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EPR spin trapping is a method of choice to study reactive radical species generated in vitro
and in vivo. Recently, several spin trapping agents have been created to not only prolong the life
time of the spin adducts but also be able to localized in a specific cellular compartment. This
cellular targeted spin trap could give valuable information regarding the types of the damaging
radicals as well as their oxidative mechanism. Lipid peroxidation is one of the most common
oxidative damages in the biological system. However, due to the lack of suitable spin trapping
agents that can localize in the lipophilic cellular compartment, few EPR spin trapping experiments
have been employed in this research field. Moreover, one of the greatest challenges to conduct a
spin trapping experiment in in vivo is to have persistent spin adducts against physiological
antioxidants. We are interested in designing new lipophilic nitrone spin traps that can capture free
radicals generated in lipophilic environment and can withstand reduction by antioxidants rendering
EPR silence. Herein, we report the synthesis of new lipophilic nitrone spin traps derived from a
steroid unit pregnenolone and a nitrone unit similar to BMPO. These spin trapping agents are
expected to yield persistent spin adducts and give relatively simple EPR spectra. The new lipophilic
spin traps can potentially be applied to study the mechanism of lipid peroxidation in fat cells such

as adipocytes.

Keywords : EPR spin trapping, BMPO, steroid, pregnenolone, free radical
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vy nitrone 11U (Scheme 1) Tassai1svosansuandnsinldazyhmsinnevisheieiosdlons

spectroscopy #1139 14U NMR, IR, ag Mass spectrometry
2. NINAaBY EPR spin trapping

Tudhuwesnisnaans EPR spin trapping lénsunun1siseldifu 2 @ feil

2.1 nsfnwantRves spin trap avvnsiUieuisuantBives spin trap AU BMPO aneld
fudsmuauFefiulumsdingdy free radical fwdsnduanufAseadione

2.2 nsfnwantRves spin trap luan1izfifl beta-cyclodextrin dimers Ingldinafia EPR av
¥nsfinwm half-life 283 spin adduct iefif reduce fie ascorbate WisuMiBUTENINAN 1T

waglddl beta-cyclodextrin dimmers

¥
va o o
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= I
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[
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LBIWDRBN1INAADY EPR spin trapping AstuluseauatuiiifeazueseaunanIsnnaodanizadiu
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fil#nnn1sduAsIeRt Spin trap ST-1 way ST-2
WNAN1INA8aBY

NTAUATIZA Lipophilic nitrone spin trap {vne ST-1 wag ST-2 98i3uan e
alcohol intermediates 3 31nNN5¥1NU§A581 nucleophilic addition v®4 hydroxyl protected
pregnenolone 2 g tert-alcohol 3a aunsawmssulaann Grignard reagent MeMgBr uag Sec-
alcohol 3b n3ealdanUfiiizen reduction Tngld NaBH, ndsandugidoarldnagnslunisdunsesii
AdoAdefuieLfismy nitrone 1WA alcohol intermediates 3a uay 3b faianslu Scheme 2 uaz
Scheme 3 mugdsu TneiiseaziBennsdunseisd

1. nsduAs14i Lipophilic spin trap ST-1

FBsdaasizving nitrone AU alcohol 3a (Scheme 2) awENINMIUGATEN
esterification ¢34 alcohol 3a AU 2-bromopropionyl bromide la@1swansaud o-bromoester 4a
Aoutnan (58%) Tagenaazifinan steric hindrance vy tert-butyl dsralmAnufAzenlalsid
wdntu bromide 184 da %gmmuﬁéf’m nitro l@l at-nitroester 5a 91NN15UA381 substitution
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JENIN da lay NaNOzImaiuﬂﬁﬁ%mﬁ%éfmlﬁu ohloroglucinol dinydrate Liieann1siiin by product
a-oximinoester aeslsAnusesarvemandusinlalutuneudroute (53%) Wesanwuindd by
product A a-hydroxyester (11a, Figure 3) #aAna1nnsaa1eiives o-oximinoester Lﬁmﬁﬁua@u
U5 ndmniflassadaunufiagluifum cyclic nitrone w83 ST-1 gnasatulaglduiaze,
Michael reaction 1iiea313 C-C bond 53313 Gi-carbon w84 5a U ethyl acrylate ¢ adduct 6a 3ot
276 Tusupeudnlazfuns reduce vy ethyl ester Tidu aldehyde wikilean1nlasiaiaves 6a
il ester o¢] 2 ] usliiloaanuy] ester mMeduTes steroid LT tert-alkyl group daflennaingne
1NN ethyl ester faiuFanazannsarh selective reduction 16 NHANTNARBINUIIUNTEN

AnTuldauysnlusiiananunse selectively reduce my ethyl ester litaansldgaumgiisige -78 °C 14

aldehyde 7a
R “,
o >]/zH OH ._OH
o]
TBDMSO TBDMSO

TBDMSO
(R=Me: 11a, R=H: 11b) (3b-B) (3b-%)
N
o OH o H
TBDMSO TBDMSO
(12b) (13b)

Figure 3 LAAINANALYT09 (By products) MAnTuluTUABUAIIY 8IN15E0ATIZR ST-1 tag ST-2

\HesanTunaunsduasiei ST-1 Tutusue dulaioazuesndndugiineudnemi vilnns
daaszilutunsundaasaluliinadesldifisamedonisvinisduasizdise fidedndusdearih
nsduasziiiuFniielilaans 7a ludSunanunnwesdenisdunsien ST-1 sialy
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Scheme 2 Synthesis of ST-1.

(0] (0]
OH O)/z’
i ii iii ii (e}
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1 2 3a

NO,

o] NO, o] NO, O}//K
fo] H vi o) 0 v o]
-— N
[¢] o
TBDMSO TBDMSO TBDMSO

7a
6a 5a
vii 1

\

0]

gy g

= P

4 gl® viii N®
S)

o-
0]

TBDMSO HO
8

a ST-1

Reagents and conditions: i) TBDMSIC|, imidazole, DMAP, CH,Cl,, rt, 15 min, 98%; ii) CHsMgBr, THF, 0°C to rt, 3
h, 93%, iii) 2-bromopropionyl bromide, pyridine, CH,Clz, 0°C to rt, 6 h, 58%; iv) NaNO,, phloroglucinol
dihydrate, DMF, CH,Clo, rt, 7 days, 53%; v) NaOEt, ethyl acrelate, EtOH, CH,Cl,, 50°C, 48 h, 76%,; vi) DIBAL-H,
THF, -78°C, 8 h, 65% (bsrm).

2. M3duATIZI Lipophilic spin trap ST-2

dmsunmsdaasiet sT-2 tilu 6 Suneunsnagldufiseuientuiumsdaamei sT-1
Wieaust alcohol 3b Faduansiaduvesnisdansieyt ST-2 avdudseuan secondary alcohol Famdenl
1731nA15 reduce pregnenolone silyl ether 2 Aag NaBH, Mﬁqmﬂﬁflmmsjﬂm'ﬂﬁﬁqwéwudﬂLﬁm
WAnsae1 alcohol 71Tug diastereomer e 3b-B waz 3b-ot (Figure 3) F99NMTIATIZHEN WAL VDS
transition state lpgld Felkin-Ahn model mpanasuandusivanutazilu 3b-p

Hufhaulain$esasnanfasiilasulu 6 duneunsnuomuumenisdansey ST-2 Suargs
nives ST-1 suiorafunselaswadsauiidu steroid Faiu secondary alcohol Tunsdives ST-2
tuil steric hindrance tfann tertiary alchohol Tunsfives ST-1 JuinlvufAseninlasnin dealu
;ﬁ%’aﬁma%&é\’mﬁmwaﬁ%ﬁwm'ﬁé’qmswﬁ sT-2 I¢eghasiilos Wuiiindaunain by product MAsTu
Tudfumeud iv (Scheme 3) dmSunwansdaaszst ST-2 Sufiauadrondsfusumemsdaunses
ST-1 thufle wuwenanaglésu anitroester 5b Wundnsarivdnuds Saia o-hydroxyester (11b,
Figure 3) unAnfasisonduientu widwsuludunoud vi Faduns reduce wyj ethyl ester 10973
6b NUANWLYIBIURATEIITTAMUMANAIRIN ST-1 Imawudmﬁﬁ%mLﬁmﬁﬁuaéﬂﬂamyjiaﬁ (ansRadu
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gnldaumun) wiiianansae 2 Uselanae aldehyde 7b wag alcohol 12b (Figure 3) FaAea1nnsdi
aldehyde 7b gn reduced sawilasaunaiteidu alcohol

Scheme 3 Synthesis of ST-2.
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Reagents and conditions: i) TBDMSIC|, imidazole, DMAP, CH,Cl,, rt, 15 min, 96%; ii) NaBH4, CH2Cl,, MeOH, 0°C
to rt, 2 h, 87%,; iii) 2-bromopropionyl bromide, pyridine, CH,Clz, 0°C to rt, 30 min, 96%; iv) NaNO,,
phloroglucinol dihydrate, DMF, CH2Cly, rt, 48 h, 65%; v) NaOEt, ethyl acrelate, EtOH, CH,Cl,, 50°C, 74%; vi)
DIBAL-H, THF, -78°C, 7.5 h, 78%; vii) Zn dust, agq.NH4C|, THF, rt, 4 h, 37%,; viii) MeReOs3, Urea hydrogen
peroxide, MeOH, CH,Cl,, RT, 15 min, 67%.

Tudunoulundmnillé3u aldehyde 7b uaaz¥in1s reduce g nitro Tagld Zn dust 1
nanendu hydroxylamine ?jqﬁiwmudawﬁﬁﬁdw intermediate hydroxylamine 5mmiaﬂm%ﬂu
cyclic nitrone 8b vl uinnnIsnaaeUinasnansasifiléde cyclic imine 9b uag pyrrolidine
13b (Figure 3) $3A1931815 9b Lﬁ@ﬁ]’]ﬂmiﬁﬁyj nitro Lﬁagﬂ reduce \Ju hydroxylamine k&in
reduction siaiilasaunateidu amine uaziin cyclization ffuy aldehyde & pyrrolidine 13b 813
1An97n reduction ¥84 imine 9b FideldnenemUiuiAsuanzvesiiFeiilelinng reduction nga
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Pregnenolone silyl ether (2)

Tert-butyl(chloro)dimethylsilane (1.8730 g, 0.0124 mol) was added to a solution of
pregnenolone (2.5422 g, 0.0080 mol), imidazole (1.6754 g, 0.0246 mol) and
dimethylaminopyridine (0.5040 g, 0.0041 mol) in dichloromethane (25 mL) at room temperature.
After the reaction mixture was stirred for 15 min, was extracted with saturated NH4ClI solution,
washed with water, dried over Na2SO4 and removed solvent under vacuum. The crude product
was purified by flash column chromatography under 10% ethyl acetate: hexane system.

Pregnenolone silyl ether (3.3234 g, 96%) was observed as white solid.

FTIR, vmax, cm™: 2927 (C-H), 1700 (C=0), 1243 (Si-C), 1076 (Si-O), 1052 (C-O).

IH-NMR (CDCls, 400 MHz): § 5.31 (d, J = 5.3 Hz, 1H, C-6), 3.47 (m, 1H, C-3), 2.52 (t,
J=9.0Hz, 1H, C-17), 2.11 (s, 3H, C-21), 0.99 (s, 3H, C-19), 0.88 (s, 9H, (CH3)3CSi), 0.62 (s,
3H, C-18), 0.05 (s, 6H, (CH3)2Si).
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13C-NMR (CDCl3, 75 MHz), 8: 209.55, 141.50, 120.83, 72.50, 63.69, 56.93, 50.03, 43.99,
42.73, 38.84, 37.35, 36.56, 32.01, 31.83, 31.77, 31.52, 25.90 (3C), 24.46, 22.78, 21.04, 19.39,
18.22, 13.18, -4.62 (2C).

HRMS (ESI-TOF) m/z: [M+23]" calcd for C27H4602SiNa 453.3159; Found 453.3157.

3B-silyloxy-20-methylpregn-5-en-20-ol (3a)

Methyl magnesium bromide (2.50 mL, 0.0075 mol) was added dropwise to the solution of
pregnenolone silyl ether (1.0759 g, 0.0025 mol) in dry THF (16.00 mL) at 0°C and further stirred
at room temperature for 3 hour. The reaction was quenched by slow addition of saturated NH4CI
solution and extracted with dichloromethane. The combined organic phase was dried over Na2SO4
and removed solvent under vacuum. The crude product was purified by flash column
chromatography under 5-10% ethyl acetate: hexane system. 3B-silyloxy-20-methylpregn-5-en-20-
ol (1.0363 g, 93%) was observed as a white solid. The partial crude product was crystallized by
ethyl acetate and afforded needle crystals.

IH-NMR (CDCls, 400 MHz): § 5.31 (d, J = 5.1 Hz, 1H, C-6), 3.48 (m, 1H, C-3), 1.31 (s,
3H, C-21), 1.19 (s, 3H, C-22), 1.00 (s, 3H, C-19), 0.89 (s, 9H, (CH3)3CSi), 0.84 (s, 3H, C-18),
0.06 (s, 6H, (CH3)2Si).

13C-NMR (CDCl3s, 75 MHz): 6 141.58, 121.03, 73.52, 72.61, 60.17, 56.85, 50.10, 42.79,
42.73, 40.09, 37.36, 36.57, 32.05, 31.80, 31.34, 30.96, 30.05, 25.92 (3C), 23.82, 23.09, 20.88,
19.41, 18.25, 13.44, -4.60 (2C).

HRMS (ESI-TOF) m/z: [M+23]" calcd for C2sHs002SiNa 469.3472; Found 469.3471.

3B-silyloxy-20-methylpregn-5-en-20-(2-bromopropanoate) (4a)

2-Bromopropionyl bromide (0.76 mL, 7.26 mmol) was slowly added to a solution of 3p-
silyloxy-20-methylpregn-5-en-20-ol (1.6210 g, 3.63 mmol) and pyridine (0.58 mL, 7.20 mmol) in
dichloromethane (40 mL) at 0°C and further stirred at room temperature for 6 h. The reaction
mixture was quenched by addition of water and extracted with dichloromethane. The combined
organic phase was dried over anhydrous Na>SO4 and removed the solvent under vacuum. The
crude product was purified by flash column chromatography under 5-10% ethyl acetate: hexane
system. 3B-silyloxy-20-methylpregn-5-en-20-(2-bromopropanoate) (1.3366 g, 63%) was observed
as white solid.
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IH-NMR (CDCls, 400 MHz): § 5.31 (d, J = 5.3 Hz, 1H, C-6), 4.25 (q, J = 6.9 Hz, 1H, o-
proton), 3.48 (m, 1H, C-3), 1.77 (dd, J = 3.7, 6.9 Hz, 3H, CHBrCHs), 1.62 (s, 3H, C-21), 1.52 (d,
J= 2.5 Hz, 3H, C-22), 1.00 (s, 3H, C-19), 0.86 (s, 9H, (CH3)3CSi), 0.88 (d, J = 5.4 Hz, 3H, C-18),
0.05 (s, 6H, (CH3)2Si)

13C-NMR (101 MHz, CDCls): 5 169.05, 141.58, 120.98, 86.94, 72.58, 60.63, 60.42, 56.71,
50.04, 42.80, 42.39, 42.18, 40.02, 37.34, 36.56, 32.03, 31.76, 31.34, 25.92 (3C), 25.32, 23.70,
23.00, 21.63, 20.83, 19.38, 18.24, 13.84, -4.60 (2C).

HRMS (ESI-TOF) m/z: [M+23]" calcd for Ca1HssO3BrSiNa 603.2840; Found 603.2852.

Substitution of 3g-silyloxy-20-methylpregn-5-en-20-(2-bromopropanoate) (4a)
3p-Silyloxy-20-methylpregn-5-en-20-(2-bromopropanoate) (6.01 g, 0.01 mol) was added
to a solution of sodium nitrile (1.48 g, 0.02 mol) and pholroglucinol dihydrate (1.71 g, 0.01 mol)
in dimethylformamide (35 mL) and tetrahydrofuran (20 mL) at room temperature, and further
stirred for 13 hour. The brown solution was quenched by addition of cold water, then extracted
with ethyl acetate and washed with saturated NaHCO3 solution. The combined organic phase was
dried over Na2SO4 and removed the solvent under vacuum. The crude product was purified by
flash column chromatography under 10-20% ethyl acetate: hexane system to give 34-silyloxy-20-
methylpregn-5-en-20-(2-nitropropanoate) (5a) (2.98 g, 53%) was observed as white solid and 34-
silyloxy-20-methylpregn-5-en-20-(2-hydroxypropanoate) (11a) (1.83 g, 34%) as colorless oil.

3p-Silyloxy-20-methylpregn-5-en-20-(2-nitropropanoate) (5a)

FTIR, vmax, cm™: 2935 (C-H), 1745 (C=0), 1562 (N-O), 1251 (Si-0), 1215 (N-O), 1095
(C-0).

!H-NMR (400 MHz, CDCl3): 6 5.33 (m, 1H, C-6), 5.11 (qd, J = 2.1, 7.1 Hz, 1H, a-proton),
3.49 (m, 1H, C-3), 1.76 (d, J = 7.1 Hz, 3H, CH(NO2)CH3), 1.65 (s, 3H, C-21), 1.56 (d, J = 2.0
Hz, 3H, C-22), 1.01 (s, 3H, C-19), 0.90 (s, 9H, SiC(CHs)3), 0.77 (d, J = 3.2 Hz, 3H, C-18), 0.07
(s, 6H, Si(CH3)2).

13C-NMR (101 MHz, CDCls): 8 163.8 , 141.6, 120.9, 89.4, 84.1, 72.6, 60.4, 56.6, 50.0,
42.8, 42.7, 39.9, 37.3, 36.5, 32.0, 31.7, 31.3, 26.1, 25.9 (3C), 25.5, 23.6, 23.0, 20.8, 19.3, 18.2,
15.6, 13.2, -4.6 (2C).

HRMS (ESI-TOF) m/z: [M+23]" calcd for C31Hs3sNOsSiNa 570.3585; Found 570.3604.
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3p-Silyloxy-20-methylpregn-5-en-20-(2-hydroxypropanoate) (11a)

FTIR, vmax, cm™: 3486 (O-H), 2939 (C-H), 1731 (C=0), 1369 (C(0)-0), 1252 (Si-0),
1085 (C-0).

'H-NMR (400 MHz, CDCl3) 8 5.30 (d, J =5.1 Hz, 1H, C-6), 4.11 (m, 1H, CH(OH)CH3),
3.47 (m, 1H, C-3), 2.96 (bs, 1H, CH(OH)CH3s), 1.61 (d, J = 5.1 Hz, 3H, CH(OH)CH?3), 1.54 (s,
3H, C-21), 1.37 (d, J = 6.7 Hz, 3H, C-22), 0.99 (s, 3H, C-19), 0.88 (s, 9H, SiC(CH?3)3), 0.80 (d, J
= 6.9 Hz, 3H, C-18), 0.04 (s, 6H, Si(CH3)2).

13C-NMR (101 MHz, CDCl3) & 175.0, 141.7, 121.1, 87.3, 72.7, 67.2, 60.4, 56.8, 50.2,
42.9, 40.1, 37.5, 36.7, 32.0, 31.5, 26.5, 26.2, 26.0 (3C), 24.8, 23.8, 23.5, 23.2, 21.0, 20.6, 19.5,
18.4,14.0, -4.5 (2C).

HRMS (ESI-TOF) m/z: [M+23]" calcd for C31Hs404SiNa 541.3683; Found 541.3651.

3p-silyloxy-20-methylpregn-5-en-20-(5-ethyl-2-methyl-2-nitropentanedioate) (6a)

3B-silyloxy-20-methylpregn-5-en-20-(2-nitropropanoate) (0.6783, 1.24 mmol) was
dissolved in absolute ethanol (15.00 mL) and dichloromethane (5.00 mL) before added to a sodium
ethoxide solution which prepared by metallic sodium (0.003 g, 0.13 mmol) and absolute ethanol
(0.60 mL) and followed by addition of ethyl acrelate (1.30 mL, 12.2 mmol). After the solution was
heated at 50°C for 72 h, it was cooled to room temperature, washed with water, and extracted with
dichloromethane. The combined organic phase was dried over Na;SO4 and removed solvent under
vacuum. The crude product was purified by flash column chromatography under 5-10% ethyl
acetate: hexane system. Tert-butyl-5-ethyl-2-methyl-2-nitropetnanedionate (0.5422 g, 71%) was
observed as colorless oil.

!H-NMR (400 MHz, CDCls): 6 5.30 (d, J = 5.1 Hz, 1H, C-6), 4.14 (q, J = 7.1 Hz, 2H,
OCH2CH?3), 3.47 (m, 1H, C-3), 2.47 (m, 4H, C(CH2).C(0)), 1.73 (d, J = 3.5 Hz, 3H,
C(O)C(NO2)CH?3), 1.63 (s, 3H, C-21), 1.54 (s, 3H, C-22), 1.26 (t, J = 7.1 Hz, 3H, OCH2CH3),
0.98 (s, 3H, C-19), 0.88 (s, 9H, SiC(CH3)3),0.72 (d, J = 2.2 Hz, 3H, C-18), 0.05 (s, 6H, Si(CH3)2).

13C-NMR (101 MHz, CDCl3): 6 171.88, 165.86, 141.71, 121.10, 92.41, 89.35, 72.73,
61.00, 56.82, 50.13, 42.91, 42.76, 40.07, 37.47, 36.69, 32.17, 31.86, 31.62, 31.47, 31.42, 29.13,
26.37, 26.08(3C), 25.28, 23.76, 23.04, 21.39, 20.93, 19.50, 18.41, 14.30, 13.30, -4.45(2C).

HRMS (ESI-TOF) m/z: [M+23]" calcd for C3zsHe1NO7SiNa 670.4110; Found 670.4125.
3p-silyloxy-20-methylpregn-5-en-20-(2-methyl-2-nitro-5-oxopentanoate) (7a)
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Diisobutylaluminium hydride (1.20 mL, 1.20 mmol) was slowly added over the period of
5 min to a solution of 3B-silyloxy-20-methylpregn-5-en-20-(5-ethyl-2-methyl-2-
nitropentanedioate) (0.4926 g, 0.80 mmol) in dry THF (6.00 mL) at -78°C with dry ice/acetone
and further stirred for 8 h. The mixture solution was quenched by addition of water and warmed
to room temperature. The resulting solution was filtered and washed with diethyl ether. The filtrate
was concentrated under vacuum and purified by flash column chromatography under 10% ethyl
acetate: hexane system. 3B-silyloxy-20-methylpregn-5-en-20-(2-methyl-2-nitro-5-oxopentanoate)
(0.1705 g, 65%) was observed as a white solid, and 3B-silyloxy-20-methylpregn-5-en-20-(5-ethyl-
2-methyl-2-nitropentanedioate) (0.2257 g), starting material, was recovered as colorless oil.

!H-NMR (400 MHz, CDCls): 6 9.78 (s, 1H, C(O)H), 5.30 (d, J = 5.1 Hz, 1H, C-6), 3.47
(m, 1H, C-3), 2.50 (m, 4H, C(CH2)2C(O)H), 1.73 (d, J = 3.3 Hz, 3H, C(O)C(NO2)CH?3), 1.63 (s,
3H, C-21), 1.54 (s, 3H, C-22), 0.98 (s, 3H, C-19), 0.88 (s, 9H, SiC(CH3)3), 0.72 (d, J = 5.8 Hz,
3H, C-18), 0.05 (s, 6H, Si(CH3)2).

13C-NMR (101 MHz, CDCl3): 6 199.22, 165.87, 141.72, 121.07, 92.32, 89.53, 72.73,
60.90, 56.82, 50.15, 42.92, 42.80, 40.08, 38.64, 37.48, 36.69, 32.18, 31.86, 31.44, 28.76, 26.36,
26.07(3C), 25.29, 23.76, 23.08, 21.71, 20.94, 19.50, 18.40, 13.34, -4.45(2C).

HRMS (ESI-TOF) m/z: [M+23]" calcd for C34Hs7NOeSiNa 626.3847; Found 626.3852.

Reduction of pregnenolone silyl ether (3b)

Sodium borohydride (4.55 g, 0.12 mol) was added to the solution pregnenolone silyl ether
(12.51 g, 0.03 mol), dichloromethane (159 mL) and methanol (159 mL) at 0°C and further stirred
at room temperature for 2 hour. The reaction was quenched by addition of saturated NH4Cl
solution and extracted with CH>Cl,. The combined organic phase was dried over Na>SO4 and
removed solvent under vacuum. The crude product was purified by flash column chromatography
with 5-10% ethyl acetate: hexane system as eluent. 34-silyloxypregn-5-en-204-ol (3b-B) (10.09g,
80%) was observed as a white solid; m.p. 151-152°C and 3-silyloxypregn-5-en-20a-o0l (3b-a)
(1.58g, 13%) was obtained as a white solid; m.p. 162-164°C.

3p-silyloxypregn-5-en-204-ol (3b-B)
FTIR, vmax, cm™: 3416 (O-H), 2934 (C-H), 1253 (Si-0), 1092 (C-0), 838 (Si-C).
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IH NMR (400 MHz, CDCls) § 5.30 (d, J = 5.3 Hz, 1H, C-6), 3.73 (dg, J = 12.1, 6.1 Hz,
1H, C-20), 3.52 — 3.42 (m, 1H, C-3), 1.13 (d, J = 6.1 Hz, 3H, C-21), 1.00 (s, 3H, C-19), 0.88 (s,
9H, (CH3)3CSi), 0.76 (s, 3H, C-18), 0.05 (s, 6H, (CH3)2Si).

13C-NMR (CDCl3 101 MHz), 8: 141.8, 121.1,72.8, 70.7, 58.6, 56.4, 50.3, 43.0, 42.4, 40.1,
37.5, 36.8, 32.2, 32.1, 31.9, 26.0 (3C), 25.8, 24.7, 23.8, 21.1, 19.6, 18.4, 12.5, -4.4 (2C).

HRMS (ESI-TOF) m/z: [M+23]* calcd for C27H4s02SiNa 455.3316; Found 455.3329.

3p-silyloxypregn-5-en-20a-ol (3b-a)
FTIR, vmax, cm™: 3337 (O-H), 2934 (C-H), 1252 (Si-0), 1099 (C-0), 836 (Si-C).
'H-NMR (CDCls, 400 MHz), &: 5.31 (d, J = 5.3 Hz, 1H, C-6), 3.70 (dg, J = 12.4, 6.2 Hz,
1H, C-20), 3.52 — 3.43 (m, 1H, C-3), 1.22 (d, J = 6.2 Hz, 3H, C-21), 0.99 (s, 3H, C-19), 0.88 (s,
9H, (CH3)3CSi), 0.67 (s, 3H, C-18), 0.05 (s, 6H, (CH3)2Si).
13C-NMR (CDCls, 101 MHz), 6: 141.7, 121.2, 72.7, 70.5, 58.6, 56.7, 50.3, 42.9, 41.8,
39.0, 37.5, 36.7, 32.2, 32.0, 31.7, 26.1 (3C), 25.8, 24.3, 23.6, 20.9, 19.6, 18.4, 12.6, -4.4 (2C).
HRMS (ESI-TOF) m/z: [M+23]" calcd for C27H4s02SiNa 455.3316; Found 455.3297.

3p-silyloxypregn-5-en-20-(2-bromopropanoate) (4b)

2-Bromopropionyl bromide (4.85 mL, 0.05 mol) was slowly added to a solution of 3-
silyloxypregn-5-en-20p-ol (10.01 g, 0.02 mmol) and pyridine (3.75 mL, 0.05 mmol) in CH2Cl> (1
mL) at 0°C and further stirred at room temperature for 30 min. The reaction mixture was washed
with water and saturated NH4Cl solution, subsequently. The combined organic phase was dried
over anhydrous Na>SO4 and removed the solvent under vacuum. The crude product was purified
by flash column chromatography with 3-5% ethyl acetate: hexane system as eluent. 3f-
silyloxypregn-5-en-204-(2-bromopropanoate) (12.82 g, 98%) was observed as white solid; m.p.
140-141°C.

FTIR, vmax, cm™: 2939 (C-H), 1733 (C=0), 1235 (Si-0), 1091 (C-0), 838 (Si-C), 673 (C-
Br).

'H-NMR (CDCls, 400 MHz): 6 5.31 (d, J = 5.4 Hz, 1H, C-6), 4.88 (dd, J = 6.1, 10.2 Hz,
1H, C-20), 4.32 (g, J = 7.0 Hz, 1H, a-proton), 3.48 (m, 1H, C-3), 1.82 (d, J = 6.9 Hz, 3H,
CH(NO2)CHa3), 1.19 (d, J = 6.1 Hz, 3H, C-21), 0.99 (s, 3H, C-19), 0.89 (s, 9H, (CH3)sCSi), 0.67
(s, 3H, C-18), 0.05 (s, 6H, (CH3)2Si).
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13C-NMR (CDCls, 75 MHz), 5: 169.58, 141.65, 120.87, 75.22, 72.57, 56.19, 54.79, 50.19,
42.78, 42.24, 40.74, 39.08, 37.36, 36.59, 32.05, 31.91, 31.74, 25.92 (3C), 25.58, 24.36, 21.73,
20.81, 19.60, 19.42, 18.23, 12.29, -4.60 (2C).

HRMS (ESI-TOF) m/z: [M+23]* calcd for CsoHs10,SiBrNa 589.2683; Found 589.2687.

Substitution of 3g-silyloxypregn-5-en-204-(2-bromopropanoate)

3p-silyloxypregn-5-en-204-(2-bromopropanoate) (11.22 g, 0.02 mol) was added to a
solution of sodium nitrile (2.84 g, 0.04 mol) and pholroglucinol dihydrate (3.27 g, 0.02 mol) in
DMF (88 mL) and THF (66 mL) at room temperature, and further stirred for 14 hour. The brown
solution was quenched by addition of cold water, then extracted with ethyl acetate. The combined
organic phase was dried over anhydrous Na>SO4 and removed the solvent under vacuum. The
crude product was purified by flash column chromatography with 3-20% ethyl acetate: hexane
system as eluent to give 3p-silyloxypregn-5-en-204-(2-nitropropanoate) (6.63 g, 63%) was
observed as white solid; m.p. 132-134°C and 3p-silyloxypregn-5-en-204-(2-hydroxypropanoate)
(3.62 g, 36%) as white solid; m.p.145-146°C.
3p-silyloxypregn-5-en-204-(2-nitropropanoate) (5b)

FTIR, vmax, cm™: 2938 (C-H), 1743 (C=0), 1565 (N-O), 1254 (Si-0), 1211 (N-O), 1086
(C-0), 838 (Si-C).

!H-NMR (CDCl3, 400 MHz): 6 5.29 (d, J = 4.4 Hz, 1H, C-6),5.14 (9, J = 7.1 Hz, 1H, a-
proton), 4.96 (m, 1H, C-20), 3.46 (m, 1H, C-3), 1.77 (dd, J = 2.1, 7.1 Hz, 3H, CH(NO2)CH?3),
1.20 (d, J = 6.1 Hz, 3H, C-21), 0.98 (d, J = 1.9 Hz, 3H, C-19), 0.88 (s, 9H, (CH3)3CSi), 0.65 (d,
J =3.2 Hz, 3H, C-18), 0.04 (s, 6H, (CH3)2Si).

13C-NMR (CDCls, 75 MHz), 6: 164.4, 141.6, 120.8, 83.4, 76.4, 72.5, 56.1, 54.5, 50.1,
42.8, 42.1, 38.9, 37.3, 36.5, 32.0, 31.9, 31.7, 25.9 (3C), 25.4, 24.2, 20.9, 19.5, 19.4, 18.2, 15.6,
12.3,-4.6 (2C).

HRMS (ESI-TOF) m/z: [M+23]" calcd for C3oHs1NOsSiNa 556.3429; Found 556.3451.
3p-silyloxypregn-5-en-204-(2-hydroxypropanoate) (11b)

FTIR, vmax, cm®: 3460 (O-H), 2934 (C-H), 1728 (C=0), 1253 (Si-0), 1083 (C-0), 838
(Si-C).

IH-NMR (CDCls, 400 MHz): & 5.29 (d, J = 5.7 Hz, 1H, C-6), 4.94 (m, 1H, C-20), 4.19
(qd, J = 1.9, 6.9 Hz, 1H, a-proton), 3.46 (m, 1H, C-3), 1.39 (dd, J = 6.9, 12.6 Hz, 3H,
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CH(OH)CH3), 1.17 (dd, J = 3.2, 6.1 Hz, 3H, C-21), 0.97 (s, 3H, C-19), 0.87 (s, 9H, (CHz)sCSi),
0.64 (d, J = 7.2 Hz, 3H, C-18), 0.04 (s, 6H, (CH3),Si).

13C-NMR (CDCls, 75 MHz), 5: 175.0, 141.6, 120.8, 74.8, 72.5, 67.0, 66.7, 56.1, 54.8,
50.1, 42.8, 42.2, 39.1, 37.3, 36.5, 32.0, 31.8, 31.7, 25.9 (3C), 24.3, 20.8, 20.3, 19.8, 19.4, 18.2,
12.4, -4.6 (2C).

HRMS (ESI-TOF) m/z: [M+23]* calcd for C30Hs204SiNa 527.3527; Found 527.3529.

3p-silyloxypregn-5-en-204-(5-ethyl-2-methyl-2-nitropentanedioate) (6b)

3p-silyloxypregn-5-en-204-(2-nitropropanoate) (7.07, 0.01 mol) was dissolved in absolute
ethanol (25 mL) and dichloromethane (30 mL) before added to a sodium ethoxide solution which
prepared by metallic sodium (32 mg, 1.39 mmol) and absolute ethanol (5.75 mL) and followed by
addition of ethyl acrylate (5.70 mL, 0.02 mol). After the solution was heated at 50°C for 24 h, it
was cooled to room temperature, quenched with saturated NH4Cl solution, and extracted with
CH2Cl>. The combined organic phase was dried over Na2SO4 and removed solvent under vacuum.
The crude product was purified by flash column chromatography with 5-10% ethy| acetate: hexane
system as eluent. 3f-Silyloxypregn-5-en-204-(5-ethyl-2-methyl-2-nitropentanedioate) (6.96 g,
83%) was observed as a white solid; m.p. 127-129°C.

FTIR, vmax, cm™: 2939 (C-H), 1741 (C=0), 1558 (N-O), 1258 (Si-0), 1190 (N-O), 1080
(C-0), 838 (Si-C).

'H-NMR (CDCl3, 400 MHz): & 5.28 (d, J = 5.3 Hz, 1H, C-6), 4.93 (m, 1H, C-20), 4.13
(9, J = 7.1 Hz, 2H, OCH2CH?3), 3.45 (m, 1H, C-3), 2.47 (m, 4H, CCH2CH>C(0)), 1.75 (d, J =
4.5 Hz, 3H, C(NO2)CH?3), 1.24 (t, J = 7.1 Hz, 3H, OCH2CH3), 1.17 (d, J = 6.1 Hz, 3H, C-21),
0.97 (s, 3H, C-19), 0.86 (s, 9H, (CH3)3CSi), 0.63 (s, 3H, C-18), 0.03 (s, 6H, (CH3)2Si).

13C-NMR (CDCls, 75 MHz), §: 171.6, 166.4, 141.6, 120.8, 91.8, 72.5, 60.9, 56.1, 54.5,
50.1, 42.8, 42.0, 38.7, 37.3, 36.6, 32.0, 31.8, 31.7, 31.5, 31.3, 28.9, 25.9 (3C), 25.6, 24.3, 21.3,
20.8,19.4,19.3,18.2,14.1, 12.3, -4.6 (2C).

HRMS (ESI-TOF) m/z: [M+23]" calcd for C3sHseNO7SiNa 656.3953; Found 656.3978.
Reduction of 3g-silyloxypregn-5-en-208-(5-ethyl-2-methyl-2-nitropentanedioate)

Diisobutylaluminium hydride (18 mL, 0.02 mmol) was slowly added to a solution of
compound (82) (6.66 g, 0.01 mol) in dry THF (80 mL) at -78°C with dry ice/acetone and further
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stirred for 7.5 h. The mixture solution was quenched by addition of water and warmed to room
temperature. The resulting solution was filtered and washed with diethyl ether. The filtrate was
concentrated under vacuum and purified by flash column chromatography with 5-10% ethyl
acetate: hexane system as eluent. 34-silyloxypregn-5-en-204-(2-methyl-2-nitro-5-oxopentanoate)
(7b) (5.22 g, 84%) was observed as a white solid; 119-121°C, and 34-silyloxypregn-5-en-204-(5-
hydroxyl-methyl-2-nitropentanoate) (12b) (0.50 g, 8%) was detected as white solid.
3p-silyloxypregn-5-en-204-(2-methyl-2-nitro-5-oxopentanoate) (7b)

FTIR, vmax, cm™: 2940 (C-H), 2725 (C(0O)-H), 1738 (C=0), 1556 (N-0), 1256 (Si-O),
1197 (N-0O), 1083 (C-0), 840 (Si-C).

H-NMR (400 MHz, CDCl3) 6 9.77 (s, 1H, C(O)H), 5.29 (s, 1H, C-6), 4.98 — 4.90 (m, 1H,
C-20), 3.47 (dt, J = 15.9, 5.3 Hz, 1H, C-3), 2.62-2.42 (m, 4H, CCH>CH>C(O)H), 1.76 (d, J = 4.8
Hz, 3H, C(NO2)CHs), 1.19 (d, J = 6.0 Hz, 3H,  C-21), 0.98 (s, 3H, C-19), 0.88 (s, 9H,
(CH3)3CSi), 0.65 (s, 3H, C-18), 0.05 (s, 6H, (CH3)2Si).

13C-NMR (101 MHz, CDCl3): 6 199.1, 166.5, 141.9, 120.9, 91.9, 76.9, 72.7, 56.3, 54.7,
50.3, 42.9, 42.2, 38.9, 38.6, 37.5, 36.7, 32.2, 32.0, 31.9, 28.8, 26.1 (3C), 25.8, 24.4, 21.8, 21.0,
19.6, 19.4, 18.4, 12.5, -4.4 (2C).

HRMS (ESI-TOF) m/z: [M+23]" calcd for C33HssNO3SiNa 564.3843; Found 564.3857.
3p-silyloxypregn-5-en-204-(5-hydroxyl-methyl-2-nitropentanoate) (12b)

FTIR, vmax, cm™: 3336 (O-H), 2939 (C-H), 1738 (C=0), 1554 (N-0), 1252 (Si-0), 1195
(N-0), 1096 (C-0), 838 (Si-C).

'H-NMR (400 MHz, CDCls) 6 5.30 (d, J = 5.1 Hz, 1H, C-6), 4.93 (m, 1H, C-20), 3.68 (s,
2H, CH2CH2CH20H), 3.47 (m, 1H, C-3), 2.41 - 2.12 (m, 4H CCH2CH2CH>0H), 1.78 (d, J =
4.6 Hz, 3H C(NO2)CH?3s), 1.19 (d, J = 6.0 Hz, 3H, C-21), 0.99 (s, 3H, C-19), 0.88 (s, 9H,
(CH3)3CSi), 0.65 (s, 3H, C-18), 0.05 (s, 6H, (CH3)2Si).

HRMS (ESI-TOF) m/z: [M+23]" calcd for C33sHs7NOeSiNa 614.3847; Found 614.3859.

Reduction of 3g-silyloxypregn-5-en-204-(2-methyl-2-nitro-5-oxopentanoate)

An aqueous solution of ammonium chloride (11 mL, 2.87 g in 16 ml of water) was added
to a solution of compound (7b) (5.11 g, 8.66 mmol) in THF (27 mL). Zinc dust (2.84 g, 0.04 mol)
was added in a portion and further stirred at room temperature for 4 h. The sample was filtered
through celite and the residue was washed with methanol. The combined organic phase was
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removed the solvent under vacuum. The crude product was purified by flash column
chromatography with 20-50% ethyl acetate: hexane system as eluent. 34-silyloxypregn-5-en-20/4-
(oxycarbonyl-5-methyl-3,4-dihydro-2H-pyrrole) (9b) (1.70 g, 36%) was observed as white solid
and 3p-silyloxypregn-5-en-204-(oxycarbonyl-5-methylpyrrolidine) (13b) (1.41 g, 31%) was
detected as pale yellow solid.
3p-silyloxypregn-5-en-204-(oxycarbonyl-5-methyl-3,4-dihydro-2H-pyrrole) (9b)

FTIR, vmax, cm™: 2941 (C-H), 1728 (C=0), 1626 (C=N), 1258 (Si-O), 1094 (C-O), 834
(Si-C).

IH-NMR (400 MHz, CDCl3) § 7.62 (d, J = 5.9 Hz, 1H, N=CH), 5.29 (d, J = 4.9 Hz, 1H,
C-6), 4.87 (m, 1H, C-20), 3.46 (m, 1H, C-3), 2.65 (t, J = 7.9 Hz, 1H), 2.29 - 2.11 (m, 3H), 1.46 (s,
3H, 5-CH3-3,4-dihydro-2H-pyrrole), 1.14 (d, J = 6.1 Hz, 3H, C-21), 0.97 (s, 3H, C-19), 0.87 (s,
9H, (CH3)3CSi), 0.63 (s, 3H, C-18), 0.05 (s, 2H), 0.04 (s, 6H, (CH3)2Si).

13C-NMR (101 MHz, CDCl3) 6 174.1, 167.7, 167.2, 141.7, 121.1, 79.9, 73.8, 72.7, 56.3,
54.9, 50.3, 42.9, 42.2, 39.1, 37.5, 37.3, 36.7, 32.3, 32.0, 26.0 (3C), 25.7, 25.2, 24.8, 24.4, 21.0,
19.8,19.5,18.4,12.5,1.1, -4.5.

HRMS (ESI-TOF) m/z: [M+23]" calcd for C33HssNO3SiNa 564.3843; Found 564.3846.
3p-silyloxypregn-5-en-20f-(oxycarbonyl-5-methylpyrrolidine) (13b)

FTIR, vmax, cm™: 3352 (N-H), 2941 (C-H), 1723 (C=0), 1259 (Si-0), 1092 (C-0), 835
(Si-C).

'H-NMR (400 MHz, CDCl3) 6 5.29 (d, J = 4.9 Hz, 1H, C-6), 4.87 (m, 1H, C-20), 3.99 (bs,
1H, NH), 3.46 (m, 1H, C-3), 3.01 (m, 2H, NHCH3), 2.20 (m, 4H, C(CH2)2.CH), 1.39 (d, J = 9.5
Hz, 3H, 5-CHs-pyrrolidine), 1.13 (dd, J = 6.0, 1.8 Hz, 3H, C-21), 0.97 (s, 3H, C-9), 0.87 (s, 9H,
(CH3)3CSi), 0.64 (s, 3H, C-18), 0.05 (s, 1H), 0.04 (s, 6H, (CH3)2Si).

13C-NMR (101 MHz, CDCl3) & 176.5, 141.4, 121.0, 74.3, 72.7, 66.1, 60.5, 56.3, 54.9,
50.3, 46.2, 42.9, 42.2, 39.3, 37.5, 36.8, 32.0, 26.0 (3C), 25.8, 25.4, 25.1, 24.4, 21.1, 19.9, 19.5,
18.4,14.3,12.6, 1.1, -4.5 (2C).

HRMS (ESI-TOF) m/z: [M+1]* calcd for C3sHssNO3Si 544.4180; Found 544.4162.

5,6-epoxy-3p-silyloxypregn-208-(oxycarbonyl-5-methyl-1-pyrolidine N-oxide) (10b)
Urea hydrogen peroxide (0.08 g, 0.86 mmol) in methanol (1.50 mL) solution was added to
a solution of 34-silyloxypregn-5-en-204-(oxycarbonyl-5-methyl-3,4-dihydro-2H-pyrrole) (0.15 g,
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0.27 mmol) in CH2Cl (0.5 mL), subsequently the addition of methyltrioxorhenium(V1I) (2.9 mg,
11.6 umol). The solution was stirred at room temperature for 15 min and removed the solvent
under reduced pressure. The reaction mixture was added with CH2Cl> and the insoluble urea was
filtered off to afford the crude product which was purified by flash column chromatography. 5,6-
epoxy-34-silyloxypregn-204-(oxycarbonyl-5-methyl-1-pyrolidine N-oxide) (0.10 g, 67%) was
observed as pale yellow solid.

IH NMR (400 MHz, CDCl3) 6 7.03 — 6.94 (m, 1H), 4.96 — 4.76 (m, 2H), 3.86 — 3.79 (m,
1H), 3.66 — 3.55 (m, 1H), 3.00 (s, 1H), 2.84 (d, J = 4.2 Hz, 1H), 1.65 (s, 3H), 1.01 (s, 3H), 0.94
(s, 3H), 0.84 (s, 18H), 0.57 (dd, J = 12.1, 2.9 Hz, 6H), 0.01 (m, 13H).

HRMS (ESI-TOF) m/z: [M+1]" calcd for C33HssNO3Si 544.4180; Found 544.4162.
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A new synthetic route to 5-tert-butoxycar bonyl 5-methyl-1-pyrroline
N-oxide
Chaiyawat Aonsr, Boonsong Kongkathip? Witcha Imaram* 2
'Department of Chemistry and Center of Excellence for Innovation in Chemistry,

Faculty of Science, Kasetsart University, Bangkok 10900, Thailand

Special Research Unit for Advanced Magnetic Resonance, Department of Chemistry,
Faculty of Science, Kasetsart University, Bangkok 10900, Thailand

*e-mail: witcha.i@ku.ac.th

Abstract:

EPR spin trapping is a versatile technique usedetect short-lived reactive radical
species in both chemical and biological systemgemneral, a spin trapping agent, usually a
nitrone compound, is added to the system beingextud capture radicals produced in the
reaction and yield persistent nitroxide radical waatd, allowing enough time to be detected
by EPR. Recently, 5-tert-butoxycarbonyl 5-methypiroline N-oxide (BMPO 8), a solid
cyclic nitrone spin trap, was synthesized and atddbseveral advantages over other spin
traps. For example, it can be easily purified bystallization to remove nitroxide impurities
and more important, BMPO-superoxide radical addacuite stable that it does not
decompose to BMPO-hydroxyl radical adducts thatldopotentially lead to false
interpretation of its EPR spectrum. However, thagesof BMPO in free radical research is
quite limited due to its high cost. Thus, a morelécost effective synthetic route to BMPO
was described in this report. The new synthetichogktis based upon the availability of
starting materials in Thailand and is to improve groduct yield. The key steps of the new
approach include a Michael reactionoehitroester 4 and ethyl acrylate 5 to dialkyl eser
and a subsequent selective reduction of 6 usingADIB to its corresponding aldehyde 7.
The production of BMPO was achieved in 5 steps frart-butyl alcohol 1 and 2-
bromopropionyl bromide 2. With % vyield of each stgpen in the reaction scheme, the %
overall yield would be 22, which is higher and wihshorter synthetic route than the
previously reported BMPO synthesis.

1. Introduction many experiments due to its low cost top
EPR spin trapping is the method of  begin with and its robust function to

choice to detect transient radical species. capture reactive oxygen species, such as

One of the most commonly used spin trap  hydroxyl radical (HO or superoxide

in both chemical and biological system is  anjon radical (@").

the nitrone compound. In general, a nitrone

spin trap is introduced into a reaction to o x- H o
react with the short-lived free radical % X%
generated in the system being studied, o © o ©

resulting in the more stable nitroxide spin  Scheme 1. The formation of spin adduct
adduct (shown in Scheme 1), allowing  from BMPO spin trap where X is hydroxyl

enough time to be detected by EPR. _ radical or superoxide radical anion.
Several nitrone spin trapping
agents are commercially available with However, the DMPOO,~ adduct

various chemical and biological properties. .54 suffer spontaneous degradation to its

5,5-dimethyl-1-pyrroliné\-oxide (DMPO) corresponding DMPEOH adduct leading
is one of the most used starting spin trap in to ambiguous interpretation of its EPR
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spectrunt. To solve this problem, new
nitrone spin traps, such as BMPO, have
been developed to distinguish between the
trapping of HOand Q.

47&1 % HO&NT}<~ Hd>fik:

Ne N N

Og Y 0
Scheme 2. The decomposition of DMPO
superoxide radical adduct to the
corresponding DMPO hydroxyl radical

adduct.

decay

_—

5-tert-Butoxycarbonyl- 5- methyl-1-
pyrroline N-oxide (BMPO) is a commercial
solid cyclic nitrone spin trap. BMPO
displays many advantages over DMPO.
For example, BMPO is a solid less-
hygroscopic compound, which can be
easily purified by recrystallization to
remove nitroxide impurities. Moreover,
BMPO-0O,” adduct is very stable that it
does not decay to BMRP@H adduct. In
addition, the EPR spectra obtained from
BMPO-radical adduct give simpler and
higher  signal-to-noise ratio than
phosphorus containing spin trap, i.e.,
DEPMPO. However, the usage of BMPO
in free radical research is quite limited due
to its high cost.

With financial constraints, the in-
house preparation of BMPO is needed
provided that the synthesis can be achieved
within a reasonable time. Recently, the
first BMPO synthetic route was reported
by Zhoa and co-workefts It required 6
steps to achieve BMPO with 7% overall
yield. The key step in this synthesis would
be the carbon-carbon bond formation by
using Michael addition between a nitro
ester enolate and acrolein. Unfortunately,
acrolein cannot be imported into Thailand
because of some legal restrictions. This led
us to develop a new BMPO synthetic
procedure based on the availability of
chemicals that can be purchased in the
kingdom. Here, we report the new
synthetic route to synthesize BMPO,
which was achieved with less number of

1547

reaction steps and higher
previous work.

yield than

2. Materialsand Methods
2.1 General precedure

Solvents and chemical reagents
were purchased from commercial sources
including benzophenone, DIBAL-H and
phloroglucinol from Acros; sodium nitrite
and pyridine from Ajax Finechem;
dichloromethane, methanol and
tetrahydrofuran from Burdick & Jackson;

dimethylformamide, ethanol andert-
butanol from Carlo Erba; and 2-
bromopropionyl bromide, 2-(2-

bromoethyl)-1,3-dioxolane, ethyl acrylate
and zinc dust from Sigma Aldrich. Dry
tetrahydrofuran (THF) was newly distilled
under N atmosphere with metallic sodium
and benzophenone as an indicator. Proton
nuclear magnetic resonancel NMR) and
carbon nuclear magnetic resonance spectra
were recorded on a VARIAR'™ INOVA
400 spectrometer as chemical shifty (
value in unit of part per million (ppm)
relative to CDCJ (5 7.26 for'H NMR and
77.23 for'3C NMR) as internal reference.
The following abbreviations were used for
multiplicity: s = singlet, d = doublet, t =
triplet, g = quartet and m = multiplet.
Coupling constant Jj were reported in
hertz (Hz). High-resolution mass spectra
were obtained on Bruker, micrOTOF QIll
spectrometry in electrospray ionization
mode (ESI).
2.2 Synthesis of tert-butoxyl-2-bromo-
propaonate (3)

2-Bromopropionyl bromide (20
mL, 0.19 mol) was slowly added to a
solution oftert-butanol (15 mL, 0.15 mol)
and pyridine (16 mL, 0.19 mol) in
dichloromethane (85 mL) at 0°C. The
reaction mixture was stirred at room
temperature for 2 h and then washed with

water, 10% HSO, and sat. NaHC®
solution. The combined organic phase was
dried over anhydrous N8O, and

concentrated under the vacuum. The crude
product was purified by flash column
chromatography with 5-10% ethyl acetate:
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hexane system as eluent to obtant-
butoxyl-2-bromo-propaonate (28.20 g,
86%) as yellow liquid*H NMR (CDCE,
400 MHz):6 4.26 (q,J = 8.0, 12.0 Hz, 1H,
CHsCHBIr), 1.76 (d,J = 8.0 Hz, 3H,
CH3CHBr), 1.47 (s, 9H, (B3)C). *C
NMR (CDCl, 75 MHz),5: 169.3, 82.2,
42.0, 27.7 (3C), 21.6. HRMS (ESI-TOF)
m/z: [M+23] calcd for GH::0.BrNa
230.9991; Found 230.9988.
2.3 Synthesis of tert-butoxyl-2-nitro-
propaonate (4)
tert-Butoxyl-2-bromopropaonate
(15.04 g, 0.07 mol) was added to a
solution of sodium nitrile (9.98 g, 0.14
mol) and phloroglucinol dihydrate (11.75
g, 0.07 mol) in DMF (120 mL) at room
temperature and further stirred for 2 h. The
reaction solution was quenched by
addition of cold water and extracted with
ethyl acetate, sat. NaHGGsolution and
brine, respectively. The combined organic
phase was concentrated under vacuum and
purified by flash column chromatography
with 10% ethyl acetate: hexane system as
eluent to give  tert-butoxy-2-
nitropropanoate (11.21 g, 89%) as light
yellow liquid. *H NMR (CDCk, 400
MHz): 6 5.08 (q,J = 8.0, 12.0 Hz, 1H,
CH3;CHNOy), 1.72 (d,J = 8.0 Hz, 3H,
CH3CHNO,), 1.47 (s, 9H, (El3)sC). °C
NMR (CDChk, 75 MHz),s: 164.0, 84.4,
83.9, 27.6 (3C), 15.6. HRMS (ESI-TOF)
m/z: [M+23] calcd for GHi3NO;Na
198.0737; Found 198.0737.
24 Synthesis of tert-butyl-5-ethyl-2-
methyl-2-nitropentanedionate (10)
tert-Butoxy-2-nitropropanoate
(9.28 g, 0.05 mol) was slowly added to the
ethoxide solution, which was prepared by
metallic sodium (0.13 g, 5.6 mmol) and
absolute ethanol (24 mL), and followed by
addition of ethyl acrelate (11 mL, 0.10
mol). The reaction mixture was heated to
50°C and further stirred for 8 h and then it
was quenched by addition of sat. N
solution. The mixture was extracted with
dichloromethane. The combined organic
phase was dried over anhydrous,8i,
and concentrated under vacuum. The crude
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product was purified under flash column
chromatography with  10-20% ethyl
acetate: hexane system as eluent to obtain
tert-butyl-5-ethyl-2-methyl-2-nitropentane
dionate (11.96 g, 82%) as yellow liquid.
'H NMR (CDCk, 400 MHz):6 4.14 (g,J

= 4.0 Hz, 2H, OGEI,CHs, 2.45 (m, 4H,

C(CH),C(0)), 173 (s,  3H,
C(O)C(H3)(NOy), 147 (s, 9H,
(CH3)C), 1.25 (, J = 8.0 Hz, 3H,

OCH,CH3). *C NMR (CDCk, 75 MHz),
o: 171.7, 165.7, 92.2, 84.2, 60.8, 31.3,
28.9, 27.5 (3C), 21.4, 14.0. HRMS (ESI-
TOF) m/z. [M+23]+ caled for
C12H21NOgNa 298.1261; Found 298.1266.
2.5 Synthesis of tert-butyl-2-methyl-2-
nitr o-5-oxopentanoate (11)
Diisobutylaluminium hydride (61
mL, 0.07 mol) was slowly added to a
solution of tert-butyl-5-ethyl-2-methyl-2-
nitropent-anedionate (10.02 g, 0.04 mol) in
THF (275 mL) at -78°C and further stirred
at this temperature for 6 h. The reaction
was quenched by addition of water and
filtrated through celite and washed with
diethyl ether. The combined organic phase
was dried over anhydrous pBO, and
concentrated under vacuum. The crude
product was purified under flash column
chromatography with  10-20% ethyl
acetate: hexane system as eluent to give
tert-butyl-2-methyl-2-nitro-5-oxopentano-
ate (4.88 g, 58%) as yellow liquid’H
NMR (CDCls;, 400 MHz):8 9.77 (t,J =

4.0 Hz, 1H, C(OM), 2.51 (m, 4H,
C(CH,),C(0)), 1.73 (s, 3H,
C(O)C(TH3)(NOR)), 1.47 (s, 9H,

(CH3)3C). °C NMR (CDCls, 75 MHz), 8:
199.2, 165.8, 92.1, 84.5, 38.5, 28.6, 27.7
(3C), 21.8. HRMS (ESI-TOF) m/z:
[M+23]" calecd for GgH;7NOsNa
254.0999; Found 254.0995.

2.6 Synthesis of BMPO (8)

An aqueous solution of ammonium
chloride (0.80 mL, 1.4 g in 6 ml of water)
was added to a solution dért-butyl-2-
methyl-2-nitro-5-oxopetnanoate (0.51 g,
2.20 mmol) in a water (6 mL) and MeOH
(4 mL). Zinc dust (1.00 g, 15.38 mmol)
was added and further stirred at room
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Scheme 3. The synthesis of BMPO spin trap (see Table 1).

temperature for 2 h. The sample was
fillered and the residue washed with
methanol. The solvents in the combined
organic phase were removed under
vacuum. The crude product was purified
by flash column chromatography with 10-
20% ethanol: hexane system as eluent.
tert-Butoxycarbonyl-5-methyl-1-pyrroline
N-oxide (0.12 g, 61%) was observed as
light yellow liquid, and tert-butyl-2-
methyl-2-nitro-5-oxopetnanoate (0.29 g),
which is the starting material, was
recovered as yellow liquidH NMR
(CDCl;, 400 MHz): & 7.10 (s, 1H,
NCHCH,), 2.67 (ddddJ = 11.9, 9.2 8.6,
6.0 Hz, 2H, CCHCH,CHN), 2.49 (ddd,J
=124, 7.7, 3.2 Hz, 1H, G&CH,CHN),
2.10 (ddd,J = 9.3, 6.7, 1.7 Hz, 1H,
CCH,CH,CHN), 1.61 (s, 3H, NCBHyj),
1.44 (s, 9H, C(E3)3). °C NMR (CDCE,

75 MHz), 5: 168.6, 137.4, 82.9, 79.5,
32.3, 27.6 (3C), 26.1, 20.7. HRMS (ESI-
TOF) m/z: [M+1] calcd for GgH1gNOs
200.1281; Found 200.1275.

3. Results & Discussion
The synthesis of BMPO spin trap

was displayed in scheme 3 where two
synthetic approaches were summarized,
with the successful pathway indicated by
solid reaction arrows and the unsuccessful
route shown by dashed arrows. In both
approaches, the synthesis began with the
preparation of-nitroester tert-butoxyl-2-
nitropropanoate 4 viao-bromoester 3.
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These reactions proceeded smoothly, in
which the products were obtained in high
yields. To construct the five-membered
ring moiety of BMPO, a carbon-carbon
bond forming reaction is needed to extend
the carbon side chain ai-position of
compound 4. For the first approach, we
adopted the alkylation reaction in which
the nitro ester enolate would be formed
from its corresponding-nitroester 4 under
basic condition® and would react with 2-
(2-bromoethyl)-1,3-dioxolane 5. An
advantage of this approach is to eliminate
the protection step for the aldehyde moiety
in acrolein from reduction in the
subsequent step as reported by Zhao
Unfortunately, after several attempts to
perform such alkylation reaction by using
various bases and reaction conditions

(Table 1), no desired product 6 was
observed.
Thus, the second carbon-carbon

bond forming reaction that is the Michael
reaction was investigated. In this approach,
we adapted the synthetic strategies from
the works reported by Zha@nd Olivé.
Instead of using acrolein as reported
recently, ethyl acrylate 9 was treated with
tert-butoxyl-2-nitropropanoate 4 under
basic condition. To our delight, the
Michael reaction proceeded as expected to
generate diester compound 10.
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Table 1. Conditions of alkylation reaction.

4\ j.H/ o__0
O +
Br/\XH

base

o J)
OW”
NO,

NO
Entry Base Solvent2 Additive Temp. Time Product
1 NaOEt EtOH RT to 50°C 6h No desired product
2 NaH’ DMF -15°C to reflex 6h No desired product
3 NaH DMF -15°C to reflex 6h No desired product
4 LDA? THF - -78°C 3h No desired product
5 LDA? THF HMPA’ -78°C 3h No desired product
6 DBU THF RT 8h No desired product
7 TBOH DCM/DMSO RT 10 h No desired product
8 TBOH DMSO RT 10 h No desired product

2 generatén situ, ® 60% NaH in mineral oil was directly used withouish with THFS 60% NaH in mineral oil
was washed with THF before us@distited,® 40% TBOH in water

Then, the selective reduction of
ethyl ester with DIBAL-H was operated
under control temperature at -78 °C, giving
the aldehyde 11. The observed selectivity
may be resulted from the steric hindrance
exerted bytert-butyl group of another ester
moiety that hindered its interaction with
DIBAL-H. However, we also observed the
production of a minor product, i.e., the
alcohol 7% derived from reduction of
aldehyde 11. This may contribute to the
observed low yield in this step. Finally, the
aldehyde 11 was treated with Zn dust and
agueous NECI solution to convert the

nitro group to the hydroxylamine
intermediate, which simultaneously
underwent cyclization to achieve the

targeted BMPO spin trap.

4. Conclusion

We have demonstrated the new
synthetic route to synthesize the robust
spin trap BMPO that could be
accomplished in 5 steps, which is shorter
than the previous reported synthesis. The
new method is not only feasible to conduct
in Thailand but also suitable for the in-
house preparation that could lower the
research cost, considering the current high
price tag of the commercial BMPO.
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