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ARTICLE INFO ABSTRACT

Article history: We reported herein a new enzymatic route to syitbesitagliptin intermediate usingr
Received aminotransferase.  Substrate  profile  indicated thatydroxyethyl-3-oxo-4-(2,4,5-
Received in revised form trifluorophenyl)butanoate, among 11 analogs, shaedest biocatalytic performangartially
Accepted due to its best solubility in the enzymatic systéfhe corresponding amino esters showing
Available online strong product inhibition on the reaction, werelimed to autohydrolyze, thus driving the

reaction forward, which indicated the contributiointhe rapid hydrolysis of hydroxyethyl ester
to the biocatalytic performance. The reaction wasgumed at 100 mM with 82% conversion
24 h. The amino ester product was further transfdrmo Boc-R)-3-amino-4-(2,4,5-
trifluorophenyl)butyric acid, the key intermediatesitagliptin.
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acetyl-2-amino-3-(2,4,5-trifluorophenyl) propanaicid with a-

_ chymotrypsin followed by Arndt-Eistert reactiéh, and
1. Introduction asymmetric synthesis ofR-3-amino-4-(2,4,5-trifluorophenyl)
butyric ester with aminotransferase PYR-1 fréfyicobacterium

Januvia, is an oral anti-diabetic drug of the dijup peptidase-4 vanbaalenii have also been adopted in some studies to obtain

11,12 . . L.
(DPP-4) inhibitor clas$.It was developed by Merck and was 4. " “ Recently, enzymatic routes have been attractingasing
approved by the U.S. Food and Drug Administration (FIm) attention because of their eco-friendliness, highesselectivity,

2006. Sitagliptin is the top-selling drug in itsas and has and catalytic efficiency® > however, so far only a few studies
brought in about $6 billion in 2014 for Mergk have focused on aminotransferase-based synthesis''of In

this study, we presented a chem-enzymatic routthéosynthesis
Boc-(R)-3-amino-4-(2,4,5-trifluorophenyl)butyric acid, the  of this intermediate, as described in Scheme 1. @athod
key intermediate of sitagliptin, is mainly syntresi through the involves the transformation of the ketoester toremeéster by
hydrolysis and protection of 3-amino-4-(2,4,5-tuflro-  using an aminotransferase, followed by hydrolysid protection
phenyl)butyric este. So far, many studies have focused on theto form4.
synthesis of the above-mentioned compound: some bsed the
induction of the chiral amino group with a chirajrpzine
compound followed by Arndt-Eistert Homologation dbtain
4.%* while others used the stereoselective reductiomethyl 3-
0Xx0-4-(2,4,5-trifluorophenyl)butanoate to obtain &n
configuration chiral alcohol, followed by the Mitsolou reaction
to obtainR-3-benzyloxyamino-4-(2,4,5-trifluoruophenyl)butyric
acid>® In addition to these methods, asymmetric resaiutd
rac-3-amino-4-(2,4,5-trifluorophenyl)butyric ester withandelic
acid and other organic acid8 ,asymmetric hydrogenation of
enamines with [Rh(COD)GIf enzymatic resolution ofac-N-

Sitagliptin, marketed as a phosphate salt undetréte name

An  aminotransferase variant, ATA117-rd11, from
Arthrobacter sp. was chosen owing to its broad substrate
profile,'**®and the fact that it had been specifically devetbfor
the asymmetric catalysis of pro-sitaglipth.The enzymatic
binding pocket can be divided into a larger pockad a smaller
one. '® Considering the ester part of the substrates ghbal
accommodated in the larger one to ensure satisfacto
stereoselectivity®'® some large substituents of the ester, such as
benzyl, phenylethyl, and cyclohexyl groups, weresgho Some
small substituents such as the methyl, ethyl, aigyd groups
were also chosen to fully map the substrate profithe enzyme.

OCorresponding author. Tel.: +86 27 68756713; f®8 27 68756713; e-mail: hongminma@whu.edu.cn(H, Ma)
[(T1Corresponding author. Tel.: +86 27 68755086; #®6 27 68755086; e-mail: liutg@whu.edu.cn(T, Liu)



2 Tetrahedron

F
0 0 FATA117-rd1 1PLP
Rig e
F ) 0

N

NH
A
Oy

vO§
O HN

HO

1a-k

F
(Boc),O/LIOH

Rs=1-2a CHj3
1-2b CH3;CH,
1-2c  CH3(CHy),
1-2d CHjz(CH,)3
1-2e iso-propyl
1-2f tert-butyl

- =

F
F
q NH LioH
0 E——

F
amino acid ester

2a-k amino acid 3

F

NN

<
F,,Z/N F

FF sitagliptin

_—

1-29 CGH5CH2
1-2h CgHs(CHy),
1-2i CgHs(CH,)3
1-2j cyclohexyl
1-2k HO(CH,),

Scheme 1. The chem-enzymatic route for the synthesis of BYe3tamino-4-(2,4,5-trifluorophenyl)-butyric acitl

Further, 1 M isopropylamine was chosen as the amormr to
accelerate the reaction and to increase the cdowéfs

2. Results and discussion

2.1. Enzymatic reactions using different substrates

1b were even a little turbid. The reaction tendencieshe 11
substrates at this higher concentration were tothffgrent from
those at low concentrations, and the products fdrmere found
to be prone to undergo autohydrolysis to form 3rai-(2,4,5-
trifluorophenyl)butyric acid3 at high substrate concentrations
(Scheme 1, Fig. 1). Therefore, the conversions Ibftree
substrates into the amino est@esk and the amino aci@ were
analyzed. Surprisingly,1b (conversion 41.66%), andlk

The enzymatic activities as well as the biocatalylic .onyersion 37.73%) showed the highest conversigherfirst 1

performances of the eleven substrates includingl adisters
(methyl 1a, ethyl 1b, n-propyl 1c, n-butyl 1d), branched alkyl
esters ico-propyl 1e, tert-butyl 1f), aromatic esters (benzgy,

phenylethyllh, phenylpropylli), the cyclohexyl estetj, and the

h, while 1g (conversion 24.98%) showed lower conversion. This
phenomenon may be attributed to the poor soluhilftitg and
the good solubility ofib and 1k in the enzymatic system. In the
fourth hour, the conversion ofb and 1k was 90.52% and

hydroxyl ethyl esterlk were tested (Table 1, Fig. 1). For the g; 9304 respectively, and that 1if was only 45.66%, indicating

alkyl esters, as the chain prolonged, the enzymgvityc
increased almost linearly from (1.70 + 0.05)%1@%/mL to (14.06
+ 0.38)x10° U/mL (Table 1,1a-d). With the hydroxyl group, the
activity of 1k became lower than that ab (Table 1,1k). The
activity of 1e was almost same as thatlaf; when thdso-propyl
group was substituted with theert-butyl group, the activity
decreased (Table 1e-f). 1g had the highest activity among all
the 11 substrates; when the chain prolonged, thévitgct
decreased unlike what was observed for the alkyte$iable 1,
1g-i). It seemed that, among the aromatic esthgscontaining
the benzyl group was more similar to pro-sitagliptirstructure
as they both have the methylene-aromatic ring matifich
probably granted it the highest activity. Despitee thighest

activity of 1g, it had poor solubility in the enzymatic system:
about 1 mM1g was required to ensure that the reaction mixture

was homogeneous. However, high substrate concensagian
necessary for the industrial application of enzyoagactions. In
our enzymatic reaction mixture,
the cosolvent to increase the solubility of the sftdies as

described previoush. Our attempts to find alternative solvents

were unsuccessful: methanol and ethanol were tebtedthey
caused the transesterification of the substratekenenzymatic
system, and other water-miscible organic solventh & DMF
and THF did not show better behavior than DMSO. MoeeoN
was found that, among the 11 substraiésand 1b had good
solubility in the enzymatic system. The substratese then
tested at a raised concentration of 20 mM (Fig. Af).this
concentration, the reaction mixture of all of thibstrates were
heterogeneous witkk as the only exception, and thoselafand

DMSO was chosen as

that at high concentrationsh or 1k should be a better candidate
thanlg. In the eighth hour, the conversionldf reached 95.87%
and that oflk was 97.36%, indicating that the conversiorlf
increased only by 5% during the last four hours parad with
the 15% increase in the conversionl&f Upon comparindlb
and 1k carefully, it was found that the amino prodat was
easier to hydrolyze thazb, because in 4 and 8 Bk hydrolyzed
33.21% and 58.48%, respectively, while hydrolyzed 16.59%
and 34.48%. This autohydrolysis might reduce prodhhibition
and thus promote the enzymatic reaction.

Table1 Enzyme activity of the different substrates

substrates Enzyme activity order
U%mg
la (1.70+0.05)x1 11
1b (5.65+0.44)x10 8
1c (9.69+0.39)x1d 4
1d (14.06+0.38)x10 3
le (14.11+0.50)x18 2
1f (9.05+0.03)x1d 5
1g (18.94+0.47)x18 1
1h (6.53+0.72)x10 7
1 (6.58+0.96)x10 6
1j (2.53+0.17)x10 10
1k (2.63+0.34)x10 9

2 One unit of ATA117-rd11 was defined as 1 mg crudzeyme producing
1 umol of the amino product per minute.

®The values are given as mean + SD of triplicates.
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Fig. 1. Enzymatic reactions for different substrates &, nd 8 h. Red color represents the conversitinecssubstrate$a-k into the corresponding produ@s-
k, and green color represents the conversion dfubstrates into the hydrolyzed amino eRidrror bars represent standard deviation of tgés.

DMSO. Thus, 100 mM oflk and 20% DMSO were chosen as

2.2. Theinhibition of amino acid 3 and amino ester 2b to the the optimum corldi@IS)for further experiments.

aminotransferase

The hydroxyl substitution ofik granted it the highest

solubility, which is pivotal for high reaction rataused by the 140 1

increased concentration in the aqueous phase. adiettfat the 120 |

amino ester2k was easiest to hydrolyze indicated that this;;

behavior might reduce product inhibition on theyena. Hence, ~ 100 &

the enzymatic activities at different concentragiad the amino ‘E 80

acid 3 and amino este2b were tested (Fig. 2). Considering the B 1

poor solubility of the amino aci® in a solution containing ¢ 60

DMSO or not at neutral pH, pH 10 was adopted to engacel & 40 | ) )
solubility of 3 in the reaction system. Experimentally, the agfivit & ] ~® aminoacid 3
of the aminotransferase at the presencad af 100 mM was the 20 A —#—amino ester 2b
same as that without the addition of the amino aeitich 1

proved that3 has no inhibitory effect on the enzyme reaction & o 20 40 e s 100 12
concentrations of 0-100 mM. In the caserad-amino este@b, The concentration of 3 & 2b (mM)

at 20 mM of the_rac-am.in.O esterb, the en.zymg ghowed only Fig. 2. Inhibition of enzyme activity by the amino esférand the amino acid
about 60% relative activity, and the relative atyivceased t0 3 Eror bars represent standard deviation of tiéis.

reduce at higher concentrations. The inhibition efzyme

activity with rac-amino ester2b is shown in Fig 2. Thus, the 100 -
amino ester2b exerted an obvious inhibitory effect on enzyme
activity. The reason why the inhibition caused 2iy did not 80

increase with increasing concentration2bfmay be attributed
to the poor solubility of theac-amino acid estefb in the
reaction mixture, which was indicated by the factt tlize

60 -

P —— 10% DMSO - 50 mM

Conversion (%)

reaction solution became turbid whe?b was used at a 40 4 / —~—-20% DMSO - 100 mM
concentration of 40 mM. /72— 10% DMSO - 100 mM
20 | o,
2.3. Optimization of the enzymatic reaction conditions |
Because of the good solubility and apparent bidgiita ° s 10 1 20 2
behavior of 1k and the auto-hydrolysis ability of the Time (h)

corresponding amino est@k, 1k was believed to be the best
substrate for use in industrial applications. Theaction Fig. 3. Time course ofk at different concentrations @k and in the
conditions, such as the concentrationslibfand DMSO, were  presence of 20% or 10% DMSO. Error bars represantlard deviation of
then optimized, as shown in Fig. 3. At 50 mM 1, 85% tiplicates.

conversion waobservedin 16 h and 95% conversion could be

achieved in 24 h in the presence of 10% or 20% DM&Q.00
mM, the conversion otk reduced to 60% in 16 h and to abou
80% in 24 h, which may possibly resulte from theghdli

decomposition during the reacti_on. The conversidn tre As the amino acid esté@ tended to hydrolyze to form the
presence of 10% DMSO was slightly less than that & 20 gming acid3, which was hardly soluble in organic solvents such

t 2.4. Preparation of Boc-(R)-3-amino-4-(2,4,5-trifluoro-
phenyl)butyric acid 4
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as ethyl acetate, it was difficult to use organidvesats to
extract all the products needed. However, BRe3-amino-4-
(2,4,5-trifluorophenyl)butyric acidd shows good solubility in
organic solvents. Therefore, we developed an op¢ichinethod

of iso-propylB-D-thiogalactoside (IPTG) to obtain a final
concentration of 1 mM. The cells were then cultidat®r
another 16-20 h, after which they were harvested by
centrifugation (4500 rpm, 15 min, 4°C) and the sop&ant was

to synthesize4 after the enzymatic reaction. Because thediscarded. Next, the cell pellets were resuspendetOth mM

concentration of isopropyl amine (1 M) was much bigthan
that of the products, it was necessary to removemash
isopropyl amine as possible to avoid the consumptib Boc
anhydride during the chemical synthesis4ofThe pH of the
biocatalytic product was adjusted to 10 to remoweprispyl
amine as a volatile free base by rotary evaporateord this
alkaline condition also allowed®?k to become completely
hydrolyzed to form amino aci@ Using this strategy, only about
2 eq. Boc anhydride was added and all of the amamb awas

triethanolamine (chloride) buffer (pH 8.5) contamih mM PLP
and were then harvested by centrifugation using shene
conditions as described above. One gram of the wiepekets
were then resuspended in 10 mL cold triethanolarchiride)
buffer containing PLP, and the suspension was sidieto
ultrasonic disruption for 12 min. Ultrasonic cellsdiption
followed by centrifugation (16000 rpm, 20 min, 4°@hally
yielded the crude enzyme solution. The crude enzgoietion
could be used immediately or stored at 4°C for sdveays;

transformed tod. Then, using a 10 mL scale reaction with 100alternatively, the cell pellets can also be staed80°C until use.

mM 1k in 20% DMSO, about 200 mg of Boc adidvas obtained
(60.6% vyield, 98.6%e) as a white solid.

3. Conclusion

Here we developed a new enzymatic route to synthéiseze
intermediate of sitagliptin using an aminotranssetraThrough
substrate screening of 11 substrates, hydroxy@ioxe-4-
(2,4,5-trifluorophenyl)butanoaték was found to be the best
substrate for use in industrial applicatiorik had the best
biocatalytic performance owing to its high solulyiliin the
enzymatic system and its corresponding amino @ktevas easy
to autohydrolyze to drive the reaction forward. Tieaction
could be performed using 100 mM dk and showed 82%
conversion in 24 h. The amino product was then foamed to
Boc-(R)-3-amino-4-(2,4,5-trifluorophenyl) butyric acit] the key
intermediate of sitagliptin, with 60.6% total yieddd 98.6%ee.

4, Experimental section
4.1. General

2,4,5-Trifluorophenylacetic acid, Meldrum’s acidand

Protein concentrations were determined using Braddioethod.

4.3. Preparation of rac 2a-k compounds

The rac compounds were prepared using a previously
described methdd with minor modifications. The ketoestéb
(198 mg, 0.76 mmol), ammonium acetate (586 mg,nTol),
and sodium cyanoborohydride (50 mg, 79 mmol) welded in 4
mL methanol, and the solution was stirred overnightroom
temperature. Concentrated HCI| was then added to dluios
until the final pH was 2, and then the methanol wasored by
rotary evaporation. Next, 5 mL water was added torésédue
and 10 M NaOH aqueous solution was used to adjusthhi p
10. Ethyl acetate (2x 5 mL) was added to this smuto extract
the product. The organic layers were combined afet dising
anhydrous sodium sulfate and concentrated to oltkeancrude
product. The crude product was then purified by gragive thin
layer chromatography (PE/EA=5/3) to yield compouid (86
mg, 43.9%) as a colorless dtf NMR (400 MHz, Chlorofornd)

8 7.04 (dddJ = 10.5, 8.7, 6.7 Hz, 1H), 6.90 (dd¥i= 10.1, 9.2,
6.6 Hz, 1H), 4.13 (¢J = 7.1 Hz, 2H), 3.52 — 3.34 (m, 1H), 2.78 —
2.56 (m, 2H), 2.50 — 2.23 (m, 2H), 1.25Jt= 7.1 Hz, 3H).°C
NMR (101 MHz, Chloroform-d)s 172.00, 156.10 (ddd, J =
244.1, 9.2, 2.6 Hz), 148.74 (ddd, J = 250.0, 1484 Hz),

ketoesterla were purchased from Chemlin Chemical Industry146.56 (ddd, J = 244.8, 12.4, 3.6 Hz), 121.84 (ddd,18.3, 5.5,

Co. (Nanjing, China). N,N-dimethylaminopyridine,
diisopropyl-ethylamine, and pyridoxal 5’-phosph&®.P) were
purchased from Energy Chemicals (Shanghai, Chifde
ketoesterslb-k were synthesized as described previotfsKil

N,N-

4.2 Hz), 118.95 (ddd, J = 18.9, 6.1, 1.4 Hz), 10%04B J = 28.7,
20.8 Hz), 60.58, 48.57, 41.70, 36.37, 14.17. HRMSI)ES
calculated for GH;sFsNO, [M+H]™: m/z 262.1049;m/z found:
262.1051.The otherac compounds were prepared in a similar

other organic substrates (AR or AG) were obtained fromyay.

commercial sources and used without further putifica *H

NMR spectra and®’C NMR were recorded on an Agilent 400

MHz instrument (DirectDrive2)(California, USA). Cheralc
shifts were recorded in ppm downfield from tetramésitgne. J
values were given in Hz. Abbreviations used'thNMR are s
(singlet), d (doublet), t (triplet), q (quartethpdam (multiplet).
High-resolution mass spectrometry (HRMS) experimemése
performed wusing a Thermo LTQ XL Orbitrap
(Massachusetts, USA).

4.2. Expression of ATA117-rd11

The ATA117-rd11 gene was codon-optimized and syrzkdsi
using a C-terminal His-tag by Tianyi Huiyan Co. (Woha

4.4, Enzyme activity with different substrates

60 pL crude enzyme solution at 0.5-1 mg/mL concentrgtio
100 uL of 60 mM isopropyl amine (chloride) solution (pkbg
and 40uL of a solution ofla-k (5 mM) in DMSO were added

instrumentinto a 2 mL Eppendorf tube. The mixture was therceudain a

shaking incubator at 45°C for 0.5 h, during whiche th
conversions were guaranteed to be less than 10 éh T8 mL
acetonitrile was then added to the reaction mixtufae
conversion was then analyzed by HPLC.

4.5. Enzymatic reactions using different substrates

A 125pL crude enzyme solution, 278 of 1.83 M isopropyl!

China). The gene was then inserted into a pRSFDuet-3mine (chloride) solution (pH 8.5), and 10D of a solution of

expression vector at the BamHI and Xhol restrictsites, and
the plasmid was transformed inEscherichia coli BL21 (DE3)
cells. The recombinant cells were cultivated in U0LB broth

la-k (100 mM) in DMSO were added into a 2 mL Eppendorf
tube. The mixture was then placed in a shaking iatrat 45°C
for 8 h. Twenty microliters of the sample was takef,at, and 8

containing 50 mg/L kanamycin at 37°C. When the OD600

reached 0.6-0.8, enzyme expression was inducedebgdtiition



h and diluted with 38@L methanol for use in HPCL to analyze
conversation.

4.6. Theinhibition of amino acid 3 to the aminotransferase

A 50 pL crude enzyme solution, 110 of 1.83 M isopropyl
amine (chloride) solution (pH 10) containing 0—1881 amino
acid 3, and 40uL of a solution oflb (100mM) in DMSO were
added into a 2 mL Eppendorf tube. The mixture was thlaced
in a shaking incubator at 45°C for 30 min. Twentgnmiliters of
the sample was taken and diluted with 3&0methanol, and the
conversation was analyzed using HPLThe relative activity
was determined by analysis of the consumption ofstifestrate
1b at the presence of amino a8idand the activity at the absence
of amino acid3 was used as the control.

4.7. Theinhibition of amino ester 2bto the aminotransferase

A 50 pL crude enzyme solution, 110 of 1.83 M isopropyl
amine (chloride) solution (pH 8.5), 2@ of a solution oflb
(200 mM) in DMSO, and 20L of a solution o2b (0—1000 mM)
in DMSO were added into a 2 mL Eppendorf tube. Thetumix
was then placed in a shaking incubator at 45°C farndn.
Twenty microliters of the sample was taken and dilwtéth 380
puL methanol, and the conversation was analyzed by HHIh@
relative activity was determined by analysis of to@sumption
of the substratdb at the presence of amino esgr, and the
activity at the absence of amino efbrwas used as the control.

4.8. Enzymatic reaction using different concentrations of 1k

A 125pL crude enzyme solution, 278 of 1.83 M isopropyl!
amine (chloride) solution (pH 8.5), and 10D of a solution of
1k (100-500 mM) in DMSO were added into a 2 mL Eppehdo
tube. The mixture was then placed in a shaking iatrat 45°C
for 24 h. Twenty microliters of the sample was taker, 4, 8,
12, and 24 h, and diluted with 3@ methanol to analyze the
conversation using HPLC.

4.9. Preparation of
phenyl)butyric acid 4

Boc-(R)-3-amino-4-(2,4,5-trifluor o-

A 2.5 mL crude enzyme solution, 5.5 mL of 1.83 Mpisupyl
amine (chloride), and a 2 mL solution & (500 mM, 1 mmol)
in DMSO were added into a 50 mL sample bottle. Thdéatas
then incubated at 45°C for 24 h, and the convergias found to
be 80%. Anhydrous lithium hydroxide (192 mg, 8 mmeBs
added to this mixture and incubated for anothert® hydrolyze
all the products. The mixture was then centrifu(@@D0 rpm, 10
min), and the residue was washed twice with 4 mL 0Mhum
hydroxide aqueous solution. Next, the aqueous lewes mixed
and concentrated in high vacuum to remove the mngi
isopropyl amine. When almost all of the isopropgiire was
removed, 3 mL tetrahydrofuran and di-tert-butyl gnarbonate
(427 mg, 1.96 mmol) was added to this solution. Tiigture
was then stirred overnight at 35°C to complete daetion. Ethyl
acetate (2x 15 mL) was used to extract the produm.organic
layer was combined and dried using anhydrous sodiulfate,
and then concentrated by rotary evaporation. Thdeciproduct
was purified by silica column chromatography (PE/EAt&
acid=100/50/1) to yield Boc acidl (200 mg, 60.6% yield, 98.6%
ee) as a white solid*H-NMR (400 MHz, Methanol-d4y 7.23 —
7.13 (m, 1H), 7.17 — 7.01 (m, 1H), 4.92 (s, 2H), 4-19.07 (m,
1H), 2.92 (dd, J = 13.8, 5.0 Hz, 1H), 2.65 (ddd, B819.2, 1.4

5
Hz, 1H), 2.63 — 2.41 (m, 2H), 1.32 (s, 9HJC NMR (101
MHz, Chloroform-d)s 176.08, 174.84, 157.12, 155.12, 150.14,
147.79, 145.30, 121.04, 118.89, 105.36 (dd, J §,28.8 Hz),
79.90, 47.56, 37.80, 32.97, 28.21. HRMS (ESI) cakedl for
C1sH17FsNO, [M-H] : mVz 332.1115m/z found: 332.1123.

4.10. Analytical methods

The conversion rate was determined using an ultirBago
HPLC equipped with a Waters Xterra RP C18 column ¥31%0
mm, 5um) using 10 mM NHAc/acetonitrile as the eluent. The
gradient was 1-10 min: 10%-90% acetonitrile, 10-14: 190%
acetonitrile, 11-12 min: 90%-10% acetonitrile, af@-15 min
10% acetonitrile.

The enantiomeric excess of Bd@H3-amino-4-(2,4,5-tri-
fluorophenyl)butyric acid4 was determined using a Shimadzu
LC 20 with CHIRALPAK AD-H (4.6 x 250 mm, fmm) using
Hexane/ IPA = 90/10 as the eluent at a flow rate wi_1min.

L egends

Scheme 1 The chem-enzymatic route for the synthesis of Boc-
(R)-3-amino-4-(2,4,5-trifluorophenyl)-butyric acitl

Table 1. Enzyme activity of the different substrates.

Fig. 1. Enzymatic reactions for different substrates id,land 8
h. Red color represents the conversion of the mathsia-k into
the corresponding produ@a-k, and green color represents the
conversion of the substrates into the hydrolyzetharacid3.
Error bars represent standard deviation of tripdisa

Fig. 2. Inhibition of enzyme activity by the amino esgerand
the amino aci@®. Error bars represent standard deviation of
triplicates.

Fig. 3. Time course olk at different concentrations &k and in
the presence of 20% or 10% DMSO. Error bars reptesen
standard deviation of triplicates.

Acknowledgements

Our research was supported by grants from the 973
(2012CB721000) Project and the Project supported they
Science and Technology Department of Hubei Provimze gy
J1 Biotech Co. Ltd. (2014091610010595).

Refer ences and notes

1. Herman, G. A.; Stein, P. P.; Thornberry, N. Wagner, J.
A. Clin. Pharmacol. Ther. 2007, 81, 761-7.

2. http://www.drugwatch.com/januvia/.

3. Kim, D.; Wang, L.; Beconi, M.; Eiermann, G. Jislker,

M. H.; He, H.; Hickey, G. J.; Kowalchick, J. E.; iting,
B.; Lyons, K.; Marsilio, F.; McCann, M. E.; Patel, R;;
Petrov, A.; Scapin, G.; Patel, S. B.; Roy, R. S.; MK_;
Wyvratt, M. J.; Zhang, B. B.; Zhu, L.; Thornberry, N.;
Weber, A. EJ. Med. Chem. 2005, 48, 141-51.



4.

10.

11.
12.
13.

Tetrahedron
Edmondson, S. D.; Fisher, M. H.; Kim, D.; MacGadds, 14.

Parmee, E. R.; Weber, A E.; Xu, J. W.O. Patent
03,004,498, 2003.

Hansen, K. B.; Balsells, J.; Dreher, S.; Hsiag,Kubryk, 15.

M.; Palucki, M.; Rivera, N.; Steinhuebel, D.; Arnwtg, J.

D.; Askin, D.Org. Process Res. Dev. 2005, 9, 634-639. 16.

Angelaud, R.; Armstrong, J.; Askin, D. W.O. Paten
2,004,087,650, 2004.

Gore, V.; Gadkar, M.; Priyanka, B.; Suresh, SOWRatent  17.

2,010,131,025, 2010.

Sun, P.; Chen, Y.; Yu, G. W.O. Patent 2,010689, 18.

2010.

Kubryk, M.; Hansen, K. Bletrahedron: Asymmetry 2006, 19.

17, 205-209.
Zeng, L. L.; Ding, Y. J.; Zhang, G. C.; Song,R{, Hu, W.

H. Chin. Chem. Lett. 2009, 20, 1397-1399. 20.

Luo, Y.; Ding, S.; Qu, X. C.N. Patent 105,2%%,72016.

Luo, Y.; Ding, S.; Qu, X. C.N. Patent 105,018,42015. 21.

Breuer, M.; Ditrich, K.; Habicher, T.; Hauer, BKesseler,
M.; Sturmer, R.; Zelinski, TAngew. Chem. Int. Ed. Engl.
2004, 43, 788-824.

Tufvesson, P.; Lima-Ramos, J.; Jensen, J. SHadue,
N.; Neto, W.; Woodley, J. MBiotechnol. Bioeng. 2011,
108, 1479-93.

Weiner, B.; Szymanski, W.; Janssen, D. B.; MinthaA.
J.; Feringa, B. LChem. Soc. Rev. 2010, 39, 1656-91.
Savile, C. K.; Janey, J. M.; Mundorff, E. C.; MepJ. C.;
Tam, S.; Jarvis, W. R.; Colbeck, J. C.; Krebber, AejtE,
F. J.; Brands, Bcience 2010, 329, 305-309.

Truppo, M. D.; Strotman, H.; Hughes, GhemCatChem.
2012, 4, 1071-1074.

Richter, N.; Simon, R. C.; Kroutil, W.; Ward, W
Hailes, H. C.Chem. Commun. 2014, 50, 6098-6100.
Guan, L.-J.; Ohtsuka, J.; Okai, M.; Miyakawa, Mase,
T.; Zhi, Y.; Hou, F.; Ito, N.; lwasaki, A.; YasolarY.;
Tanokura, Mci. Rep. 2015, 5, 10753.

Tasnadi, G.; Forro, E.; Fulop,®tg. Biomol. Chem. 2010,
8, 793-9.

Saeed, A.; McMillin, J. B.; Wolkowicz, P. E.; Bibette,
W. J.J. Med. Chem. 1994, 37, 3247-3251.



