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Synthetic Procedures for SOA Constituents

Synthesis of 3-methylbutane-1,2,3-tricarboxylic acid (3-MBTCA) (4) !

[1] LDA, THF, -78 °C [1] NaOH, MeOH, H,0
MeO —_ MeOZC COzMe o HOZC COQH

/=\ [2] HCI, H,0
[2] MeOzC CO2Me 2 Cone COzH

1 [3] HCI, H,O 3 4

A solution of methyl isobutyrate (1) (1.02 g, 10 mmol) in anhydrous

tetrahydrofuran (4 mL) was added to a cooled solution of LDA in  MeO,C CO,Me
THF (2.0 M, 5 mL) at —70 °C over 15 min. The colorless solution 3 CO:Me

. . . . Tri hyl 3- hyl -
was stirred for 15 min at —70 °C and a solution of dimethyl maleate nn:?;’:;y_ tr?c?f;ozy?:tt:ne

(2) (1.44 g, 10 mmol) in anhydrous tetrahydrofuran (4 mL) was added dropwise over 15 min.
Over the course of addition, the reaction mixture changed from colorless to yellow. The
reaction mixture was stirred for 30 min at —70 °C and then poured into a cooled 1 M aqueous
HCI solution (22 mL) and extracted with dichloromethane (3 times x 20 mL). Removal of the
combined organic solvent under reduced pressure left behind a crude mixture, which was
separated by vacuum distillation to give triester 3 (bp 108 °C/15 mmHg, 1.72 g, 70%) as a
colorless turbid oil. Trimethyl 3-methylbutane-1,2,3-tricarboxylate (3). '"H NMR (500 MHz,
CDCl3) 6 1.20 (s, 3H), 1.21 (s, 3H), 2.40 (dd, /= 16.8 and 3.3 Hz, 1H), 2.81 (dd, /= 16.8 and
11.4 Hz, 1H), 3.32 (dd, J= 11.4 and 3.3 Hz, 1H), 3.68 (s, 3H), 3.69 (s, 3H), 3.70 (s, 3H). *C
NMR (125 MHz, CDCls) 6 22.3, 23.2, 32.4, 44.0, 48.0, 51.9 (x2), 52.2, 172.5, 173.1, 176.4.

Triester 3 (0.74 g, 3 mmol) was added to a solution of NaOH (1.90 g, 48 mol) in H2O (6 mL)

and MeOH (6 mL) and the mixture was stirred for 4 h at reflux. The
HO,C CO,H

mixture was cooled in an ice bath and acidified with a 1 M aqueous HCl CO,H
4
3-Methylbutane-1,2,3-

extracted with dichloromethane (7 times x 10 mL), dried over Na;SOq, tric(a;':\;l’;}l’_'(i:‘;;dd

solution (pH 1) until a white solid was formed. The suspension was

and evaporated under reduced pressure to obtain triacid 4 (0.60 g, 98%)

as a white solid. 3-Methylbutane-1,2,3-tricarboxylic acid (4). Mp 151-153 °C (154-155 °C'™).
'H NMR (500 MHz, CD30D) § 1.12 (s, 3H), 1.13 (s, 3H), 2.53 (dd, J = 17.0 and 3.6 Hz, 1H),
2.68 (dd, J=17.0 and 11.5 Hz, 1H), 3.15 (dd, J = 11.5 and 3.6 Hz, 1H). '3*C NMR (125 MHz,
CD30D) 6 22.6,23.2,32.9,44.4,49.1,177.2,177.5, 181.5.
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Synthesis of terpenylic acid (7) >

0 o)
. B
OH H KMnQO,4, OH OH
(@) H+ (0]
(0] (0]

5 o 6 7

cis-Pinonic acid 5 (2.0 g, 10.9 mmol) was dissolved in 42.6 g of an o
aqueous 50% H2SOy4 solution and the mixture was heated for 30 min at 0
100 °C. To the resulting brown mixture was added distilled water (60 3 6

mL) and the mixture was further saturated with (NH4)2SOs4. The 5,5-Dimethyl-4-(3-

mixture was extracted with dichloromethane (3 times x 20 mL), dried °X°b”_tg(';ﬁ;‘_ﬁ;°f“’a"
over NaySO4, and evaporated under reduced pressure to yield

homoterpenyl methyl ketone 6 (2.0 g, 100%). 5,5-Dimethyl-4-(3-oxobutyl)dihydrofuran-
2(3H)-one (6). Mp 61-63 °C (63-64 °C*%). 'TH NMR (500 MHz, CDCl3) & 1.28 (s, 3H), 1.46 (s,
3H), 1.50-1.58 (m, 1H), 1.78-1.84 (m, 1H), 2.17 (s, 3H), 2.18-2.22 (m, 1H), 2.28 (dd, J=16.9
and 11.6 Hz, 1H), 2.40-2.54 (m, 2H), 2.59 (dd, J=16.9 and 7.7 Hz, 1H). >*C NMR (125 MHz,

CDCl3) 6 21.9,23.2,27.4,30.1, 34.8,41.8, 45.1, 86.7, 175.2, 207.2.

To homoterpenyl methyl ketone 6 (1.5 g, 8.1 mmol) dissolved in a 0.93 M aqueous KOH
solution (30 mL), a 0.16 M aqueous KMnOy solution (150 mL) was (}é/\n/oH
added over 10 min. After removal of the brown precipitate by filtration, o)

o 7
2-(2,2-Dimethyl-5-

oxotetrahydrofuran-3-
yl)acetic acid

the aqueous mixture was acidified with a 10% aqueous H>SOj4 solution
and extracted with diethyl ether. The organic phase was dried over
NaySOq4, evaporated, and recrystallized (hexane/diethyl ether) to give
terpenylic acid 7 (1.0 g, 72%). 2-(2,2-Dimethyl-5-oxotetrahydrofuran-3-yl)acetic acid (7). Mp
89-91 °C (90 °C*). 'H NMR (500 MHz, CDCl3) § 1.30 (s, 3H), 1.48 (s, 3H), 2.38 (dd, J = 10.4
and 17.5 Hz, 1H), 2.40 (dd, J = 10.2 and 16.2 Hz, 1H), 2.56 (dd, J = 4.7 and 16.2 Hz, 1H),
2.67-2.74 (m, 1H), 2.86 (dd, J = 8.2 and 17.5 Hz, 1H). '3C NMR (125 MHz, CDCls) § 22.2,
27.3,34.4,35.1,41.3, 86.0, 175.3, 176.5.
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Synthesis of diaterpenylic acid acetate (DTAA) (12)

Procedure A >°
OAc
COOEt OH OAcC
[1] CHsMgBr Ac,0 - NMO in H,0, OsO,
[2] NH4C|, Hzo DMAP, pyridine Toluene
8 . HO  OH
10 1
(@]
)J\o OH RuCls, NalO,
HO o) ACN/CCl,/H,0
o)
12

A methyl magnesium bromide solution (6 mL, 3.0 M in diethyl ether) oH
was added dropwise to a solution of ethyl cyclopent-3-ene-1-carboxylate
(8) (0.76 g, 6 mmol) in diethyl ether (10 mL) at 0 °C. After the resulting

mixture was stirred for 2 h at 45 °C, a saturated NH4Cl aqueous solution 9

2-(Cyclopent-3-en-1-

(20 mL) was slowly added into the mixture. The reaction mixture was yl)propan-2-ol

extracted with ethyl acetate (3 times x 20 mL), dried oved Na>SOs, evaporated, and distilled
under reduced pressure to yield tertiary alcohol 9 (bp 79-81 °C/35 mmHg, 0.62 g, 81%). 2-
(Cyclopent-3-en-1-yl)propan-2-ol (9). "H NMR (500 MHz, CDCl3) § 1.19 (s, 6H), 1.46 (s, 1H),
2.22-2.29 (m, 2H), 2.34-2.42 (m, 3H), 5.66 (s, 2H). '*C NMR (125 MHz, CDCl;3) & 27.70,
34.11, 48.72, 72.28, 129.93.

4-Dimethylaminopyridine (DMAP) (0.06 g, 0.49 mmol) was added to a solution of tertiary
alcohol 9 (0.62 g, 4.9 mmol) in pyridine (20 mmol) and acetic anhydride OAc

(20 mmol), and then stirred overnight at room temperature. The excess

acetic anhydride was destroyed by the addition of methanol (5 mL) and 10

the mixture was neutralized by a 1 M aqueous HCI solution. The 2-(Cyclopent-3-en-1-

resulting mixture was extracted with diethyl ether (3 times x 20 mL) ypropan-2:yl acetate
and dried over Na>SO4. Removal of the solvent left behind a crude mixture, which was
separated by vacuum distillation to yield acetate 10 (0.62 g, 76%, bp 84-87 °C/20 mmHg). 2-
(Cyclopent-3-en-1-yl)propan-2-yl acetate (10). '"H NMR (500 MHz, CDCls) & 1.45 (s, 6H),

1.97 (s, 3H), 2.22-2.28 (m, 2H), 2.33-2.40 (m, 2H), 2.70-2.76 (m, 1H). 5.64-5.67 (m, 2H). 3C
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NMR (125 MHz, CDCL) 6 22.5, 23.6, 33.9, 47.4, 84.0, 129.8, 170.6.

To the stirred dispersion of acetate 10 (0.62 g, 3.7 mmol) in 20 mL

distilled water, mCPBA (0.71 g, 4.1 mmol) was slowly added over 10 o
min at 0 °C. After the reaction mixture was stirred for 30 min at room

temperature, a 10% aqueous H2SO4 solution (0.7 mL) was added to the HO  OH
mixture. Additional stirring of the mixture for 2 h at room temperature , (;14

was followed by adding solid NaOH until the mixture became limpid. Dihydroxycyclopentyl)
The mixture was quenched with a saturated aqueous NaCl solution (15 propan-2-yl acetate

mL) and extracted with dichloromethane (3 times x 30 mL). Drying the organic phase over
Na»S04and removal of the solvent gave diol 11 (0.49 g, 65%), which was used in the next step
without further purification. 2-(3,4-Dihydroxycyclopentyl)propan-2-yl acetate (11). 'H NMR
(500 MHz, CDCl3) 6 1.44 (s, 6H), 1.75-1.78 (m, 4H), 1.96 (s, 3H), 2.62 (q, J = 8.8 Hz, 1H),
3.15 (brs, 2H), 4.11-4.12 (m, 2H). *C NMR (125 MHz, CDCls) § 22.4, 23.8, 32.6, 45.6, 74.0,

83.5,170.8.

To a strongly stirred solution of diol 11 (0.69 g, 3.4 mmol) in o
acetonitrile/CCls/H20 (2:2:3, 40 mL), NalO4 (2.97 g, 13.9 mmol) was )J\o OH
added. The mixture was stirred for 10 min at room temperature. After HO o)
adding RuCl; * xH>0O (0.016 g, 0.075 mmol) to the mixture and stirring o 12

3-(2-Acetoxypropan-2-

for an additional 2 h at room temperature, the reaction mixture was yl)pentanedioic acid

diluted with water, extracted with dichloromethane (3 times x 40 mL), and dried over Na;SOa.
Removal of the solvent left behind a crude mixture, which was filtered through a short pad of
celite using diethyl ether. Purification by recrystallization (hexane/diethyl ether) gave DTAA
12 (0.55 g, 70%). 3-(2-Acetoxypropan-2-yl)pentanedioic acid (DTAA) (12). Mp 166-167 °C.
'H NMR (500 MHz, DMSO) § 1.38 (s, 6H), 1.88 (s, 3H), 2.13 (dd, J = 15.9 and 7.4 Hz, 2H),
2.37 (dd, J=15.9 and 5.6 Hz, 2H), 2.73-2.80 (m, 1H), 12.11 (br s, 2H). '*C NMR (125 MHz,
CDCl) 6 22.0, 23.0, 35.0, 40.5, 83.2, 169.5, 173.7.
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Procedure B’

COOEt OH OAc )J\
[1]1 CHzMgBr Ac,0 . Oxone, NaIO4
[2] NH,4CI, H,0 DMAP, pyridine ACN/HZO (1:3) (0]

8 9

10

To a stirred solution of acetate 10 (0.5 g, 3.0 mmol) in acetonitrile/H>,O

(0]
(1:3, 20 mL), oxone (1.84 g, 6 mmol) and sodium periodate (0.96 g, )J\ OH
o
4.5 mmol) were added. The reaction mixture was vigorously stirred for HO o)
24 h at room temperature. The mixture was filtered, extracted with 0

diethyl ether (20 mL x 3 times), and dried over Na;SO4. Evaporation of
3-(2-Acetoxypropan-2-
the solvent left behind a crude mixture, which was purified by Ylpentanedioic acid

recrystallization (hexane/diethyl ether) to give DTAA 12 (0.54 g, 77%).
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Synthesis of sodium (1R,2R,3S,5R)-2-hydroxy-2,6,6-trimethylbicyclo[3.1.1]heptan-3-yl
sulfate (15) 3!

OH OH
OH OSO;Na

0s04, NMO, pyridine SOj3-pyridine
(-)-OL-Pinene Hzo/t'BUoH DMF, NaHC:O3
13 14 15

To (-)-a-pinene 13 (1.36 g, 10 mmol) in a 50 mL round-bottom flask was added 4-
methylmorpholine-N-oxide (1.76 g, 15 mmol) and pyridine (0.78 mL) OH

in a mixture of water (3.1 mL) and +-BuOH (15.4 mL). After adding a

solution of OsO4 (0.34 mL, 2.5% in +~-BuOH) to the mixture, it was 14

heated for 48 h at reflux. Then, the mixture was quenched with a Tf': mRezt':y?l’li:ﬂlg[gﬁ
saturated aqueous solution of NaHSO3 (35 mL) and stirred for 30 min ]Jheptane-2,3-diol

at room temperature. The mixture was extracted with dichloromethane (3 times x 50 mL), dried
over NazS0Oys, and purified by column chromatography using hexane/ethyl acetate (1:8) to yield
diol 14 (1.46 g, 85%). (1R,2R,3S,5R)-2,6,6-Trimethylbicyclo[3.1.1]heptane-2,3-diol (14). Mp
55-56 °C (52-54 °C*%). 'TH NMR (500 MHz, CDCl3) & 0.94 (s, 3H), 1.27 (s, 3H), 1.31 (s, 3H),
1.37(d, J=10.4 Hz, 1H), 1.64 (ddd, J=2.2, 4.8 and 13.9 Hz, 1H), 1.91-1.94 (m, 1H), 2.01 (t,
J=5.8 Hz, 1H), 2.18-2.23 (m, 1H), 2.43-2.63 (m, 1H), 4.00 (dd, J=4.8 and 7.7 Hz, 1H).

To the dissolved solution of diol 14 (0.90 g, 5 mmol) in 0
dimethylformamide (5 mL) was added SO3-Py (0.80 g, 5 mmol). After

H
0SO;3Na

the mixture was stirred for 4 h at room temperature, NaHCO3 (0.84 g, 15

10 mmol) was added to the mixture. The resulting mixture was further  go4ium (1r,2R,35,5R)-
2-hydroxy-2,6,6-
trimethylbicyclo[3.1.1]
heptan-3-yl sulfate

stirred for 12 h at 50 °C. Removal of the solvent under reduced pressure
left behind a crude mixture that was purified by column
chromatography  using  gradient eluents (hexane/ethyl acetate = 2:1 to
dichloromethane/methanol = 15:1) to give organosulfate 15 (1.23 g, 90%) as a white solid.
Sodium (1R,2R,3S,5R)-2-hydroxy-2,6,6-trimethylbicyclo/3.1.1]heptan-3-yl sulfate (15). Mp
>300 °C. '"H NMR (500 MHz, CD30D) § 1.00 (s, 3H), 1.29 (s, 3H), 1.37 (s, 3H), 1.55 (d, J =
10.3 Hz, 1H), 1.87-1.96 (m, 3H), 2.16-2.21 (m, 1H), 2.51-2.56 (m, 1H), 4.74 (dd, J= 5.8 and
9.8 Hz, 1H). '*C NMR (125 MHz, CD30D) & 24.6, 28.4,29.2,30.1,36.7,39.5,41.8,55.4, 75.1,
77.5
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'H and ¥C NMR Spectra of Synthesized SOA Constituents

'H (500 MHz) and *C NMR (125 MHz) spectra were recorded on a Bruker Avance Digital
500 spectrometer using TMS as an internal standard in CDClz, MeOD, or DMSO-dk.
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Particle Transmission Efficiencies of Thermal Denuder

The particle size distribution and size-resolved particle transmission efficiencies at set
temperatures of 25 °C, 40 °C, 60 °C, and 100 °C with an effective RT of 60 s are demonstrated
in Figs. S1 (a) and (b). In general, no substantial change in sized-resolved particle number
concentration was perceived at aforementioned set temperatures. The particle transmission
efficiencies remained the same for particles larger than 25 nm, as large particles possess small
diffusivities. Regardless of the set temperature, particles smaller than 25 nm exhibited lower
transmission efficiencies than particles larger than 25 nm which might be due to diffusional
losses inside the heating section of thermal denuder. Similar observations were also noted in

other studies.!?> 14

The particle size distribution and transmission efficiency at the effective RTs of 60 s and
70 s and a set temperature of 100 °C are demonstrated in Figs. S1 (c¢) and (d). The particle size
distribution and sized-resolved transmission efficiency were nearly same at effective RTs of 60

sand 70 s.
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Fig. S1. For NaCl at set temperatures of 25°C, 40°C, 60°C, and 100°C and effective RT of 60
s, (a) particle size distribution and (b) size-resolved particle transmission efficiency.
Theoretical diffusional losses of particles at reference temperature of 25 °C is represented by
solid line. For NaCl at effective RTs of 60 s and 70 s and set temperature of 100°C, (c) particle
size distribution and (d) size-resolved particle transmission efficiency.
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