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Javier Mazueld, Thomas AntonssdnMagnus J. Johanssohaurent Knert, Stephen P. Marsdén

LCardiovascular and Metabolic Diseases, Innovative Medicines and Early Development, AstaaZ&D, Pepparedsleden
1, MéIndal, SE-431 89, Sweden.

2School of Chemistry, University of Leeds, Leeds, LS2 9JT, UK.
Supporting Information Placeholder

Organocatalytic asymmetric

Alkyl : Alkyl -up to 98.5:1.5 er
J\I ’ transfer hydrogenation HIN Y - functional-group tolerant
: - catalyst l
Ar” “COOR Ar” > COOR catalyst recycling

- formal synthesis of Aprepitant

ABSTRACT: The organocatalytic asymmetric transfer hydrogenation of N-alkyl aryliesters for the direct synthesis of N-alkyl-
ated arylglycinate esters is reporteligh yields and enantiomeric ratios were obtained, and the toleraadée/tyse set of functional
groups facilitated the preparation of more complex molecules as well as intermediates f@hactheceuticalA simple recycling
protocol was developed for tBegnsted acid catalyst which could be reused through five cycles with raf bxstsvity or selectivity.

Despite considerable recent interest in peptides as candidatasymmetric catalytic methodologies have been reported to-
drugs thanks to their potential for tackling complex targets (e.g.wards the direct synthesis of N-alkyl arylglycifé€@rganocat-
protein-protein interaction modulation) and improved selectiv- alytic hydrosilylation of N-benzyl iminoesters was reported
ity and toxicity profiles, their use is strongly hampered by their with moderate enantioselectivity (up to 71% ee, Schep& 1
poor pharmacokinetic profile, including short circulating while an asymmetriRh-catalyzed hydrogenation of aldimines
plasma half-life and poor potential for oral absorption. Thus, the proceeding via dynamic kinetic resolution gave modexate-
development of novel chemical strategies to stabilize peptidedow enantiomeric ratio&'? In this context, the development of
and improve their pharmacokinetic properties has gained in pro-a modular asymmetric catalytic methodology for the prepara-
file.: Among the strategies developed to circumvent these limi-tion of a wide range of arylglycines bearing different N-alkyl
tations!-2 the incorporation of N-alkylated amino acids is con- chains is still needed.

sideredan effective way to enhance metabolic stability, lipo-

philicity and membrane-permeabil#yFor example, the clini- NH,

cally-used immunosuppressive natural product cypdose A N

S
f N-methyl i Ithough violati L—r
eatures seven N-methylated residues and, although violating <N\J\H/N mo/ N\)<

the Lipinski rules for oral bioavailability, has an excellent phar- {
COOH

macokinetic profilé. N-Alkylation modifies the steric con- /\/L\ o) N R=H ampicillin
straints of the peptide chain and the hydrogen bond patterns, © OYQ\ R=OH amoxicillin
~
o]

offering opportunities for broader conformational design. ol 0° NH, |,
Moreover, N-allylated amino acids have been used in ap- o uo NH N s
proaches to stabilize secondary structures suctr@ga’s hy- N o j/:( P
drogen bond surrogate strateggnd in the preparation of sta- N H R o

; ; o N COOH
pled peptide$.In view of these developments, there is signifi- __)—OH R=H cephalexin
cant interest in the development of new methods to provide op- pristinamycine 1A R=OH cetradoxil
tically pure N-alkyl amino acids. Figure 1. Arylglycine-containing pharmaceutical agents.

Arylglycines belong to a family of non-proteinogenic amino ac- g|NOL-derived chiral Bransted acids have proved to be effi-
ids” which are present in a wide range of natural products of cjent catalysts for asymmetric imine transfer hydrogenation and
pharmaceutidarelevance (such as the pristinamyciesd reductive aminations of carbonyl compour#i§he groups of
ramoplanineSFigure J as well as semi-synthetic drugs (such v and Antilla* reported the organocatalytic transfer hy-
as penicillins and cephalosporins, Figuré®iQilassical meth-  grooenation of protected a-iminoesters, obtaining a-amino es-
odologies for the preparation of N-alkylated arylglycines can be g5 with high yields and enantioselectivities (Scheme 1), but
grouped into three processes: reductive amination, reductivene supstrate scope was limited to N-aryl imines. Inspired by the
ring opening of 5-oxazolidinonesid N-alkylatior’® However, \york of List using BINOL-derived disulfonimidéto promote
many of these methods are either lengthy and/or involve prohe asymmetric transfer hydrogenation of N-alkyl ketimites,
tection/deprotection sequences often associated with racemizaye set out to examine the use of chiral Bransted acids as cata-
tion of the sensitive stereocentr®o our knowledge, only two  |yss for the transfer hydrogenation of N-alkyl aryliminoesters



1. We report herein the successful direct synthesis of enantic
riched arylglycines2 bearing diverse functionalized N-alkyl
substituents (Scheme 1).

Scheme 1. Asymmetric catalytic synthesis of arylglycines.
a)
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- . . HN oderate ee
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Gratifyingly, we found that reduction of arylimino esten us-
ing 3a as the catalyst, Hantzsch edteas hydrogen donor and
Boc,O in toluene in the presence of 5A molecular sieves fur-

13 3 (Ijb'\i')ez:%;z Toluene 87 8911
14 3g 4-OMe-CeHa Toluene 66 84:16
14  3h 4-NOz-CsHa Toluene 95 (90y  90:10
15  3h 4-NOz-CeHa Toluene 47 93:7

(@) Reactions conditions: 1)laa (0.1 mmol), laa/catb/Boc,O
(1:0.05:1.4:1.2) with 50 mg 5 A molecular sieves in 3solvent for 16h
at room temperature. 2) TFA:DCM 3:1 for 2 hriat(b) *H NMR vyield of
the corresponding Boc-protected aminoester using miibnoethane as in-
ternal standard. (c) Determined By NMR adding (R)-TBPTA. (d) Iso-
lated yield of the amino ester. (e) Reaction run & @or 24h.

BINOL-derived phosphoric acida and triflyl phosphoramide

5a gave only moderate yields and low selectivities (entries 7-
8). The dfect of the substituent in the 3/3’-position of the
binaphthyl moiety of the catalyst was investigated. Aryl substit-
uents with electron-withdrawing groups in the para position
gave the highest levels of enantioselectivity (entries 1, 9-14),
with the best result obtained with para-nitrophenyl substituted
disulfonimide3h, affording the Boc-protected amino ester in a
95% NMR vyield and 90:10 enantiomeric ratio; deprotection
gave a 90% isolated yield of N-methyl amino egma.'® The

nished the desired Boc-protected N-methyl amino ester in ag ; couid be further increased by decreasing the reaction tem-
95% NMR yield with a high enantiomeric ratio (e.r. = 81:19, perature to 0°C (entry 15).

Table 1, Entry 1). It was observed that apolar solvents are
needed to obtain both high yields and enantiomeric ratios, but

1) cat 3h, 6,MS 5 A,

~N ~N
the best resultvas obtainedin toluene (Table 1, entries6)- N Boc,0, toluene, rt NH
Different hydrogen donors were also tested and the best results Ar” “COX  2) CF,COOH, DCM, tt Ar/Z\COX
were obtained using Hantzsch edbefsee Supporting Infor- =
mation). As reported by List, the presence of Bbas an trap- NH 2aa, X= OEt, 90% 90:10 NH
. : X . . ; : 2ab, X= OMe, 89% 85:15 ‘0
ping agent is needed to achieve high yiéfd®ther trapping O Lac. X OiPr, 92% 89:11
groups could be used maintaining comparable levels of selec- ©/\f 2ad, X= OBn, 86% 86:14 Me OEt
tivity (see Supporting Information). 2ae, X= NEt,, 57%% 58:42 2ba, 95%, 89:11
Table 1. Optimization of the reaction conditions®. “NH Me “NH NH
Me 20O ‘0O 20O
N~ 1) catalyst 3-5, Hantzsch ester 6, SNH \©/\gﬂ OFEt /©/\§Et
MS 5 A, Boc,O, Solvent, 1t : ) t-Bu
> 0 . 0, . 0, .
COOEt 2) CF ,COOH, DOM, 1 ©/\cooa 2ca, 93%, 86:14 2da, 75%P, 57:43 2ea, 954\,25:
laa Ar Ar 2aa \NH \NH s o
EtOOC E ~ 0 S
O e (I AT &
\NH \P,X ‘ ‘ OEt OEt N
/ /o N MeO EtS |
OO SO, OO o o o H 2fa, 87%, 93.5:6.5 2ga, 86%, 94:6 2ha, 94%, 94:6
4a: OH
Arza-h Ar 5a: NHTT ® TNH TNH “NH
e e) F o)
entry cat Ar solvent yield® (%) er OZN/©/\§Et . /©/\ga \©/\g§t
1 3a 3,5-(CR)CeHs Toluene 95 81:19 2ia, 98%b, 76:24 2ja, 82% 2, 88:12 2ka, 74%3, 87:13
~ ~ ~
2 3a 35(CR}CeHs Mesitylene 94 81:19 o ™ W W
3 3a 35(CRjCHs  DCM 95 70:30 T (/]/\f
OEt o OEt s OFEt
4 3a  3,5-(Ck)2CeHs ErO 48 7525 2la, 84%2, 85:15 2ma, 67%, 69:31 2na, 90%, 85:15
5 3a 3,5-(CR)CeHs cCsH12 55 73:27 Figure 2. Substrate scope in the transfer hydrogenation of N-me-
. ) thyl aryliminoesters. Reaction conditions: 1) (0.2 mmol),
6 3a 35(CRpGH.  MeOH 0 1/30/6/BocO (1:0.05:1.4:1.2) with 100 mg 5 A mol. sieves in 6
7 4a  3,5-(CR)2CeHs Toluene 57 53:47 mL toluene for 16 h at rt. 2) TFA:DCM 3:1 for 2 h at rt. (a). Reac-
8 5a 3,5-(CE):CeHs Toluene 85 51:49  tionrun for 3 d. (b) Reaction run ford2
9 3b 4-CFs-CeH4 Toluene 97 86:14 With the optimal reaction conditions in hand, we next examined
10 3¢ 4-CN-CsHa Toluene 84 go-11  the generality of this transformation, commencing with reduc-
. tion of various N-methyl iminoesters. Different ester groups
11 3d  4-Sk-CeHa Toluene 85 82118 \yere well tolerated, with ethyl esters affording the best results
12 3e  3,5Ph-CéHs Toluene 68 80:20 (Figure 2). The replacement of the ester functionality by a ter-

tiary amide gave the corresponding amide but with low yield



and enantioselectivityVariation in the aryl substituent was amino ested0 was generated by internal nucleophilic substitu-
probed. Both para andetasubstituents on the aryl ring were tion of an alkyl bromide, while piperazoi#& was obtained by
well tolerated but the introduction of ortho substituents led to areductive cyclization of azido est2sa. In all cases the products
decrease in both activity and enantioselectivity (Figure 2). Imi- were obtained maintaining the excellent enantioselectivities
noesterlea with a tert-butyl substituent in the para position (Figure 9.

performed particularly well and the N-methyl arylglycidea

could be prepared on gram-scale maintaining the excellent yield y-FMoc

and enantioselectivities (Supporting Information). Election-

nating groups on the aryl ring led to an increase in the enantio- /@N /©/\COOH

meric ratio while electron-withdrawing substituents decreased tBu +Bu Biotin-PEG4

both activity and selectivity (Figure 2). Finally, the organocata- 7 85% Yield, er 94:6 8 84% Yield, er 92:8

Iytic transfer hydrogenation was compatible with the introduc- \ o N N/N
tion of heteroaromatic rings into the imino ester; however, only (0 HN () I
moderate enantioselectivities were obtained (Figure 2 (i)

ure 3). Pleasingly a range of substituents with different chain
lengths and bearing a variety of functional groups (allyl, ™
homopropargyl, azide, bromo, silyl ether) were very well toler- HN/\ A
ated, maintaining excellent enantioselectivities albeit that \«-'S(NH COOEt
longer reaction times were needed. Notably, the ready access to /© o) /©/\

. . . ) o tBu tBu
N-allyl, homopropargyl and azidoalkyl amino acids will facili- 11 91% Yield, er 94:6
tate the preparation of stapled peptides. Together, these results
represent the first asymmetric transfer hydrogenation of N-al- Figure 4. Preparation of diverse building blocks from functional-
kylated arylimino esters, delivering varied N-alkyl arylglycine ised N-alkylated arylglycine derivatives. Conditions: (i) LiAJH

COOEt — =
The effect of various N-alkyl groups was then investigated (Fig- /©/\cooa

9 91% Yield

10 92% Yield, er 97:3

esters directly with good to excellent selectivities. THF (from 2ea). (ii) a) FMOC-CI, DIPEA, THF. b) Mgl THF
(from 2ea). (iii) Na-ascorbate, CuSOtBuOH, HO (from 2qa).
Nk 1) cat 3h, 6, MS 5 A, A (iv) DIPEA, CAN (from2ta). (v) Pd/C, H, MeOH (from2sa).

COOE! Boc,0, toluene,t H Finally, we demonstrated the applicability of our method to the
> COOEt . . . i
2) CF,COOH, DCM, 1t /©/\ direct synthesis of a marketed drug, by completing the synthesis
t-Bu 1 Bu 2 of morpholinonel2c which is an intermediate for the prepara-

tion of the antiemetic drug Aprepitant (Figure®) This is the
first catalytic asymmetric method developed to date for the

H N/ H N/\/ H N/\/
0O O _0 :
preparation of compount2c.?°
OEt OEt OEt
-Bu £Bu tBu OTBDPS OTBDPS

2ea, 95%, 95:5 20a, 92%, 97:3 2pa, 86%, 94.5:5.5 j
= /\/Ph /\/N3
/\/ HN HN /©)kf
/©/\( 12b, 90%, 93:7
2qa, 91%, 93:7 2ra, 95%, 96.5:3.5 2sa, 88%, 94:6 " oF (i
3
TBDP
HN/\/\Br HN/\/O S 0._.0

[ j (iii) 0_0

ey T (S

Nw) F N~ ™

2ta, 90%, 97.5:2.5 2ua 92%, 98.5:1.5 ¢ I Ph) .
Figure 3. Substrate scope in the transfer hydrogenation of N-alkyl N Aprepitant 12¢, 91%, 90:10

aryliminoesters Reactions conditions: 1)1 (0.2 mmol),

1/3h/6/BocO (1:0.05:1.4:3) with 100 5A l. si in6émL _. . . . .
toluene ?0?3 é atrt. 2) TF,Z\:VI;ICM 3:1r'ng Mol sieves n & m Figure 5. Formal asymmetric synthesis of Aprepitant. Conditions:

(i) a) 3h, 6, 5 A MS, BoeO, Toluene. b) CFEEOOH, DCM. (i)
Furthermore, the functional groups present on the N-alkyl sub-BnBr, TBAI, K2COs, DMF. (jii) Ref. 19.
stituents could be used for further transformations to construct
more complex chiral compounds. For example, ester reduction
afforded amino alcohof in good yield, while the Fmoc-pro-
tected aminoaci8, which could potentially be directly used in
the construction of synthetic peptides, was easily prepared from
amino esterlea (Figure 4)!* We were also able to perform a
Cu-catalyzed click reaction of azide containing amino ekdzr
to afford the biotinylated compou®dn high yield, offering the
potential for incorporation in bioactive peptides and use as
tool in chemical biology (Figure 4J.N-Heterocycles could also
be elaborated from N-alkyl amino esters. Azetidine containing

In our effort to increase the applicability and sustainability of
"the process, we developed a protocol for the recovery and reuse
of the chiral Brgnsted acid catalyst (Table 2). Simply by trans-
ferring the crude reaction mixture to a commercially available
anion exchange resin column followed by solvent elution al-
lowed us to recover the Boc-protected amino ester. A final acid
wash of the column eluted the Bransted acid catalyst, which
could be recovered nearly quantitatively. In this way, the cata-

aIyst was reused up to five times while maintaining excellent
yields and selectivities. This represents the first successful pro-
tocol for the recovery and reuse of a chiral Brgnsted acid cata-
lyst, and should find wider applicability.



Table 2.Catalyst recovery and recycling experiments.

1) cat 3h, 6, MS 5 A, ~

N~ Boc,O, toluene, rt NH
/(>)L COOEL 5 cF,cooH, DM, 1t /@COOE‘
tBu lea tBu 2ea
run yield® (%) er cat. recd (%)
1 91 95:5 95
2 93 95:5 94
3 90 94:6 95
4 88 94.6 90
5 90 94.6 95

(@) Reactions conditions: 1)lea (0.5 mmol), lea/3h/6/Boc,O
(1:0.05:1.4:1.2) with 200 mgA molecular sieves in 15 mL toluene for 16
h at rt. 2) TFA:DCM 3:1. (b) Isolated yield of thmmo ester2ea (c) De-
termined by*H NMR adding (R)-TBPTA. (d) Catalyst recovery.

Chem.2016, 16, 683-690. (b) Chatterjee, J.; Rechenmacher, FssKe
ler, H. Angew. Chem. Int. EQR013, 52, 254-269 (c) Chatterjee, J.;
Gilon, C.; Hoffman, A.; Kessler, H. Acc. Chem. R2808, 41, 1331-
1342.

3Wu, X.; Stockdill, J. L.; Wang, P.; Danishefsky,JSJ. Am. Chem.
Soc¢.2010, 132, 4098-4100.

4 See for example: (a) Chatterjee, J.; Laufer, Resdfer, H. Nat.
Prot. 2012, 7, 432444. (b) Chatterjee, J.; Mierke, D. F.; Kessler, H.
Chem. Eur. J2008, 14, 1508-1517.

5 Patgiri A.; Jochim, A. L.; Arora, P. S. Acc. ChelRes.2008, 41,
1289-1300.

6 Lau, Y. H.; de Andrade, P.; Wu, Y.; Spring, D. Refn. Soc. Rev.
2015, 44, 91-102.

7 Al Toma, R. S.; Brieke, C.; Cryle, M. J.; SiissmRn,D. Nat.
Prod. Rep2015, 32, 1207-1235

8 Mast, Y.: Weber, T.; Golz, M.; Ort-Winklbauer, R.p®ran, A.;
Wohlleben, W.; Schinko, E. Microb. Biotechna011, 4, 192-206.

9 Walker, S.; Chen, L.; Hu, Y.; Rew, Y.; Shin, D.; ®&w, D. L.
Chem. Rev2005, 105, 449-476.

10 (a) Aranaz, |.; Acosta, N.; Heras, A. Enzyme Miuiob. Tech.
2006, 39, 215-221. (b) Ulijn, R. V.; De Martin, L.; Halling?. J.;

In summary, we have developed an organocatalytic transfer hymoore, B. D.; Janssen, A. El. J. Biotechnol.2002, 99, 215222

drogenation of N-alkylated arylimino esters which gives direct
access to N-alkyl arylglycines. Excellent yields and enantio-

11 (a) Guizzetti, S.; Benaglia, M.; Rossi, S. Orgt12809, 11, 2928-
2931. (b) Fan, D.; Lu, J.; Liu, Y.; Zhang, Z.; Li¥,; Zhang, W.

meric ratios were achieved for a wide range of substrates withTeirzahedrormls, 72, 5541-5547. _ ,
a range of (hetero)aryl substituents as well as diverse function- - For some selected reviews and seminal examples(aeFaisca

alised N-alkyl chains. The broad synthetic applicability of these

products, combined with the opportunity for catalyst recycling
offers great potential utility.
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