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Abstract

An efficient approach for the synthesis of highly substdupyridin-2-one derivatives andalkylated
nitriles through enzymatic multicomponent reaction (MCR) wasetbped. This MCR involved
bio-mimetic reduction between 3,4-dihydropyridin-2-one antivated olefin, both of which weie situ
generated in the Acylase Amano (AA)-catalyzed domino reactioningtaftom benzaldehyde,
cyanoacetamide and ketone. A wide range of substituted bengddédend ketones were accepted by
this reaction. Both final products (pyridin-2-one derivesi anda-alkylated nitriles) were important
skeletons and synthetic intermediates. The synthetic applicatigmepareda-alkylated nitrile was
demonstrated by converting it into the correspondiadkyl-5>-amino acid with high yield.
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1. Introduction

As one representative of substituted six-membered lactamgoomais with pyridine-2-one scaffold
have shown significant pharmaceutical activities such as antifungatibacteridl and antitumaot
Specifically, amrinonea) and milrinone i§) in Fig. 1 have been found to display effective activities on
therapy of myocardial infarction, and compounfii{as the activity of antihypertensive. Meanwhile, the
pyridin-2-one ring system has successfully been appligiematural synthesis as a building bfbck
Thus, development of convenient, efficient and mild strateggstablish these lactam cores is still
interesting in the realm of synthetic organic chemistry. Algfoseveral synthetic methodologies have
been reportesd most of them have their own drawbacks such as harsh reaotfiditions, low yields or
complicated multistep routes. Similarly-alkylated nitriles are also important building blocks for
synthesizing ketones and biologically active aderttse main methods for constructingalkylated
nitriles are reactions of nitriles with alkyl halides (or &lols or carbonyl compounds) using
homogeneous inorganic bases such as NaH and Nafsttatalysts. Toxicity of halogenated substrates,
the use of homogeneous strong bases and metals are general drawlitickever-increasing
environmental concerns, developing new method to construiin®r2-one andu-alkylated nitrile
derivatives still remains a significant challenge.

Fig. 1. Compounds with pyridin-2-one core
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Since enzymes were discovered to maintain activity in organic ¢shmnKlibanov in the early
19808, enzymes have been proved as efficient and green biocatalystgaitic synthesis due to their
intrinsic advantages of high selectivity, mild reaction coadgj simple operation and environmentally
benign behavior. In the past decade, a growing number of eszywmre found to be capable of
catalyzing not only their “natural” reactions but also omemmre alternative reactions, and this feature is
called catalytic promiscuify Our group has found that the Michael and Markovnikovtamdtould be
catalyzed by alkaline protease and acyfasAnd recently we have discovered many enzymatic
multicomponent reactions to synthesize heterocyclic compbuniore and more new cases of
enzymatically promiscuous reactions were reported by other g§fptgr example, Zhartg® provided a
new strategy to synthesize spirooxindole derivatives via tgskpthen Trypsin was founded to catalyze
the formation of 4-thiazolidinones and 3,4-dihydropydmi2-ones through three-component
reactio®*** and Guan reported the first enzymatic aza-Diels-Alder Red@idihough many works
involved single-enzyme catalyzed multistep transformation® iamd, more explorations concerning
new enzymatic domino reaction are still urgent in terms ofiévelopment of enzymology and industrial
importance. Herein, we discovered an interesting reaction toltaimously synthesize important
pyridine-2-ones and-alkylated nitriles via enzymatic multicomponent reaction mvg in situ
hydrogen transfer.

2. Results and discussion

Our initial idea was the synthesis of 3,4-dihydropyriflione derivativesy) via a multicomponent
reaction starting from benzaldehydB, (cyanoacetamide2] and monoketone3j catalyzed by enzyme
(Scheme 1). Surprisingly, compouréland5 were obtained after flash chromatograph separation, which
were very similar to the direct Knoevenagel condensation prddicand expected product of three
componentsY’). It seemed that hydrogen transfer process happened betweeruods®@nd5’.
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Scheme lenzymatic one-pot multicomponent reaction invohimgitu hydrogen transfer

Considering the efficiency of this amusing phenomenon, civese 4-chlorobenzaldehydéa),
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cyanoacetamide?] and butanone3@) as the starting materials, catalyst screening was firstly nppeetb

in ethylene glycol (EG) at 56C. Among the selected commercial enzymes, Acylase Amano (AA)
exhibited the best catalytic activity with 50% vyield (Tableehtry 1), 33% yield was obtained by
D-aminoacylase (DA) (Table 1, entry 2). The moderate yielde wainly due to the left substrates.
Butanone could form two pyridine-2-one products due dodifferent active positions. While other
hydrolases, such as CAL-B (Table 1, entry 3), Lipase f@andida rugosaLlipozyme fromMucor
mieheiand Amano Lipase PS (immobilized on diatomite), showedatigity toward the reaction (data
not shown). Next, we investigated the effect of different sty on the model reaction, probably
because cyanoacetamide had low solubility in dioxane, toluene amshirdet and no products were
observed in these generally used solvents (data not showtndtely, the reaction in diethylene glycol
(DIi-EG) gave the best yield of 71% at 80D after 48 h (Table 1, entry 9), and 50% yield in EG was
gotten (Table 1, entry 1), while both DMF and DMSO |jmted the yields less than 20% (Table 1, entries
7 and 8). Determining Di-EG as the optimum solvent, weopexd some control experiments to verify
the specific catalytic effect of the enzyme on the initial three ocoemt reaction. No product was
detected when the reaction underwent in the absence of enzyme (Taiigy ).In addition, since AA

is a zinc-dependent enzyme, EDTA (ethylene diamine tetraacetic acidise@dso denature the enzyme.
We found that no reaction happened with EDTA-denatured rA#owvine serum albumin (BSA) (Table 1,
entries 6 and 5), ruling out the possibility that aminal @fithe protein surface or other impurities in AA
could promote the initial three component reaction. On the otdred, these results also validated that
the specific active site and the tertiary structure of AA was 8aktar the three component reaction.

It is noteworthy that the ratio of three starting materfels important influence on the output of the
multicomponent reaction. When the ratio of compoutal2:3a was 0.5:0.75:0.5, the total yield reached
to 80%. Further changing the ratio, no improvement ofdyiehs obtained. Thus, we chose the molar
ratio of substrate 1(2:3=0.5:0.75:0.5) for subsequent studies. Actually in orgvipus report, the
interestingin situ hydrogen transfer process to fommalkylated nitriles 4) and pyridine-2-ones) was
not observed because of the much lower amount of aromatic d&@hyhe optimized feeding ratio of
three starting materiald:2:3=0.125:1:0.75), thus the hydrogen-accepting Knoevenageligr¢tl) was
not enough and only 3,4-dihydropyridin-2-onBY (vas obtainet®

Table 1
Optimization of reaction conditioris
H H
HO |\ Os-NH; INo INo
2
N 8:O+ o catalyst CN , 7 CN . Z>CN
CN solvent
Cl
Cl
la 2 3a 4a %Ia %la
Entry Catalyst Solent 4a(umolf  Sa(umolf 6a(umolf  Total yield(%}
1 AA EG 131 95 26 50
2 DA EG 84 65 18 33
3 CAL-B EG n.d. n.d. n.d. n.d.




4 - Di-EG n.d. n.d. n.d. n.d.
5 BSA Di-EG Trace trace Trace trace
6 AA° Di-EG Trace trace Trace trace
7 AA DMF Trace trace Trace trace
8 AA DMSO 41 33 5 16

9 AA Di-EG 175 124 58 71

& Reactions were carried out in EG (1 mL) with equamsubstrate (0.5 mmol) in the presence of 20 mg
enzyme at 56C for 48h.

b Determined by HPLC.

“Denatured by EDTA in water for 12h at 1.

9 Total yields of4+5+6 based on the amount of aromatic aldehyde, caloglatfjuation is Yield =[(Amount
4+5+6) / 500]x 100%.

n.d.: Not determined.

With the optimal conditions in hand, we further examined gsbhepe and limitation of the new
enzymatic multicomponent reaction. It can be seen from Table 2atleile range of substituted
benzaldehydes could successfully participate in the reaction. Gendnallgnzyme exhibited better
activity for benzaldehydes with electron-withdrawing substitig than with electron-donating ones. For
example, 4-(trifluoromethyl)benzaldehyde gave an excellent yiel@486 (Table 2, entry 1), while
4-isopropyl and 2-methoxybenzaldehyde only could get produ@®% yields (Table 2, entries 2 and 4).
3-Substituted benzaldehyde could also be accepted in the reaectiie ZT entry 5).

Table 2
Examination of the substituent effect of the aromatic aldefiyde

HO HyN Ox-NH,
O O_AA |
R 8: +2: DI-EG CN+
S CN _
ol
<R
1 2 3a
4 5 6
Amount Amount Amount Total
Entry R Product Product Product )
(Lmoly (umoly (umolf  vield(%)°
1 4-Ch 4b 233 5b 156 6b 81 94
2 4-iPr 4c 172 5c 122 6C 56 70
3 4-F 4d 212 5d 155 6d 51 84
4 2-OCH;, 4e 171 5e 135 6e 37 69
5 3-Cl 4f 205 5f 155 6f 51 82

& Reactions were carried out in DI-EG (1 mL) with(0.5 mmol),2 (0.75 mmol) and3 (0.5 mmol) in the
presence of 20 mg AA at 5C for 48h.

® Determined by HPLC.

“Total yields of4+5+6 based on the amount of aromatic aldehyde, calaglaguation is Yield =[(Amount
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4+5+6) / 500] x100%

Then reactions of various ketones with different aldehyde® \tether tested. Both acetone and
3-pentanone could successfully participate in the reaction to faraikylated nitriles and
pyridine-2-ones. But the yield declined sharply with therease of chain length, from 70% to 32%
(Table 3, entries 1 and 2), possibly because the activitylyidrogen in carbonyl compound reduced
when increasing the chain length of ketones. Theoreticallydi¢g@bonyl compounds like methyl
acetoacetate could also give the corresponding products. In evioys report™ the amount of
cyanoacetamide and methyl acetoacetate was excessive compared to aromatite,akateth these
substrates were simultaneously added to the reaction flaskinggithe product of
3,4-dihydropyridin-2-one. Herein we first mixed aromatidehyde and cyanoacetamide together, when
they fully changed to the Knoevenagel condensation productatmadfint of methyl acetoacetate was
introduced to the system. Finally, the expectedlkylated nitrile and pyridine-2-one were obtained
through slow transformation after 4 days (Table 3, entry 4)

Table 3
Variation of aldehyde and ketofie
2
~CHO o ? R3 i
@ + NCTYNH2 + g2 X _gs _AA NHz + ~ NH
R1 o) DI-EG z; CN | \\ N0
1 2 3 4 RY 5CN
Amount Amount Total yield
Enty R R? R® Product Produc
(umoly (umolf (%)
1 4-ipr  H H 4c 175 5g 176 70
2 4-iPr CH CH; 4c 79 5h 83 32
3 4-Pr CHy  CHs 4c 84 5h 89 35
4° p-Cl H COOCH 4a 158 5i 154 62

# Reactions were carried out in Di-EG (1 mL) with(0.5 mmol),2 (0.75 mmol) and3 (0.5 mmol) in the
presence of 20 mg AA at 5C for 48h.

b Determined by HPLC.

Total yields of4+5+6based on the amount of aromatic aldehyde, calogl&guation is Yield =[(Amount+5)
/ 500] x100%.

dProtected under nitrogen atmosphere.

€ After 6h the reaction af (0.5 mmol) and® (0.5 mmol) in the presence of 20 mg AA at°&) 1 mL Di-EG,3
(0.25 mmol) was added for 4 days

Basing on the above successful synthesis of two seriespafrtmt compounds, i.e. pyridine-2-one
derivatives andx-alkylated nitriles, we hope to confirm the existence of bgdn transfer process.
Firstly, we should determine whether the oxygen acts as oxidahe system. Therefore, controlled
reaction under the protection of nitrogen was performed, #ld was in accordance with that in air
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(Table 3, entries 2 and 3). This result excluded the rolexyfem as oxidant in the reaction. Secondly,
can the solvent be the hydrogen donor? When we only pogwenagel product and the enzyme in the
solvent (Di-EG), no hydrogenation product was observed &fteidays, which excluded the possibility
that the solvent acted as hydrogen donor. The amounts ding/2-one derivatives should be equal to
that ofa-alkylated nitriles if hydrogen transfer process existed, whiete confirmed by their respective
amount in Table 1-3. In order to further verify the intetnahsfer hydrogenation process quantitatively,
we tried to prepare two supposed intermediates, 3,4-dihyddop2-one (Scheme &’ and Scheme 3,
5h’) and Knoevenagel condensation produd&)( When we mixedi’ with 4a’ in Di-EG containing
AA, two compounds i and4a) were successfully detected after chromatography as we expected. To
have a better understanding for the reaction process, we morthergdnsforming course 6f and4a’
guantitatively by HPLC, which was shown in Scheme 2. Giatify, the amount obi and4a increased
as the reaction proceeded. Correspondingly, the substbitesid4a’) gradually reduced. Same results
were observed fdh’ and4a’, which further confirmed thia situ hydrogen transfer process.

100
—s— 43
—e—5j
80 4 —a—A43'
—v—5j' DI EG

60

40

f}@é?

0 20 40 60 80 100
Time (h)

Yield (%)

Scheme 2Quantitatively monitoring the transforming process betweenimermediatess|’ and4a’)

Another question needs to be considered is whethen tieu hydrogen transfer process happened in
the active site of this enzyme. We mixed 0.2 mrBbl and4a’ in Di-EG for one day under the
catalyst-free condition, or in the presence of BSA or AA (Schgmélo reaction occurred under the
catalyst-free condition, and the catalysis of AA could provideproducts with 90% yield$lf and4a).
Interestingly the control reaction under the catalysis of BBA gave the products in 70% yields. Then
could amino acid catalyze this process? Aspartate (acidic), lybemic) and proline (neutral) as
biocatalyst were investigated respectively, only lysine coulthpte the transformation with 71% yield,
indicating thein situ hydrogen transfer process was possibly catalyzed by some shésiceamino
acids of the enzyme.
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Scheme 3Controlled experiments to explore the hydrogen transfe:epm

Thus, a tentatively proposed mechanism was illustrated oratie @f these data in Scheme 4. First,
AA catalyzed the fast formation of Knoevenagel condensation reatftialdehyde and cyanoacetamide
to compoundL. Then the zinc ion would coordinate with carbonyl grofipyanoacetamide and ketone
to increase the nucleophilicity, Asp 366 of AA deprived afté of ketone, which occurred the Michael
addition with compoundl to produce intermediat@. Next, the electron-rich N-H performed the
nucleophilic addition to the carbonyl group of ketonethat same time, one molecular water was lost
from intermediate to form producB. Lysine catalyzed the transfer hydrogenation process as a hydrogen
carrier, obtained proton from compourl and transferred to compountli The final products
pyridin-2-one derivatived4 ando-alkylated nitriles5 were obtained.

Asp
Q NH, CReSidue-NH2
—({ ©N Residue-NHj
R'I/\\ /
5

Scheme 4The proposed mechanism of this multicomponent reaction.



In order to validate the utility of this strategy, figstive examined the reaction on tenfold amount of
entry 3 in Table 2, total isolated yield was 69%. Then wehegived ther-substituteds®-amino acid
from one productg-alkylated nitrilevia simple conversiongi-amino acids are key building blocks of
natural productsS-peptides and pharmaceutiddlsCompounds with this skeleton usually exhibit
antivirus and antibacterial activify So developing new method to constrdeimino acids is still of
urgency. Our protocol is outlined in Scheme 5. InitiaRganey Ni was used as the catalyst for the
hydrogenation of cyano group in the reductive proddatnder hydrogen atmosphedela was obtained
in high yield of 92%. Further simple treatment 4xfa with concentrated hydrochloric acid at room
temperature for 3 h provided the targetubstitutegs>amino acid 4db) in excellent yield of 96%. This
successful demonstration of converting preparedlkylated nitrile into the corresponding
a-alkyl-f?-amino acid with high yield displayed the great potentfalhés enzymatic multicomponent
reaction in organic synthesis.

o)
NHy . NH,
CN 92% vyield NH,
4d
E . 4da
e
°
= >
TR
(o]
[e)]
o)
MOH
F NH,
4db

Scheme 5Reagents and conditions: (i) Raney Ni (10% w/w)(Hatm), 2 M NH/MeOH, 50°C, 20 h;
(i) aq HCI, rt, 3h

3. Conclusions

In summary, we have discovered an interesting process ingotx@msfer hydrogenation between
3,4-dihydropyridin-2-one and activated olefin, both of theaerein situ generated in an Acylase Amano
(AA)-catalyzed multicomponent domino reaction starting fromzh&tehyde, cyanoacetamide and
ketone. A wide range of substituted benzaldehydes and ketonesagzeged by this reaction. The
resultant two final products (pyridin-2-one derivatives aradkylated nitriles) were both building blocks
of a variety of biologically active agents. As a demonstrattbrse a-alkylated nitriles could be
transformed to synthetically importamsubstitutegs®-amino acids via simple conversions. The reaction
process was verified in detail by some controlled experimsepgrating intermediates and monitoring
the transfer hydrogenation course between 3,4-dihydropy2idine and activated olefin quantitatively.
This novel single enzyme-catalyzed multicomponent reactiotré&ctive in terms of high atom economy;,
easy workup procedure, tolerance of various functional groughaeid reaction conditions, and will
widen the application of enzyme in organic synthesis.



4. Material and methods
4.1 General information for reagents and analytical methosl

D-aminoacylase fronkt. coli (10000 U/mg, 1 U is defined as enzyme quantity, which yresl 1
mmol of D-Amino acid per 30 min) and Acylase ‘Amano’ (A#dm Aspergillus oryza€> 30000 U/g, 1
U is defined as enzyme quantity, which produces 1 mmol ofrlird acid per 30 min) were purchased
from Amano Enzyme Inc (Japan). Lipase immobilized on acrylio rieeim C. antarctica(10000 U/g,
recombinant, expressedAspergillusoryzad was purchased from Sigma (Steinheim, Germany).!fihe
and *C NMR spectra were recorded with TMS as internal standard asBigiker AMX-400 or 500
MHz spectrometer. Chemical shifts were expressed in parts pé&nmahd coupling constants)(in
hertz. Analytical HPLC was performed using an Agilent TC-€di8es (250x4.6 mm) and a UV detector
(210 nm). The mobile phase was methanol and water. IR speceanveasured with a Nicolet Nexus
FTIR 670 spectrophotometer. Melting points were determindagusT-4 apparatus and were not
corrected. All the known products were characterized by comparsdHhNMR data with those
reported in the literature. The structures of new compounds eeafirmed by'H NMR, *C NMR, and
HRMS.
4.2 General procedure for the enzymatic multicomponent reaction

A mixture of aromatic aldehyde (0.5 mmol), cyanoacetamide (@um6l), monoketone (0.5 mmol),
and 20 mg AA in 1 mL Di-EG was shaken at’&80and 200 rpm for 48h. After completion of the reaction
as monitored by TLC, the detecting solvent was petroleum/ethgracetate mixture (1/2 v/v), then the
mixture was loaded directly onto a silica gel column usingopmtm ether/ethyl acetate mixture (1/1 v/v)
as eluent to afford the desired productigflkylated nitriles and pyridin-2-ones, thealkylated nitriles
was first obtained, importantly, it had very slight UV atption at 254 nm, but it can be confirmed in the
iodine jar.
4.3 Procedure for the scale-up synthesis aefalkylated nitrile and pyridin-2-one

A mixture of 4-fluorobenzaldehyde (5 mmol), cyanoacetamide if¥mol), butanone (5 mmol), and
150 mg AA in 10 mL Di-EG was shaken at %D and 200 rpm for 72h. The mixture was loaded directly
onto a silica gel column using petroleum ether/ethyl acetataurixfil/1 v/v) as eluent to afford the
desired product ofd (337 mg),5d (350mg) andd (61 mg), the total isolated yield was 69 %.
4.4 Procedure for the synthesis od-alkyl-#%-amino acid

0.3 mmol compoundd and Raney Ni (10% w/w) were put into 10 mL MeOH solvent (2 M), the
mixture was stirred at 56C for 20 h under hydrogen atmosphere. After completiothefreaction,
Raney Ni was filtered and the solvent was removed under reduesslip, then the residual solid was
washed with 2 mL petroleum ether/ethyl acetate mixture (1/1twice. The obtained compouriia
was put into 10 mL concentrated hydrochloric acid for 3 toain temperature, the final product was
gotten after removing solvent.
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Tablel
Optimization of reaction conditioris

O O NH, ‘H o N_o
. XZO +2:0 catalyst CN , “>cN . Y CN

)¢ CN solvent

la 2 3a %!51 (5:!51 %E’:\
Entry Catalyst Solent 4a(umol  Sa(umol® 6a(umol®  Total yield(%}
1 AA EG 131 95 26 50
2 DA EG 84 65 18 33
3 CAL-B EG n.d. n.d. n.d. n.d.
4 - Di-EG n.d. n.d. n.d. n.d.
5 BSA Di-EG Trace trace Trace trace
6 AA° Di-EG Trace trace Trace trace
7 AA DMF Trace trace Trace trace
8 AA DMSO 41 33 5 16
9 AA Di-EG 175 124 58 71

2Reactions were carried out in EG (1 mL) with equansubstrate (0.5 mmol) in the presence of 20
mg enzyme at 58C for 48h.

® Determined by HPLC.

“Denatured by EDTA in water for 12h at 1%D.

4 Total yields of4+5+6 based on the amount of aromatic aldehyde, caloglatiquation is Yield
=[(Amount 4+5+6) / 500]x 100%.

n.d.: Not determined.



Table 2
Examination of the substituent effect of the ardmaldehydé

HO H,N
~ (EO zzo_AA_,
) + + ]
R CN )
1 2 3a
6
Amount Amount Amount Total
Entry R Product Product Product )
(LMol (kmolf (umolf  vyield(%)
1 4-CR 4b 233 5b 156 6b 81 94
2 4-iPr 4c 172 5c 122 6c 56 70
3 4-F 4d 212 5d 155 6d 51 84
4 2-OCH 4e 171 5e 135 6e 37 69
5 3-Cl 4f 205 5f 155 6f 51 82

2Reactions were carried out in DI-EG (1 mL) with(0.5 mmol),2 (0.75 mmol) and (0.5 mmol) in the
presence of 20 mg AA at 5C for 48h.

® Determined by HPLC.

®Total yields of4+5+6 based on the amount of aromatic aldehyde, calaglaiuation is Yield =[(Amount+5+6)
/ 500]x100%



Table3
Variation of aldehyde and ketofe

o]

~~CHO \H 0
@ + NCTY2 v g2 J(_Re —AA NHz "
Rl 0 D-EG 2, CN
1 2 3 4
5 5 Amount Amount Total yield
Enty R R R Product Produc
(umoly (umoly  (%)°
4-iPr H H 4c 175 59 176 70
2 4-iPr ChH CH; 4c 79 5h 83 32
ey 4iPr  CH, CH, 4c 84 5h 89 35
4° p-Cl H COOCH 4a 158 5i 154 62

#Reactions were carried out in Di-EG (1 mL) witl{0.5 mmol),2 (0.75 mmol) an@ (0.5 mmol) in the
presence of 20 mg AA at 5C for 48h.

® Determined by HPLC.

¢ Total yields of4+5+6 based on the amount of aromatic aldehyde, caloglagiquation is Yield
=[(Amount4+5) / 500] x100%.

dProtected under nitrogen atmosphere.
€ After 6h the reaction of (0.5 mmol) and (0.5 mmol) in the presence of 20 mg AA at’8) 1 mL Di-EG,
3 (0.25 mmol) was added for 4 days
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Supporting Information

Characterizations for Compounds

4a: 3-(4-chlorophenyl)-2-cyanopropanamide

NH,

cl m.p. 180-181 °C; IR (neat): 3423, 3315, 3206, 2252, 1667, 1611;
'H NMR (400 MHz, DMSO-ds) & 7.78 (s, 1H), 7.49 (s, 1H), 7.41-7.31 (m, 4H), 3.96-3.93
(m, 1H), 3.14 (dd, J = 13.6, 6.8 Hz, 1H), 3.16 (dd, J = 13.6, 8.8 Hz, 1H); *C NMR (125
MHz, DMSO-ds) § 171.3, 141.1, 137.0, 136.2, 136.2, 133.6, 133.6, 123.5, 39.6; HRMS (El)
calcd. for C1oHeN,OCI [M*]: 208.0403, found: 208.0403

(@]
< o

6a: 4-(4-chlorophenyl)-6-ethyl-2-oxo-1,2-dihydropyidine-3-carbonitrile

" "NH

%H
zZ
O

cl m.p. 260-261 °C; IR (neat): 2220, 1645, 1614; 'H NMR (400 MHz,

DMSO-dg) § 12.65 (s, 1H), 7.66-7.60 (m, 4H), 6.34 (s, 1H), 2.58 (q, J = 7.6 Hz, 2H), 1.19 (t,
J=7.4Hz, 3H); *C NMR (125 MHz, DMSO-dg) & 161.4, 159.1, 157.5, 135.2, 134.9, 129.9,
128.9, 116.4, 104.9, 97.7, 26.1, 12.7; HRMS (EI) calcd. for C14H11N>OCI [M*]: 258.0560,
found: 258.0562

5a: 4-(4-chlorophenyl)-5,6-dimethyl-2-oxo-1,2-dihytbpyridine-3-carbonitrile

~" "NH

o

%
=2

cl m.p. 278-279 °C; IR (neat): 2223, 1652, 1604; 'H NMR (400 MHz,
DMSO-dg) & 12.64 (s, 1H), 7.60-7.33 (m, 4H), 2.30 (s, 3H), 1.68 (s, 3H); *C NMR (125
MHz, DMSO-ds) & 159.9, 150.7, 150.7, 135.1, 133.9, 129.7, 128.8, 116.2, 111.3, 99.7, 18.0,
13.9; HRMS (ElI) calcd. for C14H1:N,OCI [M*]: 258.0560, found: 258.0561

4b: 2-cyano-3-(4-(trifluoromethyl)phenyl)propanamide

NH,

3

'I'I
w
@)

m.p. 148-149 °C; IR (neat): 3361, 3193, 2248, 1677, 1627; *H

S1



NMR (400 MHz, DMSO-ds) & 7.79 (s, 1H), 7.71-7.51 (m, 5H), 4.01 (t, J = 7.6 Hz, 1H),
3.25 (dd, J = 13.8, 6.6 Hz, 1H), 3.16 (dd, J = 13.6, 8.4 Hz, 1H); **C NMR (125 MHz,
DMSO-dg) & 171.2, 147.0, 135.2, 135.1, 133.1, 132.9, 130.6, 130.5, 128.4, 123.4, 40.0;
HRMS (El) calcd. for C11HeN,OF; [M*]: 242.0667, found: 242.0667

6b: 6-ethyl-2-ox0-4-(4-(trifluoromethyl)phenyl)-1,2dihydropyridine-3-carbonitrile

~ "NH

AN
O

CN
FsC m.p. 200-201 °C; IR (neat): 2272, 1694, 1617; 'H NMR (400 MHz,
DMSO-dg) 6 12.74 (s, 1H), 7.92-7.81 (m, 4H), 6.37 (s, 1H), 2.58 (q, J = 7.6 Hz, 2H), 1.18 (t,
J = 7.6 Hz, 3H); **C NMR (125 MHz, DMSO-dg) & 161.3, 158.9, 157.9, 140.2, 130.4, 130.2,
129.0, 126.5, 125.7, 125.7, 125.0, 122.8, 116.2, 105.0, 98.1, 26.1, 12.6; HRMS (El) calcd.
for C15H11N20F3 [M+]: 292.0823, found: 292.0827

5b:
5,6-dimethyl-2-0x0-4-(4-(trifluoromethyl)phenyl)-12-dihydropyridine-3-carbonitrile

" "NH

AN
O

CN
FaC m.p. 264-265 °C; IR (neat): 2227, 1652, 1617; *H NMR (400 MHz,

DMSO-dg) & 12.73 (s, 1H), 7.92-7.56 (m, 4H), 2.33 (s, 3H), 1.68 (s, 3H); *C NMR (125
MHz, DMSO-dg) & 160.2, 159.8, 151.1, 140.4, 129.5, 129.3, 128.7, 125.7, 125.7, 125.0,
122.9, 116.1, 111.1, 99.5, 18.0, 13.9; HRMS (EIl) calcd. for CisH1N,OF; [M*]: 292.0823,
found: 292.0826

4c: 2-cyano-3-(4-isopropylphenyl)propanamide

NH,
CN

m.p. 150-151 °C; IR (neat): 3433, 3367, 3194, 2253, 1659, 1630;

'H NMR (400 MHz, DMSO-dg) & 7.78 (s, 1H), 7,48 (s, 1H), 7.20 (s, 4H), 3.93-3.89 (m, 1H),
3.11 (dd, J = 13.8, 6.6 Hz, 1H), 2.99 (dd, J = 13.6, 8.8 Hz, 1H), 2.89-2.83 (m, 1H), 1.19 (d,
J = 6.8 Hz, 6H); **C NMR (125 MHz, DMSO-dg) & 171.6, 152.3, 139.4, 134.1, 131.6, 123.7,
40.1, 38.3, 29.1; HRMS (EI) calcd. for CiaH16N,0 [M*]: 216.1263, found: 216.1266

6c: 6-ethyl-4-(4-isopropylphenyl)-2-oxo-1,2-dihydrpyridine-3-carbonitrile
S2



N
N
o
CN
m.p. 280-281 °C; IR (neat): 2219, 1652, 1605; *H NMR (400 MHz,

DMSO-dg) & 12.54 (s, 1H), 7.57-7.41 (m, 4H), 6.33 (s, 1H), 3.00-2.93 (m, 1H), 2.58 (q, J =
7.4 Hz, 2H), 1.25-1.17 (m, 9H); *C NMR (125 MHz, DMSO-ds) & 161.6, 160.2, 157.0,
151.0, 133.6, 128.1, 126.7, 116.7, 105.0, 97.2, 33.3, 26.1, 23.6, 12.6; HRMS (EI) calcd. for
C17H18N,O [M+]: 266.1419, found: 266.1417

5c: 4-(4-isopropylphenyl)-5,6-dimethyl-2-oxo-1,2-diydropyridine-3-carbonitrile

= "NH
N
o)
CN
m.p. 290-291 °C; IR (neat): 2219, 1648, 1605; 'H NMR (400 MHz,

DMSO-dg) & 12.56 (s, 1H), 7.40-7.20 (m, 4H), 2.99-2.92 (m, 1H), 2.30 (s, 3H), 1.70 (s, 3H),
1.24 (d, J = 6.8 Hz, 6H); *C NMR (125 MHz, DMSO-dq) § 161.8, 160.1, 150.3, 149.2,
133.7, 127.7, 126.5, 116.4, 111.4, 99.7, 33.2, 23.7, 18.0, 14.0; HRMS (El) calcd. for
C17H18N,O [M+]: 266.1419, found: 266.1424

4d: 2-cyano-3-(4-fluorophenyl)propanamide

(0]
MNHz
F CN m.p. 149-150 0C; IR (neat): 3468, 3323, 3201, 2250, 1676, 1614; H

NMR (400 MHz, DMSO-dg) & 7.77 (s, 1H), 7.49 (s, 1H), 7.35-7.14 (m, 4H), 3.95-3.91 (m,
1H), 3.14 (dd, J = 13.8, 7.0 Hz, 1H), 3.05 (dd, J = 13.8, 8.6 Hz, 1H); *C NMR (125 MHz,
DMSO-dg) & 166.7, 162.8, 160.9, 133.6, 133.6, 131.5, 131.4, 118.8, 115.8, 115.6, 34.8;
HRMS (El) calcd. for C1oHoN-OF [M*]: 192.0699, found: 192.0703

6d: 6-ethyl-4-(4-fluorophenyl)-2-oxo-1,2-dihydropyidine-3-carbonitrile

~ "NH
X
o}
F N mp. 128129 °C; IR (neat): 2272, 1695, 1618; H NMR (400 MHz,

DMSO-dg) & 12.58 (s, 1H), 7.68-7.33 (m, 4H), 6.30 (s, 1H), 2.55 (g, J = 7.4 Hz, 2H), 1.16 (t,
S3



J=7.4Hz, 3H); *C NMR (125 MHz, DMSO-de) 5 164.2, 162.2, 161.4, 159.3, 157.3, 132.5,
132.5, 130.6, 130.5, 116.5, 115.9, 115.7, 105.0, 97.7, 26.1, 12.6; HRMS (El) calcd. for
C14H11N-OF [M+]: 242.0855, found: 242.0856

5d: 4-(4-fluorophenyl)-5,6-dimethyl-2-oxo-1,2-dihydopyridine-3-carbonitrile

" "NH

AN
O]

F N mp. 253254 °C; IR (neat): 2224, 1652, 1603; 'H NMR (400 MHz,

DMSO-dg) & 12.59 (s, 1H), 7.37-7.33 (m, 4H), 2.30 (s, 3H), 1.69 (s, 3H); *C NMR (125
MHz, DMSO-dg) § 164.0, 162.0, 161.6, 160.7, 151.3, 133.3, 133.0, 130.8, 130.7, 117.0,
116.5, 116.3, 112.2, 100.6, 18.7, 14.6; HRMS (EI) cacd. for C14H1:N,OF [M*]: 242.0855,
found: 242.0856

4e: 2-cyano-3-(2-methoxyphenyl)propanamide
0

NH,

CN
OCH m.p. 116-117 °C; IR (neat): 3334, 3199, 2245, 1683, 1602; ‘H NMR

(400 MHz, DMSO-ds) & 7.79 (s, 1H), 7.47 (s, 1H), 7.29-6.88 (m, 4H), 3.92-3.88 (m, 1H),
3.08 (dd, J = 13.6, 6.8 Hz, 1H), 3.02 (dd, J = 13.6, 9.2 Hz, 1H); **C NMR (125 MHz,
DMSO-dg) & 166.3, 157.2, 130.4, 128.7, 124.5, 120.3, 118.5, 110.8, 55.4, 37.3, 30.2; HRMS
(El) caled. for C1iH1N,0, [M*]: 204.0899, found: 204.0901

6e: 6-ethyl-4-(2-methoxyphenyl)-2-oxo-1,2-dihydropydine-3-carbonitrile

Z "NH

AN
0]

oc¥l m.p. 249-250 °C; IR (neat): 2223, 1644, 1617; ‘H NMR (400 MHz,

DMSO-de) & 12.50 (s, 1H), 7.48-7.03 (m, 4H), 6.18 (s, 1H), 3.78 (s, 3H), 2.55 (g, J = 7.4 Hz,
2H), 1.16 (t, J = 7.6 Hz, 3H); °C NMR (125 MHz, DMSO-dg) & 161.7, 159.1, 157.0, 156.2,
131.9, 129.8, 125.8, 121.1, 116.7, 112.4, 106.6, 100.6, 56.1, 26.5, 13.1; HRMS (EI) calcd.
for C15H14N>0, [M+]: 254.1055, found: 254.1057

5e: 4-(2-methoxyphenyl)-5,6-dimethyl-2-oxo-1,2-ditdropyridine-3-carbonitrile

S4



" "NH

%
=z
(@)

OCHs3 m.p. 262-263 °C; IR (neat): 2223, 1652, 1605; '"H NMR (400 MHz,
DMSO-dg) & 12.55 (s, 1H), 7.49-7.06 (m, 4H), 3.76 (s, 3H), 2.30 (s, 3H), 1.63 (s, 3H); *C
NMR (125 MHz, DMSO-dg) & 160.1, 159.7, 155.2, 149.7, 130.8, 128.8, 124.9, 120.7, 116.3,
112.2, 111.7, 100.4, 55.6, 17.9, 13.5; HRMS (El) calcd. for CisH14N-O, [M']: 254.1055,
found: 254.1052

4f: 3-(3-chlorophenyl)-2-cyanopropanamide

NH,

o!
2
O

m.p. 115-116 °C; IR (neat): 3366, 3200, 2250, 1675, 1624; 'H NMR

(400 MHz, DMSO-ds) & 7.78 (s, 1H), 7.51 (s, 1H), 7.39-7.25 (m, 4H), 4.00-3.96 (m, 1H),
3.16 (dd, J = 13.6, 6.8 Hz, 1H), 3.07 (dd, J = 14.0, 8.8 Hz, 1H); **C NMR (125 MHz,
DMSO-dg) & 166.0, 139.4, 132.9, 130.2, 128.8, 127.8, 127.1, 118.2, 34.6; HRMS (EI) calcd.
for C1oHeN,OCI [M™]: 208.0403, found: 208.0402

6f: 4-(3-chlorophenyl)-6-ethyl-2-o0xo-1,2-dihydropyrdine-3-carbonitrile

" "NH

%‘\
z
o

Cl m.p. 253-254 °C; IR (neat): 2220, 1640, 1616; *H NMR (400 MHz,

DM SO-dg) 8 12.68 (s, 1H), 7.68-7.58 (m, 4H), 6.37 (s, 1H), 2.58 (g, J = 7.6 Hz, 2H), 1.19 (t,
J=7.6 Hz, 3H); *C NMR (125 MHz, DMSO-dg) & 161.3, 158.7, 157.6, 138.1, 133.4, 130.7,
130.1, 127.7, 126.8, 116.3, 105.0, 97.9, 26.1, 12.7; HRMS (El) calcd. for CiH1:N,OC|
[M*]: 258.0560, found: 258.0563

5f: 4-(3-chlorophenyl)-5,6-dimethyl-2-oxo0-1,2-dihydopyridine-3-carbonitrile

~ "NH

O

O%/;
P

Cl m.p. 249-250 °C; IR (neat): 2223, 1652, 1591; ‘H NMR (400 MHz,

S5



DMSO-dg) & 12.65 (s, 1H), 7.56-7.27 (m, 4H), 2.32 (s, 3H), 1.70 (s, 3H); *C NMR (125
MHz, DMSO-dg) & 160.1, 159.9, 150.8, 138.3, 133.3, 130.7, 129.0, 127.4, 126.4, 116.1,
111.3, 99.7, 18.0, 13.9; HRMS (El) calcd. for CiH1:No,OCI [M]: 258.0560, found:
258.0564

5g: 4-(4-isopropylphenyl)-6-methyl-2-oxo-1,2-dihydopyridine-3-carbonitrile

" "NH

AN
(0]

CN
m.p. 265-266 °C; IR (neat): 2224, 1652, 1615; *H NMR (400 MHz,

DMSO-dg) & 12.59 (s, 1H), 7.55-7.40 (m, 4H), 6.33 (s, 1H), 2.99-2.92 (m, 1H), 2.29 (s, 3H),
1.22 (d, J = 6.8 Hz, 6H); *C NMR (125 MHz, DMSO-dq) § 161.6, 160.0, 151.9, 151.0,
133.5, 128.0, 126.7, 116.8, 106.5, 96.9, 33.3, 23.6, 19.1; HRMS (EI) calcd. for CigH16N20
[M™]: 252.1263, found: 252.1263

5h: 6-ethyl-4-(4-isopropylphenyl)-5-methyl-2-oxo-2-dihydropyridine-3-carbonitrile

~" "NH

NS
O

CN
m.p. 254-255 °C; IR (neat): 2223, 1652, 1598; *H NMR (400 MHz,
DMSO-dg) & 12.53 (s, 1H), 7.40-7.22 (m, 4H), 2.99-2.92 (m, 1H), 2.60 (g, J = 7.6 Hz, 2H),
1.74 (s, 3H), 1.24 (d, J = 6.8 Hz, 6H), 1.14 (t, J = 7.2 Hz, 3H); *C NMR (125 MHz,
DMSO-dg) & 162.5, 160.2, 154.6, 149.1, 133.7, 127.7, 126.5, 116.3, 110.5, 100.3, 33.2, 24.6,
23.7,13.5, 12.7: HRMS (EI) calcd. for C1gH20N20 [M*]: 280.1576, found: 280.1579

5h’:
6-ethyl-4-(4-isopropylphenyl)-5-methyl-2-oxo-1,2,3-tetrahydropyridine-3-carbonitril
e

~ "NH

(@]
CN
m.p. 184-185 °C; IR (neat): 2253, 1699, 1682; 'H NMR (400 MHz,
CDCl3) § 821, 8.13 (s, 1H), 7.27-7.08 (m, 4H), 4.14-3.72 (m, 1H), 3.60-3.56 (m, 1H),
2.93-2.86 (M, 1H), 2.33-2.21 (m, 2H), 1.70 (s, 3H), 1.30-1.23 (m, 6H), 1.18-1.11 (m, 3H);
13C NMR (125 MHz, CDCl3) § 162.6, 162.0, 149.0, 148.9, 134.6, 133.1, 132.7, 132.6, 128.1,
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127.4, 127.4, 127.1, 116.5, 115.1, 110.4, 108.4, 48.0, 46.7, 41.6, 40.9, 33.8, 23.9, 23.9, 23.9,
23.4,23.2,16.2, 16.0, 12.3, 12.2; HRMS (EI) calcd. for C1gH2N,0 [M*]: 282.1732, found:

282.1734

5i: Methyl 4-(4-chlorophenyl)-5-cyano-2-methyl-6-o»-1,6-dihydropyridine-3-
carboxylate
0
07 Y ONH

AN
(0]

cl N mp. 265-266 °C; IR (neat): 2231, 1734, 1651: *H NMR (400 MHz,

CDCl5) 6 13.01 (bs, 1H), 7.58-7.34 (m, 4H), 3.40 (s, 3H), 2.40 (s, 3H): *C NMR (125 MHz,
CDCls) & 165.2, 159.7, 158.3, 153.6, 134.6, 134.3, 129.1, 128.6, 115.3, 111.6, 100.7, 52.1,
18.4; HRMS (El) calcd. for C15H11N,0sCl [M*]: 302.0458, found: 302.0459

4da: 3-amino-2-(4-fluorobenzyl)propanamide
O
NH,

F NHz  m.p. 121-122 °C; IR (neat): 3355, 3298, 1670, 1606, 1510; ‘H
NMR (400 MHz, DMSO-dg) & 7.31 (s, 1H), 7.21-7.07 (m, 4H), 6.75 (s, 1H), 2.74-2.42 (m,
5H); *C NMR (100 MHz, DMSO-dg) §175.6, 161.8, 159.4, 136.4, 130.5, 130.4, 114.7,
114.6, 50.7, 43.8, 34.5, HRMS (El) calcd. for CipH1sFN,O [M*]: 196.1012, found:

196.1012

4db: 3-amino-2-(4-fluorobenzyl)propanoic acid
O

OH

F NH; m.p. 242-243 °C; IR (neat): 3362, 3184, 1665, 1637, 1511; *H NMR
(400 MHz, DMSO-ds) & 8.10 (s, 2H), 7.75 (s, 1H), 7.38-7.10 (m, 4H), 2.91-2.67 (m, 5H);
3C NMR (100 MHz, DMSO-dgs) 8173.4, 162.1, 159.7, 134.6, 134.6, 130.9, 130.8, 115.0,
114.8, 44.4, 34.8; HRMS (EI) cacd. for C1oH1,FNO, [M*]: 197.0852, found: 197.0849
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Copies of'H NMR, *C NMR and HRMS of Compounds

4a: 3-(4-chlorophenyl)-2-cyanopropanamide
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6a: 4-(4-chlorophenyl)-6-ethyl-2-oxo-1,2-dihydropyidine-3-carbonitrile
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Mass Calc. Mass mDa PPM DBE i-FIT Formula
258.0562 258.0560 0.2 0.8 10.0 5546896.0 Cl4 H11 N2 0O (1

5a: 4-(4-chlorophenyl)-5,6-dimethyl-2-oxo-1,2-dihytbpyridine-3-carbonitrile
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Mass Calc. Mass mDa PPM DBE i-FIT Formula
258.0561 258.0560 0.1 0.4 10.0 5546258.0 Cl4 H1l1 N2 0 C1

4b: 2-cyano-3-(4-(trifluoromethyl)phenyl)propanamide
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Mindmum: -1.5
Maximum: 0.5 0.8 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
242.0667 242.0667 0.0 0.0 7.0 5546494.5 Cll1 H9 N2 O F3

6b: 6-ethyl-2-0x0-4-(4-(trifluoromethyl)phenyl)-1,2dihydropyridine-3-carbonitrile
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5b:
5,6-dimethyl-2-0x0-4-(4-(trifluoromethyl)phenyl)-12-dihydropyridine-3-carbonitrile
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4c: 2-cyano-3-(4-isopropylphenyl)propanamide
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Minimum: -1.5
Maximum: 0.5 0.8 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
216.1266 216.1263 0.3 1.4 7.0 5548285.5 C13 Hle N2 O

ne-3-carbonitrile

6¢: 6-ethyl-4-(4-isopropylphenyl)-2-oxo-1,2-dihydrpyridi
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5c: 4-(4-isopropylphenyl)-5,6-dimethyl-2-oxo-1,2-diydropyridine-3-carbonitrile
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Minimum: -1.5
Maximum: 50.0
Mass Calc. Mass DBE i-FIT Formula
266.1424 266.1419 10.0 5549204.0 C17
4d: 2-cyano-3-(4-fluorophenyl)propanamide
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Mass Calc. Mass mDa PPM DBE i-FIT Formula
192.0703 192.0699 0.4 2.1 7.0 5548234.0 C10 H9 N2 O F

6d: 6-ethyl-4-(4-fluorophenyl)-2-oxo-1,2-dihydropyidine-3-carbonitrile
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Minimum: -1.5
Maximum: 0.5 0.8 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
242.0856  242.0855 0.1 0.4 10.0 5546758.0 Cl4 H1l N2 O F
5d: 4-(4-fluorophenyl)-5,6-dimethyl-2-oxo-1,2-dihydopyridine-3-carbonitrile
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vass Calc. Mass mDa PPM DBE i-FIT Formula

242.0856  242.0855 0.1 0.4 10.0 5548168.0 Cl4 H11 N2 O F

4e: 2-cyano-3-(2-methoxyphenyl)propanamide
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Mass Calc. Mass mDa PPM DBE i-FIT Formula
204.0901 204.0899 0.2 1.0 7.0 5547212.0 C11 Hi12 N2 02
6e: 6-ethyl-4-(2-methoxyphenyl)-2-oxo-1,2-dihydropydine-3-carbonitrile
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5e: 4-(2-methoxyphenyl)-5,6-dimethyl-2-oxo-1,2-ditdropyridine-3-carbonitrile
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Mass Calc. Mass mDa PPM DBE i-FIT Formula
254.1052 254.1055 -0.3 -1.2 10.0 5546635.5 C15 H14 N2 02
4f: 3-(3-chlorophenyl)-2-cyanopropanamide
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208.0402 208.0403 -0.1 -0.5 7.0 5548780.5 C10 H9 N2 0O C1

6f: 4-(3-chlorophenyl)-6-ethyl-2-oxo-1,2-dihydropyrdine-3-carbonitrile
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Minimum: -1.5
Maximum: 0.7 0.8 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
258.0563 258.0560 0.3 1.2 10.0 5546915.5 Cl4 H11 N2 0O C1
5f: 4-(3-chlorophenyl)-5,6-dimethyl-2-o0xo0-1,2-dihydopyridine-3-carbonitrile
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Minimum: -1.5
Maximum: 0.7 0.8 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
258.0564 258.0560 0.4 1.6 10.0 5546354.5 Cl4 H11i N2 0 (1

50: 4-(4-isopropylphenyl)-6-methyl-2-oxo-1,2-dihydopyridine-3-carbonitrile
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Maximum: 0.3 0.8 50.0
Mass Calc. Mass mDa PPM DBE i-FIT
252.1263 252.1263 0.0 0.0 10.0 5550867.5 C1l6 H16 N2 O

5h: 6-ethyl-4-(4-isopropylphenyl)-5-methyl-2-oxo-B-dihydropyridine-3-carbonitrile
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5h’

6-ethyl-4-(4-isopropylphenyl)-5-methyl-2-oxo-1,2,3-tetrahydropyridine-3-carbonitril
e
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Maximum: 0.5 0.8 50.0

Mass Calc. Mass mDa PPM DBE i-FIT Formula

282.1734 282.1732 0.2 0.7 9.0 5546680.0 C18 H22 N2 O

5i: Methyl 4-(4-chlorophenyl)-5-cyano-2-methyl-6-o»-1,6-dihydropyridine-3-
carboxylate
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4da: 3-amino-2-(4-fluorobenzyl)propanamide
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TOF MS El+
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100 1961012
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195.950 196.000 196.050 196100 196.150 196.200 196.250
Minimum: -1.58
Maximum: 1.0 1a0.0 0.0
Mass Calc. Mass mba PEM DEE i-FIT Formula
138.1012 1%&.1012 a.o a.o .0 EE488£5.5 C10 H13 Nz 0O F

4db: 3-amino-2-(4-fluorobenzyl)propanoic acid
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ACCEPTED MANUSCRIPT

TOF MS El+
1.00e+003

1 197.06849

L e e I LA e e oy o o o e L B e e B e HELANLANE B  mal 11T4

196.900 196.950 197.000 197.050 197.100 197.150 197.200 197.250

Minimum: -1.5
Maximum: 0.5 10.0 50.0
Mass Calc. Mass mDa PEM DEE i-FIT Formula
197.0848 187.08E62 -0.3 -1.5 E.0 EGB4s5484 .5 C1l0 H12 N 02 F
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