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Catalytic, enantioselective Mannich-type reactions of a-imino esters bearing readily removable substituents on nitrogen are described. Several
N-carbamate-protected o-imino esters, which are readily prepared from 2-bromoglycine esters using a polymer-supported amine, reacted with
silicon enolates to afford the desired adducts in high yields with high enantioselectivity using a copper(ll)—diamine complex. Easy deprotection
of the product amine and transformation to free o-amino acid derivatives have also been demonstrated.

Optically activeo-amino acid derivatives constitute various prepared by aza-Wittig reactibor dehydrohalogenation of
components important to life such as peptides, proteins, anda-halogenoglycine esters with triethylamih@pwever, the
many other biologically important compounds. Asymmetric desired products were contaminated by the starting materials
Mannich-type reactions ofx-imino esters with enolate  or by-products in both reactions. To overcome this problem,
components provide one of the most efficient ways for the we have developed a method using a polymer-supported
preparation of optically activex-amino acid derivatives. ~amine as a base for the dehydrohalogenation reactions.
While some chiral catalysts for this reaction have been 2-Bromoglycine estefs la—g were treated with com-
developed, there still remain several problems, including mercially available piperidinomethylpolystyrerga in di-

the strong conditions required for deprotection of the product (1) ror catalytic enantioselective Mannich-type Reactionscdfino
amine?3 In this paper, we describe a highly efficient route esters, see: (a) Hagiwara, E.; Fujii, A.; Sodeoka,MAm. Chem. Soc.

to readily removable, N-carbamate-protectedmino acid i\ig_g'clhzeo,;q?éﬁﬁé%%ffé&’f“f@%f (T:?ul:negr'rae;i';s,DISJ.c;j d\lfrza%ng,; IB_fCtCk:i?TC..;
derivatives via the enantioselective addition of silicon Dudding, T.; Drurry, W. J., Ill; Ryzhkov, L.; Taggi, A. E.; Lectka, T.

i ; ; Am. Chem. So@002,124, 67. (d) Juhl, K.; Gathergood, N.; Jgrgensen, K.
enolates toa-imino esters in the presence of a chiral A. Angew. Chem., Int. EQ001,40, 2995. (e) Kobayashi, S.; Matsubara,

Cu(ll)-catalystief R.; Kitagawa, HOrg. Lett.2002,4, 143. (f) Kobayashi, S.; Matsubara, R.;
. . o . Nakamura, Y.; Kitagawa, H.; Sugiura, M. Am. Chem. So@003, 125,
First, the preparation of N-carbamate-protectednino 2507. (g) Cordova, A.; Notz, W.; Zhong, G.; Betancort, J. M.; Barbas, C.

esters was examined. N-carbamate-proteatédino esters F., lll. J. Am. Chem. So2002,124, 1843. (h) Trost, B. M.; Terrell, L. R.

: ; ; :J. Am. Chem. So€003,125, 338. To the best of our knowledge, there has
are known to be unstable, and their use in organic syntheSISoeen no example of catalytic enantioselective Mannich-type reactions of

has been rather limited. Conventionally, they have been N-carbamate-protectea-imino esters.
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chloromethane to give various N-carbamate-proteatadi- s
no esters such a¢Boc (N-tertbutoxycarbonyl)-N-Cbz (N Table 1. Effect of Structure of Diamine Ligands
benzyloxycarbonyl)-, andN-Teoc (N-2-trimethylsilyleth-

oxycarbonyl)-protectédo-imino esters, in excellent yields, R0, . Boc OSiMea” C;;ggﬁ ﬁl&«? ;)[%) BO%NH o
and with good purity (eq 1). In the case @fimino esters \nAN' + Ph - R‘ON
0 CH,Cl,, 20 °C, 1 h I Ph
(N 3a-d da 2 HO" 6a-d
X\) (2 equiv.) Ph/é Ph
2a: X = CH, R/Z_NH HN—E12
Br or2b: X=0 5a-g
RO. _Pg (2 - 3 equiv.) ROY%N/PQ
H 10 - 30 min - o 1) o-imino ester ligand '
0] entry Rl = RZ = yield (%)2 ee (%)P
1a-g 3a-g
Pg = Boc, Cbz, > 90% purity ("H NMR) 1 Me (3a) 1-naphthyl (5a) 97 84
Troc, Teoc 92-97% yield in CH,Clp 2 Et (3b) 1-naphthyl (5a) 96 87
R = Me, Et, Pr, Bu 82-88% yield in toluene or benzene 3 iPr (3c) 1-naphthyl (5a) 85¢ 81
4 'Bu (3d) 1-naphthyl (5a) 74¢ 53
. . . 5 Et (3b) Ph (5b) 92 85
having more el_ectron-W|thdraW|ng N-carbamate_s §uch as ¢ Et (3b) m.m-Me>CsHs (5¢) 9 86
N-Troc (2,2,2-tr|cr_1Ioroethoxycarbonyl)-pr_qtec%emhm|no 7 Et (3b) 0-MeCeH, (5d) 89 85
estgr3f, a su.bstlantlal amognt of qecomposnlc_)rsbbccurred 8 Et (3b) p-MeOCgH, (5€) 87 86
during the imine formation usin@a. In this case, less 9 Et (3b) 0-MeOCgH, (5f) 92 91

nucleophilic morpholinomethylpolystyrengb was more 10 Et (3b) 'Bu (59) 96 22

effective thar2a for the reaction to proceed cleanly._ Asfor  ajsolated yield fromoimino esterb Determined by chiral HPLC
solvents, toluene or benzene could also be used instead ofnalysis.¢Isolated yield from the corresponding 2-bromoglycine ester.
dichloromethane with a slight decrease in the yield. It is

noteworthy that solutions of the-imino esters can be completion within 1 h at-20 °C to give the Mannich-type
directly used for the following asymmetric Mannich-type 5qductain 97% yield with 84% ee. While the use of ethyl
reactions by simply removing the polymer-supported amines. -imino ester3b slightly improved the enantioselectivity

~ We then conducted Mannich-type reactionNoBoc-a- (entry 2), bulkier ester substituents resulted in lower enan-
imino ester3a with silyl enol ether4a as a model substrate  joselectivity (entries 3, 4). To improve the enantioselectivity,
using a catalyst prepared from Cu(OJdnd diamine ligand  several chiral diamine ligands were screened, and it was

5a (Table 1, entry 1}¢' The reaction was found to go t0  reyealed that most of the diamine ligands bearing substituted

- - - __benzyl groups on nitrogens such Bls—e showed almost
(2) Only a few successful examples of catalytic enantioselective reactions

of imines bearing readily removable N-carbamates have been reported sothe same enantioselectivity &a (entries 5-8). Interestingly,

far. For Friedel-Crafts-type reactions of N-carbamate-proteateiinino N,N'-bis(o-methoxybenzyl)diamine ligaid was effective,
esters, see: (a) Sabby, S.; Bayon, P.; Aburel, P. S.; Jgrgensen, X. A. it ; : . 0 ;
Org. Chem2002,67, 4352. For Mannich-type reactions [fBoc-imines eXhI.bItIng hlgher (_anantloselectlwty (91 % ee, entry 9)' S'nce
derived from aromatic aldehydes, see: (b) Wenzel, A. G.; Jacobsen, E. N. sterically similar ligandbd (o-Me-substituted) or electroni-
J. Am. Chem. Soc2002, 124, 12964. For aziridinations dfl-Boc- or caIIy similar Iigand Se (p-MeO-substituted) showed no

N-TcBoc-imines derived from aromatic aldehydes, see: (c) Aggarwal, V. . . .
K.; Alonso, E.; Fang, G.; Ferrara, M.; Hynd, G.; Porcelloni, Ahgew. enhancement of the selectivity, we assume that coordination

Chem., Int. Ed2001,40, 1433. See also: (d) Yao, S.; Saaby, S.; Hazell, of the o-methoxy oxygens dbf to the copper may function

R. G.; Jargensen, K. AChem. Eur. J.2000, 6, 2435. In this paper, a ; ; " ; it
Mannich-type adduct was observed as a by-product in 37% ee in catalytic to control the enantioselective additions in the transition

asymmetric aza-Diels—Alder reaction Nfethoxylcarbonybi-imino ester states® On the other handy-tert-butyl-substituted diamine

with Danishefsky’s diene. i 0
(3) Lectka et al. have reported chiral Cu(l)-catalyzed Mannich-type 5 showed only low selectivity (22% ee, entry 11@)'

reactions using several N-sulfonyl-protected imines and deprotection ofthe 10 €xtend the applicability of the reactiomsimino esters

Mannich-type adducts; see: Ferraris, D.; Dudding, T.; Young, B.; Drurry, bearing other readily removable carbamates sudi-&9z-
W. J., lll; Lectka, T.J. Org. Chem1999,64, 2168.

(4) (a) Plieninger, H.; vor der Bruck, Oetrahedron Lett1968 9, 4371. .(3e)' N-TI’OC- (3f)’ OrN'TeQC'O"mmO esterésg) were th?n
(b) Jung, M. E.; Shishido, K.; Light, L.; Davis, Tetrahedron Lett1981, investigated (Table 2ix-Imino esters8e—g also reacted with
22, 4607. See also ref 2a. ; inh : . :

(5) (@) Kober, R.; Steglich, WLiebigs Ann. Chem1983, 599. (b) 4asmoothly to g_lve the I\_/Ignmc_h type adducts I_n hlgh yields
Bretschneider, T.; Miltz, W.; Munster, P.; Steglich, Wetrahedronl 988, with good enantioselectivity using the Cu(OZFfiamine5f
44, 5403 and references therein. complex. In all cases examined, the ligdii@xhibited higher

(6) Kobayashi, S.; Kitagawa, H.; Matsubara, R.Comb. Chen2001, . L. .

3, 401. enantioselectivity thaba did.
(7) For the synthesis dl-Cbz-o-bromoglycinates, see: Williams, R. As for nucleophiles, silyl enol etheda—f derived from

M.; Aldous, D. J.; Aldous, S. CJ. Org. Chem1990,55, 4657.

(8) N-Teoc group can be easily deprotected by a fluoride ion or in mild
acidic conditions; seeProtective Groups in Organic Synthesird ed.;
Greene, T. W., Wuts, P. G. M., Eds.; John Wiley & Sons: New York, (10) Buono et al. have reported the synthesis of a chiral phosphenium
1999; p 512 and refs cited therein. compound bearing &,N'-bis(o-methoxybenzyl)cyclohexane-1,2-diamine

(9) N-Troc group can be easily deprotected by reduction with zinc; see: moiety. They mentioned that coordination of the methoxy groups to the
Protective Groups in Organic Synthes&rd ed.; Greene, T. W., Wuts, P.  cationic phosphorus atom played a key role on the stability of this species;
G. M., Eds.; John Wiley & Sons: New York, 1999; p 510 and refs cited see: Brunel, J.-M.; Villard, R.; Buono, Getrahedron Lett1999 40, 4669.
therein. (11) For the mechanism of this reaction, see ref 1f.

aromatic ketones also reacted wgh to afford the desired
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s meric purity to 98 and 95% ee, respectively. These com-

Table 2. Mannich-Type Reactions of Severatotected pounds are known to be selective kynurenine 3-hydroxylase
inhibitors, which are promising drugs for neurological

Imino Esters . .
disease$® Furthermore, Mannich-type adduéy-Me was
EtO_ _~. P9 K C“(%f)ni;of’? or 8t Pg‘mH 0 reduced to optically active didl0. Diol 10is reported to be
+ 4a - EtO.__~ Ph an intermediate of 3-aminopyrrolidine derivativésyhich
O (2 equiv.) CH20+'2’ —20°C.1h S are useful building blocks for several biologically active
3b,e-g 2) HO 6b,e-g com
pounds (eq 4).
entry Pg ligand yield (%)2 ee (%)°
Boc. _ -
1 Boc® (3b) 5a 96 87 NH O 2MHCI(gas) O TN ©
2 Boce (3b) 5f 92 91 EtO__A o T ° )
d 1,4-dioxane
3 Chzd (3e) 5a 92 75 5 "t 3h 0
4 Chz¢ (3e) 5f 90 85 6b 8
5 Troce (3f) 5a 80 36 91% ee 98% vield, 91% ee
6 Troce (3f) 5f 83 85 B
7 Teoc' (3g) 5a 94 69 °“NH 0 CIHN™ O
8 Teoc (3g) 5f 95 74 EtO x _2Mag HOl Ho X s
a|solated yield fromo-imino ester? Determined by chiral HPLC o} 1;;&?2?16 % v
analysis Boc: t-butoxycarbonyld Chz: benzyloxycarbonyk Troc: 2,2,2- Te-t Y '
trichloroethoxycarbonylf Teoc: 2-trimethylsilylethoxycarbonyl. 9e: X = NO,, Y = H (m-NBA): 97% yield
9f: X,Y = Cl (FCE28833): 98% yield
kynurenine 3-hydroxylase inhibitors
products in high yields with high enantioselectivity (86 Boc
91% ee, Table 3, entries 1—6). On the other hand, while NH o UBEH OO NH
silicon enolatetg derived from a thioester gave slightly lower MeONSrBU —’THF 00 HOLAC~oy @
enantioselectivity (entry 7), the selectivity was improved o = 05h 2
when the reaction was performed using metisyinino ester 7g-Me 850/13ie[ g
3ain toluene (entry 8). It is noted that alkyl vinyl etheth "
and4i also reacted witl3b to give the desired adduéb in Yy
good enantioselectivity (entries 9, 10). Boc—NH
Deprotection of theN-Boc Mannich-type addu@b was
easily performed under standard conditions to give the N
hydrochloride salt of the free amit@squantitatively without 3-aminopyrrolidine
racemization (eq 2% Mannich-type adductge and 7f derivatives
were also successfully transformed teNBA*® (9¢) and
FCE28833* (9f), respectively, in excellent yields (eq 3). A In summary, catalytic enantioselective Mannich-type reac-

single recrystallization 09e and 9f increased the enantio- tions ofa-imino esters bearing readily removable substituents

Table 3. Mannich-Type Reactions of Several Nucleophiles

Cu(OTf), +5f
EtO\n/§N,Boc OR' (1(0 mc)>2l%) BOC@H 0
+ %I\Rz _— EtO\n/\)LRg
O 3 CH,Cl, =
RS —20°C, 1 h o R
3b 4a-i 6b, 7b-g
(2 equiv.)
entry nucleophile product % yield? % eeP
1 4a: R1=SiMe3, R2=Ph,R3=H 6b 92 91
2 4b: R! = SiMe3, R2 = p-MeOPh, R3=H 7b 97 86
3 4c: R! = SiMes, R?2 = p-CIPh, R =H 7c 97 87
4 4d: R! = SiMes, R? = 2-naphthyl, R3 =H 7d 93 86
5¢ 4e: R! = SiMe;, R2 = m-NO,Ph, R®=H 7e 87 864
6° 4f. R! = SiMes, R2 = m,p-Cl,Ph, R® =H 7f 90 91d
7 4g: R! = SiMes;, R? = S'Bu, R® = CH3 79 93 78ef
gah 4g: R! = SiMes;, R? = S'Bu, R® = CH3 79-Me 82 86°i
9l 4h: R!=Me, R2=Ph,R3=H 6b 69 87
10k 4i: R!=Et,R2=Ph,R3=H 6b 77 87

2|solated yield fromo-imino ester? Determined by chiral HPLC analysis(S,S)-5fwas used as a ligan#(S)-Configuration® Ee of thesyn-isomer.
f Syn/anti= 65/35.9 In toluene." Methyl a-imino ester3awas used as a substrat&yn/anti= 73/27.1 Temperature= —78 °C. X Temperature= —40 °C.
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on nitrogen have been achieved using a chiral copper(ll) reaction system provides an efficient method for the prepara-
diamine complex. Several carbamates suctN@oc- and tion of various free non-natural-amino acids.
N-Cbz-a-imino ester, etc., were applicable to this reaction.
The new diamine ligan8f, havingo-methoxybenzyl groups

on nitrogen, gave high enantioselectivity. Easy deprotection
of the product amine and transformation to biologically active
compounds have been achieved under mild conditions. This
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