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Abstract. Isoprene epoxydiol (IEPOX) isomers are key 2005) (Fig. 1;IEPOX-1-4). Although epoxides have been
gas-phase intermediates of isoprene atmospheric oxidatiorsuggested as possible precursors for SOA (Paulot et al.,
Secondary organic aerosols derived from such intermedi2009; Surratt et al., 2010), the reaction pathways leading to
ates have important impacts on air quality and health. Weaerosol formation are unknown. The gas-phase formation of
report here convergent and unambiguous pathways devethe IEPOX isomers in high yield can provide suitable pre-
oped for the synthesis of isomeric IEPOX species andcursors for SOA and elucidation of the reaction pathways in-
the rearrangement productss- and trans-3-methyl-3,4-  volved in this chemistry will contribute to resolving an out-
dihydroxytetrahydrofuran in good yield. The availability of standing puzzle in atmospheric aerosol chemistry. Recently,
such compounds is necessary to expedite research on is@+e have synthesized the four IEPOX isomers and in a series
prene atmospheric oxidation mechanisms and subsequenf controlled dark chamber studies have demonstrated that
aerosol formation as well as the toxicological properties oftheir reactive uptake onto pre-existing acidic seed aerosols
the aerosols. yielded SOA (Lin et al., 2012). We have in addition, identi-
fied two previously unreported direct rearrangement products
of the IEPOX isomers on uptake by acidic seed partidiss,
andtrans-3-methyl-3,4-dihydroxytetrahydrofuran (Lin et al.,
1 Introduction 2012; Chan et al., 2010). Comparison of the chemical com-
position of the IEPOX-derived SOA with that of fine aerosol
Isoprene (2-methyl-1,3-butadiené), the most abundant samples collected from the rural Southeastern US has con-
non-methane biogenic hydrocarbon emitted into the Earth’'firmed the atmospheric relevance of our chamber findings,
atmosphere (Guenther et al., 2006), undergoes extensiveroviding substantial support for the role of IEPOX in form-
atmospheric oxidation. The resulting secondary organicing organic aerosol in the troposphere (Lin et al., 2012).
aerosol (SOA) contributes significantly to the overall atmo-  Our published study (Lin et al., 2012) demonstrates that
spheric aerosol budget (Claeys et al., 2004; Carlton et al.availability of authentic, pure and rigorously-characterized
2009), which affects regional air quality and global climate. intermediates and standards is critical for investigations into
Isoprene-derived SOA is also a major contributor to fine par-the generation and subsequent reactions of the IEPOX iso-
ticulate matter (PMs), which adversely impacts respiratory mers leading to SOA and the identification and quantita-
and cardiovascular systems of exposed populations (Pope ltion of aerosol components. In addition, availability of these
and Dockery, 2006). Under low nitric oxide (NO) condi- compounds is essential for evaluation of their toxicologi-
tions, gas-phase oxidation of isoprene yields four epoxy-cal properties in order to assess the impact of isoprene-
diol (IEPOX) isomers (Eddingsaas et al., 2010; Lin et al., derived aerosols on human health. The IEPOX isomers and
2012; Paulot et al., 2009; Surratt et al., 2010; Wang et al.,
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o pletion, the reaction mixture was diluted with ethyl acetate
Ao —- HOM HOJQHO ”OXOL Ho Ky (50ml, Acros), quenched with saturated 48803 (2ml,

1 IEPOX-1 IEPOX-2 [EPOX:3 “OH IEPOX.-4 Aldrich), dried over anhydrous N8O, (Acros) and fil-
tered. The filtrate was concentrated under reduced pressure,
and the residue purified by flash chromatography $SiO
Aldrich, diethyl ether — Fisher) to give the mixture of enan-

other putative components of isoprene-derived SOA are no lomeric IEPOX-1 diastereomers as a colorless oil (1.19g,

at present commercially available and no streamlined syn- 8%). IEPOX-1 'S, a racemic mixture of dlasteromeesy-
thetic routes to these compounds in quantity and high puritythro'lEPOX'l (2'R)-1S1(ZS)-1R]-1-(2-methyloxiranyl)-
,2-ethanediol) anthreolEPOX-1 ([(2'S)-1S)/[(ZR)-1R]-

have yet been reported. Investigation into the chemistry o ) :
: . -1-(2-methyloxiranyl)-1,2-ethanediol) efythrd'threq 2: 1).
IEPOX has to date relied upon the simpler surrogate bUtaleC/EI-MS.m/z, 231, 217, 205, 191, 177, 159, 14iytho

e L . 28O, i1 i (00, Coch,Cambrig sope
X ' aboratories): 3.87-3.58 (m, 3H, Hd C2H,); 2.96 (d, 1H,

rogate standards for qgantltanon qf key isoprene tracers. W% — 4.6Hz, CIHy): 2.65 (d, 1H.J = 4.6 Hz, CTH,): 1.38
report here the convenient synthesis of regioisorePOX- 34 C Fia. S1)13C NMR (100 MHz. CDOR):
1-4, and the isomeric tetrahydrofurans that are the immediat s, 3H, Chy) ppm (Fig. S1). ( Z, b):

rearrangement products of IEPOX isomers on contact Withl_z‘f'l| GI\?I\SI)RSZSO I?/Iol-lle, ?bs(jip'm;;géi?remEgl—?xl:ll
acidic seed aerosols (Lin et al., 2012). ' ( 2 ): 3.87-3.58 (m, ’

+ C2Hp); 2.89 (d, 1H,J =4.7Hz, C1Hy); 2.63 (d, 1H,
J =4.7Hz, C1Hy); 1.35 (s, 3H, CH) ppm (Fig. S1).13C
NMR (100 MHz, CDCb): 74.0, 63.7, 58.0, 51.5, 17.43 ppm
(Fig. S2).

Fig. 1. Structures and abbreviations for IEPOX isomers.

2 Experimental section

2.1 Instrumentation

2.3 |EPOX-2 (erythro- and threo-2-(oxiran-2-yl)
All the nuclear magnetic resonance (NMR) spectra were propane-1,2-diol)
recorded on a Varian INOVA 400 MHz spectrometer, with
chemical shifts reported in ppm relative to tetramethylsilane.Compound2 (210mg, 2mmol) was dissolved in water
Splitting patterns are reported as: m (multiplet), s (singlet), dacidified with HCI (0.1N, 2ml, Fisher) and the mix-
(doublet), t (triplet) and dd (doublet of doublets). Gas chro-ture was heated in a water bath at 50°C for 30 min and
matography/electron impact ionization mass spectrometryjhen lyophilized. The residue was dissolved in acetoni-
(GCIEI-MS) was performed with prior trimethylsilylation. trile (ACN, Fisher) (5ml), cooled in an ice-water bath
Samples were trimethylsilylated by treatment with O-  andm-chloroperoxybenzoic acidi{CPBA) (540 mg, 70 %,
bis(trimethylsilyl)trifluoroacetamide and trimethylchlorosi- 2.4 mmol, Aldrich) was added. The clear solution was stirred
lane (BSTFA+ TMCS) (99:1, 100 plv/v, Supelco) and in the ice-water bath for 2 h and then at RT until transforma-
pyridine (50 ul anhydrous, 99.8 %, Sigma-Aldrich) at 70 °C tion of the starting material as monitored by thin layer chro-
for 1 h, and analyzed on a Hewlett-Packard (HP) 5890 Seriesnatography (TLC) was complete. The mixture was cooled
Il Gas Chromatograph with an Econo-CapeC' " Capil- ~ at4°C and the resulting precipitate separated by filtration to
lary Column (30 mx 0.25mmi.d.; 0.25 um film thickness) remove the bulk of the 3-chlorobenzoic acid. The filtrate was
coupled to an HP 5971A Mass Selective Detector. operatconcentrated under reduced pressure and the residue was pu-

ing conditions and temperature program were as describefified by flash chromatography (Sidiethyl ether) to afford
previously (Surratt et al., 2010). IEPOX-2 (150 mg, 62 %). ThéH NMR spectrum (Fig. S3)

is identical to published spectra (Adam and Nestler, 1993;

2.2 |EPOX-1 (erythro- and threo- 1-(2-methyloxiran-2- ~ Adam et al., 1997).
yl)ethane-1,2-diol)

2.4 |EPOX-3 (cis-2-methyl-2,3-epoxy-1,4-butanediol)
To 2-methyl-2-vinyloxirane 4, 1.3g, 14.8 mmol, Alfa Ae-
sar) in acetone (50ml, Fisher Scientific), Qs@ ml, 3-Methyl furan-2(3)-one (7) (2.11 g, 21.5 mmol) in diethyl
1% in water, Aldrich) andN-methylmorpholineN-oxide ether (10ml) was added to a suspension of lithium alu-
(8.46g. 29.6 mmol, Aldrich) were added and the reac-minum hydride (LAH) (1.02g, 31.6 mmol, Aldrich) in di-
tion stirred at room temperature (RT) until the starting ethyl ether (50 ml) at 0 °C. Following the completion of ad-
material was completely consumed. Progress was monidition, the mixture was stirred at RT for 2h and quenched
tored by the disappearance of the three-proton vinylic sig-with water (1 ml) followed by the addition of 15% (w/w)
nals (5.64 ppm, ddJ =17.6, 10.7 Hz; 5.35ppm, ddJ = NaOH (1 ml, Fisher) and water (3 ml) and stirred at RT for
17.6, 1.1Hz; 5.23ppm, ddJ =107, 1.1Hz) in thelH 0.5h. The organic layer was filtered, then dried with an-
NMR spectrum of reaction mixture aliquots. Upon com- hydrous NaSQO, and concentrated under reduced pressure.
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The residue was purified by chromatography (Si@ex- 2.6 (3-((t-Butyldimethylsilyl)oxy)methyl)-2-
ane (Acros)/diethyl ether, 11) to afford 2-methyl-2-butene- methyloxiran-2-yl)methanol (12)
1,4-diol @) (0.6, 27 %) (Duvold et al., 1997¥H NMR

(400 MHz, CDC§): 5.65 (t,J = 7.6 Hz, 1H), 4.19-4.09 (M, Compound11 (0.7g, 3.5mmol) was dissolved in DCM
4H), 1.84 (s, 3H) ppm (Fig. S4). (20 ml), mCPBA (0.9g, 77 %, 3.9 mmol) was added and the
Compound8 (0.6g, 5.9mmol) was dissolved in ACN mixture stirred at RT over night. The reaction mixture was
(20ml) and cooled in an ice-water batmCPBA (1.69,  then concentrated under reduced pressure and the residue
70%, 7.2 mmol) was added and the clear solution was stirregjissolved in diethyl ether (80 ml) and washed with satu-
in the ice-water bath for 2h and then at RT until com- rated solutions of N&5,03, NayCOs (Fisher) and brine con-
plete transformation of the starting material as monitoredsecutively, and dried over anhydrous MgS(isher). Fol-
by TLC. The mixture was cooled at°€ and the result- |owing filtration and concentration, the residue was puri-
ing precipitate separated by filtration to remove the bulkfied by chromatography (SQhexane/ethyl acetate, 1Q)
of the 3-chlorobenzoic acid. The filtrate was concentratedio provide12. *H NMR (400 MHz, CDC}): 3.82 (dd, 1H,
under reduced pressure and the residue dissolved in water = 11.7, 4.8 Hz), 3.76 (dd, 1H/ = 11.7, 5.8 Hz), 3.64 (dd,
(20ml) and washed repeatedly with chloroform until no 3- 2H, j =126 Hz), 3.20 (dd, 1HJ =5.7, 4.8 Hz), 1.30 (s,
chlorobenzoic acid was detected by TLC. The aqueous so03H), 0.92 (s, 9H); 0.09 (s, 6H) ppm (Fig. S10).
lution was lyophilized to givelEPOX-3 as colorless oll
(488 mg, 70%). GC/EI-MSm /z 244, 231, 217, 205, 191,
159, 1471H NMR (400 MHz, D;0): 3.94 (dd, 1H/ = 12.2,
31%9%3 gf)z 330794(t(TH,2]H= 5H é S;ng;l)lif ?S,(d?:HllH' CompoundLl2was dissolved in tetrahydrofuran (THF) (6 ml,

CHz) ppm (Fig. S5)13C NMR (100 MHz, D:0): 64.4, 63.4, Aldrich), cooled in ice water, then BMF (6ml, 1M,

2.7 |EPOX-4 (trans-2-methyl-2,3-epoxybutane-1,4-diol)

; Aldrich) was added and the mixture was stirred for 1 h, con-
61.4,61.1, 20.5 Fig. S6). _ o L
ppm (Fig. S6) centrated and the residue purified by chromatography»SiO
buten-1-ol (11) MS: 24.44minm/z 244, 205, 191, 159, 147AH NMR

(400 MHz, CDCh); 3.92 (dd, 1H,J =125, 4.5Hz, H4),
SeQ (0.859, 7.7 mmol, Aldrich) was added to a solution of 3.75-3.68 (m, 2H, H4H1), 3.58 (d, 1HJ = 126 Hz, H1),
9 (3.069g, 16.4mmol) in dichloromethane (DCM) (100 ml, 3.28 (dd, 1H,J =7.1, 4.5Hz, H3), 1.36 (s, 3H, H3) ppm
Aldrich) cooled in ice-water. A solution aEBUOOH (3ml,  (Fig. S11).13C NMR (100 MHz, CDC}): 65.2, 61.4, 61.1,
5.5M in decane, 16.5 mmol, Aldrich) was added and the re-59.9, 14.4 ppm (Fig. S12).
action mixture was stirred at 0 °C for an additional 2 h be-
fore being warmed to RT and stirred for an additional 1h at2 8 cis-3-Methyltetrahydrofuran-3,4-diol (14) and
RT. The reaction was then quenched with saturated NaHCO trans-3-methyltetrahydrofuran-3,4-diol (15):
(25 ml, Fisher), separated and the organic layer washed with method 1
brine and evaporated to dryness. The residue was taken up

in ethanol (50 ml, Fish.er) and cooled in an .ice path. NaBH |\epox-1 (200 mg, 1.7 mmol) in water (4 ml) was stirred at
(0.59, 9.2mmol, Aldrich) was added portionwise and the g ec for 4h with p-toluenesulfonic acid (6 mg, Aldrich)
reaction mixture stirred for 15min. Acetone (1ml, ACros) 4 give a mixture of diastereomeric 2-methylbutane tetrols.

was added and the reaction was stirred for another 15 Mintpg reaction mixture was lyophilized and the residue mixed
Bulk solvent was then removed under reduced pressure; thgih toluene (15ml, Fisher) and refluxed overnight. Fol-

residue was partitioned between water (25ml) and ethyl acyqying removal of the solvent under reduced pressure, the
etate (50 ml), and the aqueous Iayer' extracted with ethyl actagique was purified by column chromatography (Si@ex-
etate (%25 ml). The combined organic extracts were washed, e giethyl ether, 21) to givel4as the early-eluting isomer
with brine, dried over NgSQy, filtered and concentrated. The and15 as the late-eluting isomet4 (25 mg, 14 %). GC/EI-
resulting oil was purified by flash chromatography (80 s m/z 262, 247, 231, 218, 204, 14%H NMR (400 MHz,
hexane/ethyl acetate, 1Q) to give 11 (1.76g, 8.7 mmol, CDCly): 4.04 (dd, 1H,J = 9.8, 5.8 Hz, H5), 3.92-3.86 (m,
53% over two steps)H NMR (400 MHz, CDCh): 5.53— 1H, H4), 3.76 (d, 1HJ = 9.2 Hz, H2), 3.73 (dd, 1H/J =
(Fig. S9);1°C NMR (100MHz, CDCh): 136.35, 125.44, 7743 76.92, 76.50, 73.87, 23.48 ppm (Fig. S2649 mg,
68.49, 60.09, 26.19, 18.62, 14.00, 4.93 ppm. 29%): GC-EIMS.m/z 262, 247, 231, 218, 204, 14}H
NMR (400 MHz, D;O): 4.27 (dd,J =10.1, 4.5Hz, 1H,
H5), 3.99 (dd,J = 4.6, 1.8Hz, 1H, H4), 3.75-3.68 (m, 3H,
C2H, +H5), 1.35 (s, 3H, CH) ppm (Fig. S22)13C NMR
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(100 MHz, CDCb): 80.54, 79.13, 75.26, 74.56, 18.30ppm __ , o0, oH T e :

(Fig. S23). ‘>2u o HOM *“T%J“\( L0 V:( i

IEPOX-1 ' !

: A .

2.9 cis-3-Methyltetrahydrofuran-3,4-diol (14) and l mCPBA ! b
trans-3-methyltetrahydrofuran-3,4-diol (15): HO\/O‘E/ HOJON : 04\5( M’:SE:'SM;

method 2 X Eroxg | LrommteeeeeenTIiR R

2.9.1 4-(Benzyloxy)tetrahydrofuran-3-ol (17) Fig. 2. Scheme for synthesis dEPOX-1 and IEPOX-2. The

scheme within the box represents a multi-step procedure (Cole-
Filipiak, 2010) for synthesis dEPOX-1 in lower overall yield than

in the present work. (Abbreviations: NMQy-methylmorpholine
oxide;mCPBA, m-chloroperbenzoic acid.)

1,4-Anhydroerythritol {6) (3.1g, 29.8 mmol, Aldrich) was
added to a solution of B&nO (7.6 g, 30.5 mmol, Aldrich)
and BuNI (12.2g, 33.1 mmol, Aldrich) in toluene (150 ml)
and heated at reflux for 1 h. After the reaction mixture was

cooled to RT, BnBr (4ml, 33.7mmol, oAld”Ch) was added {jon mixture was filtered through silica gel, concentrated un-
and the mixture was maintained-atl00 °C for 4h and then  yer reduced pressure and the residue purified by chromatog-
cooled to RT. After dilution with diethyl ether, the mixture raphy (SiQ, hexane/diethyl ether, 21) to give14 (190 mg,

was washed with aqueous 8Os, water and brine succes- 57 %) andL5 (300 mg, 41 %). ThéH and*3C NMR spectra

sively and dried over anhydrous Mg®OThe solvent was  \yere identical to those obtained by method 1.
removed under reduced pressure, and the residue purified by

column chromatography (SiQhexane/ethyl diethyl ether,
2:1)to givel7(5.1g, 88 %)H NMR (400 MHz, CDC}): 3 Results and discussion
7.42-7.28 (m, 5H, phenyl-H), 4.61 (s, 2H, benzyl-gH
4.29-4.22 (m, 1H), 4.11-4.04 (m, 1H), 3.93-3.84 (m, 2H),3.1 Synthesis
3.82-3.71 (m, 2H), 2.81-2.74 (m, 1H, OH) ppm (Fig. S15).
13C NMR (100 MHz, CDCh): 137.34, 128.79, 128.37, Syntheses of the mixtures of racemecythro and threo
128.06, 78.45, 73.61, 72.74, 70.52, 70.16 ppm (Fig. S16). diastereomers dEPOX-1 (1-(2-methyloxiran-2-yl)ethane-
1,2-diol) andIEPOX-2 (2-oxiranyl-propane-1,2-diol) have
2.9.2 4-(Benzyloxy)dihydrofuran-3(2H)-one (18) been reported in different contexts (Cole-Filipiak et al., 2010;
Adam et al., 1997; Chiappe et al., 2000), all based on the
To a mixture of pyridine (14.0ml, Aldrich) and A©® epoxidation of butendio#t or 3, respectively (Scheme 1).
(8.25ml, Aldrich) in DCM (50 ml) cooled in an icewater Compound3 is readily available through hydrolysis of com-
bath, CrQ (8.49, 84 mmol, Aldrich) was added, followed mercially available 2-methyl-2-vinyloxirane). An excel-
by 17 (5.1 g, 26.3 mmol). The mixture was stirred at RT for lent yield of a 9: 1 erythrathreo mixture of IEPOX-1 has
1.5h, poured in to ethyl acetate (300 ml) and filtered throughbeen reported via a titanium-catalyzed epoxidation of pre-
silica gel. The filtrate was concentrated under reduced preseursor4 (Adam et al., 1997) obtained through hydroxyla-
sure and the residue purified by chromatography §Si@x-  tion of 2-(prop-1-en-2-yl)oxirane6j. Although there are a
ane/diethyl ether, 2:1) to givé8 (1.4g, 28%).'H NMR number of methods for the preparation@fincluding cat-
(400 MHz, CDC}): 7.43-7.29 (m, 5H, phenyl-H), 4.92 (d, alytic epoxidation of isoprene (Sheng and Zajacek, 1970;
1H, J =118Hz, benzyl-CH) 4.68 (d, 1HJ =11.8Hz, Brill and Indictor, 1964; Indictor et al., 1965; Rasmussen et
benzyl-CH) 4.29 (dd, 1HJ =9.8, 7.5Hz), 4.06 (t, 1H, al., 1995), methylene addition to methacrolein (Welzel et al.,
J =75Hz), 4.03, 3.98 (q, 2HJag =17.6 Hz, COCH), 1987; Harwood et al., 1990), and a multi-step pathway start-
3.871 (dd, 1H,J = 9.8, 7.6 Hz) ppm (Fig. S17)*3C NMR ing from isoprene (Suzuki et al., 1986), these routes all suffer
(100 MHz, CDC}): 213.07, 137.08. 128.73, 129.39, 129.32, from poor yield and lack of convenience, limiting the over-
76.22,72.80, 70.93, 70.18 ppm (Fig. S18). all yield for the preparation ofEPOX-1. Using 2 as start-
Compoundl8 (1.2 g, 6.3 mmol) was added to a solution ing material, we have designed a convergent synthesis for
of CHsMgCl in THF (3 M, 1.5eq, Aldrich) cooled in anice- IEPOX-1 andIEPOX-2 as diastereomeric mixtures (Fig. 2)
water bath. The reaction mixture was stirred at RT for 1 h,which significantly simplifies preparation and improves over-
quenched with saturated MBI (Aldrich) and diluted with  all yields.IEPOX-1 was obtained as a mixture of diastere-
diethyl ether. The organic layer was separated and the aquemers in 68 % yield through direct dihydroxylation2ivith
ous layer extracted with diethyl ether. The combined organicOsQ,. Acid hydrolysis of2 followed by epoxidation with
phases were washed with brine and dried over anhydrous:CPBA gave the diastereomeric mixtUEePOX-2 in 62 %
MgSQy. After filtration and evaporation of the solvent un- yield. TheH NMR spectrum of[EPOX-1 is identical to
der reduced pressure, the residue was dissolved in methanplblished spectra (Chiappe et al., 2000; Adam and Nestler,
(50 ml, Fisher). Pd-C (10 %, 200 mg, Aldrich) was added and1993) in which assignment of NMR signals was based on
the reaction mixture was hydrogenated overnight. The reacthe spectral characteristics of close structural analogs (Adam

Atmos. Chem. Phys., 12, 8528535 2012 www.atmos-chem-phys.net/12/8529/2012/
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OH SeOz
9

mCPBA TBAF_ 0
IEPOX 3 \)QAOTBDMS HO\)Q/\OH

IEPOX-4

Fig. 3. Scheme for synthesis dEPOX-3. (Abbreviation: LAH,

lithium aluminium hydride.) Fig. 4. Scheme for synthesis dEPOX-4. (Abbreviations: TB-
DMS, tert-butyldimethylsilyl, TBAF, tetrabutylammonium fluo-

ride.)
and Nestler, 1993). In thE'C NMR spectrum of EPOX-1,

two sets of signals in a 21 ratio are assigned to tleythro

andthreodiastereomers, respectively, based on'8@NMR OH OH OH

shifts which are in accord with the published report. Corre- TsA , ﬂ
spondingly, in théH NMR, the resolved signals with higher o OH H,0 OH
intensity were assigned &yythrodiastereomer. FAEPOX- HO 13

2, thelH NMR spectrum of the mixture was identical to the

reported spectrum in which, however, thg/throandthreo HO OH HO

diastereomers were not assigned. The tentative assignment " Z_é

for the two sets of NMR signals terythro and threo di- o7 07K
astereomers in this work is based on the NMR spectrum of cis isomer transisomer

the close structural analog linalool epoxide for which the ab- 1 15

solute stereochemistry has been established (Morales et al.,

2011; Khomenko et al., 2002). Fig. 5. Scheme for preparation of a mixturelefand15 (method 1).

Synthesis of a mixture dEPOX-3 andIEPOX-4in 11%  (Abbreviation: TSA, toluenesulfonic acid.)
overall yield starting with isoprene has been reported (Cole-
Filipiak et al., 2010). Since the authors did not specify that
their product was a mixture, we have deduced the composi- The preparation otis-3-methyltetrahydrofuran-3,4-diol
tion by comparison of the publishééh NMR spectrum with ~ (14) has been reported in two steps starting with 4-methyl-
theH NMR spectra of the racemates of the pure geometricl,2-dioxine (Robinson et al., 2009). Since this route leads
isomers from our syntheses described below. dieésomer  only to the cis isomer and the overall yield, taking into
IEPOX-3 was prepared by the unambiguous pathway showraccount the photolytic synthesis of the dioxine from iso-
in Fig. 3. Commercially available 3-methyl furan-H%one  prene (Motsumoto et al., 1985), is moderate, we devised two
(7) was reduced with LAH to affordis-2-methyl-2-butene-  routes to a the synthesis @#t and 15 as a readily separa-
1,4-diol 8), which was then epoxidized witmCPBA to ble mixture. First, taking advantage EPOX-1 on hand,
give IEPOX-3. While some over-reduction af to the cor-  we prepared the mixture according to the scheme in Fig. 5
responding butanediol appears difficult to avoid, isolation ofby acid-catalyzed hydrolysis dEPOX-1 to the 2-methyl-
8 could be achieved through chromatographic separation. Terythritol/threitol mixture 13 followed by a second acid-
ensure the purity of the targEPOX-3, the fully reduced catalyzed cyclization ofl3 to the desired mixture isolated
butanediol side product was more efficiently removed fol- as the pure targets by column chromatography. It is worth
lowing treatment of7 with LAH, rather than following the  noting that while the process is simple and can be carried
epoxidation. The overall yield for this sequence was 19 %,out in one-pot, the isolation is complicated by side prod-
further optimization was not attempted. T¢is geometry of  ucts. The combined yield for the purified isomérsand15
IEPOX-3 was confirmed by 1D nuclear Overhauser effect (1: 2, respectively) was 43 % starting frolBPOX-1. Al-
spectroscopy (1D NOESY) (Fig. S8), which showed strongternatively, the isomer44 and 15 can be obtained via the
dipolar coupling between the methyl group and the oxiranescheme in Fig. 6. Dihydroxytetrahydrofuréaf was partially
proton. protected by benzylatioriLy) and oxidized to dihydrofura-

IEPOX-4 was prepared according to the scheme in Fig. 4.none18. The methyl substituent was introduced by a Grig-
3-Methyl-2-buten-1-ol §) was protected with TBDMS and nard reaction, and following deprotection, purified isomers
a hydroxyl group introduced by Se@xidation followed by  14and15(1: 1.6, respectively) were obtained in a combined
reduction with NaBH. The resulting 2-buten-1-olL) was  yield of 68 % from18. Through the latter method, the purifi-
epoxidized and deprotected to giEePOX-4 in 43% yield.  cation of the final products to a high standard was facilitated.
The trans-configuration was confirmed by the absence of In the'H NMR of 14 and 15, the signal for H4 displays
a nuclear Overhauser effect correlation between the methyh broadened pattern, distinct from other non-exchanging
group and the oxirane proton in the 1D NOESY spectrumprotons, which display well-resolved first order doublet-of-
(Fig. S14). doublet signal patterns. TH&l NMR of 14 was identical to
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OH 0Bn 0Bn 4 Conclusions
HO H 0
Bu,Sn0O CrOg . .
gy = o —_— o We have reported convenient synthetic routes to the IEPOX
1 BuaNI, BnBr 7 13 isomers that are key intermediates in the formation of

isoprene-derived SOA, as well as to the 3-methyl-3,4-

HO 0Bn HO OH o OH dihydroxytetrahydrofuran isomers that are the initial rear-

CHzMgClI e Pd/C, H, ’ C\b + b rangement products of IEPOX on contact with acidic seed
- " 3 g HsC g aerosols. The availability of these compounds will be critical
14 15 in further investigation into the influence of environmental
conditions on SOA formation and composition and will also

Fig. 6. Scheme for preparation of a mixture bdand15 (method  pe jmportant in assessing the impact of isoprene SOA on hu-
2). (Abbreviation: BgSnO, dibutyltin oxide; ByNI, tetrabutylam- man health

monium iodide; BnBr, benzyl bromide.)

19

o ) Supplementary material related to this article is
that reported for theis isomer (Robinson et al., 2009), and gy ajlable online at: htp://Aww.atmos-chem-phys.net/12/
the cis-isomeric structure was further confirmed by the 1D 8529/2012/acp-12-8529-2012-supplement.pdf

NOESY spectrum (Fig. S21), in which the signal for carbinyl
H4 is strongly enhanced on irradiation of the neighboring 3-
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the assignment df4 as thecis isomer. Fragmentation to the

product ion [MgSi-O= SiMey]t (m/z 147) is significantly ~ Edited by: F. Keutsch
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