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ABSTRACT: A solution-phase parallel synthesis of pharma- ~ _{® wo : 0"
ceutically important azaspiro[4.5]trienones has been devel- NH, O>’ = veonmogon Rt R 4 NYgo i) High yielding
oped by performing tandem Ugi four-component condensa- @\ j\ BT T R? E,}%’gﬁ&:ﬁ"ymmmn
tion (U4CC), involving substituted p-anisidines, aldehydes, 3- ' T R o7 Re I'= i

o Slg q . . . . . 28 Examples; Yields 42-95 %
alkyl/aryl-propiolic acids, and isocyanides, and iodine-medi- O P
ated ipso-iodocyclization in one-pot. This highly atom el 1M i Nﬁi
economical process produced functionalized azaspiro[4.5]- \RCJ%O [
trienones in good to excellent overall yields and products were R T \ Suzuid couping products : TR s cuampis: v 63.55%

easily isolated by precipitation followed by crystallization.

These vinyl-iodide bearing azaspiro[4.5]trienones were utilized

for further modifications through Suzuki coupling and deiodination reaction to demonstrate the suitability of these products for
various palladium catalyzed modifications. The present method provides an easy access to highly functionalized
azaspiro[ 4.5 ]trienones that can be useful in drug discovery research.
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B INTRODUCTION

R 0 RZ O RS 0
Multicomponent reactions (MCRs) have opened a new I Y 4 N-g! R3/ N\(Eo
paradigm in terms of efficient and naturally benign synthesis O ‘ O ‘ R?
of small molecule libraries of significant pharmaceutical R R
0 0 0

importance.'~* These highly functional group tolerant

reactions provide an excellent beginning to the synthesis by Fully functionalized

Oxaspiro[4.5]trienone; | Azaspiro[4.5]trienone; Il H : .
bringing desired functionalities for further synthetic manipu- Azaspirol4.Sltrienone; [l
lations. Recent literature is full of such examples where Figure 1. Recently developed cytotoxic spirotrienones from our group
advanced synthetic precursors or intermediates have been and designed prototype.

prepared by using MCRs to construct small molecule

libraries'™® or to attain total synthesis of complex natural ]
products.”> Considering the utility of MCRs, chemists are Literature survey shows that there are numerous methods to

developing new applications to generate novel skeletons that synthesized azasplro[4.5]tr1en9nes (VH) from N-_(4-met}.10x-
can be explored for drug discovery. A large number of small thenyl)-N-alky1-3-phenylpropml;‘iml.de (Vl)lg’y usmg various
molecules with diverse structural components are required to 1od1r118e sources such as rr'lole?ular 1od.1ne.(12), ICL, ™ Cul,” or
identify potential hits, and therefore operationally simple and NIS™® via electrophilic ipso-iodocyclization. Related substrates

flexible synthetic methods need to be developed for the library such as 6-methoxy-1,2,3 4-tetrahydroquinoline derived propio-
generations.13 lamides have also been converted to spiro products by using

. . 19 1 . s s
In our lab, we are developing solution phase combinatorial molecular jodine.” Li et al. have developed N-halosuccinimide

approaches to synthesize small molecule libraries to identify (NXS) n?ediaFed ipso-halocyclization Sof aniline der?ved
potent pharmaceuticals. Toward this direction, we have prop1ola.m1c¥es in the presence of water.” Apart from 1pso-
identified oxaspiro[4.5]trienone 1'* and azaspiro[4.5]trienone haloc.ychza?tlon metl.lods, effc.)rts have bee1.1 rrllade. to obtain
1" as constrained tamoxifen mimic with significant anticancer functllonallzed ézasplro[4..5.]tr1enon.es by omc.latlve. lpsoz—lcarboa—
potential against human breast cancer cell lines MCF-7 and cylation/alkylation of aniline derlved‘pro.plolamlc?es.. Even
MDA-MB-231. The encouraging biological profile of these though the rep01jted methods  for lpS(?-}OFIOCYChZ&thH are
spiro compounds prompted us to identify an efficient method efficient, overall yield of VII from p-anisidine (IV) remains

to synthesize large number of derivatives that may help in

developing better structure activity relationship (SAR) to Received: April 28, 2015
design new molecules with improved anticancer properties Revised:  June 22, 2015
(Figure 1). Published: July 7, 2015
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Table 1. Optimization of Conditions for One-Pot U4CC and ipso-Iodocyclizationa

Ngn Ho
Ph
N2 O o 3 _MeOH _ 12/NaHCO;
© RT 12h Ph CH3CN 6h
OMe Cl 6(1,1,1,1)
w1 cl 21} OMe 5{1,1,1,1}
Conditions, Table 1
yield (%)
entry conditions 5{1,1,1,1} 6{1,1,1,1}

1 MeOH, RT (12 h); then I,, NaHCO;, RT—reflux (24 h) 86
2 MeOH, RT (12 h); then L, K,CO,, RT—reflux (10 h) 78
3 (a) MeOH, RT (12 h); (b) MeCN, 1, NaHCO,, RT (6 h) 79
4 (a) MeOH, RT (12 h); (b) MeCN, L, NaHCO;, 50 °C (1 h) 49
s (2) MeOH, RT (12 h); (b) MeCN, L, K,COy, RT (6 h) 39
6 (a) MeOH, RT (12 h); (b) MeCN, L, NaOH, RT (12 h) 54
7 (a) MeOH, RT (12 h); (b) MeCN, L,, NaOH, reflux (4 h) b
8 MeCN, RT (24 h); then L,, NaHCO, RT (6 h) s4
9 McCN, RT (24 h); then L, RT (6 h) 63
10 MeCN—H,O (30:1), RT (12 h); then L, NaHCO,, RT (6 h) 76
11 MeCN—H,O (30:1), RT (12 h); then L, RT (6 h) 87

“All the reactions were performed in open ﬂask and progress of the reaction was monitored by TLC. Yields are global yields for both reactions and

are calculated with respect to p-anidsidine.

YA complex mixture of products was obtained with decomposition of Ugi adduct.

poor as it requires N-alkylation of p-anisidine followed by
amide coupling with 3-alkyl/arylpropiolic acid (V) to
synthesize precursor (VI) eq in Chart 1. Therefore, we
envisioned to develop a one-pot process to synthesize
azaspiro[4.5]trienones III in good overall yields via tandem
Ugi four-component condensation (U4CC) and iodine
mediated ipso-iodocyclization eq 2 in Chart 1.

We tried Ugi reaction with p-anisidine 1{1}, 4-chloroben-
zaldehyde 2{1}, 3-phenylpropiolic acid 3{1}, and cyclo-
hexylisocyanide 4{1} in methanol to obtain the ipso-
iodocyclization precursor ${1,1,1,1}. The condensation product
5{1,1,1,1} was isolated by precipitation and was subjected to
iodine mediated ipso-iodocyclization in acetonitrile to obtain
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the desired azaspiro[4.5]trienone 6{1,1,1,1} in quantitative
yield.

As both the reactions gave good yields and products were
easily isolable by precipitation or crystallization, we envisaged
to perform U4CC and ipso-iodocyclization in one-pot. Initial
efforts of performing both the reactions in methanol by
sequential addition of reagents did not yield any spiro product
and Ugi adduct remained intact even at higher temperature
[Table 1, entries 1—2]. With the above observations, it was
inferred that methanol may not be suitable solvent for ipso-
iodocyclization reaction and therefore, after completion of Ugi
reaction, methanol was exchanged with acetonitrile for
performing ipso-iodocyclization [Table 1, entries 3—7].
Among NaHCO;, K,CO;, and NaOH, NaHCOj; was found
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Figure 2. Chemsets: amines 1{1—2}, aldehydes 2{1—21}, acids 3{1—3}, and isocyanides 4{1—-2}.

to be the most suitable base for ipso-iodocyclization [Table 1,
entries 3—7]. In case of NaOH, ipso-iodocyclization did not
work at room temperature and Ugi adduct ${1,1,1,1} got
decomposed under reflux conditions [Table 1, entries 6—7]. To
overcome the problem of exchanging solvents from MeOH to
MeCN for ipso-iodocyclization, both the reactions were tried in
acetonitrile, which was found to be low yielding with longer
reaction time for Ugi reaction [Table 1, entries 8—11].
However, a mixture of acetonitrile and water was found to be
compatible for performing U4CC and ipso-iodocyclization by
sequential addition of reagents [Table 1, entries 10-111."6 It
was also observed that ipso-iodocyclization was faster in absence
of NaHCO; [Table 1, entries 9 and 11].

With optimized reaction conditions in hand, a number of
aldehydes, p-anisidine derivatives, isocyanides, and 3-alkyl/
arylpropiolic acids were utilized to construct a library of
azaspiro[4.5]trienones [Figure 2, Table 2].

In most of the cases, azaspiro[4.5]trienone 6 were isolated in
good vyields, however in some cases where heterocyclic
aldehydes were used, reaction suffered in ipso-iodocyclization
stage and a complex mixture of products were obtained [Table
2, entries 26—29]. In case of propiolic acid 3{3}, diiodo
product 7{1,1,3,2} was isolated in moderate yield without
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formation of any spiro product [Table 2, entry 30]. Ipso-
iodocyclization reactions of Ugi adducts 5{3,9,1,2} and
5{3,17,1,2} obtained from unsymmetrically substituted p-
anisidine 1{3}, afforded inseparable mixture of diastereomers
that was observed by the 'H NMR analysis of crude product
[Table 2, entries 31—32, see Supporting Information for 'H
NMR].

To explore the reactivity of azaspiro[4.5]trienones 6 for
further derivatization, Suzuki coupling of selected compounds
were performed with various boronic acids by using Pd(PPh;),
as catalyst [Scheme 1, Figures 3 and 4]." In addition,
deiodination of selected azaspiro[4.5]trienones 6 were also
performed to synthesize 10 by using Pd(OAc), and formic acid
in DMF [Scheme 2, Figure 5].

B CONCLUSIONS

A straightforward method to access functionalized
azaspiro[4.5]trienones has been developed by utilizing U4CC
and iodine mediated electrophilic ipso-cyclization in one-pot.
Present method is highly functional group tolerant as most of
the reactions worked well with good to excellent yields. The
reaction procedure is simple and product isolation can be done
by precipitation to avoid time-consuming column chromatog-

DOI: 10.1021/acscombsci.5b00065
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Table 2. Scope of One-Pot U4CC and ipso-Iodocyclization®

Entry

1

10
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Intermediate (5)
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5{1 21,1 OMe
\
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@
Me’ Me
5{(1,4,1,17  OH

Ph

o
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\’//O o

N
/©/ NHCy
B
eO §

5{1,5,1,1}

S
Wepes
5{1 61,1} OO

\
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e

O NO,
5{1,7,1,1}

N
S

Syoo
/@/N NHCy

eO’

5{1,8,1,1} NO,
Ph

Q 5Nmy

5{1 911 OMe

Ph

% o,
NHCy
OMe
5(1,11,1,1} OMe

e

ph—=—+A NHCy
OMe
Me

5(1, 12, 1, 1

P .
\f o
/@/N NHCy
0 Br

5{1,16,1,1}

Product (6)

NS
/
Ph/g N NHCy
o
6{1,1,1,1; 87%C!

| o) o)
4
Ph/g N NHCy
Me
o

6(1,2,1, 1}- 769% OMe

|
? \ NHCy

O ve
6(1,4,1,1%; 83%

| o} o
4
Ph N NHCy
Br
O

6{1,5,1,1}; 92%

s

6{1 6,1, 1)- 78%

NHCy
NO,

6{1 71,1} 52%

NS
h N NHCy
NO,

o)

6(1 81, 1} 59%

gy

6(1 9,1, 1) 68% ©

(o]
/ N NHCy
Ph
OMe
OMe
(o]

6{1 11,1, 1}- 65% OMe

NHCy
OMe

OMeO OMe
6{1,12,1,1}; 81%

o
oo
6{1,16,1,1); 88%

Entry Intermediate (5)

17 Ph
N
X
S0
/@/N NH'Bu
eO’

5(1,9,1,2}
18 Ph

O 5mu

5(1 10,1,2} CN

Q 5 NHBs

5{1,13,1,2}

20 Ph
T
N
Sy
D/N NHBu
0 Br

5{1,16,1,2} 0\_

o
21 Ph
X
N
Ny
/©/N NH'Bu
eO

5(1,17,1,2}

22 Me

O 5Nm

5{1,1,2,1} CI

19

23 NO,

o
ph—=—
N

MeO o

NHBu

MeG  OMe 52871}
24 OMe

(o)
ph%{
N

MeO

OMe
OMe
NHBu

MeO  OMe 5{271,7,7}
25 MeQ OMe
OMe
NHBu
MeO o

MeO  OMe 5{2741.1}

26 Ph
N
A
\fo o
fepa
eO Z N
x |

5{1,18,1,1}

27 Ph
N
S
S0
fspas
eO | A

51,1911} 4
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Product (6)
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?/ ( f
Ph N NH'Bu
o

6{1,9,1,2}; 77% OMe

N
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0
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Ph OMe
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T\ ¢
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Table 2. continued

Entry Intermediate (5) Product (6)
12 N\ P o
Ph / N NHBu
/©/ NHBuU
Me
o
OMe
5(1272) oMe 6{1, 2,1,2) 89%
13 | o 5
O / NH'B
Ph N u
NH’Bu Me

O

)
5(1.31.2 6{1,3,1,2), 82%

14 Ph N

e [
o oh N
/@/ N NH'Bu
MeO Br

5{(1,5,1,2} 6{1,5,1,2}; 95%
15 Ph ! O 9

\(o I\ NHBY

Ph

Wopetlse
o

6{1,6,1,2); 55%

5{1,6,1,2} OO
Ph Nl

16 e}
\(O o) / NH'B
N P § NO. ’
/@/ NH'Bu 2
N
eO 2

5{1,7,1,2}

NHBu
Br

6{1,7,1,2}; 71%

Intermediate (5) Product (6)

/@ 5w

5(12011) PLN

29
\T//O _______ #
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5(1,21,1,1}

30 Oy NHBU
z I@L
cl

OMe 5{1,1,3,2}

-5

NHBu

Entry

28

O%

]
| o 0. NH'Bu
WA

OMe 7{1,1,3,2}; 51%

| o,
Ph @ NH'Bu
MeO

o]
6{3 9.1, 2) 59% OMe

Ph4/< 49 ggw%

6(3,17,1,2); 63% Me

5(3,9,1,2}

32

5(3 17,1,2}

“Yields for compound 6 are global yields and were calculated with respect to amine 1.

#The TLC shows a complex mixture of products.

Scheme 1. Suzuki Coupling of Iodo Products

5
R 0 y
Pd(PPhs)s, aq Na,COs, A N\eLN,
Toluene, 80 °C, 6 h R e H
RB(OH); 8
R1 R1
o)
9

raphy. The method reduces the number of steps and provides a
general procedure to synthesize large number of azaspiro[4.5]-
trienone derivatives. Successful Suzuki reactions and deiodina-
tion of these compounds showed that the substrate is suitable
for analogue generation. Considering the feasible combinations
a large number of new azaspiro[4.S]trienones can be
synthesized for the development of pharmaceuticals. A
computational study to identify virtual hits among possible
azaspiro[4.5]trienones is currently underway.

B EXPERIMENTAL PROCEDURES

General. All reagents and solvents were obtained from
commercial suppliers and were used without further

purification. 'H NMR spectra were recorded on 300, 400,
and S00 MHz spectrometers using tetramethylsilane (TMS) as
the internal standard. Chemical shifts are reported in parts per
million (ppm) downfield from tetramethylsilane. Spin multi-
plicities are described as s (singlet), bs (broad singlet), d
(doublet), dd (double douplet), t (triplet), q (quartet), and m
(multiplet). Coupling constant (J) values are reported in hertz
(Hz). Analytical thin layer chromatography (TLC) was
performed on precoated silica gel 60F254 (0.5 mm) aluminum
plates. Visualization of the spots on TLC plates was achieved
either by exposure to iodine vapor or UV light or by dipping
the plates into ethanolic ninhydrin solution or to ethanolic
anisaldehyde solution and heating the plates to 120 °C.
Column chromatography was performed using silica gel of
100—200 mesh size. HPLC analysis was performed by using
acetonitrile and water (buffer ammonium acetate PH 4.4)
75:25, flow rate 0.7 mL/min, column; (Phenomenex) Luna Su
C-18 size (250%4.60 mm), column oven temp 27 °C, detector;
PDA (wavelength 254 nm).

General Procedure for Tandem U4CC/ipso-lodocyclization
to Synthesize Compound 6. To a solution of p-anisidine 1{1}
(1 equiv) in MeCN (3 mL) and water (0.1 mL), aldehyde 2{1}

B(OH), B(OH), B(OH), B(OH), B(OH),

OMe o)

OMe 0

CH,OH OMe
8{17} 3{2} 8{3} 8{4} 8{%}
Chemset 8
Figure 3. Boronic acids 8{1—5} used for Suzuki coupling.
478 DOI: 10.1021/acscombsci.5b00065
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Figure 4. Suzuki reaction products 9.
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Scheme 2. Deiodination of Azaspiro[4.5]trienones 6
) H O

] R ] R
O N N HCOOH, Triethylamine O N N

‘ R! Pd(OAc),, DMF, 80°C ‘ R
24h

) o)

6 10

(1 equiv) was added in continuous stirring at RT and allowed
to stir for 4—5 min. To that mixture, 3-phenylpropiolic acid
3{1} (1 equiv), followed by isocyanide 4{1} (1 equiv), was
added and stirred for 12—18 h. After consumption of all the
substrates (based on TLC) acetonitrile was added (3 mL) to
dilute the reaction mixture. To this, iodine (2 equiv) was added,
and the mixture was allowed to stirr for 5—6 h at RT. After
completion of the reaction, reaction mixture was diluted with
ethyl acetate (10 mL) and washed with sodium thiosulfate
solution (10% w/v, 1S mL X 2). Aqueous layer was extracted
with ethyl acetate (15 mL X 2) and the combined organic layer
was dried over anhydrous sodium sulfate. After evaporation of
ethyl acetate in vacuo, crude was dissolved in dichloromethane
(3 mL) and was added distilled hexane (30 mL) to precipitate

the product. Solid portion was filtered and dried in high
vacuum to afford the desired compound 6{1,1,1,1}. Yield =
87%; Ry = 0.47 (40% EtOAc in hexane). '"H NMR (CDCl, +
DMSO-dq 500 MHz): 6 7.92 (s, 1H), 7.49 (d, ] = 7.74 Hz, 1H),
7.37—7.33 (m, 4H), 7.22 (d, ] = 8.49 Hz, 2H), 7.12 (d, ] = 5.66
Hz, 2H), 7.06 (dd, J = 2.83, 10.19 Hz, 1H), 6.49 (dd, ] = 2.83,
10.00 Hz, 1H), 6.17 (dd, J = 1.32, 10.19 Hz, 1H), 5.81 (dd, J =
1.32, 10.00 Hz, 1H), 5.42 (s, 1H), 3.75—3.63 (m, 1H), 1.84—
1.56 (m, SH), 1.32—1.07 (m, SH). *C NMR (CDCl; +
DMSO-d, 75 MHz): & 182.3, 165.7, 157.9, 143.3, 142.9, 133.1,
131.8, 130.6, 130.0, 129.2, 128.2, 1269, 126.7, 97.4, 70.1, 59.4,
474, 437, 31.1, 28.1, 24.0, 234, 23.4. HRMS (ESI): caled for
CyH,,CIIN,0; [M + H] *613.0755, found 613.0740. IR
(em™): 3257, 2928, 2853, 1703, 1669, 1649, 1626, 1565, 1492,
1347, 1091. HPLC purity: 97.8%.

General Procedure for Suzuki Coupling to Synthesize
Compound 9. Azaspiro[4.5]trienone 6{1,2,1,1} (1 equiv) was
dissolved in toluene (4 mL) and Pd(PPh,), (0.1 equiv) was
added, followed by boronic acid 8{1}(2 equiv) and aqueous
Na,CO; solution (2M, 1 mL) at RT. The mixture was stirred at
60 °C for 6 h and progress of the reaction was monitored by
TLC. After complete consumption of starting material, reaction

H 0 5 H O o H O 4 H N
. i/ N; é%NHCy ; é;NHfBu ; E\ ;NHCy ; ?%NHtBu
© OMe ° OMe ° OH ©

10{1,2,1,1}; 63% 10{1, 2,1,2}; 82%

Figure S. Deiodinated products 10.

10{1,4,1,1}; 88% 10{1, 3,1,2}; 95%

479 DOI: 10.1021/acscombsci.5b00065
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mixture was cooled and diluted by ethyl acetate (10 mL)
followed by washing with water (10 mL X 2). The organic layer
was concentrated in vacuo and crude was redissolved in
dichloromethane (3 mL) followed by addition of distilled
hexane (15 mL) to afford the product 9{1,2,1,1,I} as
precipitate that was collected by filtration. Yield = 72%; R, =
0.70 (50% EtOAc in hexane). "H NMR (CDCl,, 300 MHz): &
739 (d, J = 8.68 Hz, 2H), 7.32—7.14 (m, SH), 7.05 (d, ] = 6.79
Hz, 2H), 6.75 (d, ] = 8.68 Hz, 3H), 6.68 (dd, J = 2.83, 10.00
Hz, 1H), 622 (t, ] = 10.76 Hz, 2H), 5.72 (d, ] = 8.12 Hz, 2H),
4.88 (s, 1H), 3.82 (s, 3H), 3.82—3.78 (m, 1H), 3.75 (s, 3H),
2.17 (s, 3H), 1.94 (d, J = 11.70 Hz, 1H), 1.85 (d, ] = 10.95 Hz,
1H), 1.70—1.54 (m, 3H), 1.41—1.28, (m, 2H), 1.15—1.03 (m,
3H). 3C NMR (CDCl,, 75 MHz): & 184.5, 169.8, 167.7, 159.6,
1582, 148.6, 146.1, 146.0, 144.3, 134.7, 131.9, 131.8, 131.6,
130.8, 1289, 128.6, 1284, 127.8, 127.1, 126.8, 122.8, 113.4,
109.8, 68.0, 61.4, 55.3, 55.1, 48.9, 32.7, 32.6, 25.4, 24.7, 24.6,
16.2. HRMS (ESI): caled for C;sH;sN,NaOg [M + Nal*
6252678, found 625.2683. IR (cm™): 3257, 2927, 2853,
1690, 1666, 1647, 1623, 1609, 1513, 1367, 1252, 1178. HPLC
purity: 87.0%.

General Procedure for Deiodination of 6 to Synthesize
Compound 10. Azaspiro[4.5]trienone 6{1,2,1,1} (1 equiv) was
dissolved in DMF (4 mL) and was added Pd(OAc), (0.1
equiv), followed by triethylamine (1.2 equiv) and formic acid
(1.2 equiv). The reaction mixture was stirred at RT for 15 min
and at 80 °C for 4 h. After complete consumption of the
starting material, reaction mixture was poured in to crushed ice.
The mixture was extracted by ethyl acetate (10 mL X 3) and
the combined organic layer was washed with aqueous NaHCO,
(20%, 5 mL), and dried over anhydrous sodium sulfate. The
organic layer was concentrated in vacuo and crude was
redissolved in dichloromethane (3 mL), followed by addition
of distilled hexane (15 mL) to afford the product 10{1,2,1,1} as
precipitate that was collected by filtration. Yield = 63%; R, =
0.26 (40% EtOAc in hexane). '"H NMR (CDCl,, 300 MHz): 6
7.42—728 (m, SH), 7.23=7.19 (m 2H), 6.82 (dd, ] = 2.83,
10.00 Hz, 1H), 6.75 (d, J = 8.30 Hz, 1H), 6.61 (s, 1H), 6.56
(dd, J = 2.83, 10.00 Hz, 1H), 6.43 (d, J = 10.00 Hz, 1H), 635
(dd, J = 1.32, 10.00 Hz, 1H), 5.75 (d, ] = 7.93 Hz, 1H), 4.66 (s,
1H), 3.82 (s, 3H), 3.78—3.72 (m, 1H), 2.17 (s, 3H), 1.92 (d, ]
= 11.14 Hz, 1H), 1.79 (d, J = 10.57 Hz, 1H), 1.65—1.53 (m,
3H), 1.34—1.28 (m, 2H), 1.15-1.02 (m, 3H). “C NMR
(CDCl,, 125 MHz): § 184.4, 170.0, 167.6, 158.0, 156.6, 146.2,
1459, 132.1, 131.8, 131.4, 1309, 130.4, 128.8, 128.0, 127.2,
127.0, 126.7, 124.7, 109.9, 68.3, 60.7, 55.3, 48.8, 32.6, 32.5,
25.4, 24.6, 24.5, 16.2. HRMS (ESI): calcd for C;;H;,N,NaO,
[M + Na]* 519.2260, found 519.2243. IR (cm™): 3280, 2929,
2852, 1697, 1664, 1624, 1555, 1504, 1390, 1349, 1256, 1212,
1141. HPLC purity: 99.8%.
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