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1. NMR SPECTRA

> Entry 1: Reaction with phenol
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Figure S1. 'H-NMR (400 MHz, C3Ds0): 2.
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Figure S2. >*C-NMR (100 MHz, C3Ds0): 2.



> Entry 2: Reaction with 3-methylphenol
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Figure S3. 'H-NMR (400 MHz, C3D30): 3 and 4.



Figure S4. '"H-NMR (400 MHz, C3D30): 5.
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Figure S5. >*C-NMR (100 MHz, C3DsO): 5.
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> Entry 3: Reaction with 3-methoxyphenol

Figure S6. 'H-NMR (400 MHz, C3D30): 6 and 7.
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Figure S7. '"H-NMR (400 MHz, C3D30): 8.
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Figure S8. >*C-NMR (100 MHz, C3D30): 8.
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> Entry 4: Reaction with 3,5-dimethylphenol
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Figure S9. 'H-NMR (400 MHz, CDCI3): 9.
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Figure S10. >*C-NMR (100 MHz, CDCls): 9.
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Figure S11. 'H-NMR (400 MHz, C3DsO): 10.
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Figure S12. 3C-NMR (100 MHz, C3DsO0): 10.



> Entry 5: Reaction with 3,5-dimethoxyphenol:
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Figure S13. '"H-NMR (400 MHz, CDCls): 11.
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Figure S14. 3C-NMR (100 MHz, CDCL): 11.



> Entry 6: Reaction with 3,4,5-trimethylphenol
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Figure S15. 'H-NMR (400 MHz, CDCl3): 12.
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> Entry 7: Reaction with anisole:
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Figure S17. 'H NMR (400 MHz, CDCLs): 13 and 14.



> Entry 8: Reaction with 1,3-dimethoxybenzene:
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Figure S18. 'H NMR (400 MHz, CDCl): 15.
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Figure $19. 3C-NMR (100 MHz, CDCL): 15.
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Figure S20. 'H NMR (400 MHz, CDCL): 16.
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Figure S21. 3C-NMR (100 MHz, CDCL): 16.
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> Entry 9: Reaction with 1,3,5-trimethoxybenzene:
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Figure S22. 'H NMR (400 MHz, CDCls): 17.
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Figure $23. 3C-NMR (100 MHz, CDCL3): 17.
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> Entry 10: Reaction with 3,5-dimethylanisole
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Figure S24. 'H-NMR (400 MHz, CDCl3): 18.
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Figure S25. >*C-NMR (100 MHz, CDCI3): 18.
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Figure $26. 'H-NMR (400 MHz, CDCls): 19.
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Figure S27. 3C-NMR (1 01 MHz, CDCls): 19.

S28



S29

> Entry 11: Reaction with o-xylene:
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Figure S28. 'H-NMR (400 MHz, CDCl3): 20 and 21.



> Entry 12: Reaction with m-xylene
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Figure S29. 'H-NMR (400 MHz, CDCl3): 22 and 23.
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Figure S30. 'H-NMR (400 MHz, CDCl3): 24.
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> Entry 13: Reaction with p-xylene:

S33

CH,
|
C (dd) Fis) SNy ¢ o
7.3 24 I O
2\,/4 i i
A(s) B (d) £l |
10.2 7.6 1.6 I
D (d)
7.1
y
\ /
‘ | "/ ’j
l | J L 1 A A 1
| e e N | —
o MNOAOANOW—MN N LN 0 ™M
S cooo-NOoOOoOo O o
H Io O Hl H H 9 o o IO o T T Im m 'ql T T T
4 13 12 11 10 9 7 3 2 1 0 -1

6
f1 (ppm)

Figure S32. 'H-NMR (400 MHz, CDCI3): 25 and byproduct.
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> Entry 14: Reaction with mesytilene:
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Figure 33. '"H-NMR (400 MHz, CDCl3): 26.
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2. High performance liquid chromatography (HPLC): Reaction crudes

» Entry 1: Reaction with phenol

OH

on oH
@ TiCl,, Cl,CHOMe ©/CHO
— +
DCM, 0°C

CHO
1 2
HPLC crude:
T 1
1.40- S Peak Results
1 i»r RT Area Height [ % Area
1.207 1] 3.561 | 1693460 | 460914 18.03
1_00_: 20 4.112 ] 2059758 | 549150 21.93
- 3 4.901 | 4684350 | 1184416 | 49.87
- 0807 ™~ 4]4.997 | 339945 125615 3.62
< 1 -
1 © < 505.217] 301628 76126 3.21
0.60 0
N 615381 79967 17441 0.85
0.40-] | 705677 132241] 28518 1.41
N~
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—_—_— 00 B T I B S ——
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00
Minutes

tr=3.56 min = 4-hydroxybenzaldehyde (2); fr=4.11 min = phenol (starting material); fr = 4.90 min = 2-hydroxybenzaldehyde(1)

UV-Vis:
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1
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Entry 2: Reaction with 3-methylphenol

OH

OH OH OH
TiClg, Cl;,CHOMe CHO OHC
e —— + +
DCM, 0°C
CHO
3 4 5

HPLC crude:

Auto-Scaled Chromatogram

1.20
1.007
] B Peak Results
<
1 [T RT Area Height | % Area
0.80
1 1§4.153 | 1176217 | 332446 21.17
2 0.60- 2] 4.856 ] 309761 83759 5.57
g 3] 5.663 | 4016504 | 999563 72.28
0.407] T 415.803 54535 18759 0.98
i ©
w0
0.20 /\ <
] <~
| A —
0.00
0.00 1‘|00 2‘|00 3“00 4,60 5.60 6.60 7.50 &‘oo 9.60 10!00 11.00
Minutes

fr = 4.15 min >4-hydroxy-2-methylbenzaldehyde (5); fr = 4.86 min = 3-methylphenol (starting material);
R = 5.66 min 2 2-hydroxy-6-methylbenzaldehyde (3) + 2-hydroxy-4-methylbenzaldehyde (4).

UV-VIS:

Lo

T
052

34713684
\ !

S37



> Entry 3: Reaction with 3-methoxyphenol:

oH oH oH oH
@\ TiCl, CLCHOMe ©:CHO OHC\©\
- > + +
OMe  DCM.0°C OMe OMe OMe
6 7

CHO
8

HPLC crude:

Auto-Scaled Chromatogram

0.457] 1
] © Peak Results
0.40 N ,
] = RT Area [ Height | % Area
0-357 1]3.893] 537470 | 144042 22.73
0.30 204476 18474 s5139] o078
- 0.257 305.276 | 1317624 | 345437 55.73
<< ] o
0.207 2 o 45685 441893114506 | 18.69
1 o
0.157 = 506255 489s7| 13048] 2.07
0.10—; o
] © &
0.05 < ©
] <
O-O(T-f'.—‘—(\‘,..,(w‘,‘ ; 4 T — T T T
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00
Minutes

R = 3.89 min >4-hydroxy-2-methoxylbenzaldehyde (8); fr = 5.28 min = 2-hydroxy-4-methoxybenzaldehyde (7);

R = 5.69 min = 2-hydroxy-6-methoxybenzaldehyde (6).

UV-VIS:

MeBE 30782 57|
ANAEY YR

782

569
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> Entry 4: Reaction with 3,5-dimethylphenol:

OH OH OH
/@\ TiCls, Cl,CHOMe /@CZHO
— +
DCM, 0°C
CHO
9 10

HPLC crude:

Auto-Scaled Chromatogram

1.0
] ?, Peak Results
4 q
0.80 RT | Area | eight |Total Area | % Area
1 115.126| 397790| 100340 | 4740318| 8.39
0.50—‘
2 1 216.018| 97068 24379| 4740318| 2.05
Q.40
] o 316.908 | 4245460 | 1025602 | 4740318 | 89.56
0.20-: E g
] }L <
| PR PN 5
0.00 FANYA YAV A AR AY
O.OOI o l1,bol o I2.;)0I o 3|00 o I4.|00I o IS.{)O o '6,50' o I7.E)DI Y 9.|00I 1D.|0(5 I 111.|0

Minutes

fr = 5.13 min = 4-hydroxy-2,6-dimethylbenzaldehyde (10); #r = 6.02 min = 3,5-dimethylphenol (starting material);

R = 6.91 min - 2-hydroxy-4,6-dimethylbenzaldehyde (9).
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Entry 5: Reaction with 3,5-dimethoxyphenol:

OH OH

/@\ TiCl,, Cl,CHOMe /C[CHO
—_

MeO OMe DCM,0°C MeO OMe

HPLC crude:

3,5-dimethoxyphenol 1
(11% Area) (76% Area)

HPLC B* (X-Bridge, Cis, 5-100% ACN, t =11 min)
» Entry 6: Reaction with 3,4,5-trimethoxyphenol:

OH OH

TiCl, Cl,CHOMe CHO
_—
MeO' OMe DCM, 0°C MeO OMe
OMe OMe
12
HPLC crude:
g 12
0
(64% Area)

3,4,5-trimethoxyphenol
(25% Area)

* Impurities from the starting material. HPLC B* (X-Bridge, Cis, 5-100% ACN, t = 11 min).



> Entry 7: Reaction with anisole:

OMe

© TiCl,, CLCHOMe
e T
DCM, 0°C

OMe OMe

©/cn9 <>

13

CHO
14

HPLC Crude:

1.20 ~
b o
ol
- ©
1 00 & Peak Results
] RT Area Height | Total Area § % Area
0.80+ 1§6.027 § 5658166 § 1031218 | 11657276 | 48.54
] 2 6.275 | 5999110 § 1092305 § 11657276 | 51.46
2 o.so:
0.40
0.20
O e e e I e i B A B e e e e e ML AT A A B S e e e o (o S S S o o o o
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00
Minutes

R = 6.03 min - 2-methoxybenzaldehyde (13); rr = 6.28 min = 4-methoxybenzaldehyde (14).

UV-Vis:

o nm
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> Entry 8: Reaction with 1,3-dimethoxybenzene:

OMe OMe OMe
@\ TiCl,, Cl,CHOMe CECHO OHC\©\
_ > +
OMe  DCM,0°C OMe OMe
15 16

HPLC Crude:

0.80+ &
4 )
1 Peak Results
9607 RT Area | Height | Total Area | % Area
: 2 1]4.891 | 1372636 | 360319 | 4637288 | 29.60
2 0.40- b
J 2| 5.665 | 3264663 | B088BB4 | 4637288 | 70.40
0.20+
o.oo--'v———)‘/\-’— VAVANNENVANEVAY
o.mi T 0 I1'|°°l T 1 lz.looi T 7 Ialbl T 7 14'|°°I T ls.bl T 7 ‘e bl T 1 '7'&' T T la wl L lo.bi L ;o'm! T l11'|w
Minutes

R = 4.89 min = 2,6-dimethoxybenzaldehyde (15); tr = 5.67 min = 2,4-dimethoxybenzaldehyde (16)

UV-Vis:

19
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» Entry 9: Reaction with 1,3,5-trimethoxybenzene:

OMe OMe
/@\ TiCly, Cl,CHOMe /CECHO
—_—
MeO OMe DCM, 0°C MeO OMe
17
HPLC crude:

7.013

17

8.274

1,3,5-trimethoxybenzene
(38%)
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> Entry 10: Reaction with 3,5-dimethylanisole:

OMe OMe OMe
/@\ TiCly, Cl,CHOMe /@f“o
—_— +
DCM, 0°C
CHO
18 19

HPLC Crude:

0.25
Peak Results
0.204 | RT Area | Height | Total Area | % Area
] 1|4720| 357476 | 52476| 2355205| 15.18
2 °~‘°‘: 2| 5616 1997728 | 258041 | 2355205| 84.82
0.10-; g
p -
A
0.004 A RS B
000 100 200 200 400 500 800  7.00 800 900 1000  11.00

Minutes




> Entry 11: Reaction with o-xylene:

5)/ TiCl,, Cl,CHOMe
—_—
DCM, 0°C

O

CHO
20 21
HPLC crude:
1.80
] Peak Results ®
1.803 RT | Area | Height |Total Area | % Area ]
1.407 1/5.786| 58704 | 15613 | 12120859 | 0.48
1,207 2|6.716 | 10539993 | 1787971 | 12120859 | 86.96
1,004 3(8.053| 495773 | 105468 | 12120859 | 4.09
2 7
0.00] 4|8462| 46014 9468 | 12120859 | 0.38
] 5|9.044| 42163| 11751| 12120859 | 0.35
0.607
] 6(9.446| 111265 28894 | 12120859 | 0.92 ~
0.40 3 <« © %
] 7|9.747| 826948 | 133948 | 12120859 | 6.82 8 8 « ISs
0.207 : © ¢ 2 S
] IS }\ © o 9 }X
: A Je 1 § W .
0.00 A%y gAY PAYAVA7ANATAVAVA A
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
Minutes
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R = 6.72 min > Regioisomers mixture (20 and 21); /= = 8.05 min = Dimerzation products (HPLC-MS: observed = 223.26 m/z correspond to [M-OH]")

UV-Vis:
4z, 7 86
2 3
7.3 356.6

nm
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> Entry 12: Reaction with m-xylene:
OH
TiCl,, C,CHOMe CHO OHC .
(O T L
22 23 24

HPLC Crude:

3,00
] Peak Results
2'503 RT Area Height | Total Area | % Area 9
] 1/6.018 30741 7761 | 19431538 0.16
2.004
b 2/6.163 32390 7670 | 19431538 | 0.17
] 3| 6.801 | 15027 15572 | 19431 1.97
3 150 6.80 5927933 | 2915572 | 19431538 | 81.9
] 47558 20414 5766 | 19431538 |  0.11 o
] -
1.00] 5|8.011 99097 | 22879 | 19431538 |  0.51 g
] 68.319| 3320964 | 723869 | 19431538 | 17.09
0.501 o« T
] = 8 S
<o ~ ®
i E—" 11 L1 A
0.007 JAVA"aY N AR B
LI e e e L LA s e e e e e e
0.00 1.00 2.00 3.00 4.00 5.00 8.00 7.00 8.00 9.00 10.00 11.00
Minutes

tr = 6.801 min = Regioisomeric mixture (22 and 23), fr = 8.319 min > bis(2,4-dimethylphenyl)methanol (24) (HPLC-MS: observed 223.26 m/z
corresponding to [M-OH]")

UV-Vis:
189 680 T 832
256.7
1
P3 P6
67.3




> Entry 13: Reaction with p-xylene:

Ticl,, ClL,CHOMe
—_—
DCM, 0°C

25

<>/CHO

HPLC crude:
3.50 &
2.00] Peak Results g
1 RT Area Height | Total Area | % Area
2607 1]6.024| 186019 45093 | 16647296 | 1.12
2.004 2 6.907 | 15758280 | 3472436 | 16647296 | 94.66
2 38.174| 561480 | 126226 | 16647296 | 3.37
1.50
3 48.531| 141516 | 33784 | 16647296| 0.85
1.007
] <t
b -—
00, 8 el
] < ° 2
0.007 A A—a 5 ﬁ—r*—
—_ T 7
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
Minutes

R = 6.91 min = 2,5-dimethylbenzaldehyde (25), tr = 8.17 min = dimerization product (HPLC-MS: observed 223.26 m/z corresponding to [M-OH]")

UV-Vis:I

255.5

305.3

268.5

P3

339.9358.5

nm
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> Entry 14: Reaction with mesytilene:

/ij\ TiCl, Cl,CHOMe /5:[0%
_———
DCM, 0°C

26

HPLC crude (g30->100 t8 min):

3,004
] Peak Results
2.50- RT Area Height | Total Area | % Area
] 1]4.166| 450047 | 97212 17038073 2.69
2.007 2| 5.972 | 18577025 | 3118952 | 17036073 | 97.31
5 1
< 1.504
1.007
0.50- 3]
: 1 L
1 A
0.007 AV, AN AN
T TN ] L B ] Ty [ « T T ] LI I I l T T l L} L ] L] T ] « 0T ] Ty T l L
0.00 1.00 2.00 2.00 4.00 5.00 8.00 7.00 8.00 9.00 10.00 11.00
Minutes

R =4.17 min - No identified. fr = 5.97 min = 2,4,6-trimethylbenzaldehyde (26)

UV-Vis:

4.17

363.5381.6
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3. Resume tables of formylation reactions.

Table S1. Resume table of phenol formylation.

S49

Product it
Entry Compound Crude purity (% HPLC) r((; e uI_cIPIng; y Yield (%)
Phenols
OH
2-hydroxybenzaldehyde @(C“" 18.0 (g = 3.6 min)' — —
1 OH
0.8
4-hydroxybenzaldehyde © 49.9 (tr = 4.9 min)' >99 227
CHO
OH
OHC
2-hydroxy-4-methylbenzaldehyde \©\
on 72.3 (tx = 5.7 min)’ 98.8
5 2-hydroxy-6-methylbenzaldehyde @iCHO G- 1566 D
on [5.6]*
4-hydroxy-2-methylbenzaldehyde @\ 21.2 (tr = 4.2 min)’ >99
CHO




Table S1. Cont.
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Product it
Entry Compound Crude purity (% HPLC) r(‘; " “:Ipli‘g; Y Yield (%)
Phenols
OH
CHO o
6 6-hydroxy-2-methoxybenzaldehyde 22.7 (tr = 3.9 min) 19.9
OMe
OH
OHC .
3 7 2-hydroxy-4- methoxybenzaldehyde \©\ 55.7 (tx = 5.3 min) ! 77.2 61
OMe (1.3:3.7:1)
OH
8 4-hydroxy-2-methoxybenzaldehyde @\ 18.7 (tr = 5.7 min) ' 96.4
OMe
CHO
OH
9 2-hydroxy-4,6-dimethylbenzaldehyde /@C "o 89.9 (fr = 6.9 min) ! >99
4 OH 78
(5:1)
10 4-hydroxy-2,6- dimethylbenzaldehyde 8.2 (tr = 5.1 min) ' >99
CHO




Table S1. Cont.

Product purity

Entry Compound Crude purity (% HPLC) (% HPLC) Yield (%)
Phenols
OH
) CHO 4 63
11 6-hydroxy-2,4-dimethoxybenzaldehyde 77.8 (tr = 8.3 min) 99.3 (11.1)>
MeO OMe ]
5 OH
. 2.6 (tr = 6.2 min) *
4-hydroxy-2,6- dimethoxybenzaldehyde - - (tlfi 6.0 mill;n}) — _
CHO
OH
CHO 56
6 12 6-hydroxy-2,3,4-trimethoxybenzaldehyde 63.5 (tr = 8.1 min) * 96.8 )
MeO OMe (25.3)
OMe

'HPLC: G05->100 (X-Bridge, Cis, 8 min); ? starting material; > HPLC-MS: G05->100 (SunFire C;s, 8 min); * HPLC: G05-> 100 (X-Bridge, Cis, 11 min).
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Table S2. Resume table of methoxybenzene formylation.

Product it
Entry Compound Crude purity (% HPLC) r(‘f, " “:IP‘L“Cr; Y Yield (%)
Methoxybenzenes
OMe
CHO _ sy 1
13 2-methoxybenzaldehyde ©/ 48.5% (tr = 6.0 min) _
7 OMe 97
(1:1.1)
14 4-methoxybenzaldehyde 51.5% (tr = 6.3 min) ' —
CHO
OMe
. CHO O
15 2,6-dimethoxybenzaldehyde 29.6% (tr = 4.9 min) >99%
g OMe 79
OHC g (1 3)
16 2,4-dimethoxybenzaldehyde \©\ 70.4% (tr = 5.67 min) ' >99%
OMe
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Table S2. Cont.

Product it
Entry Compound Crude purity (% HPLC) r(‘; " “:IP‘L“Cr; Y Yield (%)
Methoxybenzenes
OMe
: cHo N 44
9 17 2,4,6-trimethoxybenzaldehyde 61.8% (tr = 7.0 min) 95.6% (38.2%) >
MeO OMe e
OMe
18 2-methoxy-4,6-dimethylbenzaldehyde cHo 83.8% (tr = 7.0 min) ' >99%
10 OMe 19
(3.5:1)
19 4-methoxy-2,6-dimethylbenzaldehyde 16.2% (tr = 6.7 min) ! >99%
CHO

'HPLC: G05->100 (X-Bridge, Cis, 8 min); 2 starting material; * HPLC: G05->100 (X-Bridge, Cis, 11 min).
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Table S3. Resume table of methylbenzene formylation.

Product purity

Entry Compound Crude purity (% HPLC) (% HPLC) Yield (%)
Methylbenzenes
20 2,3-dimethylbenzaldehyde @(
CHO 1 70
89.2% (tr =6.7 mi 99.49
% (2 =6.7 min) & (3.2:1)
21 3,4-dimethylbenzaldehyde
11 CHO
OH
- bis(2,3-dimethylphenyl)methanol — —
on 4.4% (tr =8.1 min) !
- bis(3,4-dimethylphenyl)methanol _ _
22 2,6-dimethylbenzaldehyde (5( "o 0
82.0% (tr =6.8 min) ' 98.9% (1:32)
2
12 23 2,4-dimethylbenzaldehyde O”Cb\ [0.5]
OH
24 bis(2,4-dimethylphenyl)methanol 17.1% (tr =8.3 min) ' 97.0% 9.9

S54



Table S3. Cont.

Product it
Entry Compound Crude purity (% HPLC) r(?, " “;Pi‘g; y Yield (%)
Methylbenzenes
CHO

25 2,5-dimethylbenzaldehyde 94.7% (tr = 6.9 min) ! —

13 OH 97
3.4% (tr = 8.2 min)'
- bis(2,5-dimethylphenyl)methanol O O (t::( 11{0‘5 rninm)lr;) _
96.7%

14 26 2.,4,6-trimethylbenzaldehyde /@C " ° — 96

(tr = 5.97 min) °

'HPLC: G05->100 (X-Bridge, Cis, 8 min); 2 starting material; > HPLC-MS: G05->100 (SunFire Cis, 8 min); > HPLC: G30->100 (X-Bridge, Cis, 8 min).
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