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Modular Peptide-Based Phosphine Ligands in Scheme 1
Asymmetric Catalysis: Efficient and Enantioselective
Cu-Catalyzed Conjugate Additions to Five-, Six-, and

Seven-Membered Cyclic Enones
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Peptide-based catalysts offer attractive and practical optionsTable 1. Cu-Catalyzed Enantioselective Addition of Dialkylzinc
in the development of asymmetric transformations. Peptides areReagents to Cyclopentenofies
easily prepared, consist of readily available chiral building blocks
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and are modular. Largely due to these attractive attributes, metal entry substrate  alkylzine  product (mol%)  time(h) (%) (%)
peptide cqmplexes have re(_:ently begn demonstrate_d to initiate . o Bz Q 4a 2410 9012 78° 97
asymmetric C-C bond forming reactions.Research in these 2 %\] Buyzn 4b 2410 9812 92° 98
laboratories, involving peptide-based phenolic Schiff bases as 3 Prgzn A R 4c 2_411_0 >98’12 %0 79
chiral ligands (e.g.1, Scheme 1), has led to the development of . 3 m 4" ad 2410 o812 56 s08'
Ti-catalyzed additions of TMSCN to meso epoxitiasd imines ([\i ' '
(Strecker amino acid synthesisand Zr-catalyzed addition of OAc 5
dialkylzincs to imined. The effectiveness of peptidic ligands in 5 EtpZn 3 7a 24,10 98,6 72°598
the aforementioned programs led us to investigate their utility in 6 Me%j BuyZn Me%j 7b 24,10 9512 64° 98
promossting catalytic enantioselective olefin alkylations with alkyl- 7 Md . (mzn Me 7 ':'R 7¢ 60,25 >98,12 55 98
metals 2

Herein, we report the results of our studies on catalytic o s o
enantioselective conjugate addition of dialkylzinc reagents to
cyclic enone$.” These transformations are promoted by (Cu@Tf) & gj Etp2n ﬁ\;L"“'E' 7575 70,24 %6 97
CeHe in conjunction with peptide-based chirathosphindigands M Ve g M e g

(2, Scheme 1§. The method described allows for efficient,
catalytic, and highly enantioselective 5% ee) functionalization

of not only six- and seven-membered ring enones, but also of

cyclopentenones. It is worth noting that the catalytic asymmetric
conjugate addition of alkylmetals to five-membered ring enones
has previously been shown to be significantly less efficient and
selective than reactions of the larger ring analogues.
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a Conditions: indicated mol %2 and (CuOTf)-CsHs, 3 equiv of
dialkylzinc, toluene—30°C (—20 °C for entries 4 and 7). Conversion
determined by GLC¢ Isolated yields after silica gel chromatography.
d Enantioselectivities determined by chiral GLG-DEX for entries
1-2; CDGTA for entries 3, 58).¢GLC yields (volatile products);
representative isolated yields: 528a and 46%7a. f ee determined
by GLC analysis of the acetal derived fromR,R)-dimethylethylene
diol (CDGTA).

To initiate our studies, we examined the potential utility of
chiral peptidic ligands represented ly(Scheme 1). Under a
variety of conditions, however, conjugate additions deliver
racemic products. Treatment of cyclopentenoBg With 10
mol % 1, a variety of Cu salt,and 3 equiv of EZn (toluene,
—30 °C) leads to the formation of the expected ketone product
in >98% conv but in<5% ee. Similar results were obtained with
cyclohexenone and cycloheptenone.

At this point we reasoned that, whereas the phenol Schiff base
may be suitable for association with early transition metals (e.qg.,
Ti or Zr), the corresponding P-containing chiral ligahdhould
provide a “softer” site of binding and may be more appropriate
for late transition metals (e.g., Cu or Zn). Accordingly, we
prepared from commercially available 2-(diphenylphosphino)-
benzaldehyde and performed screening of conditions to establish
the optimum Cu salt and solvent. As illustrated in entry 1 of
Table 1, treatment of cyclopenteno®eiith 1.0 mol % (CuOTf)-
CsHe,2° 2.4 mol %2 and 3 equiv of BEZn leads to 90% corl¥

(9) The following Cu salts were examined: CuCN, CuCl, GBS, Cul,
CuOAc, Cu(OTf), and (CuOTH)-CsHe. Solvents screened were THF .8t
toluene, CHCI,, and CICHCH,CIl. Among various possible combinations,
Cu(OTf)-CsHs in toluene proved to be the most efficient combination.

(10) (a) Salomon, R. G.; Kochi, J. K. Am. Chem. S0d.973 95, 1889~
1897. (b) Salomon, R. G.; Kochi, J. K. Am. Chem. S0d.973 95, 3300~
3310.

(11) Approximately 20% excess ligand (vs CuOTf) is used to avoid
competing background reactions.

(12) Complete conversion and identical enantioselection is observed at
higher catalyst loading. For example, with 2.8 mol % (Cu@TH)Hs and 7.0
mol % 2, >98% conv is achieved in 6 h.
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Table 2. Cu-Catalyzed Enantioselective Addition of Dialkylzinc
Reagents to Cyclohexenones and Cyclohepteriones

. convb ieldC eed

entry substrate alkylzinc product (%) )2%) (%)

1 MesZn 1ta >98 71 >98

2 7 Et,Zn 7 11b >98 98 098

3 6) BuyZn i‘:t 11c »98 93 95

4 (FPr)oZn VR 11d >98 98 72

5 10 ((\)’Zn 1nh 11e >98 76 95

2
OAc §

6 MezZn 13a >98 80 »98

7 o Et,Zn Q 13b >98 98 98

8 Bu,Zn @\ 13¢c >98 81 95

9 (-Pr)sZn ""_';R 13d 83 78 62

12 13

a Conditions: 1.0 mol % (CuOTHCeHe, 2.4 mol %2, 3 equiv of
alkylzinc, toluene;—30°C (—20°C for entry 5). All reactions required
12 h, except for entries 2 and ¥Conversion determined by GLC.
¢ Isolated yields after silica gel chromatograph¥nantioselectivities
were determined by chiral GLC (CDGTA for entries 8, 7, 9;5-DEX
for entries 6, 8). See Supporting Information for details.

after 12 h (toluene;-30°C), where ketondais obtained in 78%
yield and 97% ee (chiral GLG} Addition of Bu,Zn (3—4b) and
functionalized alkylzin& (—4d) takes place smoothly with 98%
and >98% ee, respectively (entries 2 and 4, Table 1). With the
sterically more hindered-Pr)Zn as the alkylating agent (entry
3, Table 1), the catalytic addition proceeds to complet@§%
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a Conditions: 1.0 mol % (CuOTHCeHe, 2.4 mol % chiral ligand, 3
equiv of (-PrpZn, —30 °C.

92%, 81% ee

substratedc is obtained in 65% ee whet¥ is used (vs 79% ee
with 2). When phosphin&5 (Gly replaced by-Bu)!¢is employed

in the reaction of3, however, cyclopentanongc is isolated in
85% ee (94%). The above observations imply that if complete
ligand screening is carried out specifically for each substrate, a
different optimal chiral phosphine construct may emerge for that
particular enon@.

The present catalytic asymmetric method delivers-2nolate
intermediates that can be functionalized in situ. For example,
sequential catalytic addition/alkylation df2 provides 16 in
97% ee, 80% vyield, and with 15:1 diastereoselectivity (Scheme
3). Pd-mediated regioselective oxidatiorr17),'” followed by
Wacker oxidatioff completes a four-step enantioselective syn-

conv) but is less enantioselective (79% ee; see below for ligand thesis of anti-cancer clavularinB(42% overall from com-

optimization).

As depicted in entries-57 of Table 1, Cu-catalyzed conjugate
additions of dimethyl-cyclopentenoréeare equally efficient. In
the presence of-12.5 mol % (CuOTf)-C¢He and 2.4-6 mol %

2 reactions are complete within 12 h and deliver the desired

products in>=98% e€e'* In contrast, the sterically more hindered
alkene of8 (entry 8) undergoes conjugate addition reluctantly:

higher catalyst loadings are required for appreciable conversion

(7.5 mol % Cu salt and 17.5 mol 9. The desired produ@ is
however obtained in 97% ee (5695).
Chiral phosphine2 and CuOTf promote enantioselective

conjugate additions to larger ring enones as well. As illustrated

in Table 2, cyclohexenon®) undergoes Cu-catalyzed conjugate
additions in the presence of 1.0 mol % (CuQi®sHs and 2.4
mol % 2 (>98% conv in all cases). Entries-B and 5 of Table
2 indicate that when-alkylzinc reagents are used, chiral ketones
1lla—1lcandlleare isolated ir-70% yield and>95% ee. As
before (entry 3, Table 1), reaction withRr),Zn occurs with lower
enantioselectivity (72% ee). A similar trend is observed with
reactions of cycloheptenont2 (entries 6-9, Table 2); most
n-alkylzincs, except fori¢PrpZn (entry 9), participate in facile
and highly enantioselective transformations.

To address the issue of lower enantiocontrol in additions
involving i-Pr,Zn, we set out to identify an improved chiral ligand
through the positional optimization stratefyyith cyclohexenone

mercially availablel?2).

Scheme 3
O 1.0mol % (CuOT)»*CeHe

f 2.4 mol % 2,

o}
—

3 equiv Me,Zn, -30 °C;

—_— “Me
12 16 97% ee, >15:1, 80%
1. TMSOTS, EtzN,
CH,Cly, -78 °C
2. 50 mol % Pd(OAgc),,

10 equiv 4-iodo-1-butene,
10 equiv HMPA, 0 °C

Q 20 mol % PdCly,

Me CuCl,,
DME, HQZO, Cu(OAc),, MeCN,
_— 22°C
M 50°C

61%
85%

17

clavularin B

In brief, we disclose an effective protocol for the enantio-
selective addition of dialkylzincs promoted by catalysts that are
composed of commercially available components and can be
easily modified? Future studies are aimed at deciphering various
mechanistic issues and the application of peptidic phosphine
ligands to enantioselective additions involving acyclic substrates.
Development of other asymmetric€ bond forming transfor-
mations with this class of chiral ligands is in progress as #ell.

Supporting Information Available: Experimental procedures and
spectral and analytical data for all recovered starting materials and reaction

10 serving as the substrate. As illustrated in Scheme 2, we haveProducts (PDF). This material is available free of charge via the Internet

established that reactions promoted by phosphitét-Leu at
AA1, t-Bu-Tyr at AA2 and Gly at AA3) delived1din 91% ee
(vs 72% ee with2 as catalyst). Ligand4 also provides a better
selectivity in reaction of cycloheptenod® with i-Pr,Zn (81%
ee vs 62% ee witt). In contrast, with cyclopentenon® as

(13) Reactions proceed with equal facility in the absenc his suggests
that a rapidly generated chiral phosphiie complex promotes the enantio-
selective addition.

(14) Reaction of6 with dialkylzinc 5 proceeds to~80% conv with 2.4
mol % 2 and 1.0 mol % of the Cu salt (48% yield an®8% ee).

(15) Once the identity of the optimum ligand (e.®) and Cu salt
(CuOTf),CeHe were established, a brief screening of various solvents was

at http//:www.acs.pubs.org.
JA003698P

(16) In all screenings, two sets of ligands involving Gly anBu as AA3
were examined. Structural modifications thus involved variations at AA1 and
AA2. Further details will be disclosed in the full account of this work.
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(21) This research was supported by the NIH (General Medical Sciences)
and DuPont. We are grateful to Professor M. L. Snapper and C. A. Luchaco-
Cullis for helpful discussions.



