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The reaction of allyl carbamates with activated olefins in the presence of Pg{RRtalyst in THF
proceeded smoothly at room temperature to give the correspofidifigisadductsp-amino-a-allylated
products, in high yields. Not only highly activated olefins containing two cyano groups but also 2-cyano
enones underwent facile aza-Michael additiaflylation with various allylic carbamates giving the
corresponding products in high yields and with high diastereoselectivities. The stereochemistry of the
singly formed product was confirmed with the help of X-ray crystallographic technique. It is an excellent
method for creatings-amino a-allyl ketones having two contiguous stereocenters: quaternary carbon
adjacent to secondary amine carbon center.

Introduction The generation of a quaternary carbon center is one of the
important reactions in organic chemistryThe palladium-

The palladium-catalyzed €C and C-N bond formation  ¢atalyzed decarboxylative addition of enoldtes well as base-

reactions via decarboxylative addition are one of the important
areas In organic Symheéls-rhese reactions are synthetically (3) For areview, see: (a) Denissova, |.; BarriaultTetrahedror2003

very important because they can be performed under essentiallysg"10105-10146. (b) Trost, B. MChem. Pharm. Bull2002 50, 1—14.
neutral conditions; moreover, G@as is the only byproduct.  (c) Trost, B. M.; Toste, F. DJ. Am. Chem. S0d.999 121, 4545-4554.

i i i imi (d) Trost, B. M.Acc. Chem. Resl996 29, 355-364. (e) Trost, B. M.;
LJ||r1f|§)rtuna'l[)ely, EheseTﬁatalytlc react(;onf_lilre itrltr:]tly Ilr’rtmed forf Van Vranken, D. L.Chem. Re. 1996 96, 395422, (h Heumann, A.
allylic carbonates. 1he scope and utlity oOf these types Ol pagjier, M. Tetrahedronl995 51, 975-1015. (g) Hayashi, T. IiCatalytic
reactions would be greatly expanded if the concept could be Asymmetric Synthesi©jima, I., Ed.; VCH Publishers Inc.: New York,
employed for the allylic carbamatés. 1993. (h) Sawamura, M.; Ito, YChem. Re. 1992 92, 857—-871. (i) Fiaud,
J. C. InMetal-Promoted Seleciity in Organic SynthesjsGraziani, M.,
Hubert, A. J., Noels, A. F., Eds.; Kluwer Academic Publishers: Dordrecht,

(1) (@) Tunge, J. A.; Burger, E. (Eur. J. Org. Chem2005 1715~ The Netherlands, 1991. (j) Consiglio, G.; Waymouth, R. Ghem. Re.
1726. (b) Tsuji, J.; Minami, lIAcc. Chem. Resl987 20, 140-145. (c) 1989 89, 257—-276.
Tsuji, J.; Shimizu, I.; Minami, |.; Ohashi, Y.; Sugiura, T.; TakahashiJK. (4) (a) Trost, B. M.; Xu, JJ. Am. Chem. So@005 127, 2846-2847.
Org. Chem 1985 50, 1523-1529. For some recent leading examples, see: (b) Behenna, D. C.; Stoltz, B. Ml. Am. Chem. So2004 126, 15044
(d) Rayabarapu, D. K.; Tunge, J. &.Am. Chem. So@005 127, 135106~ 15045. (c) Minami, I.; Nisar, M.; Yuhara, M.; Shimizu, I.; Tsuji,Synthesis
13511. (e) Burger, E. C.; Tunge, J. Arg. Lett 2004 6, 4113-4115. 1987, 992—-998. (d) Ohmori, NJ. Chem. Soc., Perkin Trans2002 755—

(2) (@) Minami, I.; Ohashi, Y.; Shimizu, I.; Tsuji, Tetrahedron Lett 767. (e) Nicolaou, K. C.; Vassilikogiannakis, G.; Magerlein, W.; Kranich,
1985 26, 2449-2452. (b) Mellegaard-Waetzig, S. R.; Rayabarapu, D. K.; R.Angew. Chem., Int. E@001, 40, 2482-2486. (f) Herrinton, P. M.; Klotz,
Tunge, J. ASynlett2005 18, 2759-2762. K. L.; Hartley, W. M. J. Org. Chem1993 58, 678-682.
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mediated allylation of carbonyl compouRidsives easy access TABLE 1. Effect of Protecting Groups?

to quaternary carbon centers. However, those reactions gave o

access to only-allylated carbonyl compounds. In the course Ph.~ CN RLNJ\O/\/ 5% Pd(PPh,), R'\N NG N
of a total synthesis investigation, we became interested in the oN * - = ©/ N
synthesis ofa-allyl S-amino enones having two contiguous THF, 1t Ph
stereocenters: quaternary carbon adjacent to secondary amine 4, 3
carbon center. We previously demonstrated that allylic carbon- 2

ates reacted with highly activated olefins in the presence of  entry R product ) yield (%)
palladium catalyst.On the basis of this finding and the reports 1 2aH 3a 0

on the reactions of activated olefins in our laboratbrye 2 2b CHz 3b 0
reasoned that benzylidenemalononitrila might react with 3 2cCOCH; 3c 87
allylic carbamates in a similar manner, and if successful, this g gggggg"t gg gic(gl)j
methodology can be applicable to the enones which would give 6 2f COOBnN 3f 5

ﬁccefﬁ too-allyl d[i-am_lglo engrtlre‘g.dT(z 'Iou(; ple?tsure, the toq -2 was added to a solution dfa and 5% Pd(PPJl in THF, and the

ypothesis proved feasible, and the detailed results are reporteq;y;re was stirred at room temperature for 12 Nields were determined

herein. by H NMR spectroscopy with dibromomethane as an internal standard.
¢ The starting material was recovered in around 30% yi¢ldolated yield

Results and Discussion is shown in parentheses.

Taking into consideration the potential of Pd(0) catalyst for TABLE 2. Reactions of Various Activated Olefins with 2
the reaction of activated olefifsye decided to use Pd(P§h o Et0oc. NC CN
catalyst and varied the protecting group on the amine nitrogenR\=<CN Et000~NJ\O/\/ 5% Pd(PPh), N N
of allylic carbamates. The results are summarized in Table 1. cN T R THF, 1t ©/ R
At first, an equimolar mixture oN-phenyl carbamat@a and
benzylidenemalononitrilda in the presence of Pd(PBh (5
mol %) was stirred in THF at room temperature for 12 h. The _entry 1 2 productd)  vield (%)

1 2 3

desired product was not obtained at all, and the starting material 1 laR=Ph 2gR!=Cy 3g 80
was recovered (entry 1). The use of a methyl group on the 2 1b p-OMe-GsH, 28R1= Ph 3h 93
carbamate nitrogen also did not lead to any product formation 3 1c2-furyl 2eR =Ph 3i 86
. . . 4 1d OEt 2eR'=Ph 3j 88

(entry 2). We envisaged that introduction of-&€OR group on 5 1e"Bu 2eR! = Ph 3k a4
the amine would lead to the formation of an oxazabis- 6 1fiPr 2eR!=Ph 3l 80
allylpalladium compleX,an analogue of the bis-allylpalladium 7 1g'Bu 2eR!'=Ph 3m 46

- a2 was added to a solution df and 5% Pd(PPjy in THF, and the
(5) (@) You, S.-L.; Hou, X.-L.; Dai, L.-X.; Zhu, Z. ZOrg. Lett 2001, mixture was stirred at room temperature for 12 ksolated yields.

3, 149-151. (b) Trost, B. M.; Schroeder, G. M. Am. Chem. Sod 999
121, 6759-6750. (c) Trost, B. M.; Schroeder, G. M.; Kristensenhdgew.
ghem., Int. Ed 2002 é}] 34932—3‘395- (dz) T?S;LB'B'\(;"; Radinov, R; complex. Since the amphiphil®10 nature of the bisz-

renzer, E. MJ. Am. Chem. So0d.997, 119, 7879-7880. . . -

(6) Nakamura, H.. Sekido, M.: Ito, M.: Yamamoto, ¥. Am. Chem. allylpalladium complex is knqwn, the reaction was thought to
Soc 1998 120 6838-6839. proceed as expected. Accordingly, the carbarBatgas treated

(7) (a) Nakamura, H.; Shim, J. G.; Yamamoto, X.Am. Chem. Soc with 1ain the presence of 5 mol % of palladium catalyst. Indeed,

1997 119 8113-8114. (b) Nakamura, H.; Aoyagi, K.; Shim, J. G; ; ; ; N ;
Yamamoto, Y J. Am. Chem. So@001 123 372-377. (c) Nakamura, H.. the starting materials completely disappeared, giving the amino

Shibata, H.; Yamamoto, YTetrahedron Lett200Q 41, 2911-2914. (d) allylation product3c in 87% isolated yield (entry 3). The use
Shim, J. G.; Nakamura, H.; Yamamoto, ¥.Org. Chem1998 63, 8470~ of a strong electron-withdrawing group, such-a€0OCF; on
8474. (e) Aoyagi, K.; Nakamura, H.; Yamamoto, X.Org. Chem2002 carbamate nitrogen, resulted in lower yield (entry 4). The
67, 59775980. (f) Shim, J.-G.; Yamamoto, Y. Org. Chem1998 63, bstrate herein the ethvl est OOED b
3067-3071. (g) Meguro, M.; Yamamoto, Y. Org. Chem1999 64, 694— substrate2e, wherein the ethyl ester group-C ) bears on

695. (h) Sekido, M.; Aoyagi, K.; Nakamura, H.; Kabuto, C.; Yamamoto, carbamate nitrogen, was found to be a good substrate for this
Y. J. Org. Chem2001, 66, 7142-7147. (i) Shim, J.-G.; Park, J. C.; Cho,  amino allylation reaction, which ga\@ein 91% isolated yield

C. S,; Shim, S. C.; Yamamoto, Y. Chem. Soc., Chem. Comm2002
852853 (j) Patil. N. T.; Huo, Z.. Yamamoto, Yi. Org, Chem2006 71 (entry 5). However, the benzyl ester groupqdOOBN) resulted

2503-2506. Several other researchers also reported some interestingin lower yield as can be judged from the entry 6.
transformations using activated olefins; see: (k) Jeganmohan, M.; Shan-  Next, we investigated the scope of the reaction with respect

mugasundaram, M.; Cheng, C.-H.0rg. Chem2004 69, 4053-4062. (I) : : : : :
Marat, X.: Monteiro, N.. Balme, GSynlett1997 845. (m) Clique, B.: to various activated olefins. The results are summarized in Table

Monteiro, N.; Balme, G.Tetrahedron Lett1999 40, 1301-1304. (n) 2. 'I_'he treatment of the olefiba with 1 equiv _of the carbamate
Cavicchioli, M.; Sixdenier, E.; Derrey, A.; Bouyssi, D.; Balme, G. 2gin the presence of 5 mol % of Pd(Pfhin THF at room
Tetrahedron Lett1997 38, 1763-1766. (0) Bottex, M.; Cavicchioli, M.; i ; ; 0% Vi
Hartmann, B.; Monteiro, N.; Balme, @. Org. Chem2001, 66, 175-179. temperlatu_:_i gave the an;mr? allylatlondpr?d?gtln ﬁ.()gor)]lleld

(p) Sato, Y.; Oonishi, Y. Mori, MJ. Org. Chem2003 68, 9858-9860.  (€ntry 1). The reaction of the activated olefib, which has a
(9) Xie, R. L.; Hauske, J. RTetrahedron Lett200Q 41, 10167-10170. methoxy group at the para position of the aromatic ring, with
(r) Solin, N.; Narayan, S.; Szabo, K. J. Org. Chem 2001, 66, 1686~ 2e under the standard conditions gave the desired progluct

1693. (s) Jeganmohan, M.; Shanmugasundaram, M.; Cheng, Org.
Lett 2003 5, 881—-884.
(8) The palladium-catalyzed intramolecular Michael addition of the (10) For other examples on hisallylpalladium chemistry, see: (a)

ketone enolates generated by the decarboxylation offakgto carboxylates Nakamura, H.; lwama, H.; Yamamoto, ¥. Am. Chem. S0d 996 118

is known; see: Nokami, J.; Watanabe, H.; Mandai, T.; Kawada, M.; Tsuji, 6641-6647. (b) Yoshikawa, E.; Radhakrishnan, K. V.; Yamamoto, Y.

J. Tetrahedron Lett1989 30, 4829-4832. Tetrahedron Lett200Q 41, 729-731. (c) Kamijo, S.; Jin, T.; Yamamoto,
(9) (@) Kamijo, S.; Yamamoto, YAngew. Chem., Int. EQ2002 41, Y. J. Am. Chem. So@001, 123 9453-9454. (d) Fernandes, R. A.; Stimac,

3230-3233. (b) Kamijo, S.; Yamamoto, Y. Org. Chem2003 68, 4764~ A.; Yamamoto, Y.J. Am Chem Soc 2003 125 14133-14139 and

4771. references cited therein.
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COOEt SO,Ph H CN TABLE 3. Reactions of 2e with Various Enones #

ph/:< CN Ph/_<CN ph/:< CN :<CN entry enone (4) product (5) yield(%)?

FIGURE 1. Structures of unreactive olefins. o

R CN .CN
in 93% yield (entry 2). The olefiic, derived from 2-furalde- \@f;]/ “NPh
hyde, also gave the desired prod@cin 86% vyield (entry 3). R R COOEt
The ethoxy-substituted olefibd also reacted well, giving the
corresponding amino allylation produgjtin 88% vyield (entry 1 4aR=MeR'=H faR=Me,R'=H 84
4). When the olefinle was used, the corresponding allylated 2 4bR=Br,R'=H 5bR=Br,R'=H 9%
product3k was obtained in 44% vyield (entry 5). The reaction 3 4cR=R'=Cl 5cR=R'=Cl 78
of isopropyl- and tert-butyl-substituted olefinslf and 1g 4  4dR=R'=H 5dR=R'=H 80
proceeded well to give the corresponding prod@itand3m o |
in 80 and 46% yields, respectively (entries 6 and 7). It should R\Qflj/CHo R it cHO
be noted that, similar to our previous reports, the present reaction | :
worked well only for the highly activated olefins containing o “NPh
two electron-withdrawing groups, such as nitrile. The other R R’ COOEt
olefins shown in Figure 1 did not give any desired products 4eR=R=H SoR=R'=H 72
under the standard conditioks. © ) © )

It is clear that the scope and synthetic utility of this newly #R=F.R=NO, StR=F,R'=NG, %0
born process would be enhanced dramatically if the two 0_0 (:(O;/DO\/
contiguous stereocenters, quaternary carbon adjacent to second- 7 @I "GN 79
ary amine carbon center, could be generated. We envisioned 4 CN E0oc WP 5
that the 2-cyano enondsmight be the ideal precursor to achieve
this goal because the olefins’ moiety is doubly activated by two o
electron-withdrawing groups, such asCN and carbonyl. cN “CN
Indeed, the hypothesis proved realistic, and under simple
standard experimental conditions, a wide range of substrates @/ - 'NPh
underwent smootis-amino<-allylation. The results are sum- COOEt
marized in Table 2. The reactions of 3-cyanochromateesd 8 4hn=1 5hn=1 85
with 2eproceeded smoothly to give the corresponding products 9 4in=0 5in=0 0°

in high yields (entries +4). The reaction of 3-formylchromones aThe enonest were added to a solution dfe and 5% Pd(PRj in
4e and 4f with 2e also gave the desired producis and 5f in THF, and the mixture was stirred at room temperature for 12l$olated
72 and 90% yields, respectively (entries 5 and 6). 3-Cyano- yield. ¢ Decomposition noticed.

coumarin4g was also found to be a good substrate for the
reaction (entry 7). Not only chromones and coumarins but also TABLE 4. Reactions of 4d with Various Carbamates 2
the six-membered 2-cyano enodk reacted well, giving the
corresponding amino allylation produst in 85% yield (entry
8). However, in the case di, decomposition was noticed (entry 4d ~CN
9). It should be noted that the substrates bearing iodo substituents .
in the aromatic ring were not tolerated under the present reaction ‘NR
conditions presumably due to the oxidative insertion of Pd(0)
to the aryt-iodide bond.

We next examined the scope of the reaction with respect to _entry carbamatej product §)  yield®
carbamates, and the results are summarized in Table 4. The 1 R = cyclohexyl, R = COOEt Qg) 5 93
cyclohexyl- and methyl-substituted carbamatgg and 2h 2 R=CHs R'= COOIEt eh) , 5k 84
reacted smoothly witdd giving the corresponding producis 3 Rf P-CHs—CeHa, R T_COOEt e 5l 882

i % vyields, respectively (entries 1 and 2) 2 REpOCH-Ciis R = COOELE)) om 8
and Sk in 93 and 84% yields, resp y 5 R=Ph, R=COCH=CH; (2k) 5n 75

|2_|]0\I/1Vae\\//|(ra1; :ar;etgt?oﬁa-ljgngtit: ge ga",gyl'll-;: bssut::t#_t:stZI:);' ir?tceid aThe carbam_ate% were ad_ded to a solution dfl and 5% Pd(PPju in
! ! A THF, and the mixture was stirred at room temperature for 12l$olated
an excess amount of the carbamates was needed in order t@ieids.c 1.5 equiv of carbamate was used.

obtain high yields of the desired products (entries 3 and 4).
When 1 equiv of the carbamates was used, the yields of the

desired products were low due to the formation Nllyl
(11) As shown in Figure 1, when other activated olefins were used, the carbamate as a side product. Due to the presence of the electron-

desired products were not obtained and the starting olefins were recovereddonating substituent at the para position, the presumed oxazabis-
quantitatively. Accordingly, a CN group in two electron-withdrawing groups  zz-allylpalladium complex may become unstable and immedi-

is required to accomplish the present reaction. Complete coplanarity of two ; i ; i
esters/S@Ph is difficult due to the steric repulsion of electron-withdrawing ately undergo a reductive eliminatinreaction to give the

groups, although the small and linear cyano group leads to much less N-ally! de”_V'?mve- An acryloyl group on nitrogen also works
disruption than does the ester overlap. This phenomenon is in accord with equally, giving the productsn in 75% yield (entry 5).
Boeckman’s and our previous results; see: (a) Boeckmann, R. K.; Ko, S.
S.J. Am. Chem. Sod.982 104, 1033. (b) Ref 7. It was believed that in
the case of cyclic enones coplanarity is maintained, and that may be the
reason for their high reactivity.

(12) Nakamura, H.; Bao, M.; Yamamoto, YAngew Chem, Int. Ed.
2001, 40, 3208-3210.
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2e SCHEME 1. Two Possibilities for Production of 6
5d Pd(0) o} o fo)
Pd(0) Pd(0)
co, EtOOC\NJ\O,Pd N EtOOC\N)J\o/\/ I Eto)LN/\/
Ph insertion Ph -CO, Ph
? CN 73 12 2e 1
gq° 0
Pd > R
Et0O—~—Pd— Pd(0)
0~ "NPh N €O, o insertion
| 1 N
10 COOEt Ph ¢  pd—
| -
& o P J N
Q ZN A CN 4 opd/w SCHEME 2
:Pdﬂ & R2NH NC CN
p % R
- 0”7 "NPh =—= | CN Ph. CN Pd0)  R1ReN
(0] NPh 8 éOOEt \_< + B X
COOEt O” NPh ON  _~_X X IS
9 COOEt
] )OL ’
FIGURE 2. A plausible mechanism. % - R
P R'R?NH = Ofé”” or ™ <—F>d+ N,
o o ' R?
O . A
CN >
Pd—
X by %x / SCHEME 3
H j W oN o}
10a 10b J
X = NPhCOOEt EtO” "NH
S ! o 13 Ph Pd(0)
1,3-diaxial interaction between  1,3-diaxial relieved because Ph CN
Pd-allyl group and hydrogen. CN group is relativiey small \:< + x > 3e
Less stable compare to Pd-allyl group. CN /\/X
More stable 1a
X =0Ac, Cl

FIGURE 3. A proposed transition state for the formation of a single

diastereomer. two possibilities for the formation d: (i) the decarboxylative
C—N bond formation first takes place fror@eto producell,

Fortunately 5n was obtained as a white solid, and its structure which after ionization of the NCay, bond under the palladium

was unambiguously confirmed by X-ray crystallographic analy- catalysis generates the intermedi6idii) Pd(0) insertion into

sis1® the O-Cayy bond first takes place to formi2, which im-

A proposed mechanism is shown in Figure 2. Initially, Pd(0) mediately liberates C£xo give 6. However, the reaction dfl
reacts with the carbamageto give the oxazabisg-allylpalla- with 1a under the standard conditions did not gB& clearly
dium complex6 with extrusion of CQ. Then the insertion of  ruling out the possibility for the pathway throudh.
the activated olefiMdd into the complex6 would form the We previously reported the palladium-catalyzed three-
s-allylpalladium intermediat8. This intermediat®, with Pd-O component coupling reaction of activated olefins with allylic

bonding, could be in equilibrium with the P« bonded halide and phthalimide (Scheme 2)The reaction proceeds
intermediatel 0. The intermediate8 and10 should most likely through thet-allylpalladium compleX, generated from amines

be represented as their bisallylpalladium analogue® and9, and allylic substrates with concomitant removal of HX. The
respectively. The reductive elimination of Pd(0) frdifagives Michael addition of the nitrogen nucleophile of the intermediate
the desired produdid with the regeneration of Pd(0). A to the activated olefin followed by allylation gives the amino

A plausible explanation for the observed diastereoselectivity allylation product. To check the feasibility of this three-
in the intermolecular aminopalladation is made on the basis of component coupling reaction for the present case, we performed
1,3-diaxial interactions. As depicted in Figure 3, the two the reaction between benzylidenemalononittéethe carbamate
transition stated0aand10bare conceivable. In the mod&da, 12, and allyl acetate/chloride under the standard conditions
the sr-allylpalladium complex is in an axial position; therefore, (Scheme 3). However, no formation of the prod3et was
it suffers from a severe 1,3-diaxial interaction. On the other detected; the starting material was recovered. This observation
hand, such a 1,3-diaxial interaction is not present in the transition indicated that the use of allylic carbamates is the key for the
state10b, as thex-allylpalladium complex is oriented at an  present reaction.
equatorial position. There is an equilibrium betwekfya and
10b through ther-allylpalladium comple». This explains the Summary
exclusive formation of only one diastereomer. Another reason ) )
for the formation of anti-product can also be explained on the _In conclusion, we have developed a new palladium-catalyzed
basis of steric interaction between first formed amino group highly stereoselective tanderallylation3-amination of enones
and the Pé-allyl moiety. viaa _decarbc_)xylatlve aza-Michael additieallylation (_:ascade.
To obtain some additional insight into the reaction mecha- 1hiS iS the first example of excellent face selectivity of the
nism, we conducted a few experiments (Scheme 1). There areP@lladium enolates in generating contiguous quaternary and
tertiary carbon centers at the- and $-position of enones,
(13) Efforts to determine the stereochemistrofwere undertaken using respectively. Duet to the versatility of the Cy.ano grOUp’.aHOWIng
nOe experiment. However, no satisfactory results could be obtained. For fOr €asy elaboration of the product, we believe that this process
X-ray crystallographic analysis data, see Supporting Information. is expected to have broad synthetic utififylt is noteworthy
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that the process does not need any additives or bases and caBxperimental Section

be carried out at extremely mild conditiotdt is most probable _ _ _

that the oxazabis-allylpalladium complex is an intermediate G?nef?ﬂ Procedure for the Amino AIIyI.atlon of. Activated .

for the present reaction. As the key for generating the oxazabis-gt:frfiw:-l;'—aor 3\, gr;“'ég‘éreec‘i"’;ﬁipgﬁr%%‘g;gczgg’gerié‘”tg ;‘ m&%rl‘)e"c

m-allylpalladium complex in the presence of-&COR group carbamate2e (49.8 mg, 0.2 mmol) Pd(PI?)a (11’6 .mg 0 01,

O o, it 1o e crhonates ISl an THF (s l). Aferh micur wessired or 12
room temperature, TLC was taken in order to confirm whole

disappearance of the starting materials. The solvent was removed

(14) Apart from the ability of the cyano group to undergo various under reduced pressure, and the residue was purified by a short

structural manipulation depending on the reagents used, it can be used forsjlica gel column with eluent (hexane:ethyl acetate, 9:1) to §ave
various reactions; see: Liu, H.-J.; Zhu, J.-L.; Shia, KF8&trahedron Lett (65.5 mg) in 84% yield
199§ 39, 4183-4186. ’ '
(15) Since the carbamates are weak nucleophiles, Michael addition of
them to enones generally needs the use of promoters; see: (a) Xu, L.-W.;  Supporting Information Available: Experimental details,

Xia, C.-G.; Hu, X.-X.Chem. CommurR003 2570-2571. (b) Gaunt, M. At ; ; _
3 Spencer, J. BOrg. Lett 2001, 3, 25-28. (c) Wabnitz, T. C.. Spencer, characterization data, including X-ray analysid, NMR spectra

J.B. Tetrahedron Lett2002 43’ 3891—3894. (d) Wabnitz, T. C.; Yu, J.  Of newly synthesized compounds (27 pages), as well as a crystal-
Q.; Spencer, J. BSynlett2003 1070-1072. (e) Wabnitz, T. C.; Spencer,  lographic file (CIF). This material is available free of charge via
J. B. Org. Lett 2003 5, 2141-2144. (f) Kobayashi, S.; Kakumoto, K.; the Internet at http://pubs.acs.org.

Sugiura, M.Org. Lett 2002 4, 1319-1322. (g) Xu, L.-W.; Xia, C.-G.

Tetrahedron Lett2004 45, 4507-4510. JO061110C

J. Org. ChemVol. 71, No. 18, 2006 6995



