
furnished the enyneda/5a favoring the secondary produda Pharmaceuticals faen Excellence in Chemistry Awaréli Lilly for a

0.10 — 5. : . Young Faculty Grantee AwayGlaxoWellcome for &hemistry Scholar
(2°:1° = 27:1 by GLC). The reaction mixture was then heated at Award, and Novartis Pharmaceuticals for #&tademic Achigement

reflux for ~24 h, resulting in the formation of the bicyclic  Ayard The Camille and Henry Dreyfus Foundation is also thanked for
cyclopenteneone®a/3a in 82% vyield, as a 5:1 mixture of 5 camille Dreyfus Teacher-Scholar Awa(®.A.E.). Professor Paul A.
diastereoisomers favorira (entry 1). The relative configuration  wender is acknowledged for stimulating discussions.
of the major isomer was established by NMR (nOe), which S . ) . . )

firmed thecis-relationship of the C-1 bridgehead proton with upporting Information Available: = Spectral data fopa—i and 7
con P gen pro (PDF). This material is available free of charge via the Internet at
the C-2 methyl group.This represents the first regio- and http://pubs.acs.org.
diastereoselecte rhodium-catalyzed tandem allylic alkylation/
Pausor-Khand annulation reactionTable 2 summarizes the = JAO15531H

application of this method to substituted acetylenic stabilized _&9) ?597%3568?% EXpelriTgn'{Aal F;r?PedureTthi)um heé%mgtgyldisi_lyl .
; H ; ; aziae , U, mmol, 1. solution In was adde ropwise to
carbon and heteroatom nucleophiles. This study indicates that the; "¢ tion of p-toluenesulfonyl propargylic amine (126 mg, 0.6 mmol) in

nitrogen nucleophiles provide optimum secondary substitution anhydrous MeCN (3.0 mL) at 3T under a CO atmosphere. The anion was

(TsNRLi > E,CRNa> ROLi), while the diastereoselectivity, with allowed to form overca 20 min, then addedia Teflon cannula to a solution
: S at 8 : of [RhCI(CO)dppp} (31.4 mg, 0.03 mmol) in anhydrous MeCN (1.0 mL) at
the exception of the oxygen derivativég—i,° is relatively 30 °C, rinsing with anhydrous MeCN (% 0.5 mL). The optically active

consistent throughout the series. allylic carbonates (119 mg, 0.5 mmolz99%eeby capillary GLC) was then
The diastereoselectivity in the rhodium-catalyzed Patson added from a tared vial and the reaction mixture heated &C3fbr ~5 h

I g . . . (TLC control; 2°:1° 299:1 by HPLC). The reaction mixture was heated at
Khand annulation is consistent with the mechanistic hypothesis yefiuy (nder a CO atmosphere fe24 h (TLC control). The reaction mixture

outlined in Figure 1. Initial complexation of the enyng was concentrateith vacuoand purified by flash chromatography (eluting with

presumably results in a mixture of diastereomeric complexes S0% S sielelienane) 1 nsh e SanOYUNO1e0 0, 550 s

(i7ii), where the relative population is influenced by the size of favoringy7 (98% ceef® ' oy y

(10) The absolute configuration for the rhodium-catalyzed allylic amination
(7) Tsuji, J. InPalladium Reagents and Catalys@iley: New York, 1996; was assigned by comparison(§)-1l prepared fron{S)-6 with (R)-Il prepared

Chapter 4, pp 298404. For a recent review on the transition metal-catalyzed via Mitsunobu inversion of the allylic alcoh@B)-1.

allylic alkylation, see: Trost, B. M.; Van Vranken, D. Chem. Re. 1996

96, 395. TN S _DEAD, PPh, OR cat. Rh(D) TN e
(8) The excellent diastereoselectivity observed in this particular series is Np N =CHNHTs Np~ o  =—CHNLiTs np~ >
presumably due to reduced-Astrain between the C-2 alkyl substituent and ®)-1 0°CRT (5)-6 R =CO,Me MeCN, 30°C ©-TI

ring oxygen (x= 0). -1 R=H



