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ABSTRACT

In addition reactions of enecarbamates and enamides, extremely high turnover frequency of the catalyst was observed in comparison with
that of silicon enolate addition reactions. This is presumably due to fast transfer of the proton that locates on the nucleophiles.

Catalytic asymmetric reactions provide some of the most a-Amino phosphonic acids are established as analogues
important methods for the synthesis of optically active of a-amino acids in medicinal and pharmaceutical scieénce.
molecules. Although great efforts to develop-C bond- While many methods to synthesize enantiomerically enriched
forming reactions have been made by using chiral Lewis a-amino acids have been developed up to now, asymmetric
acids, it is still difficult and a challenging issue to achieve Synthesis ofi-amino phosphonic acids has been a challeng-
high catalyst turnover compared to late transition-metal- ing topic due to limited synthetic scheme&ecently, we
catalyzed reactions such as hydrogenation of olefins. Thereported catalytic asymmetric synthesiseofimino phos-
lower catalyst turnover is mainly ascribed to product or phonates using enantioselective addition of silicon enolates
intermediate inhibition, instability of Lewis acids toward t© mmop;hosphonatéhsln thhat r.eportz(;/vzshowgd thatalv(\jndt;a
moisture and oxygen, and slow rates of metal transfer steps/@"9€ Ofa-amino phosphonic acid derivatives could be
In Lewis acid catalyzed addition reactions of silicon enolates synthesized in good yields with high enantioselectivities (in
.tO C=0 or CG=N electrophiles, WhiCh ?—re amohg the mO_St (1) For turnover acceleration examples by Brgnsted acid as an additive,
important C-C bond-forming reactions in organic synthesis, ?ei: (a) D’?AsaHP- I-;hF_u, GY OU A(rjn. ﬁheKm. Sgo'\tf/%9988h,_g20,k‘_:;f"S‘j (b)
A akamura, M.; Hamasnima, Y.; usuda, H.; Kanal, IVl.; IDasakk ew.

fast silicon transfer from enolate components 0 NeWly cpem, Int. Ed200q 39, 1650. (¢) Yamasaki, S.; Fujii, K.; Wada, R.; Kanai,
generated O—M or NM (M = metal) moieties is required, Q(/I Shibasakt| l\gld.A Am. grf:em. 20%5855121%76513&;%) V(Va;ds\r/ncéto, l\é.;

fe LA amamoto, J. m. em. S0 y y . (e aaa, .
byt t_h_ose steps ar(_a often slow and catal_yst turnpver is limited Shibuguchi, T.. Makino, S.. Oisaki, K. Kanai, M.. Shibasaki, 34.Am.
significantly! Herein, we report observation of high turnover Chem. Soc2006,128, 7687. _ _ _ '
frequency that is realized by using enamides or enecarbams- (2) For reviews on enantioselectiveamino acid synthesis, see: (a)

) ‘ J Groger, H.Chem. Re»2003,103, 2795. (b) Burk, M. JAcc. Chem. Res.
ates as nucleophiles instead of silicon enolates. 2000,33, 363.
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general over 90% ee). On the other hand, a drawback of|jj | Q NI

this method was the inevitably slow addition of substrates
to a catalyst or addition of hexafluoroisopropyl alcohol
(HFIP) in order to obtain high selectivities. We reasoned
that low selectivity obtained without slow addition of

substrates or addition of HFIP was ascribed to strong
coordination of the intermediate to the cataR/sthich led

to a background reaction without chiral catalyst involvement.

Our group has also recently revealed enecarbamates and

enamides to be useful nucleophiles in several reactions with
aldehydes and iminésThe products are reactive acylimines,
which can be further converted into complicated target

molecules. We assume that the reaction of enecarbamategptry

occurs via an aza-ene type pathway, in which the hydrogen

on the nitrogen atoms of enecarbamates and enamides plays
an important role for reaction acceleration and stereoselective 3
outcome. Based on these findings and the fact that addition 4

of HFIP accelerated dissociation of the catalyst from the

intermediate, we assumed that the use of enecarbamates and6é

enamides could solve the catalyst-trapping problems in the
reactions of iminophosphonates.

First, we conducted the reaction of iminophosphoriate
with enecarbamateain the presence of Cu(OTE&fand chiral
diamine3af27in dichloromethane at 0C. To our delight,
the producttawas obtained with high enantioselectivity even
when the iminophosphonata was added to the catalyst
over 30 min (Table 1, entry 1).

Table 1. Comparison of Enecarbamate vs Silicon Enolate

HN,Cbz
)\ 1) Cu(OTf) (10 mol %)
Troc Ph ligand 3a (11 mol %)  Troc.
N 2a 2) HyO* NH O
EtO., )J\ + or - = FtO_ /\)J\
eto-f~ H OSiMe, CHyClp, 0°C Et0-h Ph
(6] Slow addition of 1 0O
1 Ph Ph  Ph 4a
5 5
(1.5 equiv) /—NH HN—
a-Nap a-Nap
3a
entry  nucleophile addition time (h) yield (%) ee (%)
1 2a 0.5 86 89
2 2a 0.05 72 89
3 5 0.5 78 49
4 5 8.0 81 73
5 5 48.0 79 90
69 5 0.5 87 65
79 5 4.0 84 86
8 5 8.0 81 89

aHFIP (1.0 equiv) was employed.

It is noted that much lower enantioselectivity was obtained
when silicon enolaté& was employed instead &a under
the same reaction conditions (entry 3). Furthermore, no
erosion of enantioselectivity was observed when the imino-
phosphonaté was added over just 3 min (entry 2). The same
level of the enantioselectivity was observed using silicon

5334

Table 2. Substrate Scope
1) Cu(OTH), (x mol %)

N/Troc R? Iiganfi 3b (1.1 x mol %) TTOC\NH o

go. J o+ M 2HO eo. A
Eo-F~ H R'  CH,Clp, —10°C eto-f R

0 Slow addition of 1

1 2 (1.2 equiv) (over 0.5 h) 4
Ph1 Ph
/—NH HN—\
Ph Ph
3b
R! R2 x product yield (%) ee (%)

Ph (2a) Cbz 5.0 4a 77 89
Ph (2b) Bz 1.5 4a 81 85
4-MeCgH4 (2¢) Cbz 5.0 4b 77 93
4-CICgH4 (2d) Cbz 5.0 4c 78 87
5@ 4-CICgH4 (2e) Bz 2.0 4c 72 86
4-MeOCgH4 (2f) Cbz 5.0 4d 77 94
7 p-Nap (2g) Cbz 50 4e 66 89
8a 3-MeC¢H4 (2h) Bz 1.5 4f 83 86

a1.5 equiv of enamide was employed.

enolate5 whenl was added over 48 h (entry 5). From these
results, it was approximately estimated that turnover fre-
guency (TOF) of the reaction ¢fa with 1 was ca. 1000
times higher than that of the reaction Bfwith 1. In the
reaction usingb, the use of HFIP (1 equiv) was not so
effective (entries 6—8). In addition, it is remarkable that the
reaction of2awith 1 in the absence of the catalyst completes
at 0°C in 1.5 min to afford the producta in 86% yield.

Encouraged by this remarkably high TOF thus observed
in the presence of 10 mol % of catalyst, we then tried to
decrease the catalyst loading. As ligé8tmwas found to be
superior to3a for enantioselectivity, the following investiga-
tions were conducted usirglp. When 5 mol % of the catalyst
was employed in the reaction &a with 1, the desired
product4a was obtained in 77% yield with 89% ee (Table
2, entry 1). The advantage of using enecarbarpatastead

(3) For examples of carberphosphorus bond-forming reactions, see:
(a) Sasai, H.; Arai, S.; Tahara, Y.; Shibasaki, MOrg. Chem1995,60,
6656. (b) Groger, H.; Saida, Y.; Arai, S.; Martens, J.; Sasai, H.; Shibasaki,
M. Tetrahedron Lett1996,37, 9291. (c) Gréger, H.; Saida, Y.; Sasai, H.;
Yamaguchi, K.; Martens, J.; Shibasaki, M. Am. Chem. S0d.998,120,
3089. (d) Schlemminger, |.; Saida, Y.; Groger, H.; Maison, W.; Durot, N.;
Sasai, H.; Shibasaki, M.; Martens, dl. Org. Chem2000, 65, 4818. (e)
Joly, G. D.; Jacobsen, E. Nl. Am. Chem. Soc2004, 126, 4102. (f)
Akiyama, T.; Morita, H.; Itoh, J.; Fuchibe, KOrg. Lett. 2005,7, 2583. (g)
Pettersen, D.; Marcolini, M.; Bernardi, L.; Fini, F.; Herrera, R. P.; Sgarzani,
V.; Ricci, A. J. Org. Chem.2006 71, 6269. For examples of enamide
hydrogenation, see: (h) Schollkopf, U.; Hoppe, |.; ThieleLAebigs Ann.
Chem. 1985, 555. (i) Schmidt, U.; Oehme, G.; Krause, H. Bynth.
Commun.1996, 26, 777. (j) Schmidt, U.; Krause, H. W.; Oehme, G.;
Michalik, M.; Fischer, CChirality 1998 10, 564. (k) Burk, M. J.; Stammers,

T. A.; Straub, J. A.Org. Lett 1999 1, 387. For examples of carben
carbon bond-forming reactions, see: (I) Sawamura, M.; lto, Y.; Hayashi,
T. Tetrahedron Lett1989,30, 2247. (m) Kuwano, R.; Nishio, R.; Ito, Y.
Org. Lett. 1999, 1, 837. For examples of carbenitrogen bond-forming
reactions to give quaternary carbon centers, see: (n) Bernardi, L.; Zhuand,
W.; Jgrgensen, K. AJ. Am. Chem. So2005,127, 5772. (0) Kim, S. M.;

Kim, H. R.; Kim, D. Y. Org. Lett.2005,7, 2309. See also: (p) Kitamura,

M.; Tokunaga, M.; Pham, T.; Lubell, W. D.; Noyori, Retrahedron Lett.
1995,36, 5769.
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of silicon enolates was obvious since the produéa was
obtained with lower enantioselectivity in the case of using
silicon enolate5. After minor changes of the nitrogen

In summary, we have achieved high turnover frequency
in the reactions of enamides or enecarbamates with imino-
phosphonates. A copper complex prepared from Cu(OTf)

protecting group, we have found that the reaction of enamideand chiral diamine3b efficiently catalyzed nucleophilic

2b with 1 proceeded smoothly to afforth with acceptable

addition of enecarbamates or enamides to iminophosphonates

ee (85% ee) in the presence of 1.5 mol % of the catalyst to provide the acylimine products in high yields with high

(Table 2, entry 2). We evaluated other aromatic ketone-

enantioselectivities. In this reaction, remarkably high turnover

derived enecarbamates and enamides, and high yields andrequency was observed, and we ascribed it to fast proton

high enantioselectivities were obtained (Table 2).

transfer leading to quick dissociation of the catalyst from

We assume the catalytic cycle of this reaction is as shown the adducts. There are several issues to be addressed to attain

in Scheme 1. The catalyst-coordinated iminophosphobate

Scheme 1. Assumed Catalytic Cycle and Rationalization of
Observed High TOF

N/Troc .
EtO,PJ\H * N_ N
EtO cu
M, o
O N-Troc 1 J M
A\ . \X
P X
EtO”/ )\
EtO * Ph
10 Ph N N 2a: X=NCbz, M=H
Cu 5:X =0, M = SiMeg
O N-Troc
\\ /
1 P
2
* 1 *
6 7
N, NOR N,  NoOR
Cu /J§ S) Cu\ /g
Q MN" "0 M* transfer Q\ N 0
EtO’? « onto nitrogen EtO’/P @X
EtO « EtO M
Ph
9 Ph NN 7
Cu,  OR
9 N
P— OM
EtO”, X -
Isomerization EtO M* transfer
8 Ph onto oxygen

is attacked by nucleophil@a (X = NCbz, M = H) to
generate zwitterionic species Efficient chiral induction
occurs at this stage. Conversion bfto 9 occurs via M
transfer, and we assunte as a possible precursor &t
Proton, which is supposed to transfer more readily than
silicon cation, accelerates dissociation of the catalyst from
the product, leading to high turnover frequency (TOF).

Org. Lett, Vol. 8, No. 23, 2006

really high catalyst turnover in chiral Lewis acid catalysis.
This report has solved one of the most difficult issues, and
it should be noted that this is the first example to demonstrate
that proton transfer is much faster than silicon transfer in
enolate-addition reactions. Further investigations to apply this
new concept to other reactions as well as to elucidate a
precise reaction mechanism are now in progress.
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(4) Kobayashi, S.; Kiyohara, H.; Nakamura, Y.; Matsubara,JRAm.
Chem. Soc2004,126, 6558.

(5) For examples of the use of HFIP for turnover acceleration, see: (a)
Kitajima, H.; Ito, K.; Katsuki, T.Tetrahedronl997,53, 17015. (b) Evans,
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