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a-Amino phosphonates are key compounds as analogues ofTable 1.

o-amino acids in medicinal chemistry and pharmaceutical sciénces.
Despite the importance of optically actigeamino phosphonates,
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Cu(ll)-3-Catalyzed Reactions of
N-Acyl-a-iminophosphonate 1 with Silicon Enolate 2a

o)
Cu(OTf +3 EtO-p

o] OSiMe; Ph
methods to synthesize them are limife8chdlkopf et al?2 and IIEEtt%:' M0 on (10 mol%)  EtO o
Steglich et af® reported highly diastereoselective synthetic methods, 1 28 CHgClp, 0°C  Troc” 4a
respectively, where the use of stoichiometric amounts of chiral
auxiliaries were needed. Shibasaki ef°diceported the first catalytic entry additive yield (%) ee (%)
asymmetric hydrophosphonylation of imines using lanthanide- 1a - 78 49
potassium-BINOL heterobimetallic complexes. In this communica- 22 HFIP (1.0 equiv) 87 65
tion, we describe an alternative approacixtamino phosphonates ib,c :E:E 8-8 ggﬂ:xg % gg
via enantioselective carbettarbon bond-forming reactions: ad- 5he HEIP (2:0 equiv) 82 92
dition of silicon enolates tt-acyl a-iminophosphonates catalyzed Bbe HFIP (2.0 equiv), MS 3A (50 g/mol) 86 91
by a chiral copper(ll) complex. The synthesis of biologically — 7¢ MS 3A (50 g/mol) 82 93

important, optically actives-carboxyle-aminophosphonic acid
derivatives is also described.
N-Acyl-o-iminophosphonaté (Troc = 2,2,2-trichloro-ethoxy-

a1 was slowly added over 0.5 R.1 was slowly added over 8 K.2a
was slowly added over 8 K.1 and 2a were slowly added over 48 h
simultaneously. CbkCly/toluene (2:4.5) was used as a solvent system.

carbonyl) was prepared by a modified Steglich mettdd,which Ph. Ph
a polymer-supported amine was used instead of theidHbase? NH HN
We then conducted the reaction bfwith a silicon enolate 4a) /o I

derived from acetophenone in the presence of a copper(ll) complex
derived from Cu(OTf) and diamine3. The reaction proceeded
smoothly to afford the desired addutd in high yield, albeit with

moderate enantioselectivity. We have previously used the same

a-Nap a-Nap

3

Table 2. Cu(ll)-3-Catalyzed Reactions of 1 with Various Kinds of
Silicon Enolates 2

copper complex for the activation afimino esters, and high yields QSiMes (2, 1.5 equiv) o

and enantiosel_ec_tivity were obtaintdCompared with(_x-imino_ EtO-g _nN. MS 3A2, HFIP (2.0 equiv) Ett%tﬁwlq

estersN-acyl-a-iminophosphonates have stronger Lewis basféity, EtO Troc - NH O

and thus, coordination df to the Cu catalyst is presumed to be ; C”(Og?fas (;?,g‘o' %) Troc )

stronger. Therefore, release of the Cu catalyst from the product Zre

was assumed to be slow, thus allowing the background reaction to yield ee yield ee

take place in the absence of a catalyst serving to reduce overallentry’ enolate product (%) (%) entry’ enolate product (%) (%)

enantioselectivity (ide infra). 1 2a 4a 86 91 7 29 49 83 92
To address this issue, we screened several proton sources 2 2b 4 82 85 8 2h 4h 79 92

expected to release the catalyst from the product; we found that 3 ~ 2¢  4c 71 91 9 oz 4 84 87

hexafluoroisopropyl alcohol (HFIP) was suitable for our purpose. 2d 4d 86 86 102 4 88 94

: . 5 2e 4e 80 89 11 2k 4k 70 89
When one equivalent of HFIP was added to the reaction system, g of 4f 82 76 12 2| 4 69 90

the reaction ofl with 2a also proceeded smoothly to afford the
desired product4a in high yield with slight improvement of
enantioselectivity (Table 1, entry 2). Moreover, it was found that
the selectivity was further improved when the substrateand

a50 g/mol.b 1 and2 were slowly added over 8 K.In the absence of
HFIP, 1 and 2| were slowly added over 48 h. GHI,/toluene (2:4.5) was
used as a solvent system, and catalyst (15 mol %) was used.

. ' OSiMes OSiEts
2a, were slowly added to a solution of the catalystio&é (entries R siBu
3—6). Conducting the reaction in the presence of HFIP (2 equiv) 2a: R=Ph 2g: R = m,p-ClyCgHg 21

iti 2b: R=p-Tol 2h: R = a-naphthyl
and MS 3A (50 mg/mmol), addition of substrates_ to the catalyst 26 RopClCgHe 21 R=pnaphthyl
solution, over 8 h, gave the best result (86% yield, 91%°%ee). 2d: R = p-Br CgHa 2j: R=m-NOsCgH,
Interestingly, the same levels of yield and enantioselection were 2e: R =p-CgH, 2k: R=Me

2f: R= p-MeOCsH4

obtained when the substrates were added to the catalyst over 48 h

without HFIP (entry 7).

ee) in all cases (entries-1L1). On the other hand, in the reaction

Having determined the optimal conditions (Table 1, entry 6), with silicon enolate?l derived from the thioester, it was found that

other silicon enolates were examined, the results are summarizeddecomposition ol in the presence of HFIP decreased the yield

in Table 2. Silicon enolates derived from various aromatic and of the desired product. We then decided to use the slow addition
aliphatic ketones worked well to afford the corresponding adducts of the substrates to the catalyst without HFIP. The enantioselectivity
in high yields (76-88%) with high enantioselectivities (7®4% increased as the addition time was prolonged, and when the
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Scheme 1. Proposed Catalytic Cycle Scheme 3. Synthesis of 12
= CH3SO3H (2.3 equiv)
N 0 AcOH 34 equv) O o
e N EtO-p Pd/C (10 mol%) P
/— o 20 \‘/\[]/Ph Hy EtO \"\‘/H\/
2
| ) g\ O AGOEt / EtOH 12
N E4a R= Troc (93% ee) :11 é 1h 65% yield
O“"éﬂN 93% ee
; ) _145
EtO\l a i s ., s %
fast S0 \7N‘Troc slow Zn (7.0 equiv), AcOH, rt, 2 h, 96% it [a]; =-17.3 (
5 ; . . .
OSiMes In summary, we have developed a highly enantioselelctive
y R reaction of silicon enolates witiN-acyl-o-iminophosphonates
;N\ HRP _ 2 ~ leading to nonracemiar-amino phosphonates. A copper (II)

complex was shown to be effective catalysts for this reaction, giving
high yields and selectivities. It is noteworthy that this reaction opens

0} SlMe R R R . .

EtO N o EtO-p N ° a new pathway to various biologically important, nonracemic
- R EtO Troc a-amino phosphonate derivatives. Studies into substrate variation,

I'e R allowing access to libraries afi-amino phosphonates, and the

Me3Si’O o 7 application of this catalytic procedure to other reactionkl-afcyl-
a-iminophosphonates are currently underway in our laboratory.
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4g:R'=CI,R?>=Cl 8g:R'=ClI,R?>=Cl This material is available free of charge via the Internet at http:/
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o R 8j: R'=H, R2 = NO, e
(19% yield, >99% ee)
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