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Synthetic methods relying on gold complexes as catalysts have Table 1. Development of the Au(l)-Catalyzed Cycloaddition?

recently been the focus of intense developméddespite numerous Ph_N
advances, relatively few enantioselective gold-catalyzed transforma- p, N ye = 2% catalyst, Ty COMe
. : : . ~ T\ THR 5 M) 1 L e
tions have been described. The earliest example of an enantiose- 5 + 0Ny —— o= i
lective gold(l)-catalyzed transformation, the Hayasid aldol o Ph then Tc,“r"gﬁ:',\'f: NNg

/

reaction, was proposed to rely on activation of the nucleophile as 1a 3, 1.5 equiv Ph 2a
a chiral monophosphineAu(l) enolatén contrast, the majority of
recently reported methods rely on the electrophilic nature of cationic

time yield ee

- ! . o entry catalyst (h) (%)° (%)°
bisphosphinegold(l) complexes to activatéonds toward addition 1 PPRAUOBZ 0s s —
of nucleophiles. Therefore, _the_utlllty of chiral blsphosphlnegold- 5 (R-BINAP(AUOBZ), 5 78 _8
(I) complexes would be signficantly extended if they could be 3 (R-SEGPHOS(AUOB2) 3 81 —40
employed as catalysts for enantioselective transformations that are 4 (R)-DIFLUOROPHOS(AUOB2Z) 3 56 —44
not predicated om-bond activation. To this end, herein we describe 5 (R)-Cl—MeO-BiPHEP(AUOBZz) 3 80 -5
the development of a bisphosphinegold(l)-catalyzed enantioselective 6 (R-SYNPHOS(AUOBZ) 3 62 —95

; " X o . i 7 (R)-3,5-xylyl-BINAP(AUOBz), 3 63 —24
1,3-dipolar cycloadditiohreaction of mesoionic azomethine ylides 3 (R)-DTBM-SEGPHOS(AUOBZ) 7 81 _83
(minchnones) with alkenes. 9 (9-Cy-SEGPHOS(AUOB3) (4) 2 70 88

We were inspired by Tepe’s recent report of silver(l)acetate- 10 4 5 76 95

catalyzed miochnone/alkene 1,3-dipolar cycloadditicrfto con- ] ] N -
a8 Reactions run with 0.33 mmdla; for conditions concerning in situ

sider the use of our recently developed plsphosphlnegpld(l) ester formation see Supporting Information (Sl)solated yield.c Absolute
carboxylate complexes as catalysts for this transformdtion. configuration determined by X-ray crystallography on the corresponding
Gratifyingly, treatment of a THF solution of azlactoha and 1.5 a-methylbenzylamide (see SHReaction performed at 0.5 M in PhF.

equiv of N-phenylmaleimide %) with 2 mol % triphenylphosphi-
negold(l) benzoate at room temperature, followed by in situ
esterification, afforded the desir@d-pyrroline &)-2ain 85% yield Ph— N Me 3.5mol% 4 ph_ N_FOR

i i Vi ~ 3:1 THF:PhF , rt al
with excellent diastereoselectivity (Table 1, entry 1). 5 + PNy — \(_7 Me

Having established an achiral phosphinegold(l) benzoate as a o) (4 equiv) ”’e”f ester/amide “x

. 1a ormation 7a-e

catalyst for the formation for2a, we next focused on the
enantioselective reaction dfa and 3 (Table 1). In general, the entry product time (h)  vield (%)°  ee (%)
diphenyl-substituted biarylphosphinegold(l) benzoate complexes 7a, X=CO/Bu R=OMe 24 56 99
successfully employed in the hydroamination gave modest selectiv- 2~ 7b, X =COfBu R = NHCH,Ph 14 74 95
ity for the reaction ofla and3 (entries 2-5). While substitution i 7c, X=COEt R=OMe 14 66 90
5

Table 2. Reaction of 1a with Various Acyclic Alkenes?

[EnY

on the phosphine aryl ring resulted in improved selectivity (entry ;cei,)><<_=CC'\Cl>zMe Sf SIZA(?H oh ij gg 9736

8), we were pleased to find theS)(Cy-SEGPHOS(AuOB2z) o _ z

(4)"-catalyzed cycloaddition gav@a with a notable increase in 2 Reactions run with 0.33 mmdlaat 0.5 M; for conditions concerning
enantioselectivity (88% ee) (entry 9). Further optimization of in situ ester/amide formation see 8lsolated yield unless otherwise noted.
reaction conditions revealed that the reaction performed similarly ¢ Reaction run with 10 equiv of alkene and 2% mof' Yield determined

in various solvent§;however, employing fluorobenzene (PhF) as by *H NMR.
the solvent produced a further improvement and providadn 87% ee (eq 13° Acyclic alkenes could also be employed as partners
76% yield and 95% ee (entry 1®Notably, in all cases only the iy the gold(l)-catalyzed cycloaddition (Table 2). Generally, the
exoadduct was observed. reactions performed best using a 3:1 mixture of THF and PhF and
slightly higher catalyst loading (3.5%). Notably, in all cases the
ph— N__Me _ i Ph N COLH reactions proceeded with excellent diastereo- and regioselectivity.
\gI . A _2mofed L /"Me Various azlactoneslp—j) were prepared, and the results of their
5 o © P;‘go/(og’;/""; n 03‘0 A gold(l) benzoate-catalyzed enantioselective cycloaddition with
1a 5 (15equiv) " 6 o N-phenylmaleimide are shown in Table 3. Substitution at the para

position of the azlactone aromatic ring was well tolerated (entries
A variety of electron-deficient alkenes were found to be viable 1—4). While increasing the steric demand at the azlactone C2 or
dipolarophiles in the gold(l)-catalyzed ‘mchnone cycloaddition. C4 position resulted in decreased reactivity in PhF, switching the
For example, 2 mol % gold(l) benzoatecatalyzed the reaction of ~ solvent to a mixture of THF and PhF permitted isolation of the
1la with maleic anhydride§), under conditions similar to those cycloadducts in good yields (entries 5, and9j. The use of this
used withN-phenylmaleimide to afford aci@ in 79% yield and solvent mixture allowed for smooth reaction of azlact@féearing
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Table 3. Reaction of N-Phenylmaleimide (3) with Azlactones?

AN COMe
— 2mol% 4 = 2
Ar\(kR . o’&o PhF (0.5M), rt UR
0 N then TMSCHN, O=X 1
o Ph or CH2N2 /N/\O
1b-j 3, 1.5 equiv Ph  2b-j
entry product time (h)  vyield (%)°  ee (%)
1 b, R=Me Ar = p-MeO—CgHs— 18 77 95
2 ¢, R=Me Ar = p-Br—CeHs— 15 75 93
3 d,R=Me Ar=pCl-CeHs— 15 72 92
4 e, R=Me Ar = p-NOCeHs— 1.5 98 91
5 f,R=Me Ar = 0-Me—CgHs— 4 73 86
6 g R=H Ar =Ph 24 84  —9o8
7 h,R=allyl Ar=Ph 8 86 87
8 i,R=Ph Ar=Ph 15 35 78
9 j,R=Bn Ar=Ph 36 71 68

a Reactions run with 0.33 mmol azlactone; for conditions concerning in
situ ester formation see Sllsolated yieldSRun at 0.5 M in 3:1 THF/
PhF.4 At 0.5 M in aceteone, usingRj-DTBM-SEGPHOS(AuOBz) note
also the change in the sense of ligand chirafitgun at 0.25 M in 3:1
THF/PhF at 0°C with 5% mol4.

Scheme 1. Proposed Mechanism of Au(l)-Catalyzed 1,3-DCR
o LAuOBz 8
HOzc Me
o (6]
N /<N Ph “
o Lad® j; H
Ph (¢} ©0Bz ph” N Me
HOBz
LAliJ o
Ph ON Me ]
s 0 OBz
10 N4 [<—o e h
0o N Me
o Ph \
Ph Aul
o}
- o o HOBz
O%:\A\O /‘\J@g\Me
=N
PR Ph” TN
AuL 9

a 2-methylphenyl C2 substituent, providing prod2fin good yield
with 86% e€!! Similarly, C4 allyl-substituted azlactorig under-
went gold(l)-catalyzed cycloaddition to furnisth in 86% yield

and 87% ee; however, a decrease in enantioselectivity was observed

with a further increase in the size of the C4 substituent to benzyl
(entry 9). The reaction oB with glycine-derived azlactonég
catalyzed by4 produced2g with only 81% ee. Fortunately,
switching the catalyst tdR)-DTBM-SEGPHOS(AuOBz)allowed

for the isolation of cycloadduc®g in 84% yield and 98% ee
(entry 6).

A proposed catalytic mechanism, paralleling those postulated for
reactions of acyclic azomethine ylides, is shown in Scherfe 1.
Dissociation of a carboxylate counterion fr@mprovides an open
coordination site for azlactone binding. Deprotonation of the
activated substrate, presumably by benzoate, gendvetesated-
dipole 9. Reaction of9 with the dipolarophile produces initial
cycloadductl0. Subsequent €0 bond cleavage and protonation
followed by dissociation of theAl-pyrroline regenerates the
catalystt?

In summary, we have developed the first catalytic enantioselec-
tive reaction of azlactones with alkenes to providepyrrolines!314
Notably, the gold-catalyzed cycloadditions proceed with excellent
diastereo- and regioselectivity. The reaction is proposed to proceed
through a 1,3-dipof¢ generated by deprotonation of a gold(l)-

activated azlactone and therefore represents an important departure
from the mechanistic paradigm af-activation most commonly
proposed in contemporary asymmetric catalysis with gold com-
plexes. The development of enantioselective reactions relying on
gold(l)-catalyzed generation of nucleophiles is ongoing and will
be reported in due course.
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