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General Experimental Considerations

All nonaqueous reactions were run under an inert atmosphere (argon) with flame-dried glassware using standard
techniques. Anhydrous solvents were obtained by filtration through drying columns (THF, diethyl ether, CH,Cl,).
Acetic acid, AgOAc and all palladium catalysts were purchased from Sigma Aldrich and used as provided.
Hexafluoroisopropanol and AgTFA were purchased from Fluorochem and used as provided. Commercial aldehydes
were used as provided or distilled over CaH,. The purity of the aldehyde had a significant effect on reaction yield.
All other commercial reagents were used as supplied or purified by standard techniques where necessary. Reactions
were performed in microwave vials sealed with Fisherbrand 20 mm aluminium, plain, centre hole, moulded septa
butyl, dark grey, 55° shore A, 3.0 mm caps.

Flash column chromatography was performed using 230-400 mesh silica with the indicated solvent system
according to standard techniques. Analytical thin-layer chromatography (TLC) was performed on precoated, glass-
backed silica gel plates. Visualisation of the developed chromatogram was performed by UV absorbance (254 nm),
aqueous potassium permanganate, p-anisaldehyde, phosphomolybdic acid or vanillin stains.

Infrared spectra (vmax, FTIR ATR) were recorded in reciprocal centimeters (cm™). Nuclear magnetic resonance
spectra were recorded on 400 MHz spectrometers. Chemical shifts for *H NMR spectra are recorded in parts per
million from tetramethylsilane with the solvent resonance as the internal standard (chloroform & = 7.27 ppm, acetic
acid 6 = 7.04 ppm or DMSO 6 = 2.50 ppm). Data is reported as follows: chemical shift [multiplicity (s = singlet, d =
doublet, t = triplet, q = quartet, hept = heptet, m = multiplet and b = broad), coupling constant in Hz, integration,
assignment]. 3C NMR spectra were recorded with complete proton decoupling. Chemical shifts are reported in
parts per million from tetramethylsilane with the solvent resonance as the internal standard (chloroform: 6 = 77.00
ppm, acetic acid 6 = 20.00 ppm or DMSO & = 39.52 ppm). *°*F NMR spectra were recorded with complete proton
decoupling. J values are reported in Hz. Assignments of *H/33C spectra were made by the analysis of 3/J values, and
COSY, HSQC, and HMBC experiments as appropriate. Melting points are uncorrected.
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Extended optimisation table for arylation of pivaldehyde with a transient directing group

Full optimisation process for the direct aldehyde arylation starting from the pre-formed imine 2a arylation
conditions (Table 1, entry 1). Variables considered were Ag salt, solvent, Pd catalyst, additives as well as loadings of
1a and catalyst and finally time and temperature. Most crucial was the change to AgTFA, use of HFIP as a co-solvent
and addition of a donor lignand, with DMSO being optimal. Final optimisations to achieve maximum vyield and
reproducibility resulted in a 0.5 M concentration and 130 °C reaction temperature.

yield 3a yield 3b  yield 3c total yield

entry catalyst Ag salt solvent additive

(%)° (%)° (%)° (%)°

1 Pd(OAc), AgOAc AcOH None Trace 0 0 Trace
2 Pd(OAc), AgsPO4 AcOH - 2 0 0 2
3 Pd(OAc), Ag2S04 AcOH - 2 0 0 2
4 Pd(OAc), AgTFA AcOH - 15 11 3 29
5 Pd(OAc), AgF AcOH - 2 0 0 2
6 Pd(OAc), AgTFA HFIP - 5 3 0 8
7 Pd(OAc), AgTFA DMSO - 0 0 0 0
8 Pd(OAc); AgTFA Toluene - 0 0 0 0
9 Pd(OAc), AgTFA DCE - 2 0 0 2
10 Pd(OAc); AgTFA tBUOH - 0 0 0 0
11 Pd(OAc), AgTFA TFA - 0 0 0 0
12 Pd(OAc), AgTFA PivOH - 11 6 2 19
13 Pd(OAc), AgTFA CH3CH,CO;H - 9 4 Trace 13
14 Pd(OAc); AgTFA TCA - 0 0 0 0
15 Pd(OAc); AgTFA Chloroacetic acid - 8 3 Trace 11

16 Pd(OAc) AgTFA CHOOH - Trace 0 0 Trace
17 Pd(OAc), AgTFA HFIP:ACOH (3:1) - 19 14 6 39
18 Pd(OAc), AgTFA HFIP:ACOH (1:1) - 20 13 3 36
19 Pd(OAc); AgTFA HFIP:ACOH (1:3) - 20 13 3 36
20 Pd(OAC), AgTFA DCE:ACOH (3:1) - 11 0 0 11

21 Pd(OAc), AgTFA 'BUOH:ACOH (3:1) - Trace 0 0 Trace
22 Pd(OAc), AgTFA Toluene:AcOH (3:1) - 17 5 3 25
23 Pd(OAc) AgTFA Toluene:AcOH (1:1) - 15 6 Trace 21
24 Pd(OAc) AgTFA Toluene:AcOH (1:3) - 18 5 Trace 23
20 Pd(OAc); AgTFA TFA:ACOH (1:9) - 15 13 3 31
21 Pd(OAc), AgTFA TFA:ACOH (1:3) - 20 13 1 34
22 Pd(OAc), AgTFA TFA:ACOH (1:1) - 14 4 0 18
23 PdCl, AgTFA HFIP:ACOH (1:1) - 19 13 4 36
24 Pd(OPiv), AgTFA HFIP:ACOH (1:1) - 23 17 7 47
25 Pd(TFA), AgTFA HFIP:AcOH (1:1) - 20 12 5 37
26 Pd(OPiv), AgTFA HFIP:ACOH (1:1) Mn(OAc), 20 11 4 35
27 Pd(OPiv), AgTFA HFIP:ACOH (1:1) PivOH 20 13 4 37
28 Pd(OPiv), AgTFA HFIP:ACOH (1:1) MesCOOH 23 13 4 40
29 Pd(OPiv), AgTFA HFIP:AcOH (1:1) H,0 18 12 5 35
30 Pd(OPiv), AgTFA HFIP:AcOH (1:1) DMSO 24 14 5 43
31 Pd(OPiv), AgTFA HFIP:AcOH (1:1) DMSQOP 22 15 4 41
32 Pd(OPiv), AgTFA HFIP:ACOH (1:1) Pyrrolidine 17 6 1 24
33 Pd(OPiv); AgTFA HFIP:AcOH (1:1) Benzoquinone¢ 0 0 0 0
344 Pd(OPiv), AgTFA HFIP:AcOH (1:1) - 15 11 5 31
35¢ Pd(OPiv), AgTFA HFIP:AcOH (1:1) - 22 15 8 45
36/ Pd(OPiv), AgTFA HFIP:ACOH (1:1) - 18 11 6 35
37¢9 Pd(OPiv), AgTFA HFIP:ACOH (1:1) - 22 18 8 46
38¢9 Pd(OPiv), AgTFA HFIP:AcOH (1:1) DMSO 28 18 9 55
39¢9 Pd(OPiv), AgTFA HFIP:AcOH (1:1) DMSO¢ 29 19 8 56
40e9 Pd(OPiv), AgTFA HFIP:AcOH (1:1) KFe 14 8 5 27
41¢9 Pd(OPiv), AgTFA HFIP:AcOH (1:1) LiCl¢ 21 12 6 39
42e9 Pd(OPiv), AgTFA HFIP:ACOH (1:1) DMAC 24 15 8 47
43e9 Pd(OPiv), AgTFA HFIP:AcOH (1:1) DMPU¢ 22 15 9 46
44¢9 Pd(OPiv), AgTFA HFIP:AcOH (1:1) H,0¢ 15 8 4 27
45¢9 Pd(OPiv), AgTFA HFIP:AcOH (1:1) DMF¢ 27 18 10 55
46egh Pd(OPiv), AgTFA HFIP:ACOH (1:1) DMSO¢ 29 22 10 61
47ghi Pd(OPiv), AgTFA HFIP:AcOH (1:1) DMSO¢ 28 20 9 57
484hi Pd(OPiv), AgTFA HFIP:AcOH (1:1) DMSO¢ 26 16 5 47

Table S2: Optimisation of direct aldehyde arylation. Conditions: pivaldehyde (0.20 mmol), N-tosylethylenediamine 1a (1 equiv), 4-iodoanisole (2.6 equiv), Pd
catalyst (10 mol%), Ag source (2 equiv), additive (30 mol%), solvent (0.3 M), 120 C, 24 h unless stated otherwise. @ Yields determined by *H NMR using 1,3,5-
trimethoxybenzene as an internal standard. ® 60 mol%. €1.0 equiv. ¢ 10 mol% Pd(OPiv), 0.50 equiv 1a. ¢ 5 mol% Pd(OPiv),, 0.50 equiv 1a. 2.5 mol% Pd(OPiv),,
0.25 equiv 1a.93 h."130 °C, 0.5 M.’ 5 mol% Pd(OPiv), 0.25 equiv 1a./5 mol% Pd(OPiv),, 0.10 equiv 1a.
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Reaction profile experiments

Reaction profile for pivaldehyde arylation with different loadings of 1a and catalyst

A reaction profile was constructed using discrete experiments with different reaction times to compare the reaction
progress at different loadings of 1a and catalyst (figure S1; a) 10 mol% Pd(OPiv);, 1 equiv 1a b) 5 mol% Pd(OPiv),,
0.5 equiv 1a). The decreased loadings (Fig S1b) gave an almost identical reaction profile.
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Figure S1: Reaction profiles at different loadings of directing group and catalyst. Conditions: pivaldehyde (0.20 mmol),
N-tosylethylenediamine 1a, 4-iodoanisole (2.6 equiv), Pd(OPiv)2, AgTFA (2 equiv), HFIP:AcOH (1:1, 0.3 M), 120 °C.

Reaction profile illustrating the effect of the DMSO additive

To observe the effect of the DMSO additive on the reaction, discrete reactions were carried out with different
reaction times, with and without the additive (figure S2). The study demonstrated that the additon of DMSO gave
both an enhancement in the yield of the desired arylated products, and also an increase in the quantitiy of
unreacted aryl iodide (despite the increased yield). This suggests the DMSO may play a role in the prevention of
unwanted side reactions involving the aryl iodide.
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Figure S2: Reaction profile with and without DMSO additive. Conditions: pivaldehyde (0.20 mmol),
N-tosylethylenediamine 1a (0.50 equiv), 4-iodoanisole (2.6 equiv), Pd(OAc)2 (5 mol%), AgOAc (2 equiv), DMSO (1.0 equiv),
HFIP:AcOH (1:1, 0.3 M), 120 °C.
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Effect of TFA equivalents on reaction yield

When using Pd(OAc), and AgOAc, therefore removing any TFA source from the reaction, there is a positive trend in
the total yield when the amount of TFA added as an additive is increased (Figure S3). This vaule reaches a maximum
at 2 equivalents, appearing to plateau at a 45% yield when 3 equivalents of TFA are used.
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Figure S3: Effect of TFA on reaction yield. Conditions: pivaldehyde (0.20 mmaol),
N-tosylethylenediamine 1a (0.50 equiv), 4-iodoanisole (2.6 equiv), Pd(OAc)2 (5 mol%), AgOAc (2 equiv), DMSO (1.0 equiv),
HFIP:AcOH (1:1, 0.3 M), 120 °C, 3 h.
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Imine formation and hydrolysis in AcOD-d,

Imine formation in AcOD-d.

From a 1:1 mixture of the free directing group 1a and pivaldehyde, the amount of imine formation was calculated
when the components were combined in AcOD-d..
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O H @ ® O H O

1a 2a

Pivaldehyde (16.6 uL, 0.15 mmol), directing group 1a (32.1 mg, 0.15 mmol), 1,3,5 trimethoxybenzene (9.0 mg, 0.054
mmol) and AcOD-d, (0.5 mL) were combined in a Young's NMR tube and the *H NMR was immediately recorded
(figure S4). 8% (0.012 mmol) of the components combined to form imine 2a, with small amounts of a hydrolysis

intermediate also present.
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Figure S4: 'H NMR of 1a and pivaldehyde mixture in AcOD-da.
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Imine formation in AcOD-d4:HFIP (1:1)
The amount of imine formed in the improved solvent system of HFIP:AcOD-d; was also calculated.

1a 2a
Pivaldehyde (16.6 uL, 0.15 mmol), 1a (32.1 mg, 0.15 mmol), 1,3,5 trimethoxybenzene (6.4 mg, 0.038 mmol) HFIP
(0.25 mL) and AcOD-d4 (0.25 mL) were combined in a Young‘’s NMR tube and the 'H NMR was immediately recorded

(figure S5). Imine 2a was observed in 22% (0.033 mmol) with small amounts of a hydrolysis intermediate also
present.
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Figure S5: 'H NMR of 1a and pivaldehyde mixture in HFIP:AcOD-dx (1:1).
yield 1a yield pivaldehyde yield intermediate yield imine 2a  total 1a containing
entry solvent (0.3 M) a a a a a
(%) (%) (%) (%) species (%)
1 AcOD 88 64 3 8 99
2 AcOD:HFIP (1:1) 83 62 1 22 106

Table S1: Yields of imine formation experiments. ?Yields determined by *H NMR using 1,3,5-trimethoxybenzene as an internal standard.
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Imine hydrolysis in AcOD-d,
To detect any possible hydrolysis of the imine in the arylation solvent system, the imine was combined with AcOD-d,

and observed by 'H NMR.
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Imine 2a (41.9 mg 0.15 mmol), 1,3,5 trimethoxybenzene (10.1 mg, 0.060 mmol) and AcOD-d, (0.5 mL) were
combined in a Young's NMR tube and the *H NMR was immediately recorded (figure S6). Of imine that was dissolved
at this stage (53%), 56% (0.045 mmol) remained as imine 2a, 15% (0.012 mmol) was the hydrolysis intermediate
and 29% (0.023 mmol) was free directing group 1a. Heating the sample enabled full dissolution of the imine

however the ratio of imine hydrolysis was unchanged.

~ MOO-ODDOLTO®D P| M—OWOI©O©WODO©TLYMNN OO O[T N <o

s Y OOOONMNT IR Y QOO NWN I T MM ANNNOK N SRR

Y ONNNNNNNNNN & IS0 000 0006000000 o [N - <=
NN RN

\ | S\ —_————— e\

1H NMR (400 MHz, AcOD-ds)

—
\
\
N

|
‘\
I Q ([
|
|

J o AR X o
b S & F86 S IR &' § D
o N O NN~ S NONWDO© -~ No o
o o SRR %) oo ~-o ~ o © "o

) T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0

ppm

Figure S6: 'H NMR of imine in AcOD-d..
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Experimental procedures and characterisation data

Preparation of directing groups (1a-k)

General Procedure A

The relevant sulfonyl chloride (1.0 equiv) was added portionwise over a period of 1 h to a stirred solution of
ethylenediamine (10 equiv) in CH,Cl; (0.1 M) at 0 °C. The solution was stirred at 0 °C for 0.5 h then warmed to 25 °C
and stirred for 18 h. The reaction mixture was diluted with CH,Cl; and extracted with 1 M aqueous HCl. The
combined aqueous extracts were basified to pH 10 with NaOH pellets and the product extracted with CH,Cl,. The
combined organic extracts were dried (MgSQ,), filtered and the solvent removed under reduced pressure to afford
the corresponding sulfonamides.

General Procedure B

tert-Butyl N-(2-aminoethyl)carbamate (1.0 equiv), the relevant carboxylic acid (1.0 equiv), EDC (2.5 equiv), HOBt
(1.5 equiv) and DIPEA (3.5 equiv) were combined in CH,Cl; (0.3 M) and the reaction was stirred at 25 °C for 20 h.
The reaction mixture was diluted with saturated aqueous NaHCOs and the product extracted with CH,Cl,. The
combined organic extracts were dried (MgS0,), filtered and solvent removed under reduced pressure. Purification
by flash chromatography (SiO,, EtOAc:pentane:MeOH) afforded the corresponding Boc intermediate which was
stirred in a (1:1) mixture of TFA and CH,Cl, (0.3 M) at 25 °C until the reaction was complete by TLC. The solvents
were removed under reduced pressure and the product was dissolved in diethyl ether and evaportated (x 3) to
remove traces of TFA and afford the corresponding TFA salts.

N-(2-Aminoethyl)-4-methylbenzene-1-sulfonamide (1a)

\©\//O
S

/7 \N/\/NHZ
O H

General procedure A was followed using tosyl chloride (2.06 g, 10.0 mmol) to afford sulfonamide 1a as a white solid
(6.35 g, 60%). Rr 0.28 (20% (1% NH3 in MeOH)/CH,Cl,), mp = 123-124 °C (lit = 122-123 °C)%. IR (film)/cm™ 3358,
3296, 2591 (br), 1592, 1311, 1298, 1148, 1095, 1054. *H NMR (400 MHz, CDCl3) & 7.77-7.75 (m, 2H, Ar-H), 7.33-
7.30 (m, 2H, Ar-H), 2.96 (dd, /= 6.5, 4.8 Hz, 2H, NHCH,), 2.79 (dd, /= 6.5, 4.8 Hz, 2H, NH,CH,), 2.43 (s, 3H, CHs), 1.79
(bs, 2H, NH,). 3C NMR (101 MHz, CDCls) & 143.4 (Ar-Co), 136.9 (Ar-Cy), 129.7 (2 x Ar-C), 127.1 (2 x Ar-C), 45.4
(NHCH>), 40.8 (NH,CH;), 21.5 (CH3). Spectroscopic data for this compound (*H NMR, IR)? and 3C NMR? is consistent
with that shown in the literature.

N-(2-Aminoethyl)benzenesulfonamide (1b)

(s
S

7 \N/\/NHZ
O H

General procedure A was followed using benzenesulfonyl chloride (1.27 mL, 10.0 mmol) to afford sulfonamide 1b
as an off-white solid (634 mg, 32%). Rf 0.23 (20% (1% NHs in MeOH)/CH,Cl,). mp = 90-91 °C. IR (film)/cm™ 3368 (w,
N-H), 3312 (w, N=H), 2931, 2844, 2598, 1596. 1495, 1454, 1436, 1316, 1298, 1261, 1149 (s), 1094, 1028. 'H NMR
(400 MHz, CDCl5) 6 7.88 (d, J = 7.3 Hz, 2H, Ph-H), 7.60-7.50 (m, 3H, Ph-H), 2.99-2.96 (m, 2H, CH,), 2.81-2.78 (m, 2H,
CH,), 2.60 (bs, 2H, NH,). **C NMR (101 MHz, CDCls) § 139.9 (Ph-Cg), 132.6 (Ph-C), 129.1 (2 x Ph-C), 127.0 (2 x Ph-C),
45.3 (CHy), 40.9 (CHz). HRMS (ESI) m/z Calcd. for CgH13N20,S [M+H]*: 201.0698; Found: 201.0697. Spectroscopic
data (*H NMR, 3C NMR, MS)* and (IR)* for this compound is consistent with that shown in the literature.
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N-(2-Aminoethyl)-4-methoxybenzene-1-sulfonamide (1c)

)
0
S

/
7 \N/\/NHZ
O H

General procedure A was followed using 4-methoxybenzenesulfonyl chloride (2.06 g, 10.0 mmol) to afford
sulfonamide 1c as a white solid (1.63 g, 71%). Rf 0.17 (20% (1% NH3 in MeOH)/CH,Cl,). mp = 98—-100 °C (lit = 90—
91 °C)°. IR (film)/cm™ 3368 (w, N-H), 3312 (w, N-H), 2933, 2844, 2585, 1596, 1579, 1495, 1454, 1435, 1298, 1261,
1148 (s), 1094, 1028. *H NMR (400 MHz, CDCl;) 6 7.84-7.79 (m, 2H, Ar-H), 7.01-6.96 (m, 2H, Ar-H), 3.88, (s, 3H,
OCHs), 2.95 (dd, J = 6.5, 4.8 Hz, 2H, CH,), 2.79 (dd, J = 6.5, 4.8 Hz, 2H, CH,), 1.53 (bs, 2H, NH,). *C NMR (101 MHz,
CDCls) & 162.8 (Ar-C), 131.5 (Ar-Cy), 129.2 (2 x Ar-C), 114.2 (2 x Ar-C), 55.6 (OCHs), 45.4 (CH.), 40.8 (CH,). HRMS
(ESI) m/z Calcd. for CsH1sN203S [M+H]*: 231.0803; Found: 231.0811. Spectroscopic data (*H NMR, *C NMR) for this
compound is consistent with that shown in the literature.’

N-(2-Aminoethyl)-4-(trifluoromethyl)benzene-1-sulfonamide (1d)

FsC
\©\ //()
S

/7 \N/\/NHZ
O H

General procedure A was followed using 4-(trifluoromethyl)benzene-1-sulfonyl chloride (2.45 g, 10.0 mmol) to
afford sulfonamide 1d as a white solid (2.11 g, 79%). R¢ 0.21 (20% (1% NHs in MeOH)/CH,Cl,). mp = 112-116 °C (lit
=103-105 °C)* IR (film)/cm™ 3371, 2970, 2637, 1738, 1606, 1402, 1365, 1325, 1217, 1153, 1127, 1100, 1062, 1043,
1016. *H NMR (400 MHz, CDCls) 6 8.02 (d, J = 8.2 Hz, 2H, Ar-H), 7.80 (d, J = 8.2 Hz, 2H, Ar-H), 3.01 (t, J = 5.6 Hz, 2H,
CH,), 2.83 (t, J = 5.6 Hz, 2H, CH,), 1.90 (bs, 2H, NH,). *C NMR (101 MHz, CDCls) 6 143.6 (Ar-Cy), 134.5 (q, Jer = 33.2
Hz, CF3Ar-Cq), 127.5 (2 x Ar-C), 126.4 (q, Jer = 3.7 Hz, 2 x Ar-C), 123.4 (q, Jer = 272.8 Hz, CF3), 45.2 (CHa), 40.7 (CH,).
1F NMR (377 MHz, CDCls) 6 —63.01 HRMS (ESI) m/z Calcd. for CgH1:N,0,SFs [M+H]*: 269.0572; Found: 269.0584.
Spectroscopic data (*H NMR, 3C NMR) for this compound is consistent with that shown in the literature.*

N-(2-Aminoethyl)-2,6-dichlorobenzene-1-sulfonamide (1e)

Cl

/7
//S\N/\/NH2
cl O H

General procedure A was followed using 2,6-dichlorobenzenesulfonyl chloride (980 mg, 4.00 mmol) to afford
sulfonamide 1e as a white solid (921 mg, 86%). R 0.34 (20% (1% NHs3 in MeOH)/CH,Cly). mp = 121-123 °C IR
(film)/cm™ 3371, 3312, 2936, 1736, 1594, 1560, 1424, 1330, 1292, 1160, 1096, 1047. *H NMR (400 MHz, CDCls) &
7.48 (d, J = 8.0 Hz, 2H, Ar-H), 7.35 (t, /= 8.0 Hz, 1H, Ar-H), 3.07-3.04 (m, 2H, CH), 2.85-2.83 (m, 2H, CH3), 2.39 (bs,
2H, NH,). 3C NMR (101 MHz, CDCls) 6 135.3 (Ar-Cg), 134.9 (2 x Ar-C,), 132.4 (Ar-C), 131.4 (2 x Ar-C), 45.5 (CH,), 40.8
(CH,). HRMS (ESI) m/z Calcd. for CsH11N,0,SCl, [M+H]*: 268.9918; Found: 268.9928.
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N-(2-Aminoethyl)-2,4,6-tris(propan-2-yl)benzene-1-sulfonamide (1f)

)
7/
O H

General procedure A was followed using 2,4,6-triisopropylbenzenesulfonyl chloride (7.58 g, 25.0 mmol) to afford
sulfonamide 1f as a white solid (257 mg, 3%). R¢0.35 (20% (1% NH3 in MeOH)/CHCl,). mp = 123-124 °C. IR (film)/cm"
13369, 2955, 1738, 1594, 1563, 1458, 1422, 1363, 1314, 1295, 1247, 1229, 1153, 1093, 1060. *H NMR (400 MHz,
CDCls) 6 7.17 (s, 2H, Ar-H), 5.02 (bs, 1H, NH), 4.18 (hept, J = 6.6 Hz, 2H, CH(CHs),), 3.01-2.98 (m, 2H, CH,), 2.96-9.87
(m, 1H, CH(CHs),), 2.86-2.84 (m, 2H, CH,), 1.27 (t, J = 6.6 Hz, 18H, CH(CHs),). 3C NMR (101 MHz, CDCls) & 152.6 (Ar-
Cq), 150.2 (2 x Ar-Cq), 132.2 (Ar-Cq), 123.8 (2 x Ar-C), 44.9 (CHy), 40.8 (CH,), 34.1 (CH(CHs),), 29.6 (2 x CH(CH3),), 24.9
(2 x CH(CHs)s), 23.6 (CH(CHs)2). HRMS (ESI) m/z Calcd. for C17H31N20,S [M+H]*: 327.2106; Found: 327.2100.

N-(2-Aminoethyl)butane-1-sulfonamide (1g)

General procedure A was followed using 1-butanesulfonyl chloride (1.94 mL, 15.0 mmol) to afford sulfonamide 1g
as a pale yellow wax (628 mg, 23%). Rf0.19 (20% (1% NHs in MeOH)/CH,Cl,). IR (film)/cm™ 3295, 2961, 2874, 1596,
1466, 1314, 1276, 1134, 921. *H NMR (400 MHz, CDCl3) 6 3.15-3.12 (m, 2H, CH,), 3.05-3.01 (m, 2H, CH,), 2.90-2.87
(m, 2H, CH,), 2.73 (bs, 2H, NH,), 1.83-1.75 (m, 2H, CH,), 1.50-1.41 (m, 2H, CH,), 0.95 (t, J = 7.4 Hz, 2H, CHs). 3C
NMR (101 MHz, CDCls) 6 52.3 (CH), 45.4 (CHz), 41.6 (CH2), 25.6 (CH.), 21.5 (CH,), 13.6 (CH3). HRMS (ESI) m/z Calcd.
for CeH17N,0,S [M+H]*: 181.1011; Found: 181.1018.

N-(2-Azaniumylethyl)benzamide trifluoroacetate (1h)

0 +
H F

General procedure B was followed using benzoic acid (1.46 g, 12.0 mmol) to afford the intermediate tert-butyl N-
[2-(phenylformamido)ethyl]carbamate S1 as a white solid (673 mg, 85%). Rt 0.26 (40% EtOAc/pentane). mp = 130-
131 °C. IR (film)/cm™ 3354, 3324, 2291, 2970, 2934, 1685, 1637, 1525 (s), 1447, 1387, 1327, 1277, 1234, 1166, 1151.
'H NMR (400 MHz, CDCls) 6 7.82 (d, J = 7.4 Hz, 2H, Ph-H), 7.51-7.47 (m, 1H, Ph-H), 7.44-7.40 (m, 2H, Ph-H), 7.21
(bs, 1H, NH), 5.05 (bs, 1H, NH) 3.58-3.54 (m, 2H, BocNHCH;), 3.41 (dd, J = 10.8, 5.7 Hz, 2H, CONHCH,), 1.43 (s, 9H,
C(CHs)s). 3C NMR (101 MHz, CDCls)  167.8 (C=0), 157.5 (C=0), 134.1 (Ph-C,), 131.4 (Ph-C), 128.5 (2 x Ph-C), 127.0
(2 x Ph-C), 80.0 (C(CH3s)3), 42.0 (BocNHCH), 39.9 (CONHCH.), 28.3 (C(CH3)s). Spectroscopic data (*H NMR, *C NMR,
IR) for this compound is consistent with that shown in the literature.® Boc deprotection of tert-butyl N-[2-
(phenylformamido)ethyllcarbamate S1 (2.59 g, 9.81 mmol) gave title salt 1h as an off-white solid (2.77 g, 100%).
mp = 130-131 °C. IR (film)/cm™ 3300, 3017, 1779 (w, C=0), 1669 (C=0), 1624, 1595, 1549, 1517, 1425, 1316, 1172
(s), 1158 (s), 1125 (s), 1036. *H NMR (400 MHz, DMSO) & 8.64 (t, J = 5.4 Hz, 1H, CONH), 8.00-7.73 (bm, 5H, NHs, 2
x Ph-H), 7.57-7.46 (m, 3H, Ph-H), 3.51 (q, J = 6.1 Hz, 2H, NHCH,), 3.03-2.96 (m, 2H, NH3CH,). *C NMR (101 MHz,
DMSO) 6 166.9 (C=0), 160.8 (C=0), 134.0 (Ph-C,), 131.4 (Ph-C), 128.3 (2 x Ph-C), 127.3 (2 x Ph-C), 38.7 (CH,), 37.1
(CH;). HRMS (ESI) m/z Calcd. for CoH13N,0 [M+H]*: 165.1028; Found: 165.1035.
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tert-Butyl N-[2-(2,2,2-trichloroacetamido)ethyl]lcarbamate (S2)

Trichloroacetyl chloride was added dropwise to a stirred solution of tert-butyl N-(2-aminoethyl)carbamate (316 pL,
2.00 mmol) and pyridine (163 uL, 2.20 mmol) in CH,Cl, (3.3 mL) at 0 °C. The reaction was allowed to warm to 25 °C
and was stirred for 1 h. The reaction mixture was concentrated under reduced pressure and the resulting residue
purified by column chromatography (silica, 30% EtOAc/Pentane) to afford amide S2 as a white solid (526 mg, 86%).
Rf 0.40 (30% EtOAc/pentane). mp = 145-146 °C. IR (film)/cm™ 3319, 2966, 2876, 1682 (C=0), 1579, 1516, 1434,
1367, 1310, 1275, 1233, 1159. *H NMR (400 MHz, CDCl3) § 7.95 (bs, 1H, NH), 4.91 (bs, 1H, NH), 3.49-3.45 (m, 2H,
CH3, BocNHCH?), 3.43-3.40 (m, 2H, CH2, CONHCH.), 1.45 (s, 9H, (C(CHs)s). 3C NMR (101 MHz, CDCl3) § 162.7 (C=0),
157.6 (C=0), 92.4 (CCls), 80.5 (C(CHs)3), 43.9 (BocNHCHy), 39.1 (CONHCH5,), 28.3 (C(CH3)3). HRMS (ESI) m/z Calcd. for
CoH14N,03Cl3 [M+H]*: 303.0070; Found: 303.0063.

N-(2-Azaniumylethyl)-2,2,2-trichloroacetamide trifluoroacetate (1i)

tert-Butyl N-[2-(2,2,2-trichloroacetamido)ethyl]carbamate S2 (475 mg, 1.56 mmol) was stirred in a mixture of TFA
(2.5 mL) and CH,Cl; (2.5 mL) at 25 °C for 18 h. The solvents were removed under reduced pressure and the resulting
gum dissolved in diethyl ether and evaporated (x3) to afford the title salt 1i as an off-white solid (425 mg, 85%). mp
= 124-126 °C. IR (film)/cm™ 3047 (br), 1698 (C=0), 1675 (C=0), 1536, 1444, 1230, 1202, 1179 (s), 1140 (s), 1092,
1029. 'H NMR (400 MHz, DMSO) § 9.14 (t, J = 5.2 Hz, 1H, NH), 7.91 (bs, 3H, NHs), 3.44 (dd, J = 12.5, 6.7 Hz, 2H, CH,),
2.96 (t, /= 6.7 Hz, 2H, CH,). 3C NMR (101 MHz, DMSO) 6§ 162.1 (C=0), 92.4 (CCl3), 38.6 (CH,), 37.6 (CH2). HRMS (ESI)
m/z Calcd. for C4HgN,OCls [M+H]*: 204.9702; Found: 204.9697.

N-(2-Azaniumylethyl)-2,6-difluorobenzamide trifluoroacetate (1j)

F (0] 0

.
NH3 - F
RIS
F
F

General procedure B was followed using 2,6-difluorobenzoic acid (1.90 g, 12.0 mmol) followed by recrystallisation
in EtOAc to afford the intermediate tert-butyl N-{2-[(2,6-difluorophenyl)formamido]ethyl}carbamate $3 as a white
solid (2.22 g, 62%). R¢ 0.26 (40% EtOAc/pentane). mp = 141 °C. IR (film)/cm™ 3306, 2977, 2927, 1696 (C=0), 1652
(C=0), 1626, 1534, 1467, 1367, 1324, 1286, 1235, 1156, 1022, 1004. 'H NMR (400 MHz, CDCl3) 6§ 7.36 (tt, /= 8.4, 6.4
Hz, 1H, Ar-H), 6.97-6.91 (m, 2H, Ar-H), 6.70 (bs, 1H, NH), 4.94 (bs, 1H, NH), 3.59 (dd, /= 11.2, 5.5 Hz, 2H, BocNHCH.),
3.40 (dd, J = 11.2, 5.5 Hz, 2H, CONHCH), 1.43 (s, 9H, C(CHs)3). *C NMR (101 MHz, CDCl3) § 161.2 (C=0), 160.0 (dd,
Jor = 252.6, 7.1 Hz, 2 x Ar-C4F), 131.6 (t, Jer = 10.2 Hz, FAr-C), 114.3 (Ar-C,), 112.0 (dd, Jer = 20.0, 5.1 Hz, 2 x FAr-C)
79.9 (C(CHs)3), 41.4 (BocNHCH,), 39.9 (CONHCH,), 28.3 (C(CHs)3) °F NMR (377 MHz, CDCls) § —112.2. HRMS (ESI)
m/z Calcd. for Ci4sH19N,0sF, [M+H]*: 301.1364; Found: 301.1368. Boc deprotection of tert-butyl N-{2-[(2,6-
difluorophenyl)formamido]ethyl}carbamate S3 (2.22 g, 7.40 mmol) gave the title salt 1j as an off-white solid (2.11
g, 94%). mp = 127-128 °C. IR (film)/cm™ 3259, 3083, 2672, 1679 (C=0), 1655, 1644, 1624, 1574, 1560, 1466, 1320,
1234, 1199 (s), 1178 (s), 1150 (s), 1132 (s), 1003. *H NMR (400 MHz, DMSO) & 8.90 (t, J = 5.4 Hz, 1H, NH), 7.94 (bs,
3H, NHs), 7.54 (tt, J = 8.4, 6.6 Hz, 1H, Ar-H), 7.25-7.16 (m, 2H, Ar-H), 3.48 (dd, /= 12.9, 7.0 Hz, 2H, NHCH,), 2.95 (bs,
2H, NHsCH). 3C NMR (101 MHz, DMSO) & 160.1 (C=0), 158.8 (dd, Jcr = 248.9, 7.0 Hz, 2 x Ar-C4F), 132.0 (t, Jor = 9.2
Hz, FAr-C), 114.8 (Ar-C,), 112.0 (dd, Jer = 19.7, 5.2 Hz, 2 x FAr-C), 38.0 (CH3), 36.9 (CH,). °F NMR (377 MHz, DMSO)
6-73.7,-113.7. HRMS (ESI) m/z Calcd. for CoH11N,OF, [M+H]*: 201.0839; Found: 201.0838.

F
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N-(2-Azaniumylethyl)-2,3,4,5,6-pentafluorobenzamide trifluoroacetate (1k)

F O
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N
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General procedure B was followed using pentafluorobenzoic acid (1.90 g, 8.90 mmol) followed by recrystallisation
in EtOAc to afford the intermediate tert-butyl N-{2-[(2,3,4,5,6-pentafluorophenyl)formamidolethyl}carbamate S4
as a white solid (1.12 g, 35%). R¢ 0.33 (40% EtOAc/pentane). mp = 141 °C. IR (film)/ecm™ 3351, 3304, 2950, 1688
(C=0), 1663 (C=0), 1520, 1483, 1448, 1335, 1283, 1237, 1173, 1120. *H NMR (400 MHz, CDCls) § 7.18 (bs, 1H, NH),
4.95 (bs, 1H, NH), 3.60-3.56 (m, 2H, BocNHCH,), 3.40 (dd, J = 11.2, 5.9 Hz, 2H, CONHCH.), 1.43 (s, 9H, C(CHs)3). 3C
NMR (101 MHz, CDCl3) § 157.8 (C=0), 157.5 (C=0), 80.4 (C(CHs)3), 42.5 (BocNHCH>), 39.6 (CONHCH5), 28.2 (C(CHs)s).
Ar-C signals not observed due to complex coupling. *F NMR (377 MHz, CDCls) & —140.42 to —140.56 (m, 2F),
—151.08 (t, J = 20.5 Hz), —160.31 (td, J = 21.2, 6.2 Hz, 2F). HRMS (ESI) m/z Calcd. for C14H1¢N203Fs [M+H]*: 355.1081;
Found: 355.1082. Boc deprotection of tert-butyl N-{2-[(2,3,4,5,6-pentafluorophenyl)formamido]ethyl}carbamate
S4(1.12 g, 3.16 mmol) gave the title salt 1k as an off-white solid (1.09 g, 87%). mp = 162—-165 °C. IR (film)/cm™ 3320,
2966, 2906, 2861, 2819, 1670, 1644, 1579, 1546, 1457, 1357, 1303, 1204, 1179, 1115. *H NMR (400 MHz, DMSO) &
9.20 (t, J=5.3 Hz, 1H, NH), 7.96 (bs, 3H, NH3), 3.51 (dd, /= 12.8, 6.7 Hz, 2H, NHCH.), 2.97 (t, / = 6.9 Hz, 2H, NH3CH,).
13C NMR (101 MHz, DMSO) § 157.2 (C=0), 37.9 (CH>), 37.1 (CH,). Ar-C signals not observed due to complex coupling.
F NMR (377 MHz, DMSO) 6 -73.9, -141.5 (dd, J = 23.1, 5.9 Hz, 2F), -152.65 (t, J = 22.0 Hz), —161.26 to —161.72 (m,
2H). HRMS (ESI) m/z Calcd. for CsHgN,OFs [M+H]*: 255.0557; Found: 255.0550.

N-(2-Aminopropyl)-4-methylbenzenesulfonamide (1a-Me)

NH,
/,
o ”/\(

Tosyl chloride (2.06 g, 10.0 mmol) was added portionwise over a period of 1 h to a stirred solution of propane-1,2-
diamine (8.5 mL, 100 mmol) in CH,Cl; (0.1 M) at 0 °C. The solution was stirred at 0 °C for 0.5 h then warmed to 25 °C
and stirred for 18 h. The reaction mixture was diluted with CH,Cl, and extracted with 1 M aqueous HCI. The
combined aqueous extracts were basified to pH 10 with NaOH pellets and the product extracted with CH,Cl,. The
combined organic extracts were dried (MgSQ.), filtered and the solvent removed under reduced pressure to afford
the sulfonamide 1a-Me as a white solid (2.02 g, 92%). Rs 0.34 (20% (1% NH; in MeOH)/CH,Cl,), mp = 93-96 °C. IR
(film)/cm™ 2701, 1739, 1597, 1323, 1278, 1149, 1070, 1089. *H NMR (400 MHz, CDCl3) 6 7.75 (d, J = 8.2 Hz, 2H, Ar-
H), 7.32 (d, J = 8.1 Hz, 2H, Ar-H), 3.00-2.93 (m, 2H, CH,), 2.72-2.51 (m, 1H, CH(CH3)), 2.44 (s, 3H, Ar-CHs), 1.43 (bs,
2H, NH.), 1.04 (t, J = 5.5 Hz, 3H, CHs). 3C NMR (101 MHz, CDCls) 6 143.3 (Ar-Cy), 136.9 (Ar-Cy), 129.7 (Ar-C), 127.0
(Ar-C), 50.4 (CH(CH3)), 46.2 (CH,), 21.8 (CH3), 21.5 (Ar-CHs). HRMS (ESI) m/z Calcd. for C10H17NO,S [M+H]*: 229.1011;
Found: 229.1022.
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Preparation of imines (2a-n)

General Procedure C

Pivaldehyde (1 equiv) was added to a stirred suspension of amine (1 equiv) and magnesium sulfate (2 equiv) in
CH,Cl; (0.3 M) and the reaction was stirred at 25 °C overnight. The reaction mixture was filtered through a bed of
Celite, concentrated under reduced pressure and dissolved in either diethyl ether or toluene and evaporated to
afford the corresponding imines.

General Procedure D

Pivaldehyde (1 equiv) was added to a stirred suspension of amine salt (1 equiv), triethylamine (1.5 equiv) and
magnesium sulfate (2 equiv) in CH,Cl; (0.3 M) and the reaction was stirred at 25 °C overnight. The reaction mixture
was filtered through a bed of Celite and diluted with CH,Cl,. An equal volume of a 1:1 mixture of saturated aqueous
NaHCO; and distilled water was added and the product extracted with CH,Cl,, dried (MgSQ,), filtered and
concentrated under reduced pressure to afford the corresponding imines.

N-{2-[(E)-(2,2-Dimethylpropylidene)amino]ethyl}-4-methylbenzene-1-sulfonamide (2a)

General procedure C was followed using N-(2-aminoethyl)-4-methylbenzene-1-sulfonamide 1a (535 mg, 2.50
mmol) to afford imine 2a as a white solid (712 mg, 100%) as a mixture of major and minor stereocisomers (3.5:1).
NMR data quoted for the major isomer only. mp = 66—67 °C. IR (film)/cm™ 3286, 2959, 2867, 1665, 1598, 1454,
1400, 1326, 1305, 1156 (s), 1091. *H NMR (400 MHz, CDCls) & 7.77-7.74 (m, 2H, Ar-H), 7.49 (s, 1H, N=CH), 7.34—
7.30 (m, 2H, Ar-H), 4.75 (t, J = 5.6 Hz, 1H, NH), 3.40 (t, J = 5.6 Hz, 2H, CH=NCH.), 3.20-3.13 (m, 2H, NHCH), 2.44 (s,
3H, Ar-CHs), 1.03 (s, 9H, C(CHs)3). *C NMR (101 MHz, CDCls) & 174.7 (CH=N), 143.4 (Ar-C,), 137.1 (Ar-C,), 129.7 (2 x
Ar-C), 127.1 (2 x Ar-C), 59.2 (CH=NCH.), 43.8 (NHCH,), 36.3 (C(CHs)s) 26.8 (C(CHs)s), 21.5 (Ar-CHs). HRMS (ESI) m/z
Calcd. for C14H23N,0,S [M+H]*: 283.1480; Found: 283.1474.

N-{2-[(E)-(2,2-Dimethylpropylidene)amino]ethyl}benzenesulfonamide (2b)

@S//O %

gN "
General procedure C was followed using N-(2-aminoethyl)-benzenesulfonamide 1b (300 mg, 1.50 mmol) to afford
imine 2b as a yellow oil (312 mg, 78%) as a mixture of major and minor stereoisomers (7.3:1). NMR data quoted for
the major isomer only. IR (film)/cm™3301, 2958, 2867, 1738, 1665, 1477, 1446, 1364, 1324, 1217, 1156, 1091. H
NMR (400 MHz, CDCl3) 6 7.89-7.86 (m, 2H, Ph-H), 7.64—7.50 (m, 3H, Ph-H), 7.48 (t, /= 1.2 Hz, 1H, N=CH), 4.88 (bs,
1H, NH), 3.40 (td, J = 5.7, 1.1 Hz, 2H, CH=NCH,), 3.20-3.17 (m, 2H, NHCH,), 1.02 (s, 9H, C(CHs)s). 3C NMR (101 MHz,
CDCl;3) 6 174.8 (CH=N), 140.0 (Ar-Cg), 132.6 (Ar-C), 129.1 (2 x Ar-C), 127.0 (2 x Ar-C), 59.1 (CH=NCH), 43.8 (NHCH,),
36.3 (C(CHs)3), 26.8 (C(CHs)3). HRMS (ESI) m/z Calcd. for C13H20N20,S [M+H]*: 269.1318; Found: 269.1309.
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N-{2-[(E)-(2,2-Dimethylpropylidene)amino]ethyl}-4-methoxybenzene-1-sulfonamide (2c)
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General procedure C was followed using N-(2-aminoethyl)-4-methoxybenzene-1-sulfonamide 1c (345 mg, 1.50
mmol) to afford imine 2c as an off-white solid (349 mg, 78%) as a mixture of major and minor stereoisomers (6.1:1).
NMR data quoted for the major isomer only. mp = 7679 °C. IR (film)/cm™ 3370, 3312, 2956, 2868, 1737, 1665,
1596, 1579, 1498, 1461, 1413, 1327, 1302, 1257, 1151 (s), 1092, 1024. *H NMR (400 MHz, CDCls) § 7.82-7.79 (m,
2H, Ar-H), 7.49 (t, J = 1.2 Hz, 1H, N=CH), 7.00—6.96 (m, 2H, Ar-H), 4.79 (bs, 1H, NH), 3.87 (s, 3H, OCHs), 3.41-3.38
(m, 2H, CH=NCH.), 3.18-3.11 (m, 2H, NHCH.), 1.02 (s, 9H, C(CHs)s). 3C NMR (101 MHz, CDCls) 6 174.8 (CH=N), 162.8
(Ar-Cg), 129.7 (Ar-Cg), 129.2 (2 x Ar-C), 114.2 (2 x Ar-C), 59.2 (CH=NCH,), 55.6 (OCH3), 43.7 (NHCH), 36.3 (C(CHs)s),
26.8 (C(CHs)s). HRMS (ESI) m/z Calcd. for C14H2:N,0,S [M+H]*: 299.1424; Found: 299.1422

N-{2-[(E)-(2,2-Dimethylpropylidene)amino]ethyl}-4-(trifluoromethyl)benzene-1-sulfonamide (2d)
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General procedure C was followed using N-(2-aminoethyl)-4-(trifluoromethyl)benzene-1-sulfonamide 1d (500 mg,
1.87 mmol) to afford imine 2d as a white solid (612 mg, 98%) as a mixture of major and minor stereoisomers
(10.1:1). NMR data quoted for the major isomer only. mp = 87-89 °C. IR (film)/cm™ 3075, 2969, 2867, 1738, 1666,
1474, 1457, 1404, 1358, 1333, 1319, 1294, 1229, 1217, 1169, 1138, 1092, 1061, 1018. NMR data quoted for the
major isomer only. *H NMR (400 MHz, CDCl3) 6 8.01 (d, J = 8.2 Hz, 2H, Ar.H), 7.80 (t, J = 8.2 Hz, 2H, Ar-H), 7.51 (t, J
=1.2 Hz, 1H, N=CH), 4.98 (s, 1H, NH), 3.42 (td, J = 5.6, 1.2 Hz, 2H, CH=NCH), 3.24-3.17 (m, 2H, NHCH>), 1.02 (s, 9H,
C(CHs)3). 3C NMR (101 MHz, CDCls) & 175.0 (CH=N), 143.7 (Ar-Cg), 134.5 (q, Jcr = 33.1 Hz, Ar-C,), 127.6 (2 x Ar-C),
126.3 (9, Jcr = 3.7 Hz, 2 x Ar-C), 123.4 (q, Jcr = 272.7 Hz, CF3), 59.0 (CH,), 43.9 (CH>), 36.4 (C(CHs)3), 26.7 (C(CHs)s). °F
NMR (377 MHz, CDCI3) & —=63.1. HRMS (ESI) m/z Calcd. for C14H1sN20,F3S [M+H]*: 335.1034; Found: 335.1041.

2,6-Dichloro-N-{2-[(E)-(2,2-dimethylpropylidene)amino]ethyl}benzene-1-sulfonamide (2e)

cl O H

General procedure C was followed using N-(2-aminoethyl)-2,6-dichlorobenzene-1-sulfonamide 1e (404 mg, 1.50
mmol), to afford imine 2e as an off-white solid (405 mg, 80%) as a mixture of major and minor stereoisomers (8.1:1).
NMR data quoted for the major isomer only. mp = 70-71 °C. IR (film)/cm™ 3295, 2955, 2862, 1738, 1669, 1569,
1558, 1471, 1424, 1397, 1359, 1334, 1216, 1938, 1172, 1082, 1042, 1038. *H NMR (400 MHz, CDCl3) & 7.54 (t, J =
1.2 Hz, 1H, N=CH), 7.49-7.47 (m, 2H, Ar-H), 7.37-7.33 (m, 1H, Ar-H), 5.79, (bs, 1H, NH), 3.45 (td, J = 5.6, 1.1 Hz, 2H,
CH=NCH,), 3.26-3.23 (m, 2H, NHCH), 1.05 (s, 9H, C(CHs)3). *C NMR (101 MHz, CDCls) & 174.9 (CH=N), 135.3 (Ar-
Cq), 134.9 (2 x Ar-Cq) 132.3 (Ar-C), 131.4 (2 x Ar-C), 58.8 (CH=NCH-), 44.0 (NHCH,), 36.4 (C(CHs)s), 26.8 (C(CHs)s).
HRMS (ESI) m/z Calcd. for Ci13H16N20,SCl, [M+H]*: 337.0544; Found: 337.0550.
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N-{2-[(E)-(2,2-Dimethylpropylidene)amino]ethyl}-2,4,6-tris(propan-2-yl)benzene-1-sulfonamide (2f)

0]
7/
)\%NN%
O H

General procedure C was followed using N-(2-aminoethyl)-2,4,6-tris(propan-2-yl)benzene-1-sulfonamide 1f (230
mg, 0.71 mmol) to afford imine 2f as a white solid (270 mg, 97%) as a single sterecisomer. mp = 88-91 °C. IR
(film)/cm™ 3316, 2959, 2868, 1738, 1665, 1601, 1462, 1425, 1405, 1380, 1361, 1318, 1255, 1229, 1216, 1153, 1097,
1058, 1039. 'H NMR (400 MHz, CDCl3) § 7.58 (t, J = 1.2 Hz, 1H, N=CH), 7.17 (s, 2H, Ar-H), 4.77 (t, J = 6.2 Hz, 1H, NH),
4.21-4.11 (m, 2H, CH(CH3s)2), 3.48 (td, J = 5.6, 1.1 Hz, 2H, CH=NCH,), 3.19-3.15 (m, 3H, NHCH,), 2.96-2.85 (m, 2H,
CH(CHs),), 1.27 (t, J = 6.9 Hz, 18H, CH(CHs),), 1.04 (s, 9H, C(CHs)s). 3C NMR (101 MHz, CDCls) § 174.7 (CH=N), 152.6
(Ar-Cg), 150.2 (3 x Ar-Cq), 123.8 (2 x Ar—C), 59.5 (CH=NCH.), 43.4 (NHCH.), 36.4 (C(CHs)s3), 34.1 (CH(CH3)2), 29.6 (2 x
CH(CH3)3), 26.8 (C(CHs)s), 24.9 (2 x CH(CHs)2), 23.6 (CH(CHs)2). HRMS (ESI) m/z Calcd. for Cz;H37N202S [M+H]*:
393.2576; Found: 393.2570.

N-{2-[(E)-(2,2-Dimethylpropylidene)amino]ethyl}butane-1-sulfonamide (2g)

O
ok

H

General procedure C was followed using N-(2-aminoethyl)butane-1-sulfonamide 1g (400 mg, 2.22 mmol) to afford
imine 2g as a yellow oil (457 mg, 83%) as a mixture of major and minor stereoisomers (19:1). NMR data quoted for
the major isomer only. IR (film)/cm™ 3294, 2960, 2873, 1666, 1458, 1363, 1321, 1140 (s), 1096. *H NMR (400 MHz,
CDCl3) & 7.61 (t, J = 1.2 Hz, 1H, N=CH), 4.59 (bs, 1H, NH), 3.51 (td, J = 5.7, 1.2 Hz, 2H, CH=NCH.), 3.33-2.29 (m, 2H
NHCH,), 3.05-3.01 (m, 2H, CH,), 1.83-1.75 (m, 2H, CH,), 1.50-1.41 (m, 2H, CH>), 1.06 (s, 9H, C(CHs)3), 0.95 (t,/=7.4
Hz, 3H, CHs). *C NMR (101 MHz, CDCls) & 174.9 (CH=N), 60.0 (CH,), 52.3 (CH,), 43.9 (CH,), 36.4 (C(CHs)s), 26.8
(C(CH3)3), 25.6 (CH3), 21.5 (CHy), 13.6 (CH3). HRMS (ESI) m/z Calcd. for Ci1H24N205S [M+H]*: 249.1631; Found:
249.1629.

N-{2-[(E)-(2,2-Dimethylpropylidene)amino]ethyl}benzamide (2h)

Lk

H

General procedure D was followed using N-(2-azaniumylethyl)benzamide trifluoroacetate 1h (566 mg, 2.00 mmol)
to afford imine 2h as an off-white solid (404 mg, 87%) as a mixture of major and minor stereoisomers (7.3:1). NMR
data quoted for the major isomer only. mp = 82-84 °C IR (film)/cm™ 3319, 2966, 2907, 2861, 2819, 1671, 1644,
1602, 1579, 1547, 1457, 1358, 1303, 1260, 1205, 1115, 1020. *H NMR (400 MHz, CDCls) 6 7.78-7.75 (m, 2H, Ph-H),
7.60 (t, J = 1.2 Hz, 1H, N=CH), 7.52-7.48 (m, 1H, Ph-H), 7.45-7.41 (m, 2H, Ph-H), 6.53 (bs, 1H, NH), 3.71-3.66 (m,
2H, NHCH.), 3.59 (t, J = 5.8 Hz, 2H, CH=NCH,), 1.07 (s, 9H, C(CHs)s). 3*C NMR (101 MHz, CDCl5) 6§ 174.3 (CH=N), 167.3
(C=0), 134.7 (Ph-C,), 131.4 (Ph-C), 128.5 (2 x Ph-C), 126.8 (2 x Ph-C), 59.7 (CH=NCH,), 40.6 (NHCH>), 36.3 (C(CHs)s),
26.9 (C(CHs)3). HRMS (ESI) m/z Calcd. for C14H2:1N,O [M+H]*: 233.1654; Found:. 233.1648.
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2,2,2-Trichloro-N-{2-[(E)-(2,2-dimethylpropylidene)amino]ethyl}acetamide (2i)

L nk
o Syns
Cl H

General procedure D was followed using N-(2-azaniumylethyl)-2,2,2-trichloroacetamide trifluoroacetate 1i (383
mg, 1.20 mmol) to afford imine 2i as an orange gum (328 mg, 100%) as a mixture of major and minor stereoisomers
(7.3:1). NMR data quoted for the major isomer only. IR (film)/ecm™ 3311, 2961, 2862, 1693 (C=0), 1661, 1521, 1474,
1439, 1359, 1264, 1203, 1120. *H NMR (400 MHz, CDCl3) 6 7.61 (t, J = 1.2 Hz, 1H, N=CH), 7.12 (bs, 1H, NH), 3.64—
3.59 (m, 2H, NHCH.), 3.57-3.54 (m, 2H, CH=NCH,), 1.08 (s, 9H, C(CHs)s). 3C NMR (101 MHz, CDCls) § 174.9 (CH=N),
161.8 (C=0), 58.5 (CH=NCH.), 41.7 (NHCH>), 36.4 (C(CH3)s), 26.8 (C(CHs)s). HRMS (ESI) m/z Calcd. for CoH16NOCl3
[M+H]*: 273.0328; Found: 273.0323.

N-{2-[(E)-(2,2-Dimethylpropylidene)amino]ethyl}-2,6-difluorobenzamide (2j)

Lk
N/\/N\

H
F

General procedure D was followed using N-(2-azaniumylethyl)-2,6-difluorobenzamide trifluoroacetate 1j (453 mg,
1.50 mmol) to afford imine 2j as a pale yellow solid (157 mg, 40%) as a mixture of major and minor stereocisomers
(4.3:1). NMR data quoted for the major isomer only. mp = 65-70 °C. IR (film)/cm™ 3267, 3097, 2959, 2867, 1650 (s,
C=0), 1625 (s), 1592, 1564, 1465 (s), 1437, 1360, 1312, 1272, 1234, 1114, 1004 (s). *H NMR (400 MHz, CDCls) & 7.62
(s, 1H, N=CH), 7.36 (tt, J = 8.5, 6.3 Hz, 1H, Ar-H), 6.97-6.91 (m, 2H, Ar-H), 6.27 (bs, 1H, NH), 3.73-7.68 (m, 2H,
NHCH.), 3.60-3.57 (m, 2H, CH=NCH), 1.06 (s, 9H, C(CHs)3). *C NMR (101 MHz, CDCl5) 6 174.6 (CH=N), 160.3 (dd, Jcr
=253.0, 6.9 Hz, (2 x Ar-C4F), 160.3 (C=0), 131.6 (t, Jce = 10.4 Hz, FAr-C), 112.0 (m, 2 x FAr-C), 59.6 (CH=NCH,), 40.6
(NHCH,), 36.3 (C(CHs)3), 26.8 (C(CHs)s). °F NMR (377 MHz, CDCl3) § —112.2. HRMS (ESI) m/z Calcd. for C14H19N,OF,
[M+H]*: 269.1465; Found: 269.1470.

N-{2-[(E)-(2,2-Dimethylpropylidene)amino]ethyl}-2,3,4,5,6-pentafluorobenzamide (2k)

General procedure D was followed using N-(2-azaniumylethyl)-2,3,4,5,6-pentafluorobenzamide trifluoroacetate 1k
(552 mg, 1.50 mmol) to afford imine 2k as a pale yellow solid (291 mg, 60%) as a mixture of major and minor
stereoisomers (7.3:1). NMR data quoted for the major isomer only. mp = 74-75 °C. IR (film)/cm™ 3289, 2964, 1738
(w), 1653 (s, C=0), 1555, 1520, 1359, 1331, 1269, 1114, 1066, 1047. *H NMR (400 MHz, CDCl5) § 7.63 (t, J = 1.1 Hz,
1H, N=CH), 6.39 (bs, 1H, NH), 3.71-3.67 (m, 2H, NHCH>), 3.59-3.56 (m, 2H, CH=NCH,), 1.07 (s, 9H, C(CHs)3). ®°C NMR
(101 MHz, CDCl3) & 174.7 (CH=N), 157.3 (C=0), 59.1 (CH=NCH,), 41.1 (NHCH,), 36.3 (C(CHs)3), 26.8 (C(CHs)s), Ar-C
signals not observed due to complex coupling. °F NMR (377 MHz, CDCl3) § —140.4 to —140.6 (m), —=150.7 to —150.8
(m), —156.0 to —160.1 (m). HRMS (ESI) m/z Calcd. for C14H16N,OFs [M+H]*: 323.1183; Found: 323.1182.
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tert-Butyl N-{2-[(E)-(2,2-dimethylpropylidene)amino]ethyl}carbamate (2I)

>‘\Oj\,\,/\/NQ<
H

General procedure C was followed using N-Boc-ethylenediamine 1l (636 mg, 4.00 mmol) to afford imine 2l as a
yellow oil (913 mg, 100%) as a mixture of major and minor stereoisomers (10.1:1). NMR data quoted for the major
isomer only. IR (film)/cm™ 3344, 2964, 1694 (C=0), 1667, 1512, 1477, 1453, 1364, 1268, 1249, 1167, 1117. *H NMR
(400 MHz, CDCl5) 6 7.53 (t,J = 1.1 Hz, 1H, N=CH), 4.74 (bs, 1H, NH), 3.45 (t, J = 5.7 Hz, 2H, CH=NCH), 3.34-3.30 (m,
2H, NHCH>), 1.43 (s, 9H, C(CHs)s3 (Boc)), 1.06 (s, 9H, N=CHC(CH3;);). 3C NMR (101 MHz, CDCls) & 174.1 (CH=N), 155.8
(C=0), 79.1 (C(CHs)3 (Boc)), 60.3 (CH=NCH,), 41.2 (NHCH,), 36.2 (C(CHs)s), 28.6 (C(CHs)s), 26.8 (C(CHs)3). HRMS (ESI)
m/z Calcd. for C12H25N20, [M+H]*: 229.1916; Found: 229.1922.

(E)-2,2-Dimethyl-N-(4-phenylbutyl)propan-1-imine (2m)

General procedure C was followed using 4-phenylbutan-1-amine 1m (474 pL, 3.00 mmol) to afford imine 2m as a
yellow oil (699 mg, 100%) as a single stereoisomer. IR (film)/cm™ 3027, 2932, 2861, 2863, 1667, 1496, 1453, 1363.
'H NMR (400 MHz, CDCls) § 7.50 (t, J = 1.2 Hz, 1H. N=CH), 7.30-7.26 (m, 2H, Ph-H), 7.20-7.16 (m, 3H, Ph-H), 3.38
(td, J = 6.9, 1.1 Hz, 2H CH=NCH.), 2.63 (t, J = 6.9 Hz, 2H, NHCH.), 1.65-1.60 (m, 4H, 2 x CH,), 1.07 (s, 9H, C(CHs)s).
3CNMR (101 MHz, CDCl3) 6§ 171.9 (CH=N), 142.6 (Ph-Cg), 128.4 (2 x Ph-C), 128.2 (2 x Ph-C), 125.6 (Ph-C), 61.1 (CH>),
35.9 (CH,), 35.6 (C(CHs)s), 30.4 (CH2), 28.9 (CH3), 26.9 (C(CHs)s). HRMS (pNSI) m/z Calcd. for CisHaaN [M+H]*:
218.1903; Found: 218.1904.

(E)-N-Benzyl-2,2-dimethylpropan-1-imine (2n)

rn K

General procedure C was followed using benzylamine 1n (327 uL mg, 3.00 mmol) to afford imine 2n as a colourless
amourphous solid (578 mg, 100%) as a single stereoisomer. IR (film)/cm™ 2959, 2866, 2815, 1665, 1453, 1363. H
NMR (400 MHz, CDCl3) § 7.66 (t, J = 1.3 Hz, 1H, N=CH), 7.35-7.31 (m, 2H, Ph-H), 7.26-7.23 (m, 3H, Ph-H), 4.59 (s,
2H,CH,), 1.13 (s, 9H, C(CHs)3). 3C NMR (101 MHz, CDCls) § 173.4 (CH=N), 139.7 (Ph-C,), 128.3 (2 x Ph-C), 127.6 (2 x
Ph-C), 126.7 (Ph-C), 64.5 (CH>), 36.3 (C(CHs)s) 26.9 (C(CHs)s). Spectroscopic data for this compound (*H NMR, 3C
NMR) is consistent with that shown in the literature.’
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C(sp®)—H arylation of imines

X 4-lodoanisole
Pd(OAc),
klN AgOAC QA
K’< AcOH Ar
120 °C, 24 h Ar

General Precedure E

Imine (0.40 mmol), 1-iodo-4-methoxybenzene (243 mg, 1.04 mmol), palladium acetate (9.0 mg, 10 mol%), silver
acetate (133 mg, 0.80 mmol) and acetic acid (1.3 mL) were combined in a flame dried microwave vial. The vial was
purged with argon, sealed and heated to 120 °C for 24 h. The reaction was allowed to cool to room temperature,
dissolved in CH,Cl,, filtered through a short plug of silica, washed with CH,Cl; and concentrated under reduced
pressure. Yields of the arylated aldehyde products were calculated by *H NMR using gem-dimethyl (mono: 1.05
ppm), methyl (di: 0.97 ppm) and methylene (tri: 2.85 ppm) signals in comparison to a known amount of 1,3,5-
trimethoxybenzene as an internal standard.

Directing group selection

Selection of the directing group to use for examination of the reaction scope considered both the yield of 3, giving
priority to monoarylation product 3a, as well as the presence of side products as shown by increased complexity in
the 'H NMR spectrum. For example, in the imine arylation reactions, sulfonamide directing groups gave marginally
lower yields of 3 than the amide directing groups, however, they gave a considerably less complex aldehyde region
by 'H NMR and better selectivity of the monoarylated product (figure S7).
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Figure S7: Aldehyde regions of imine arylation crude *H NMR using A) N-{2-[(E)-(2,2-dimethylpropylidene)amino]ethyl}-4-
methylbenzene-1-sulfonamide (2a) and B) 2,2,2-trichloro-N-{2-[(E)-(2,2-dimethylpropylidene)amino]ethyl}acetamide (2i).
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Preparation of aldehydes (55-522)
Preparation of aldehydes (57, $10, S13)

0] General 0 General General 0
procedure F procedure G procedure H |
OEt — OEt — OH ——m—
R-I R R>h R
R = nHex S5 R = nHex S6 R = nHex S7
R = nOct S8 R = nOct S9 R = nOct S10
R = nDec S$11 R = nDec S12 R = nDec S13

General Procedure F

Based on conditions developed by Shi.® n-Butyllithium (2.76 mL, 2.28 M in hexanes) was added dropwise to a stirred
solution of freshly distilled diisopropylamine (883 pL, 6.30 mmol) in THF (6 mL) at -78 °C. The reaction was warmed
to 0 °C and stirred for 30 min. The prepared LDA was then cooled to -78 °C and ethyl isobutyrate (806 uL, 6.00
mmol) was added dropwise and the reaction stirred at -78 °C for 1 h. The iodoalkane (6.18 mmol, 1.03 equiv) was
added dropwise and the reaction stirred at room temperature overnight. The reaction was poured into ice water
and extracted with diethyl ether (3 x 15 mL), the combined organic extracts were washed with brine, dried (MgSQ,),
filtered and concentrated under reduced pressure. Purification by flash chromatography (SiO,, diethyl
ether/pentane) afforded the corresponding alkylated ester.

General Procedure G

DIBAL (5.25 mL, 1 M in hexane) was added dropwise to a stirred solution of ester (2.50 mmol) in CH,Cl; (2.8 mL).
The reaction was warmed to 0 °C and stirred overnight. The reaction was quenched by addition of MeOH (1.25 mL),
diluted with brine and filted through Celite, the aqueous phase was extracted with Diethyl ether (3 x 15 mL), dried
(Mgs0,), fitered and concentrated under reduced pressure. Purification by flash chromatography (SiO,, Diethyl
ether/pentane) affored the corresponding alcohol.

General Procedure H

Dess-Martin periodane (1.2 equiv) was added to a stirred solution of alcohol (1 equiv) in CH,Cl, (0.2 M) at 25 °C and
the reaction was stirred for 1 h. The reaction was quenched by addition of aqueous sodium thiosulfate (10% w/v)
and the crude product extracted with CH,Cl,. The combined organic extracts were dried (MgSQ,), filted and
concentrated under reduced pressure. Purification by flash chromatography (SiO», Diethyl ether/pentane) affored
the corresponding aldehyde.

Ethyl 2,2-dimethyloctanoate (S5)

O

WOEt

General procedure F was followed using 1-iodohexane (912 uL, 6.18 mmol) to afford alkylated ester S5 as a
colourless oil (1.07 g, 89%). R¢0.63 (10% diethyl ether/pentane). IR (film)/cm™ 2930, 2859, 1728 (s, C=0), 1472,
1176, 1144, 1029.*H NMR (400 MHz, CDCls) § 4.12 (q, J = 7.1 Hz, 2H, OCH,), 1.52-1.48 (m, 2H, CH,), 1.32-1.18 (m,
11H, 4 x CH, + CH3), 1.16 (s, 6H, C(CHs),), 0.88 (t, J = 6.8 Hz, 3H, CH3). 3C NMR (101 MHz, CDCl3) 6 178.2 (C=0), 60.1
(OCH>), 42.2 (C(CH3)2), 40.8 (CH,), 31.7 (CH3), 29.8 (CH,), 25.1 (C(CHs),), 24.8 (CH3), 22.6 (CH,), 14.2 (CH3), 14.1 (CHs).
HRMS (pNSI) m/z Calcd. For Ci2H50; [M+H]*: 201.1849; Found: 201.1849. Spectroscopic data for this compound
(*H NMR) is consistent with that shown in the literature.®
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2,2-Dimethyloctan-1-ol (S6)
\/\/\>‘/\OH

General procedure G was followed using ethyl 2,2-dimethyloctanoate S5 (501 mg, 2.50 mmol) to afford alcohol S6
as a colourless oil (233 mg, 59%). R;0.15 (20% diethyl ether/pentane). IR (film)/cm™ 3323 (br, OH), 2858, 2927,
2858, 1468, 1363, 1041. 'H NMR (400 MHz, CDCls) & 3.32 (s, 2H, CH,), 1.34-1.20 (m, 11H, 5 x CH + OH), 0.91-0.87
(m, 9H, 3 x CH3). *C NMR (101 MHz, CDCl3) & 72.1 (OCH,), 38.7 (CH,), 35.0 (C(CHs)2), 31.9 (CH,), 30.3 (CH,), 23.83
(C(CHs)2), 23.81 (CH3), 22.7 (CH,), 14.1 (CHs). Spectroscopic data for this compound (*H NMR) is consistent with that
shown in the literature.®

2,2-Dimethyloctanal (S7)

(@)

NP
General procedure H was followed using ethyl 2,2-dimethyloctanol $6 (223 mg, 1.41 mmol) to afford aldehyde S7
as a colourless oil (177 mg, 79%). R¢0.50 (5% diethyl ether/pentane). IR (film)/cm™ 2959, 2929, 2858, 2690, 1726 (s,
C=0), 1468. *H NMR (400 MHz, CDCls) 6 9.45 (s, 1H, CHO), 1.48-1.44 (m, 2H, CH3), 1.33-1.15 (m, 8H, 4 x CH,), 1.05
(s, 6H, C(CH3),), 0.92—0.84 (t, J = 6.8 Hz, 3H, CH3). 3C NMR (101 MHz, CDCls) 6 206.6 (C=0), 45.8 (C(CH3),), 37.3 (CH>),
31.6 (CH2), 29.9 (CH,), 24.2 (CH,), 22.6 (CH,), 21.3 (C(CHs),), 14.0 (CHs). HRMS (ASAP(SOLID)) m/z Calcd. For C1oH210

[M+H]*: 157.1592; Found: 157.1587. Spectroscopic data for this compound (*H NMR) is consistent with that shown
in the literature.®

Ethyl 2,2-dimethyldecanoate (S8)

O

\/\/\/\>HJ\OE"

General procedure F was followed using 1-iodooctane (1.12 mL, 6.18 mmol) to afford alkylated ester S8 as a
colourless oil (846 mg, 62%). R¢0.63 (10% diethyl ether/pentane). IR (film)/cm™ 2925, 2855, 1729 (s, C=0), 1469,
1174, 1143, 1028. *H NMR (400 MHz, CDCl3) § 4.12 (q, J = 7.1 Hz, 2H, OCH,), 1.52—1.48 (m, 2H, CH,), 1.34-1.17 (m,
15H, 6 x CH, + CHs), 1.16 (s, 6H, C(CHs),), 0.88 (t, J = 6.9 Hz, 3H, CHs). 3C NMR (101 MHz, CDCls) 6 178.2 (C=0), 60.1
(OCH,), 42.2 (C(CHs)s), 40.8 (CHa), 31.9 (CHs), 30.1 (CH,), 29.4 (CH,), 29.3 (CH,), 25.1 (C(CHs)a), 24.9 (CH,), 22.7 (CH,),
14.2 (CHs), 14.1 (CHs). HRMS (ESI) m/z Calcd. For C1aH260, [M+H]*: 229.2168; Found: 229.2177.

2,2-Dimethyldecan-1-ol (S9)

MCH

General procedure G was followed using ethyl 2,2-dimethyldecanoate S8 (580 mg, 2.50 mmol) to afford alcohol S9
as a colourless oil (361 mg, 78%). R¢0.22 (20% diethyl ether/pentane). IR (film)/cm™ 3358 (br, OH), 1738, 1467,
1363, 1038. 'H NMR (400 MHz, CDCls) & 3.32 (s, 2H, OCH,), 1.42 (bs, 1H, OH), 1.33-1.20 (m, 14H, 7 x CH,), 0.91—-
0.87 (m, 9H, 3 x CHs). 3C NMR (101 MHz, CDCl3) 6 72.1 (OCH,), 38.7 (CH,), 35.0 (C(CHs)2), 31.9 (CH,), 30.6 (CH>),
29.6 (CH,), 29.3 (CH>), 23.9 (CH,), 23.8 (C(CHs),), 22.7 (CH,), 14.1 (CHs). HRMS (ASAP(DCM)) m/z Calcd. For Ci2H;50
[M-H]": 185.1905; Found: 185.1901.
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2,2-Dimethyldecanal (S10)

0

NP
General procedure H was followed using ethyl 2,2-dimethyldecanol S9 (254 mg, 1.41 mmol) to afford aldehyde $10
as a colourless oil (209 mg, 81%). R{0.41 (5% diethyl ether/pentane). IR (film)/cm™ 2958, 2926, 2855, 1727, 1467.
'H NMR (400 MHz, CDCl3) 6 9.45 (s, 1H, CHO), 1.47-1.43 (m, 2H, CH,), 1.30-1.20 (m, 12H, 6 x CH,), 1.04 (s, 6H,
C(CHs),), 0.88 (t, J = 6.9 Hz, 3H, CHs). 13C NMR (101 MHz, CDCI3) & 206.6 (C=0), 45.8 (C(CHs)2), 37.4 (CH.), 31.8
(CH3), 30.2 (CH2), 29.4 (CH,), 29.2 (CH,), 24.3 (CH,), 22.6 (CH,), 21.3 (C(CHs)2), 14.1 (CHs). HRMS (ASAP(SOLID)) m/z

Caled. For CiHasO [M+H]*: 185.1905; Found: 185.1903. Spectroscopic data for this compound (*H NMR) is
consistent with that shown in the literature.X

Ethyl 2,2-dimethyldodecanoate (S11)

0]

\/\/\/\/\>HJ\O Et

General procedure F was followed using 1-iododecane (1.32 mL, 6.18 mmol) to afford alkylated ester S11 as a
colourless oil (945 mg, 61%). Rs0.15 (Pentane). IR (film)/cm™ 2924, 2854, 1729 (s, C=0), 1467, 1173, 1142, 1028. *H
NMR (400 MHz, CDCls) 6 4.12 (q, / = 7.1 Hz, 2H, OCH,), 1.52-1.48 (m, 2H, CH,), 1.30-1.20 (m, 19H, 8 x CH; + CH3),
1.16 (s, 6H C(CHs)2), 0.89 (t, J = 6.9 Hz, 3H, CH3). 3C NMR (101 MHz, CDCls) § 178.2 (C=0), 60.1 (OCH,), 42.2 (C(CH)2),
40.8 (CH3), 31.9 (CH3), 30.1 (CHy), 29.6 (2 x CH3), 29.5 (CH3), 29.3 (CH,), 25.1 (C(CHs),), 24.9 (CH,), 22.7 (CH,), 14.2
(CHs), 14.1 (CHs). HRMS (pNSI) m/z Calcd. for C16H330, [M+H]*: 257.2475; Found: 257.2478.

2,2-Dimethyldodecan-1-ol (S12)

\/\/\/\/\>‘/\OH

General procedure G was followed using ethyl 2,2-dimethyldodecanoate S11 (641 mg, 2.50 mmol) to afford alcohol
$12 as a colourless oil (447 mg, 83%). Rf0.31 (20% diethyl ether/pentane). IR (film)/cm™ 3358 (br, OH), 2955, 2923
(s), 2853, 1738, 1467, 1364, 1037. *H NMR (400 MHz, CDCl3) 6 3.32 (s, 2H, CH,), 1.32-1.20 (m, 19H, 9 x CH3 + OH),
0.90-0.87 (m, 9H, 3 x CHs). 3C NMR (101 MHz, CDCl5) & 72.1 (OCH,), 38.7 (CH>), 35.0 (C(CHs)2), 31.9 (CH>), 30.6
(CH,), 29.7 (CH3), 29.6 (2 x CH,), 29.3 (CH,), 23.9 (CH3), 23.8 (C(CHs),), 22.7 (CH3), 14.1 (CHs). HRMS (ASAP(DCM))
m/z Calcd. For C14H290 [M-H]: 213.2218; Found: 213.2214.

2,2-Dimethyldodecanal (S13)

0

PPN
General procedure H was followed using ethyl 2,2-dimethyldodecanol $12 (302 mg, 1.41 mmol) to afford aldehyde
$13 as a colourless oil (193 mg, 64%). R¢0.47 (5% diethyl ether/pentane). IR (film)/cm™ 2924, 2854, 1728 (s, C=0),
1467, 1365, 1217. *H NMR (400 MHz, CDCls) & 9.45 (s, 1H, CHO), 1.47-1.43 (m, 2H, CH,), 1.30-1.20 (m, 18H, 9 x
CH,), 1.04 (s, 6H, C(CHs)2), 0.89 (t, J = 6.9 Hz, 3H, CH3). **C NMR (101 MHz, CDCls) & 206.6 (C=0), 45.8 (C(CHs),), 37.4

(CH.), 31.9 (CH3), 30.2 (CH3), 29.6 (2 x CH,), 29.5 (CHy), 29.3 (CH3), 24.3 (CH,), 22.7 (CHy), 21.3 (C(CHs),), 14.1 (CHs).
HRMS (ASAP(SOLID)) m/z Calcd. For C14H200 [M+H]*: 213.2218; Found: 213.2218.



S. St John-Campbell, A. J. P. White and J. A. Bull S24
Preparation of aldehydes (515, $17, S19, $22)

S15 S17 S$19 S22
3-(Benzyloxy)-2,2-dimethylpropan-1-ol (S14)

Sodium hydride (400 mg, 10.0 mmol, as a 60% dispersion in mineral oil) was slowly added to a solution of 2,2-
dimethylpropane-1,3-diol (1.04 g, 10.0 mmol) in THF (35 mL) at O °C. After 10 minutes at 0 °C benzyl bromide (950
pL, 8.00 mmol) was added dropwise and the reaction was stirred at 25 °C over the weekend. The reaction was
guenched by addition of saturated aqueous ammonium chloride solution (35 mL) and the aqueous layer was
extracted with CH,Cl, (3 x 35 mL). The combined organic layers were dried (MgSQ,), filtered and solvent removed
under reduced pressure. Purification by flash chromatography (25% EtOAc/pentane) afforded benzylated alcohol
S14 as a pale yellow oil (1.07 g, 69%). Rf 0.42 (25% EtOAc/pentane). IR (film)/cm™ 3399 (br, OH), 2955, 2869, 1453,
1360, 1094, 1044. *H NMR (400 MHz, CDCls) & 7.40-7.28 (m, 5H, Ar-H), 4.53 (s, 2H, OCH,), 3.47 (d, J = 5.8 Hz, 2H,
CH;0H), 3.34 (s, 2H, OCH,), 2.69 (t, J = 5.8 Hz, 1H, OH), 0.95 (s, 6H, C(CH3),). **C NMR (101 MHz, CDCl;) 6 138.1 (Ph-
Cq), 128.4 (2 x Ph-C), 127.6 (Ph-C), 127.4 (2 x Ph-C), 79.3 (CH,), 73.5 (CH2), 71.6 (CH.), 36.2 (C(CHs),), 21.8 (C(CH3),).
Spectroscopic data for this compound (*HNMR),!* (33C NMR)*? and (IR)*? is consistent with that shown in the
literature.

3-(Benzyloxy)-2,2-dimethylpropanal (S15)

General procedure G was followed using 3-(benzyloxy)-2,2-dimethylpropan-1-ol $14 (365 mg, 1.88 mmol) to afford
aldehyde S15 as a colourless oil (292 mg, 81%). Rf 0.46 (10% EtOAc/pentane). IR (film)/cm™ 2971, 2931, 1726 (m,
C=0), 1454, 1245, 1095, 1012. *H NMR (400 MHz, CDCls) 6 9.58 (s, 1H, CHO), 7.38-7.28 (m, 5H, Ar-H), 4.52 (s, 2H,
OCHa), 3.46 (s, 2H, OCH,), 1.10 (s, 6H, C(CHs),). 3C NMR (101 MHz, CDCls) 6 205.3 (CHO), 138.1 (Ph-C,), 128.4 (2 x
Ph-C), 127.6 (Ph-C), 127.4 (2 x Ph-C), 75.1 (CH3), 73.4 (CH,), 47.1 (C(CHs),), 19.0 (C(CHs),). Spectroscopic data for
this compound (*H NMR),*? (3*C NMR)* and (IR)*? is consistent with that shown in the literature.

3-((2-Chlorobenzyl)oxy)-2,2-dimethylpropan-1-ol (S16)

Sodium hydride (400 mg, 10.0 mmol, as a 60% dispersion in mineral oil) was slowly added to a solution of 2,2-
dimethylpropane-1,3-diol (1.04 g, 10.0 mmol) in THF (35 mL) at 0 °C. After 10 minutes at 0 °C, 2-chlorobenzyl
bromide (1.04 mL, 8.00 mmol) was added dropwise and the reaction was stirred at 25 °C overnight. The reaction
was quenched by addition of saturated aqueous ammonium chloride solution (35 mL) and the aqueous layer was
extracted with CH,Cl, (3 x 35 mL). The combined organic layers were dried (MgS0.,), filtered and solvent removed
under reduced pressure. Purification by flash chromatography (25% EtOAc/pentane) afforded benzylated alcohol
$16 as a pale yellow oil (819 mg, 40%). R¢ 0.18 (20% EtOAc/pentane). IR (film)/cm™ 3390 (br, OH), 2956, 2870, 1473,
1443, 1355, 1098, 1049. 'H NMR (400 MHz, CDCl3) & 7.45-7.43 (m, 1H, Ar-H), 7.38-7.35 (m, 1H, Ar-H), 7.30-7.22
(m, 2H, Ar-H), 4.61 (s, 2H, CH,), 3.49 (s, 2H, CH,), 3.41 (s, 2H, CH2), 2.46 (bs, 1H, OH), 0.97 (s, 6H, C(CHs)2). *C NMR
(101 MHz, CDCls) 6 135.8 (Ar-Cg), 133.0 (Ar-Cg), 129.3 (Ar-C), 128.9 (Ar-C), 128.8 (Ar-C), 126.8 (Ar-C), 79.7 (CH,), 71.6
(CH2), 70.7 (CH2), 36.4 (C(CHs)2), 21.9 (C(CHs)2). HRMS (ESI) m/z Calcd. For Ci2H150,Cl [M+H]*: 229.0995; Found:
229.0993.
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3-((2-Chlorobenzyl)oxy)-2,2-dimethylpropanal (S17)

General procedure G was followed using 3-((2-chlorobenzyl)oxy)-2,2-dimethylpropan-1-o0l $16 (345 mg, 1.50 mmol)
to afford aldehyde S17 as a colourless oil (200 mg, 59%). R¢ 0.40 (10% EtOAc/pentane). IR (film)/cm™ 2969, 2872
1730 (s, C=0), 1443, 1472, 1098, 1051. *H NMR (400 MHz, CDCl3) § 9.61 (s, 1H, CHO), 7.43-7.41 (m, 1H, Ar-H), 7.35—
7.33 (m, 1H, Ar-H), 7.28-7.19 (m, 2H, Ar-H), 4.60 (s, 2H, CH.), 3.56 (s, 2H, CH,), 1.13 (s, 6H, C(CHs),). 3C NMR (101
MHz, CDCl3) 6 205.1 (CHO), 135.7 (Ar-Cq), 132.6 (Ar-Cg), 129.1 (Ar-C), 128.62 (Ar-C), 128.56 (Ar-C), 126.7 (Ar-C), 75.6
(CH,), 70.3 (CH,), 47.1 (C(CHs)), 19.0 (C(CHs),). HRMS (ESI) m/z Calcd. For Ci2H160,Cl [M+H]*: 227.0833; Found:
227.0835.

2,2-Dimethyl-4-phenylbutan-1-ol (518)

OH

Conditions developed by Madsen.'® Benzyl magnesium bromide (2.5 mL, 0.94 M in THP, formed from magnesium
turnings and benzyl bromide in THP using standard techniques) and 3,3-dimethyloxetane (0.5 mL, 4.85 mmol) were
combined in a 2-5 mL microwave vial. The vial was purged with Ar, sealed, and heated to 180 °C in a microwave
reactor for 4 h. The reaction was allowed to cool to room temperature, diluted with Diethyl ether, quenched with
water and the aqueous phase extracted with Diethyl ether (3 x 20 mL). The combined organic extracts were washed
with saturated aqueous ammonium chloride solution, water and brine, dried (MgSQ,), filtered and concentrated
under reduced pressure. Purification by flash chromatography (SiO,, 20% EtOAc/pentane) afforded alcohol S18 as
a pale yellow oil (252 mg, 60%). R¢ 0.38 (10% diethyl ether/pentane). IR (film)/cm™3355 (br, OH), 2953, 2868, 1496,
1472, 1454, 1364, 1047, 1030. 'H NMR (400 MHz, CDCls) 6 7.31-7.27 (m, 2H, Ar-H), 7.21-7.17 (m, 3H, Ar-H), 3.39
(s, 2H, OCH,), 2.62-2.57 (m, 2H, CH,), 1.60-1.56 (m, 2H, CH>), 1.39 (bs, 1H, OH), 0.97 (s, 6H, C(CH3),). 1*C NMR (101
MHz, CDCls) & 143.1 (Ph-C,), 128.34 (2 x Ph-C), 128.27 (2 x Ph-C), 125.6 (Ph-C), 71.8 (OCH,), 40.9 (CH.), 35.3
(C(CH3),), 30.5 (CHay), 23.8 (C(CHs),). Spectroscopic data for this compound (*H NMR, 3C NMR, IR) is consistent with
that shown in the literature.®

2,2-Dimethyl-4-phenylbutanal (S19)

0O

General procedure G was followed using 2,2-dimethyl-4-phenylbutan-1-ol S18 (178 mg, 1.00 mmol) to afford
aldehyde S19 as a colourless oil (151 mg, 86%). R¢ 0.32 (5% diethyl ether/pentane). IR (film)/cm™ 1965, 2868, 1696,
1723 (s, C=0), 1497, 1469, 1454, 1366. 'H NMR (400 MHz, CDCls) § 9.50 (s, 1H, CHO), 7.31-7.28 (m, 2H, Ph-H), 7.22—-
7.17 (m, 3H, Ph-H), 2.56-2.52 (m, 2H, CH,), 1.82-1.78 (m, 2H, CH,), 1.14 (s, 6H, C(CH3),). 1*C NMR (101 MHz, CDCls)
6 205.9 (CHO), 141.9 (Ph-Cg), 128.5 (2 x Ph-C), 128.2 (2 x Ph-C), 126.0 (Ph-C), 45.9 (C(CHs)2), 39.3 (CH,), 30.8 (CH,),
21.4 (C(CHs),). Spectroscopic data for this compound (*H NMR, *C NMR, IR) is consistent with that shown in the
literature.?
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3-((Benzyloxy)methyl)-3-methyloxetane (S20)

o

Sodium hydride (440 mg, 11.0 mmol, as a 60% dispersion in mineral oil) was slowly added to a solution of (3-
methyloxetan-3-yl)methanol (998 uL, 10.0 mmol) in THF (35 mL) at 0 °C. After 10 minutes at 0 °C, benzyl bromide
(1.31 mL, 11.0 mmol) was added dropwise and the reaction was stirred at 25 °C overnight. The reaction was
guenched by addition of saturated aqueous ammonium chloride solution (35 mL) and the aqueous layer was
extracted with CH,Cl; (3 x 35 mL). The combined organic layers were dried (MgSQ,), filtered and solvent removed
under reduced pressure. Purification by flash chromatography (20% EtOAc/pentane) afforded benzylated alcohol
$20 as a colourless oil (1.49 g, 77%). R¢ 0.55 (20% EtOAc/pentane). IR (film)/cm™2957, 2931, 2864 (m), 1453, 1361,
1093 (s), 976 (s). *H NMR (400 MHz, CDCl3) § 7.39-7.30 (m, 5H, Ar-H), 4.59 (s, 2H, CH,), 4.54 (d, J= 5.7 Hz, 2H, 2 x
OC(H)H), 4.38 (d, J = 5.7 Hz, 2H, 2 x OC(H)H), 3.54 (s, 2H, CH2), 1.35 (s, 3H, CHs). 3C NMR (101 MHz, CDCl5) 6 138.3
(Ph-Cg), 128.4 (2 x Ph-C), 127.63 (Ph-C), 127.55 (2 x Ph-C), 80.2 (2 x CH.), 75.4 (CH,), 73.3 (CH,), 39.9 (C(CHs)), 21.4
(CHs). Spectroscopic data for this compound (*H NMR),8 (33C NMR)*® and (IR)*8 is consistent with that shown in the
literature.

3-(Benzyloxy)-2-(methoxymethyl)-2-methylpropan-1-ol (S21)

5 drops of H,S04 (98%) was added to a solution of 3-((benzyloxy)methyl)-3-methyloxetane S20 (481 mg, 2.5 mmol)
in MeOH (2.5 mL) at 25 °C. The reaction was heated to 65 °C in a sealed vial and stirred for 1 h. The reaction mixture
was neutralised by slow addition of saturated aqueous sodium bicarbonate solution (5 mL) and the aqueous layer
extracted with diethyl ether (3 x 10 mL). The combined organic extracts were dried (MgSQ.), filtered and solvent
removed under reduced pressure. Purification by flash chromatography (20% EtOAc/pentane) afforded alcohol $21
as a pale yellow oil (377 mg, 67%). R¢ 0.48 (20% diethyl ether/pentane). IR (film)/cm™ 3448 (br, OH), 2875, 1453,
1363, 1197, 1094. *H NMR (400 MHz, CDCl3) § 7.38-7.28 (m, 5H, Ph-H), 4.53 (s, 2H, CH>), 3.59 (d, J = 5.8 Hz, 2H,
CH,), 3.50-3.36 (m, 4H, 2 x CH,), 3.34 (s, 3H, OCH3), 2.86 (t, J = 6.0 Hz, 1H, OH), 0.89 (s, 3H, CH3). 3C NMR (101 MHz,
CDCl3) 6 138.3 (Ph-C,), 128.4 (2 x Ph-C), 127.6 (Ph-C), 127.4 (2 x Ph-C), 77.5 (CH2), 74.7 (CHa), 73.5 (CH,), 69.3 (CH,),
59.4 (OCH3), 40.5 (C(CHs)), 17.5 (CHs). HRMS (ESI) m/z Calcd. for Ci3H2103 [M+H]*: 225.1491; Found: 225.1491.

3-(Benzyloxy)-2-(methoxymethyl)-2-methylpropanal (S22)

General procedure G was followed using 3-(benzyloxy)-2-(methoxymethyl)-2-methylpropan-1-ol S21 (224 mg, 1.00
mmol) to afford aldehyde S22 as a colourless oil (127 mg, 57%). Rf 0.23 (10% diethyl ether/pentane). IR (film)/cm™
2861, 1728 (s, C=0), 1453, 1365, 1203, 1098 (s). 'H NMR (400 MHz, CDCls) § 9.65 (s, 1H, CHO), 7.37-7.29 (m, 5H,
Ar-H), 4.52 (s, 2H, CH>), 3.65-3.48 (m, 4H, 2 x CH3), 3.33 (s, 3H, OCHs), 1.11 (s, 3H, CHs).23C NMR (101 MHz, CDCls)
8 204.6 (CHO), 138.1 (Ph-C,), 128.3(2 x Ph-C), 127.6 (Ph-C), 127.4 (2 x Ph-C), 74.0 (CH,), 73.4 (CH,), 71.3 (CH.), 59.4
(OCHs), 51.7 (C(CH3)), 14.9 (CHs). HRMS (pNSI) m/z Calcd. for Ci13H1903 [M+H]*: 223.1329; Found: 223.1328.
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C(sp®)—H arylation of aldehydes with a transient directing group (compounds 3-20)

General Procedure J

Aldehyde (0.40 mmol), N-(2-aminoethyl)-4-methylbenzenesulfonamide (43 mg, 0.20 mmol), aryl iodide (2.6 equiv),
palladium pivalate (6.2 mg, 5 mol%), silver trifluoroacetate (176 mg, 0.80 mmol), DMSO (28.4 uL, 0.40 mmol), acetic
acid (0.4 mL) and HFIP (0.4 mL) were combined in a flame dried microwave vial. The vial was purged with argon,
sealed and heated to 130 °C for 3 h. The reaction was allowed to cool to room temperature, dissolved in CH,Cl,,
filtered through a short plug of silica, washed with CH,Cl, and concentrated under reduced pressure. Purification
by flash chromatography (SiO;) afforded the arylated aldehydes.

3-(4-Methoxyphenyl)-2,2-dimethylpropanal (3a), 2-(4-methoxybenzyl)-3-(4-methoxyphenyl)-2-methylpropanal
(3b) and 2,2-Bis(4-methoxybenzyl)-3-(4-methoxyphenyl)propanal (3c)

Prepared according to general procedure J using pivaldehyde (44 pL, 0.40 mmol) and 1-iodo-4-methoxybenzene
(244 mg, 1.04 mmol). Purification by flash column chromatography (7.5% diethyl ether/pentane) afforded
monoarylated aldehyde 3a as a colourless oil (19 mg, 25%) followed by diarylated aldehyde 3b as a pale yellow wax
(19 mg, 16%) followed by triarylated aldehyde 3c as a pale orange oil (19 mg, 12%).

) I

3a 3b 3c

3a: Rr0.29 (10% diethyl ether/pentane). IR (film)/cm-1 2963, 2932, 2836, 1722 (s, C=0), 1611, 1511 (s), 1465, 1244
(s), 1178, 1034. 'H NMR (400 MHz, CDCls) & 9.59 (s, 1H, CHO), 7.04—7.00 (m, 2H, Ar-H), 6.84—6.80 (m, 2H, Ar-H),
3.79 (s, 3H, OCHs), 2.73 (s, 2H, CH,), 1.05 (s, 6H, C(CHs)2). 3C NMR (101 MHz, CDCl;3) & 206.2 (C=0), 158.3 (Ar-C,),
131.2 (2 x Ar-C), 128.9 (Ar-C,), 113.6 (2 x Ar-C), 55.2 (OCHs), 47.0 (C(CHs)2), 42.4 (CH,), 21.3 (C(CHs),). Spectroscopic
data for this compound (*H NMR, *C NMR, IR) is consistent with that shown in the literature.?

3b: R;0.08 (10% diethyl ether/pentane). IR (film)/cm™2915, 2836, 1760, 1720 (C=0), 1610, 1509, 1462, 1369, 1244,
1215, 1192, 1177, 1031. *H NMR (400 MHz, CDCls) § 9.67 (s, 1H, CHO), 7.02-7.00 (m, 4H, Ar-H), 6.82—6.80 (m, 4H,
Ar-H), 3.79 (s, 6H, OCHs), 2.97 (d, J = 13.8 Hz, 2H, CH(H)), 2.64 (d, J = 13.8 Hz, 2H, CH(H)), 0.97 (s, 3H, CHs). 3C NMR
(101 MHz, CDCls) & 206.6 (C=0), 158.3 (2 x Ar-Cg), 131.3 (4 x Ar-C), 128.6 (2 x Ar-C), 113.6 (4 x Ar-C), 55.3 (2 x
OCHs), 51.4 (C,(CHs)), 41.9 (2 x CH,), 18.0 (CHs). HRMS (ESI) m/z Calcd. for C1sH260sN [M+NHJ]*: 316.1907; Found:
316.1910.

3c: Rf0.05 (10% diethyl ether/pentane). IR (film)/cm™ 2934, 1720 (C=0), 1610, 1582, 1509, 1463, 1440, 1300, 1242
(s), 1176, 1114, 1031. *H NMR (400 MHz, CDCl3) § 9.76 (s, 1H, CHO), 7.05-7.02 (m, 6H, Ar-H), 6.84—6.80 (m, 6H, Ar-
H), 3.80 (s, 9H, OCHs), 2.85 (s, 6H, CH,). **C NMR (101 MHz, CDCls) 6§ 207.4 (C=0), 158.2 (3 x Ar—Cg), 131.5 (6 x Ar-
C), 128.6 (3 x Ar-Cg), 113.6 (6 x Ar-C), 55.2 (3 x OCH3), 53.8 (C4(CHO)), 39.2 (3 x CH3). HRMS (ESI) m/z Calcd. for
Ca6H2004 [M+H]*: 405.2060; Found: 405.2046.

Resubjecting aldehyde 3a and 3b to the reaction conditions

According to general procedure J, 3-(4-methoxyphenyl)-2,2-dimethylpropanal 3a (19 mg, 0.10 mmol) or 2-(4-
methoxybenzyl)-3-(4-methoxyphenyl)-2-methylpropanal 3b (19 mg, 0.06 mmol) with 1-iodo-4-methoxybenzene
(2.6 equiv) were subjected to the arylation conditions. Yields of the arylated aldehyde products were calculated by
'H NMR using gem-dimethyl (mono: 1.05 ppm), methyl (di: 0.97 ppm) and methylene (tri: 2.85 ppm) signals in
comparison to a known amount of 1,3,5-trimethoxybenzene as an internal standard.
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3-(3-Methoxyphenyl)-2,2-dimethylpropanal (4a)

=0

Prepared according to general procedure J using pivaldehyde (44 pL, 0.40 mmol) and 1-iodo-3-methoxybenzene
(244 mg, 1.04 mmol). Purification by flash column chromatography (5% diethyl ether/pentane) afforded
monoarylated aldehyde 4a as a colourless oil (15 mg, 20%). R¢0.31 (10% diethyl ether/pentane). IR (film)/cm™ 2958,
2835, 2710, 1723 (s, C=0), 1600, 1583, 1488, 1465, 1436, 1261 (s), 1154, 1049. 'H NMR (400 MHz, CDCl3) § 9.60 (s,
1H, CHO), 7.20 (t, J = 8.0 Hz, 1H, Ar-H), 6.79-6.76 (m, 1H, Ar-H), 6.69 (d, J = 8.0 Hz, 1H, Ar-H), 6.66—6.65 (m, 1H, Ar-
H), 3.80 (s, 3H, OCH3s), 2.77 (s, 2H, CHa), 1.07 (s, 6H, C(CHs)2). *C NMR (101 MHz, CDCls) § 205.9 (C=0), 159.3 (Ar-
Cq), 138.5 (Ar-C,), 129.1 (Ar-C), 122.7 (Ar-C), 116.2 (Ar-C), 111.6 (Ar-C), 55.1 (OCHs), 46.9 (C(CHs),), 43.2 (CH2), 21.5
(C(CHs)2). HRMS (ASAP(SOLID)) m/z Calcd. for C12H170; [M+H]*: 193.1229; Found: 193.1225.

3-(2-Methoxyphenyl)-2,2-dimethylpropanal (5a)

Prepared according to general procedure J using pivaldehyde (44 pL, 0.40 mmol) and 1-iodo-2-methoxybenzene
(244 mg, 1.04 mmol). Purification by flash column chromatography (5% diethyl ether/pentane) afforded
monoarylated aldehyde 5a as a colourless oil (7 mg, 9%). R¢0.21 (10% diethyl ether/pentane). IR (film)/cm™ 2962,
1722 (C=0), 1493, 1463, 1243, 1178, 1028. *H NMR (400 MHz, CDCls) 6 9.53 (s, 1H, CHO), 7.21 (ddd, /= 8.1, 7.5, 1.7
Hz, 1H, Ar-H), 7.06 (dd, J = 7.5, 1.7 Hz, 1H, Ar-H), 6.88 (td, J = 7.5, 1.0 Hz, 1H, Ar-H), 6.83 (dd, J = 8.1, 1.0 Hz, 1H, Ar-
H), 3.77 (s, 3H, OCHs), 2.82 (s, 2H, CH,), 1.04 (s, 6H, C(CHs),). 3C NMR (101 MHz, CDCls) § 205.7 (C=0), 157.4 (Ar-
Cq), 132.1 (Ar-C), 128.0 (Ar-C), 125.7 (Ar-Cq), 120.2 (Ar-C), 110.4 (Ar-C), 54.9 (OCHs), 46.9 (C(CHs),), 38.0 (CH.), 21.6
(C(CHs),). HRMS (ASAP(SOLID)) m/z Calcd. for C12H170> [M+H]*: 193.1229; Found: 193.1226.

3-(Benzo[d][1,3]dioxol-5-yl)-2,2-dimethylpropanal (6a)

/‘O
0]

0]
|

Prepared according to general procedure J using pivaldehyde (44 uL, 0.40 mmol) and 5-iodobenzo[d][1,3]dioxole
(153 pL, 1.04 mmol). Purification by flash column chromatography (7.5% diethyl ether/pentane) afforded
monoarylated aldehyde 6a as a pale yellow oil (9 mg, 11%). R¢0.29 (10% diethyl ether/pentane). IR (film)/cm™ 2965,
2704, 1721 (C=0), 1489, 1440, 1360, 1240, 1190, 1036. *H NMR (400 MHz, CDCl5) § 9.57 (s, 1H, CHO), 6.72 (d, J =
7.9 Hz, 1H, Ar-H), 6.59 (d, J = 1.7 Hz, 1H, Ar-H), 6.55 (dd, J = 7.9, 1.7 Hz, 1H, Ar-H), 5.93 (s, 2H, OCH0), 2.71 (s, 2H,
CH,), 1.05 (s, 6H, C(CH3s),). 3 C NMR (101 MHz, CDCl3) § 206.0 (C=0), 147.4 (Ar-Cq), 146.2 (Ar-Cg), 130.6 (Ar-Cy), 123.2
(Ar-C), 110.5 (Ar-C), 108.0 (Ar-C), 100.9 (OCH,0), 47.0 (C(CHs),), 42.9 (CH,), 21.4 (C(CHs),). HRMS (ASAP(DCM)) m/z
Calcd. for C12H1305 [M-H]*: 205.0865; Found: 205.0859.
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2,2-Dimethyl-3-(4-nitrophenyl)propanal (7a) and 2-methyl-2-(4-nitrobenzyl)-3-(4-nitrophenyl)propanal (7b)
Prepared according to general procedure J using pivaldehyde (44 uL, 0.40 mmol) and 1-iodo-4-nitrobenzene (259
mg, 1.04 mmol). Purification by flash column chromatography (10%-50% diethyl ether/pentane) afforded
monoarylated aldehyde 7a as an orange oil (24 mg, 29%) followed by diarylated aldehyde 7b as a pale yellow
amorphous solid (21 mg, 16%).

N02 NOZ

7a 7b

7a: R:0.16 (10% diethyl ether/pentane). IR (film)/cm™ 2967, 1722 (C=0), 1597, 1514, 1341, 1109. *H NMR (400 MHz,
CDCl3) § 9.58 (s, 1H, CHO), 8.17-8.14 (m, 2H, Ar-H), 7.32—7.28 (m, 2H, Ar-H), 2.92 (s, 2H, CHa), 1.10 (s, 6H, C(CHs),).
3¢ NMR (101 MHz, CDCls) & 204.7 (C=0), 146.8 (Ar-C,), 145.0 (Ar-Cg), 131.1 (2 x Ar-C), 123.3 (2 x Ar-C), 46.9
(C(CHs)2), 42.4 (CH,), 21.5 (C(CHs)2). HRMS (ASAP(DCM)) m/z Calcd. for Ci;H1sNOs [M+H]*: 208.0974; Found:
208.0973.

7b: R¢ 0.08 (30% diethyl ether/pentane). IR (film)/cm?2970, 1723 (C=0), 1598, 1515, 1339, 1107, 1089. 'H NMR
(400 MHz, CDCl3) 6 9.65 (s, 1H, CHO), 8.19-8.15 (m, 4H, Ar-H), 7.31-7.27 (m, 4H, Ar-H), 3.16 (d, J = 13.5 Hz, 2H, 2 x
C(H)H), 2.84 (d, J = 13.5 Hz, 2H, 2 x C(H)H), 1.08 (s, 3H, CH3).13C NMR (101 MHz, CDCls) § 204.0 (C=0), 147.0 (2 x Ar-
Co), 143.7 (2 x Ar-Cq), 131.2 (4 x Ar-C), 123.5 (4 x Ar-C), 51.1 (C(CHs)), 42.2 (2 x CH,), 18.5 (CHs). HRMS (ASAP(SOLID))
m/z Calcd. for Ci7H17N20s [M+H]*: 329.1137; Found: 329.1138.
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3-(4-Chlorophenyl)-2,2-dimethylpropanal (8a), 2-(4-chlorobenzyl)-3-(4-chlorophenyl)-2-methylpropanal (8b) and
2,2-bis(4-chlorobenzyl)-3-(4-chlorophenyl)propanal (8c)

Prepared according to general procedure J using pivaldehyde (44 pL, 0.40 mmol) and 1-chloro-4-iodobenzene (248
mg, 1.04 mmol). Purification by flash column chromatography (2.5% diethyl ether/pentane) afforded monoarylated
aldehyde 8a as a colourless oil (24 mg, 31%) followed by a 5.2:1 mixture of diarylated aldehyde 8b (29 mg, 24%)
and triarylated aldehyde 8c (7 mg, 4%) as an off-white solid.

Cl

cl O C
o)
cl ‘

8a 8b 8c

8a: R 0.32 (10% diethyl ether/pentane). IR (film)/cm™ 2966, 2929, 2704, 1723 (s, C=0), 1491, 1467, 1198, 1090,
1015. *H NMR (400 MHz, CDCls) 6§ 9.57 (s, 1H, CHO), 7.27-7.23 (m, 2H, Ar-H), 7.05-7.01 (m, 2H, Ar-H), 2.76 (s, 2H,
CH,), 1.05 (s, 6H, C(CHs),). *C NMR (101 MHz, CDCl3) & 205.6 (CHO), 135.4 (Ar-Cq), 132.5 (Ar-Cg), 131.5 (2 x Ar-C),
128.3 (2 x Ar-C), 46.8 (C(CHs)2), 42.3 (CH,), 21.4 (C(CH3)2). HRMS (ASAP(DCM)) m/z Calcd. for C11H130:Cli [M+CH3]*:
196.0655; Found: 196.0651.

8b: Rf0.20 (10% diethyl ether/pentane). IR (film)/cm™ 2921, 1724 (s, C=0) 1491 (s), 1409, 1093, 1015. *H NMR (400
MHz, CDCl3) § 9.63 (s, 1H, CHO), 7.27-7.23 (m, 4H, Ar-H), 7.02-7.00 (m, 4H, Ar-H), 2.98 (d, J = 13.7 Hz, 2H, 2 x
C(H)H), 2.66 (d, J = 13.7 Hz, 2H, 2 x C(H)H), 0.98 (s, 3H, CHs). 1*C NMR (101 MHz, CDCl5) § 205.5 (CHO), 134.8 (2 x
Ar-Co), 132.7 (2 x Ar-Cg), 131.6 (4 x Ar-C), 128.4 (4 x Ar-C), 51.0 (C(CHs)), 41.9 (2 x CH,), 18.2 (CHs). HRMS
(ASAP(DCM)) m/z Calcd. for C17H170Cl, [M+H]*: 307.0656; Found: 307.0651.

8c: Rr0.20 (10% diethyl ether/pentane). IR (film)/cm™ 2921, 1724 (s, C=0) 1491 (s), 1409, 1093, 1015. *H NMR (400
MHz, CDCls) & 9.73 (s, 1H, CHO), 7.27-7.23 (m, 6H, Ar-H), 7.02=7.00 (m, 6H, Ar-H), 2.86 (s, 6H, 3 x CH,). 3C NMR
(101 MHz, CDCls) 6 205.4 (CHO), 134.5 (3 x Ar-C,), 132.8 (3 x Ar-Cg), 131.8 (6 x Ar-C), 128.5 (6 x Ar-C), 53.5 (C(CHO)),
39.6 (3 x CH,). HRMS (ASAP(DCM)) m/z Calcd. for C,3H200Cls [M+H]*: 417.0580; Found: 417.0577.
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3-(4-Fluorophenyl)-2,2-dimethylpropanal (9a), 2-(4-fluorobenzyl)-3-(4-fluorophenyl)-2-methylpropanal (9b) and
2,2-bis(4-fluorobenzyl)-3-(4-fluorophenyl)propanal (9c)

Prepared according to general procedure J using pivaldehyde (44 uL, 0.40 mmol) and 1-fluoro-4-iodobenzene (124
pL, 1.04 mmol). Purification by flash column chromatography (2.5% diethyl ether/pentane) afforded monoarylated

aldehyde 9a as a colourless oil (19 mg, 26%) followed by a 4.5:1 mixture of diarylated aldehyde 9b (26 mg, 24%)
and triarylated aldehyde 9¢ (8 mg, 5%) as a pale yellow oil.

F

e

9a 9b 9c

9a: Rf 0.32 (10% diethyl ether/pentane). IR (film)/cm™ 2970, 2701, 1723 (C=0), 1605, 1508 (s), 1468, 1221, 1159. *H
NMR (400 MHz, CDCl5) 6 9.58 (s, 1H, CHO), 7.08-7.04 (m, 2H, Ar-H), 6.99-6.94 (m, 2H, Ar-H), 2.76 (s, 2H, CH>), 1.05
(s, 6H, C(CHs)2). 3C NMR (101 MHz, CDCls) & 205.7 (C=0), 161.7 (d, Ucr = 244.8 Hz, Ar-Cq), 132.6 (d, “Jcr= 3.1 Hz, Ar-
Co), 131.6 (d, 3cr= 7.9 Hz, 2 x Ar-C), 115.0 (d, 2Jcr = 21.1 Hz, 2 x Ar-C), 46.9 (C(CHs)2), 42.2 (CHa), 21.3 (C(CHs),).
F NMR (377 MHz, CDCl3) 6 —116.6.

9b: R; 0.20 (10% diethyl ether/pentane). IR (film)/cm™ 2922, 1722 (C=0), 1603, 1507, 1219, 1158. 'H NMR (400
MHz, CDCl3) 6 9.65 (s, 1H, CHO), 7.08-7.03 (m, 4H, Ar-H), 7.00-6.95 (m, 4H, Ar-H), 2.99 (d, J/ = 13.8 Hz, 2H, 2 x
C(H)H), 2.67 (d, J = 13.8 Hz, 2H, 2 x C(H)H), 0.98 (s, 3H, CHs). 3C NMR (101 MHz, CDCls) & 205.8 (C=0), 161.8 (d, Uc.
£ =245.2 Hz, 2 x Ar-Cy), 132.1 (d, 4= 3.2 Hz, 2 x Ar-Cy), 131.7 (d, 3Jcs= 7.9 Hz, 4 x Ar-C), 115.1 (d, 2= 21.3 Hz, 4
x Ar-C), 51.1 (C(CHs)), 41.8 (2 x CHa), 18.1 (CHs). *°F NMR (377 MHz, CDCls) & =116.2. HRMS (ASAP(SOLID)) m/z
Calcd. for C17H170F; [M+H]*: 275.1247; Found: 275.1246.

9c¢: Rf0.20 (10% diethyl ether/pentane). IR (film)/cm™ 2922, 1722 (C=0), 1603, 1507, 1219, 1158.*H NMR (400 MHz,
CDCl3) 6 9.75 (s, 1H, CHO), 7.08-7.03 (m, 6H, Ar-H), 7.00-6.95 (m, 6H, Ar-H), 2.87 (s, 6H, 3 x CH,). *C NMR (101
MHz, CDCl3) 6 205.9 (C=0), 161.8 (d, Yc.r = 245.2 Hz, 3 x Ar-C,), 132.1 (d, “Jcr= 3.2 Hz, 3 x Ar-C,), 131.9 (d, 3Jcr= 7.8
Hz, 6 x Ar-C), 115.2 (d, 2cr = 21.0 Hz, 6 x Ar-C), 53.5 (C(CHO)), 39.4 (3 x CH,). *°F NMR (377 MHz, CDCls) 6 -116.0.
HRMS (ASAP(SOLID)) m/z Calcd. for C3H200F; [M+H]*: 369.1466; Found: 369.1464.
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3-(2-Fluorophenyl)-2,2-dimethylpropanal (10a), 2-(2-fluorobenzyl)-3-(2-fluorophenyl)-2-methylpropanal (10b)
and 2,2-bis(2-fluorobenzyl)-3-(2-fluorophenyl)propanal (10c)
Prepared according to general procedure J using pivaldehyde (44 uL, 0.40 mmol) and 1-fluoro-2-iodobenzene (121
pL, 1.04 mmol). Purification by flash column chromatography (2.5% diethyl ether/pentane) afforded monoarylated
aldehyde 10a as a colourless oil (10 mg, 12%) followed by a 8.2:1 mixture of diarylated aldehyde 10b (6 mg, 5%)
and triarylated aldehyde 10c (1 mg, 1%) as an off-white solid.

10a 10b 10c

10a: R;0.35 (10% diethyl ether/pentane). IR (film)/cm™ 2970, 1725 (C=0), 1492, 1453, 1229, 1183. 'H NMR (400
MHz, CDCl3) § 9.60 (d, Jur = 1.7 Hz, 1H, CHO), 7.25-7.19 (m, 1H, Ar-H), 7.13=7.00 (m, 3H, Ar-H), 2.84 (d, Jur = 1.6 Hz,
2H, CH,), 1.08 (d, Jis = 0.6 Hz, 6H, C(CHs),). 3C NMR (101 MHz, CDCls) § 205.4 (C=0), 161.3 (d, Ycr = 244.8 Hz, Ar-
Co), 132.6 (d, 3Jcr= 4.4 Hz, Ar-C), 128.5 (d, 3Jcr = 8.3 Hz, Ar-C), 124.0 (d, Ucr = 15.6 Hz, Ar-Cy), 123.8 (d, *Jcs = 3.4 Hz,
Ar-C), 115.4 (d, 2Jcr = 23.1 Hz, Ar-C), 47.1 (C(CHs)2), 35.7 (CH2), 21.2 (C(CHs),). °F NMR (377 MHz, CDCl3) § —115.3.
HRMS (El) m/z Calcd. for C11H130F [M+H]*: 180.0950; Found: 180.0957.

10b: R¢0.27 (10% diethyl ether/pentane). IR (film)/cm™ 2927, 1724 (C=0), 1584, 1491, 1455, 1228, 1182. *H NMR
(400 MHz, CDCl3) & 9.69 (t, Jur = 2.1 Hz, 1H, CHO), 7.25-7.20 (m, 2H, Ar-H), 7.13=7.01 (m, 6H, Ar-H), 3.08 (dd, J =
13.8, 1.2 Hz, 2H, 2 x C(H)H), 2.84 (dd, J = 13.8, 1.5(.¢ Hz, 2H, 2 x C(H)H), 0.99 (t, Ju.r = 1.1 Hz, 3H, CHs). *C NMR
(101 MHz, CDCl3) & 204.9 (C=0), 161.2 (d, Yc.r = 245.0 Hz, 2 x Ar-C,), 132.6 (d, 3Jc.r= 4.2 Hz, 2 x Ar-C), 128.7 (d, 3Jcr
=8.3 Hz, 2 x Ar-C), 123.9 (d, *Jc.r= 3.3 Hz, 2 x Ar-C), 123.6 (d, 2Jc.r = 15.9 Hz, 2 x Ar-C,), 115.5 (d, Jc.r = 22.7 Hz, 2 x
Ar-C), 51.6 (C(CHs)), 35.4 (2 x CH2), 17.3 (CHs). 2°F NMR (377 MHz, CDCls) § —114.9. HRMS (ASAP(SOLID)) m/z Calcd.
for C17H170F; [M+H]*: 275.1247; Found: 275.1251.

10c: R¢0.27 (10% diethyl ether/pentane). IR (film)/cm™ 2927, 1724 (C=0), 1584, 1491, 1455, 1228, 1182. 'H NMR
(400 MHz, CDCl3) § 9.65 (s, 1H, CHO), 7.25-7.20 (m, 3H, Ar-H), 7.13—7.01 (m, 9H, Ar-H), 2.99 (s, 6H, 3 x CH,). 1°F NMR
(377 MHz, CDCl3) 6 —=114.1. HRMS (ASAP(SOLID)) m/z Calcd. for Ca3H200F; [M+H]*: 369.1466; Found: 369.1463.
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3-(4-Bromophenyl)-2,2-dimethylpropanal (11a), 2-(4-bromobenzyl)-3-(4-bromophenyl)-2-methylpropanal (11b)
and 2,2-bis(4-bromobenzyl)-3-(4-bromophenyl)propanal (11c)

Prepared according to general procedure J using pivaldehyde (44 uL, 0.40 mmol) and 1-bromo-4-iodobenzene (294
mg, 1.04 mmol). Purification by flash column chromatography (2.5% diethyl ether/pentane) afforded monoarylated
aldehyde 11a as a colourless oil (29 mg, 30%) followed by a 5:1 mixture of diarylated aldehyde 11b (36 mg, 23%)
and triarylated aldehyde 11c (10 mg, 5%) as a colourless oil.

Br

Br O
(0]
Br O

11a 11b 11c

11a: Rf0.31 (10% diethyl ether/pentane). IR (film)/cm™ 2967, 2702, 1722 (s, C=0), 1487, 1467, 1404, 1197. *H NMR
(400 MHz, CDCls) & 9.56 (s, 1H, CHO), 7.42—7.38 (m, 2H, Ar-H), 7.00-6.96 (m, 2H, Ar-H), 2.74 (s, 2H, CH,), 1.05 (s, J
= 5.0 Hz, 6H, C(CHs)2). 3C NMR (101 MHz, CDCls) & 205.5 (C=0), 135.9 (Ar-Cg), 131.9 (2 x Ar-C), 131.2 (2 x Ar-C),
120.5 (Ar-Cg), 46.8 (C(CHs),), 42.4 (CH3), 21.4 (C(CHs),). Spectroscopic data for this compound (*H NMR, *C NMR,
IR) is consistent with that shown in the literature.?*

11b: R¢ 0.19 (10% diethyl ether/pentane). IR (film)/cm™ 2971, 2919, 1722 (C=0), 1487, 1405, 1072, 1010. *H NMR
(400 MHz, CDCl3) 6 9.62 (s, 1H, CHO), 7.41-7.39 (m, 4H, Ar-H), 6.97-6.95 (m, 4H, Ar-H), 2.96 (d, J = 13.7 Hz, 2H, 2 x
C(H)H), 2.65 (d, J=13.7 Hz, 2H, 2 x C(H)H), 0.98 (s, 3H, CHs). 3C NMR (101 MHz, CDCls) § 205.4 (C=0), 135.3 (2 x Ar-
Cq), 132.0 (4 x Ar-C), 131.4 (4 x Ar-C), 120.8 (2 x Ar-C,), 50.9 (C(CHs)), 41.9 (2 x CH;), 18.2 (CH3). HRMS (ASAP(SOLID))
m/z Calcd. for C1sH150Br, [M+CHs]*: 408.9803; Found: 408.9805.

11c: R 0.19 (10% diethyl ether/pentane). IR (film)/cm™ 2971, 2919, 1722 (C=0), 1487, 1405, 1072, 1010. 'H NMR
(400 MHz, CDCl3) 6 9.72 (s, 1H, CHO), 7.42-7.39 (m, 6H, Ar-H), 6.97-6.95 (m, 6H, Ar-H), 2.84 (s, 6H, 3 x CH,). 13C
NMR (101 MHz, CDCls) 6 205.3 (C=0), 135.0 (3 x Ar-Cg), 132.12 (6 x Ar-C), 131.5 (6 x Ar-C), 120.9 (3 x Ar-C,), 53.3
(C(CHO)), 39.6 (3 x CH,). HRMS (ASAP(SOLID)) m/z Calcd. for C,3H200Brs [M+CHs]*: 548.9064; Found: 548.9066.
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5-lodo-1-tosyl-1H-indole (S23)

z%ﬁo
N
NG
I
Tosyl chloride (836 mg, 4.4 mmol) in DMF (2.2 mL) was added dropwise to a stirred suspension of 5-iodo-1-tosyl-
1H-indole (936 mg, 4.0 mmol) and sodium hydride (192 mg, 4.8 mmol, 60% dispersion in mineral oil) in DMF (10
mL) at 0 °C. The reaction was stirred at 0 °C for 30 minutes then allowed to warm to rt and stirred for 2 h. The
reaction was quenched by addition of water and the product extracted with EtOAc. The combined organic extracts
were washed with saturated sodium bicarbonate solution, dried (MgS0,4) and solvent removed under reduced
pressure. Purification by flash column chromatography (SiO,, 0-20% diethyl ether/hexane) afforded tosyl indole $23
(1.38 g, 87%) as a white solid. R¢ 0.17 (10% diethyl ether/hexane). mp = 132-137 °C (lit = 136—138 °C)?%. IR (film)/cm
11595, 1437, 1361, 1252, 1193, 1168, 1130, 1092. *H NMR (400 MHz, CDCls) § 7.87 (s, 1H, Ar-H), 7.77-7.73 (m, 3H
Ar-H), 7.58 (d, J = 8.7 Hz, 1H, Ar-H), 7.53 (d, J = 3.6 Hz, 1H, Ar-H), 7.24 (d, J = 8.3 Hz, 2H, Ar-H), 6.58 (d, J = 3.6 Hz,
1H, Ar-H), 2.36 (s, 3H, Ar-CHs). *C NMR (101 MHz, CDCl3) 6 145.2 (Ar-C,), 135.0 (Ar-Cq) 134.1 (Ar-C,), 133.02 (Ar-C),
133.00 (Ar-Cq) 130.2 (Ar-C), 130.0 (2 x Ar-C), 127.2 (Ar-C), 126.8 (2 x Ar-C), 115.3 (Ar-C), 108.0 (Ar-C), 87.4 (Ar-C,),

21.6 (Ar-CHs). Spectroscopic data for this compound (*H NMR, 3C NMR, IR) is consistent with that shown in the
literature.?®

2,2-Dimethyl-3-(1-tosyl-1H-indol-5-yl)propanal (12a)

—0O

Prepared according to general procedure J using pivaldehyde (44 uL, 0.40 mmol) and 5-iodo-1-tosyl-1H-indole S23
(294 mg, 1.04 mmol). Purification by flash column chromatography (15% diethyl ether/hexane) afforded
monoarylated aldehyde 12a as an amourphous off white solid (26 mg, 18%). R 0.41 (40% diethyl ether/hexane). IR
(film)/cm™2966, 1722 (C=0), 1459, 1370, 1173, 1129, 1092. *H NMR (400 MHz, CDCls) § 9.59 (s, 1H, CHO), 7.87 (d,
J=8.6 Hz, 1H, Ar-H), 7.77 (d, J = 8.6 Hz, 2H, Ar-H), 7.54 (d, J = 3.6 Hz, 1H, Ar-H), 7.24 (d, J = 8.3 Hz, 3H, Ar-H), 7.04
(dd, J =8.6, 1.6 Hz, 1H, Ar-H), 6.59 (dt, J = 5.3, 2.7 Hz, 1H, Ar-H), 2.84 (s, 2H, CHy), 2.35 (s, 3H, Ar-CH3), 1.05 (s, 6H,
C(CHs)2). 1*C NMR (101 MHz, CDCls) 6 206.1 (CHO), 144.9 (Ar-Cg), 135.3 (Ar-Cy), 133.6 (Ar-Cy), 131.9 (Ar-Cy), 130.8
(Ar-Cq), 129.9 (2 x Ar-C), 126.9 (Ar-C), 126.8 (2 x Ar-C), 126.5 (Ar-C), 122.7 (Ar-C), 113.0 (Ar-C), 108.7 (Ar-C), 47.1
(C(CHa)z), 43.0 (CHz), 21.6 (AI"-CHg), 214 (C(CHg)z). HRMS (ES|) m/z Calcd. for CyoH20NO3S [M-H]_: 354.1164; Found:
354.1171.
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2-(4-Methoxybenzyl)-2-methyloctanal (13a) and 2,2-bis(4-methoxybenzyl)octanal (13b)

Prepared according to general procedure J using 2,2-dimethyloctanal S7 (63 mg, 0.40 mmol) and 1-iodo-4-
methoxybenzene (244 mg, 1.04 mmol). Purification by flash column chromatography (2.5-5% diethyl
ether/pentane) afforded monoarylated aldehyde 13a as a colourless oil (33 mg, 31%) followed by diarylated
aldehyde 13b as a pale yellow oil (33 mg, 22%).

0]
|

13a 13b

13a: R 0.34 (10% diethyl ether/pentane). IR (film)/cm™ 2929, 2856, 1725 (C=0), 1611, 1511, 1463, 1372, 1246,
1178. *H NMR (400 MHz, CDCls) § 9.56 (s, 1H, CHO), 7.02-6.98 (m, 2H, Ar-H), 6.83-6.79 (m, 2H, Ar-H), 3.79 (s, 3H,
OCHs), 2.82 (d, J = 13.8 Hz, 1H, C(H)H), 2.66 (d, J = 13.8 Hz, 1H, C(H)H), 1.61—1.54 (m, 1H, CH,C(H)H), 1.44-1.38 (m,
1H, CH2C(H)H), 1.32-1.17 (m, 8H, 4 x CH,), 0.99 (s, 3H, CHs), 0.89 (t, J = 6.8 Hz, 3H, CH3). *C NMR (101 MHz, CDCl3)
8 206.7 (C=0), 158.2 (Ar-Cy), 131.1 (2 x Ar-C), 128.9 (Ar-C), 113.5 (2 x Ar-C), 55.2 (OCHs), 50.4 (C(CHs)), 41.1 (CH,),
35.6 (CH,), 31.6 (CH,), 29.9 (CHs), 24.1 (CH,), 22.5 (CH,), 18.2 (CHs), 14.0 (CHs). HRMS (ASAP(SOLID)) m/z Calcd. For
C17H270; [M+H]*: 263.2011; Found: 263.2005.

13b: R; 0.14 (10% diethyl ether/pentane). IR (film)/cm™ 2930, 2855, 1722 (C=0), 1611, 1510, 1463, 1245, 1177,
1034. 'H NMR (400 MHz, CDCls) § 9.62 (s, 1H, CHO), 7.03-6.99 (m, 4H, Ar-H), 6.83-6.80 (m, 4H, Ar-H), 3.80 (s, 6H,
2 x OCHs), 2.89 (d, J = 14.2 Hz, 2H, 2 x C(H)H), 2.75 (d, J = 14.2 Hz, 2H, 2 x C(H)H), 1.47— 1.35 (m, 4H, 2 x CH,), 1.33-
1.24 (m, 6H, 3 x CHa), 0.89 (t, J = 6.8 Hz, 3H, CHs). 3C NMR (101 MHz, CDCl3) & 207.6 (C=0), 158.2 (2 x Ar-C,), 131.2
(4 x Ar-C), 128.7 (2 x Ar-Cg), 113.6 (4 x Ar-C), 55.2 (2 x OCHs), 54.0 (C(CHO)), 38.8 (2 x CH,), 31.7 (CH2), 31.0 (CHa),
29.8 (CHa), 23.7 (CHa), 22.6 (CH>), 14.0 (CHs). HRMS (ASAP(SOLID)) m/z Calcd. For CasH3303 [M+H]*: 369.2430; Found:
369.2422.
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2-(4-Methoxybenzyl)-2-methyldecanal (14a) and 2,2-bis(4-methoxybenzyl)decanal (14b)

Prepared according to general procedure J using 2,2-dimethyldecanal S10 (74 mg, 0.40 mmol) and 1-iodo-4-
methoxybenzene (244 mg, 1.04 mmol). Purification by flash column chromatography (2.5-5% diethyl
ether/pentane) afforded monoarylated aldehyde 14a as a colourless oil (35 mg, 30%) followed by diarylated
aldehyde 14b as a pale yellow oil (38 mg, 24%).

14a

14b

14a: Rf 0.38 (10% diethyl ether/pentane). IR (film)/cm™ 2925, 2853, 1723 (C=0), 1611, 1512, 1463, 1246, 1036. 'H
NMR (400 MHz, CDCls) 6 9.56 (s, 1H, CHO), 7.02-6.98 (m, 2H, Ar-H), 6.83-6.79 (m, 2H, Ar-H), 3.79 (s, 3H, OCH3),
2.82 (d, J = 13.8 Hz, 1H, C(H)H), 2.66 (d, J = 13.8 Hz, 1H, C(H)H), 1.56-1.53 (m, 1H, CH,C(H)H), 1.44-1.37 (m, 1H
CH.C(H)H) 1.32-1.19 (m, 12H, 6 x CH,), 0.99 (s, 3H, CHs), 0.89 (t, J = 6.9 Hz, 3H, CHs). 3C NMR (101 MHz, CDCls) &
206.7 (C=0), 158.2 (Ar-Cy), 131.1 (2 x Ar-C), 128.9 (Ar-C,), 113.5 (2 x Ar-C), 55.2 (OCHs), 50.4 (C(CHs)), 41.1 (CH,),
35.6 (CHa), 31.8 (CHa), 30.2 (CHy), 29.4 (CH,), 29.2 (CH,), 24.2 (CH,), 22.6 (CH,), 18.2 (CHs), 14.1 (CHs). HRMS
(ASAP(SOLID)) m/z Calcd. For C15H310, [M+H]*: 291.2324; Found: 291.2317.

14b: R; 0.19 (10% diethyl ether/pentane). IR (film)/cm™ 2926, 2853, 1721 (C=0), 1611, 1510, 1246, 1177, 1034. *H
NMR (400 MHz, CDCls) 6 9.62 (s, 1H, CHO), 7.02—7.00 (m, 4H, Ar-H), 6.82—6.80 (m, 4H, Ar-H), 3.80 (s, 6H, 2 x OCHs),
2.89 (d, J = 14.2 Hz, 2H, 2 x C(H)H), 2.74 (d, J = 14.2 Hz, 2H, 2 x C(H)H), 1.46-1.37 (m, 4H, 2 x CH,) 1.33-1.27 (m,
10H, 5 x CH,), 0.89 (t, J = 6.9 Hz, 3H, CHs). *C NMR (101 MHz, CDCls) 6 207.7 (C=0), 158.2 (2 x Ar-Cg), 131.2 (4 x Ar-
C), 128.7 (2 x Ar-C), 113.6 (4 x Ar-C), 55.2 (2 x OCHs), 54.0 (C(CHO)), 38.8 (2 x CH,), 31.8 (CH,), 31.0 (CH.), 30.1
(CH2), 29.4 (CH,), 29.2 (CH,), 23.7 (CH,), 22.6 (CHa), 14.1 (CHs). HRMS (ASAP(SOLID)) m/z Calcd. For CagHs703 [M+H]"*:
397.2743; Found: 397.2735.
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2-(4-Methoxybenzyl)-2-methyldodecanal (15a) and 2,2-bis(4-methoxybenzyl)dodecanal (15b)

Prepared according to general procedure J using 2,2-dimethyldodecanal S13 (85 mg, 0.40 mmol) and 1-iodo-4-
methoxybenzene (244 mg, 1.04 mmol). Purification by flash column chromatography (2.5-5% diethyl
ether/pentane) afforded monoarylated aldehyde 15a as a colourless oil (36 mg, 28%) followed by diarylated
aldehyde 15b as a pale yellow oil (23 mg, 14%).

0
|

15a 15b

15a: Rf 0.35 (10% diethyl ether/pentane). IR (film)/cm™ 2924, 2853, 1725 (C=0), 1611, 1512, 1463, 1246, 1178,
1036. 'H NMR (400 MHz, CDCls) & 9.56 (s, 1H, CHO), 7.01-6.98 (m, 2H, Ar-H), 6.83—-6.79 (m, 2H, Ar-H), 3.79 (s, 3H,
OCHs), 2.82 (d, J =13.8 Hz, 1H, C(H)H), 2.66 (d, /= 13.8 Hz, 1H, C(H)H), 1.60-1.53 (m, 1H, CH,C(H)H), 1.44-1.37 (m,
1H, CH2C(H)H), 1.33-1.19 (m, 16H, 8 x CHa), 0.99 (s, 3H, CHs), 0.89 (t, J = 6.9 Hz, 3H, CHs). 3C NMR (101 MHz, CDCls)
6 206.8 (C=0), 158.2 (Ar-Cg), 131.2 (2 x Ar-C), 128.9 (Ar-Cg), 113.6 (2 x Ar-C), 55.2 (OCHs), 50.4 (C(CHs)), 41.1 (CH,),
35.6 (CH,), 31.9 (CH,), 30.2 (CHa), 29.6 (2 x CH2), 29.5 (CH,), 29.3 (CH,), 24.2 (CH,), 22.7 (CHa), 18.2 (CH3), 14.1 (CHs).
HRMS (ASAP(SOLID)) m/z Calcd. For Ca1HasO, [M+H]*: 319.2637; Found: 319.2635.

15b: R; 0.21 (10% diethyl ether/pentane). IR (film)/cm™ 2926, 2853, 1723 (C=0), 1611, 1512, 1248, 1178, 1036. 'H
NMR (400 MHz, CDCl3) 6 9.62 (s, 1H, CHO), 7.02—6.99 (m, 4H, Ar-H), 6.83-6.80 (m, 4H, Ar-H), 3.79 (s, 6H, 2 x OCHs),
2.89 (d, J = 14.2 Hz, 2H, 2 x C(H)H), 2.74 (d, J = 14.2 Hz, 2H, 2 x C(H)H), 1.46-1.37 (m, 4H, 2 x CH,), 1.33-1.26 (m,
14H, 7 x CH,), 0.90 (t, J = 6.9 Hz, 3H, CHs). 3C NMR (101 MHz, CDCls) § 207.7 (CHO), 158.2 (2 x Ar-Cy), 131.2 (4 x Ar-
C), 128.7 (2 x Ar-C), 113.6 (4 x Ar-C), 55.2 (2 x OCHs), 54.0 (C(CHO)), 38.8 (2 x CH,), 31.9 (CH,), 31.0 (CH.), 30.1
(CH,), 29.6 (2 x CHa), 29.5 (CH2), 29.3 (CH,), 23.7 (CH,), 22.7 (CHa), 14.1 (CHs). HRMS (ASAP(SOLID)) m/z Calcd. For
C26H4103 [M+H]+2 425.3056; Found: 425.3053.

1-(4-Methoxybenzyl)cyclohexane-1-carbaldehyde (16a)

_0

=0

Prepared according to general procedure J using 1-methylcyclohexane-1-carbaldehyde (50.5 mg, 0.40 mmol) and
4-iodoanisole (244 mg, 1.20 mmol). Purification by flash column chromatography (10% diethyl ether/pentane)
afforded monoarylated aldehyde 16a as a colourless oil (28 mg, 30%). R 0.26 (10% diethyl ether/pentane). IR
(film)/cm™ 2929, 2854, 1718 (C=0), 1610, 1510 (s), 1451, 1300, 1243 (s), 1176, 1109, 1033. H NMR (400 MHz,
CDCls) 6 9.51 (s, 1H, CHO), 7.00-6.96 (m, 2H, Ar-H), 6.82-6.78 (m, 2H, Ar-H), 3.79 (s, 3H, OCHs), 2.67 (s, 2H, CH,),
1.92-1.86 (m, 2H), 1.65-1.54 (m, 3H), 1.34-1.24 (m, 5H). 3C NMR (101 MHz, CDCl3) & 207.6 (CHO), 158.3 (Ar-Cy),
131.1 (2 x Ar-C), 128.2 (Ar-Cy), 113.5 (2 x Ar-C), 55.2 (OCHs), 50.8 (C(CHO)), 42.7 (CH), 31.1 (2 x CH,), 25.6 (CH,),
22.7 (2 x CH3). HRMS (ESI) m/z Calcd. for CisH210> [M+H]*: 233.1536; Found: 233.1534.
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3-(Benzyloxy)-2-(4-methoxybenzyl)-2-methylpropanal (17a) and 3-(benzyloxy)-2,2-bis(4-
methoxybenzyl)propanal (17b)

Prepared according to general procedure J using 3-(benzyloxy)-2,2-dimethylpropanal (77 mg, 0.40 mmol) S15 and
1-iodo-4-methoxybenzene (244 mg, 1.04 mmol). Purification by flash column chromatography (2.5-10% diethyl
ether/pentane) afforded monoarylated aldehyde 17a as a colourless oil (39 mg, 33%) followed by diarylated
aldehyde 17b as a pale yellow oil (33 mg, 21%).

@@é @foo/
®

17a 17b

17a: R 0.15 (10% diethyl ether/pentane). IR (film)/cm™ 2903, 2858, 2721, 1722 (s, C=0), 1610, 1510, 1492, 1251,
1072 (s). *H NMR (400 MHz, CDCls) & 9.68 (s, 1H, CHO), 7.39-7.31 (m, 5H, Ph-H), 7.03-6.99 (m, 2H, Ar-H), 6.81-6.77
(m, 2H, Ar-H), 4.51 (s, 2H, CH,), 3.79 (s, 3H, OCHs), 3.41 (s, 2H, CH,), 2.92 (d, J = 13.7 Hz, 1H, C(H)H), 2.78 (d, J = 13.7
Hz, 1H, C(H)H), 1.00 (s, 3H, CHs). 23C NMR (101 MHz, CDCls) & 205.5 (CHO), 158.3 (Ar-Cg), 138.0 (Ph-Cy), 131.3 (2 x
Ar-C), 128.4 (2 x Ph-C), 128.3 (Ar-Cy), 127.7 (Ph-C), 127.6 (2 x Ph-C), 113.6 (2 x Ar-C), 73.3 (CHa), 72.5 (CH,), 55.2
(OCHs), 51.2 (C(CHs)), 37.3 (CH2), 16.7 (CHs). HRMS (pNSI) m/z Calcd. for C1sH260sN [M+NH]*: 316.1907; Found:
316.1910.

17b: Rf 0.09 (10% diethyl ether/pentane). IR (film)/cm™ 3003, 2939, 2858, 2721, 1733 (s, C=0), 1610, 1510, 1251,
1444, 1072 (s), 1035. *H NMR (400 MHz, CDCls) & 9.68 (s, 1H, CHO), 7.42-7.33 (m, 5H, Ph-H), 7.03-6.99 (m, 4H, Ar-
H), 6.80— 6.76 (m, 4H, Ar-H), 4.48 (s, 2H, OCH,), 3.79 (s, 6H, 2 x OCH3), 3.35 (s, 2H, OCH,), 3.01 (d, /= 13.9 Hz, 2H, 2
x C(H)H), 2.88 (d, J = 13.9 Hz, 2H, 2 x C(H)H). 3C NMR (101 MHz, CDCls) 6§ 205.7 (CHO), 158.3 (2 x Ar-C,), 138.0 (Ph-
Co), 131.2 (4 x Ar-C), 128.4 (2 x Ph-C), 128.3 (2 x Ar-Cg), 127.8 (2 x Ph-C), 127.7 (Ph-C), 113.7 (4 x Ar-C), 73.3 (OCH.),
68.3 (OCHa), 55.8 (C(CHO)), 55.2 (2 x OCHs), 37.7 (2 x CH2). HRMS (pNSI) m/z Calcd. for CagH3204N [M+NH4]*:
422.2326; Found: 422.2322.
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3-((2-Chlorobenzyl)oxy)-2-(4-methoxybenzyl)-2-methylpropanal (18a) and 2-(4-methoxybenzyl)-3-(4-
methoxyphenyl)acrylaldehyde (18b)

Prepared according to general procedure J using 3-((2-chlorobenzyl)oxy)-2,2-dimethylpropanal (92 mg, 0.40 mmol)
$17 and 1-iodo-4-methoxybenzene (244 mg, 1.04 mmol). Purification by flash column chromatography (20% diethyl
ether/pentane) afforded monoarylated aldehyde 18a as a colourless oil (40 mg, 30%) followed by diarylated
aldehyde 18b as an off-white solid (43 mg, 24%).

coted CCOO\

18a 18b

18a: R; 0.32 (7.5% EtOAc/pentane). IR (film)/cm™ 2932, 2836, 2704, 1725 (m, C=0), 1611, 1511, 1441, 1245, 1178,
1101, 1034. *H NMR (400 MHz, CDCls) § 9.71 (s, 1H, CHO), 7.47 (dd, J = 7.4, 1.7 Hz, 1H, Ar-H), 7.37 (dd, J = 7.4, 1.7
Hz, 1H, Ar-H), 7.32=7.23 (m, 2H, Ar-H), 7.06—7.02 (m, 2H, Ar-H), 6.83—6.79 (m, 2H, Ar-H), 4.60 (s, 2H, OCH.), 3.79 (s,
3H, OCHs), 3.53-3.48 (m, 2H, OCH3), 2.95 (d, J = 13.7 Hz, 1H C(H)H), 2.80 (d, J = 13.7 Hz, 1H C(H)H), 1.04 (s, 3H, CH).
13C NMR (101 MHz, CDCls) & 205.4 (CHO), 158.3 (Ar-C,), 135.7 (Ar-Cq), 132.7 (Ar-Cy), 131.3 (2 x Ar-C), 129.2 (Ar-C),
128.8 (Ar-C), 128.7 (Ar-C), 128.2 (Ar-Cy), 126.8 (Ar-C), 113.6 (2 x Ar-C), 73.0 (OCH,), 70.3 (OCH,), 55.2 (OCHs), 51.3
(C(CH3)), 37.3 (CH2), 16.7 (CHs). HRMS (pNSI) m/z Caled. for C1sH2s03N1Cly [M+NH4]*: 350.1517; Found: 350.1521.

18b: R 0.20 (7.5% EtOAc/pentane). mp = 69-73 °C. IR (film)/cm 2836, 2900, 2836, 1714 (m, C=0), 1611, 1510,
1441, 1243 (s), 1177, 1094, 1037. 'H NMR (400 MHz, CDCls) § 9.71 (s, 1H, CHO), 7.53 (dd, J = 7.2, 1.8 Hz, 1H, Ar-H),
7.41 (dd, J = 7.2, 1.8 Hz, 1H, Ar-H), 7.34-7.26 (m, 2H, Ar-H), 7.04-7.01 (m, 4H, Ar-H), 6.80-6.77 (m, 4H, Ar-H), 4.56
(s, 2H, OCHa), 3.78 (s, 6H, 2 x OCHs), 3.42 (s, 2H, OCH,), 3.03 (d, J = 13.9 Hz, 2H, 2 x C(H)H), 2.90 (d, J = 13.9 Hz, 2H,
2 x C(H)H). 3C NMR (101 MHz, CDCl3) & 205.6 (CHO), 158.3 (2 x Ar-Cg), 135.8 (Ar-Cy), 132.9 (Ar-C,), 131.2 (4 x Ar-
C), 129.3 (Ar-C), 129.2 (Ar-C), 128.8 (Ar-C), 128.1 (Ar-C), 126.8 (2 x Ar-Cg), 113.7 (4 x Ar-C), 70.2 (OCH,), 68.7 (OCH.),
55.8 (C(CHO)), 55.2 (2 x OCHs), 37.7 (2 x CH3). HRMS (pNSI) m/z Calcd. for CaH3104N1Cl1 [M+NHa]*: 456.1936; Found:
456.1923.
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2-(4-Methoxybenzyl)-2-methyl-4-phenylbutanal (19a) and 2,2-bis(4-methoxybenzyl)-4-phenylbutanal (19b)
Prepared according to general procedure J using 2,2-dimethyl-4-phenylbutanal S19 (70 mg, 0.40 mmol) and 1-iodo-
4-methoxybenzene (244 mg, 1.04 mmol). Purification by flash column chromatography (5% diethyl ether/pentane)
afforded monoarylated aldehyde 19a as an amorphous white solid (21 mg, 19%) followed by diarylated aldehyde
19b as a yellow oil (20 mg, 13%).
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19a: R¢ 0.11 (5% diethyl ether/pentane). IR (film)/cm™ 2931, 1725 (C=0), 1609, 1510, 1457, 1298, 1246, 1176, 1032.
H NMR (400 MHz, CDCls) 6 9.62 (s, 1H, CHO), 7.31-7.28 (m, 2H, Ph-H), 7.22-7.16 (m, 3H, Ph-H), 7.05-7.02 (m, 2H,
Ar-H), 6.84-6.80 (m, 2H, Ar-H), 3.79 (s, 3H, OCHs), 2.88 (d, J = 13.9 Hz, 1H, C(H)H), 2.75 (d, J = 13.9 Hz, 1H, C(H)H),
2.63-2.49 (m, 2H, CH,), 1.91 (ddd, J = 13.9, 12.2, 5.2 Hz, 1H, C(H)H), 1.73 (ddd, J = 13.9, 12.2, 5.6 Hz, 1H, C(H)H),
1.11 (s, 3H, CHs). 3C NMR (101 MHz, CDCls) § 206.2 (CHO), 158.3 (Ar-Cy), 141.8 (Ar-Cy), 131.2 (2 x Ar-C), 128.5 (2 x
Ph-C), 128.2 (2 x Ph-C + Ph-Cg), 126.0 (Ph-C), 113.6 (2 x Ar-C), 55.2 (OCHs), 50.4 (C(CHs)), 41.2 (CH,), 37.4 (CHa), 30.7
(CH.), 18.3 (CHs). HRMS (ASAP(SOLID)) m/z Calcd. for CisH230, [M+H]*: 283.1698; Found: 283.1693.

19a 19b

19b: R;0.07 (5% diethyl ether/pentane). IR (film)/cm™ 2934, 1720 (C=0), 1611, 1510, 1454, 1301, 1246, 1178, 1032.
1H NMR (400 MHz, CDCls) § 9.72 (s, 1H, CHO), 7.31=7.27 (m, 2H, Ph-H), 7.22=7.19 (m, 1H, Ph-H), 7.14—7.08 (m, 6H,
4 x Ar-H + 2 x Ph-H), 6.87—6.84 (m, 4H, Ar-H), 3.82 (s, 6H, 2 x OCHs), 3.04 (d, J = 14.3 Hz, 2H, 2 x C(H)H), 2.87 (d, J =
14.3 Hz, 2H, 2 x C(H)H), 2.74-2.70 (m, 2H, CH,), 1.82-1.78 (m, 2H, CH,).13C NMR (101 MHz, CDCls) § 207.1 (CHO),
158.4 (2 x Ar-C), 141.8 (2 x Ar-Cy), 131.2 (4 x Ar-C), 128.44 (2 x Ph-C), 128.36 (Ph-C), 128.2 (2 x Ph-C), 126.0 (Ph-
C), 113.8 (4 x Ar-C), 55.2 (2 x OCHs), 54.0 (C(CHO)), 39.0 (2 x CH,), 32.9 (CH,), 30.1 (CH,). HRMS (pNSI) m/z Calcd.
for Ca6H3203N1 [M+NHa]*: 406.2377; Found: 406.2375.

3-(Benzyloxy)-2-(4-methoxybenzyl)-2-(methoxymethyl)propanal (20a)
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Prepared according to general procedure J using 3-(benzyloxy)-2-(methoxymethyl)-2-methylpropanal (89 mg, 0.40
mmol) and 1-iodo-4-methoxybenzene (244 mg, 1.20 mmol). Purification by flash column chromatography (15%
diethyl ether/pentane) afforded arylated aldehyde 20a as a colourless oil (34 mg, 40%). R¢ 0.30 (15% diethyl
ether/pentane). IR (film)/cm™ 2836, 1727 (s, C=0), 1611, 1511, 1454, 1364, 1246, 1178, 1099, 1031. *H NMR (400
MHz, CDCI3) 6 9.71 (s, 1H, CHO), 7.39-7.30 (m, 5H, Ph-H), 7.05-7.01 (m, 2H, Ar-H), 6.82—-6.78 (m, 2H, Ar-H), 4.51 (s,
2H, OCH,), 3.79 (s, 3H, ArOCHs), 3.53 (d, J = 2.7 Hz, 2H, OCH,), 3.44 (s, 2H, OCH>), 3.33 (s, 3H, OCH3), 2.92 (s, 2H,
CH,). 3C NMR (101 MHz, CDCls) § 204.5 (C=0), 158.3 (Ar-C,), 138.0 (Ph-C,), 131.2 (2 x Ar-C), 128.4 (2 x Ph-C), 127.8
(Ar-Cq), 127.7 (Ph-C), 127.6 (2 x Ph-C), 113.6 (2 x Ar-C), 73.4 (OCH.), 71.2 (OCH,), 68.7 (OCH,), 59.1 (OCHs), 55.9
(C(CHO)), 55.1 (ArOCHs), 33.2 (CH,). HRMS (pNSI) m/z Calcd. for CxoH2304N1 [M+NH,]*: 346.2013; Found: 346.2014.
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Synthesis of palladacycle dimer (2a-Pd-dimer)
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Palladium acetate (673 mg, 3.00 mmol) was added to a stirred solution of N-{2-[(E)-(2,2-
dimethylpropylidene)amino]ethyl}-4-methylbenzene-1-sulfonamide 2a (846 mg, 3.00 mmol) in CHsCN (6 mL) and
the reaction was stirred at 60 °C for 3 h. Toluene (25 mL) was added and the reaction was filtered through Celite
and concentrated to afford the crude palladacycle 2a-Pd-dimer (1.39 g, 56%). A sample was purified by
recrystallisation in CH,Cl/pentane at -20 °C to obtain analytical data. mp = decomposition occurs at 136 °C. IR
(film)/cm™ 3155, 2956, 2925, 1557, 1401, 1322, 1299, 1157, 1143, 1088. *H NMR (400 MHz, CDCl3) 6§ 8.19 (d, J=8.1
Hz, 2H, Ar-H), 7.97 (d, J = 8.1 Hz, 2H, Ar-H), 7.53 (s, 1H, N=CH), 7.47 (s, 1H, N=CH), 7.36 (d, J = 8.1 Hz, 2H, Ar-H), 7.30
(d, J=8.1 Hz, 2H, Ar-H), 6.69 (t, J = 4.7 Hz, 1H, NH), 3.95 (t, J = 11.8 Hz, 1H, C(H)H), 3.65-3.56 (m, 2H, CH,), 3.50—
3.46 (m, 1H, C(H)H), 3.19-3.12 (m, 2H, C(H)H + C(H)H), 2.70 (dd, /= 12.0, 3.8 Hz, 1H, C(H)H), 2.44-2.41 (m, 7H, C(H)H
+ 2 x Ar-CH3), 2.36 (d, J = 8.8 Hz, 1H, PdC(H)H), 2.26 (d, J = 8.5 Hz, 1H, PdC(H)H), 2.09-2.07 (m, 4H, PdC(H)H +
CO,CHs), 1.65 (d, J= 8.5 Hz, 1H, PAC(H)H), 1.16—1.07 (m, 12H, 2 x C(CHs),). **C NMR (101 MHz, CDCl5) § 189.0 (C=N),
183.7 (C=N), 181.2 (C=0), 143.1 (Ar-C,), 142.1 (Ar-C,), 137.2 (2 x Ar-Cq), 129.7 (2 x Ar-H), 129.4 (2 x Ar-H), 128.7 (2
x Ar-H), 127.4 (2 x Ar-H), 58.6 (CH.), 57.3 (CHz), 54.0 (C(CHs),), 50.8 (CH,), 50.1 (C(CHs),), 44.4 (CH3), 34.4 (PdCH,),
33.8 (PACH,), 28.4 (CHs), 26.3 (CHs), 26.2 (CHs), 24.5 (CHs), 24.0 (CO,CHs), 21.5 (2 x Ar-CHs).

Arylation of palladacycle dimer (2a-Pd-dimer)

Palladacycle dimer 2a-Pd-dimer (33.3 mg, 0.04 mmol), AgTFA (35.2 mg, 0.16 mmol), 1-iodo-4-methoxybenzene
(55.7 mg, 0.24 mmol) and AcOH (0.13 mL) were combined in a flame dried microwave vial. The vial was purged with
argon, sealed and heated to 120 °C for 24 h. The reaction was allowed to cool to room temperature, dissolved in
CH,Cl,, filtered through a short plug of silica, washed with CH,Cl, and concentrated under reduced pressure. Yields
of the arylated aldehyde products were calculated by *H NMR using gem dimethyl (mono: 1.05 ppm), methyl (di:
0.97 ppm) and methylene (tri: 2.85 ppm) signals following in comparison to a known amount of 1,3,5-
trimethoxybenzene as an internal standard.

Arylation of pivaldehyde using palladacycle dimer (2a-Pd-dimer) as the catalyst

Pivaldehyde (22 pL, 0.20 mmol), N-(2-aminoethyl)-4-methylbenzenesulfonamide 1a (21.4 mg, 0.10 mmol), 1-iodo-
4-methoxybenzene (122 mg, 0.52 mmol), 2a-Pd-dimer (4.2 mg, 2.5 mol%), silver trifluoroacetate (88 mg, 0.40
mmol), DMSO (14.2 uL, 0.20 mmol), acetic acid (0.2 mL) and HFIP (0.2 mL) were combined in a flame dried
microwave vial. The vial was purged with argon, sealed and heated to 130 °C for 3 h. The reaction was allowed to
cool to room temperature, dissolved in CH,Cl,, filtered through a short plug of silica, washed with CH,Cl, and
concentrated under reduced pressure. Yields of the arylated aldehyde products were calculated by *H NMR using
gem-dimethyl (mono: 1.05 ppm), methyl (di: 0.97 ppm) and methylene (tri: 2.85 ppm) signals in comparison to a
known amount of 1,3,5-trimethoxybenzene as an internal standard.
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Formation of palladacycle monomer as a solution in AcOD-d, (2a-Pd-monomer)
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Prepared from dissolving dimer 2a-Pd-dimer in AcOD-d.. IR (film)/cm™ 2962, 1563, 1402, 1267, 1157, 1090. *H NMR
(400 MHz, AcOD-d,) § 7.80 (d, J = 8.1 Hz, 2H, Ar-H), 7.66 (s, 1H, N=CH), 7.38 (d, J = 8.1 Hz, 2H, Ar-H), 3.38 (bs, 2H,
CH.), 3.20 (bs, 1H, CH,), 2.43 (s, 3H, Ar-CHs), 2.33 (bs, 2H, PdCH,), 2.07 (s, 3H, CO,CHs), 1.22 (s, 6H, C(CHs)2). 3C NMR
(101 MHz, AcOD-d4) 6 191.5 (C=N), 178.4 (Ar-C,), 144.8 (Ar-Cg), 138.2 (2 x Ar-C), 130.8 (2 x Ar-C), 128.1 (CH,), 60.6
(C(CHs),), 51.3 (CHy), 43.0 (PACH,), 26.2 (C(CHs),), 21.6 (Ar-CHs).
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NMR study of the formation of palladacycle monomer in MeCN-d; at 60 °C

S43

Palladium acetate (51 mg, 0.23 mmol), imine 2a (63 mg, 0.23 mmol) and MeCN-d; (0.75 mL) were combined in a
Young’s NMR tube. The reaction was heated to 60 °C and a *H NMR spectrum was recorded every 5 min for 3 h.
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Figure S8: 'H NMR spectra of cyclometallation reaction in 5 minute increments for the first 60 minutes (bottlom to top)

A representative selection of spectra are shown in figure S8 which indicates coordination of catalyst happens rapidly
then cyclometallation to give cyclometallated monomer signals (CH,'s of the ethylene diamine chain at 3.12 and
3.36 ppm and Pd-CH, at 2.17 ppm) occurs gradually at 60 °C reaching maximum conversion (see Figure S9) at
approximately 80 minutes, at which time the spectra is comparable to the monomer 2a-Pd-monomer formed when
dissolving dimer 2a-Pd-dimer in AcOD-d,. The disappearance of the broad signal at 5.6 ppm may correspond to the
deprotonation and binding of the sulfonamide through N. Sharp peaks between 4.5-5.0 ppm may be indicative of

a coordinated, charged intermediate Pd species.
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Figure S9: Change in relative integral of Pd-CHz signal (2.17 ppm) over time
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X-Ray crystal structure of metallacycle 2a-Pd-dimer

Crystals suitable for X-ray analysis were grown by vapour diffusion of pentane into a concentrated CH,Cl, solution
at 25 °C.

Fig. S10 The crystal structure of 2a-Pd-dimer (50% probability ellipsoids).

The X-ray crystal structure of 2a-Pd-dimer

Crystal data for 2a-Pd-dimer: CsoHaaN4OsPd2S,, M = 833.61, monoclinic, P2:/n (no. 14), a = 13.3652(4), b =
18.9012(7), c = 14.5561(5) A, B =104.314(4)°, V=3563.0(2) A3, Z7=4,D.=1.554 gem3, u(Mo-Ka) =1.171 mm™, T
= 173 K, colourless tablets, Agilent Xcalibur 3 E diffractometer; 7079 independent measured reflections (Rint =
0.0243), F? refinement,**? R,(obs) = 0.0345, wR,(all) = 0.0736, 5616 independent observed absorption-corrected
reflections [|Fo| > 40(|Fo|), 26max = 57°], 408 parameters. CCDC 1534094,

The N27-H hydrogen atom in the structure of 2a-Pd-dimer was located from a AF map and refined freely
subject to an N-H distance constraint of 0.90 A.

References
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Bond lengths [A] and angles [°] for 2a-Pd-dimer
Bond lengths [A]

Pd(1)-N(4) 1.952(3)
Pd(1)-C(1) 2.009(3)
Pd(1)-0(41) 2.046(2)
Pd(1)-N(7) 2.253(3)
Pd(1)-Pd(2) 3.1098(3)
Pd(2)-C(21) 2.003(3)
Pd(2)-N(24) 2.018(3)
Pd(2)-N(7) 2.085(3)
Pd(2)-0(43) 2.244(2)
C(1)-C(2) 1.538(5)
C(2)-C(3) 1.501(5)
C(2)-C(19) 1.527(5)
C(2)-C(18) 1.535(5)
C(3)-N(4) 1.271(4)
N(4)-C(5) 1.462(4)
C(5)-C(6) 1.509(5)
C(6)-N(7) 1.495(4)
N(7)-S(8) 1.628(3)
5(8)-0(10) 1.434(2)
5(8)-0(9) 1.443(2)
5(8)-C(11) 1.776(3)
C(11)-C(12) 1.375(5)
C(11)-C(16) 1.379(5)
C(12)-C(13) 1.384(5)
C(13)-C(14) 1.383(6)
C(14)-C(15) 1.377(6)
C(14)-C(17) 1.521(5)
C(15)-C(16) 1.379(5)
C(21)-C(22) 1.536(5)
C(22)-C(23) 1.489(5)
C(22)-C(39) 1.532(5)
C(22)-C(38) 1.541(5)
C(23)-N(24) 1.272(4)
N(24)-C(25) 1.459(4)
C(25)-C(26) 1.516(4)
C(26)-N(27) 1.451(4)
N(27)-S(28) 1.600(3)
5(28)-0(29) 1.427(3)
5(28)-0(30) 1.431(3)
5(28)-C(31) 1.763(3)
C(31)-C(36) 1.375(5)
C(31)-C(32) 1.389(5)
C(32)-C(33) 1.384(5)
C(33)-C(34) 1.401(5)
C(34)-C(35) 1.382(5)
C(34)-C(37) 1.508(5)
C(35)-C(36) 1.386(5)
0(41)-C(42) 1.273(4)
C(42)-0(43) 1.238(4)
(

C(42)-C(44) 1.508(5)
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Bond Angles [°]
N(4)-Pd(1)-C(1)
N(4)-Pd(1)-0(41)
C(1)-Pd(1)-0(41)
N(4)-Pd(1)-N(7)
C(1)-Pd(1)-N(7)
0(41)-Pd(1)-N(7)
N(4)-Pd(1)-Pd(2)
C(1)-Pd(1)-Pd(2)
0(41)-Pd(1)-Pd(2)
N(7)-Pd(1)-Pd(2)
C(21)-Pd(2)-N(24)
C(21)-Pd(2)-N(7)
N(24)-Pd(2)-N(7)
C(21)-Pd(2)-0(43)
N(24)-Pd(2)-0(43)
N(7)-Pd(2)-0(43)
C(21)-Pd(2)-Pd(1)
N(24)-Pd(2)-Pd(1)
N(7)-Pd(2)-Pd(1)
0(43)-Pd(2)-Pd(1)
(2)-C(1)-Pd(1)
(3)-C(2)-C(19)
(3)-C(2)-C(18)
(19)-C(2)-C(18)
(3)-C(2)-C(1)
(19)-C(2)-C(1)
(18)-C(2)-C(1)
(4)-C(3)-C(2)
(3)-N(4)-C(5)
(3)-N(4)-Pd(1)
(5)-N(4)-Pd(1)
(4)-C(5)-C(6)
(7)-C(6)-C(5)
(6)-N(7)-S(8)
C(6)-N(7)-Pd(2)
S(8)-N(7)-Pd(2)
C(6)-N(7)-Pd(1)
S(8)-N(7)-Pd(1)
Pd(2)-N(7)-Pd(1)
0(10)-5(8)-0(9)
0(10)-S(8)-N(7)
0(9)-5(8)-N(7)
0(10)-5(8)-C(11)
o(
N(

C
C
C
C
C
C
C
N
C
C
C
N
N
C

9)-S(8)-C(11)
7)-S(8)-C(11)

81.83(13)
175.12(11)
93.47(12)
82.65(11)
164.10(13)
101.96(9)
93.23(8)
135.67(12)
89.22(6)
42.08(7)
81.27(12)
94.03(12)
172.89(11)
168.51(11)
88.99(10)
96.22(9)
126.27(9)
133.23(8)
46.41(7)
65.08(6)
110.0(2)
106.4(3)
111.2(3)
109.5(3)
107.3(3)
111.0(3)
111.2(3)
116.9(3)
126.0(3)
118.8(2)
114.8(2)
108.6(3)
110.6(3)
112.7(2)
119.0(2)
114.37(14)
102.00(18)
114.65(13)
91.51(10)
117.72(16)
108.44(15)
109.52(14)
106.44(16)
105.79(16)
108.57(15)

C(12)-C(11)-C(16)
C(12)-C(11)-S(8)
C(16)-C(11)-S(8)
C(11)-C(12)-C(13)
C(14)-C(13)-C(12)
C(15)-C(14)-C(13)
C(15)-C(14)-C(17)
C(13)-C(14)-C(17)
C(14)-C(15)-C(16)
C(11)-C(16)-C(15)
C(22)-C(21)-Pd(2)
C(23)-C(22)-C(39)
C(23)-C(22)-C(21)
C(39)-C(22)-C(21)
C(23)-C(22)-C(38)
C(39)-C(22)-C(38)
C(21)-C(22)-C(38)
N(24)-C(23)-C(22)
C(23)-N(24)-C(25)
C(23)-N(24)-Pd(2)
C(25)-N(24)-Pd(2)
N(24)-C(25)-C(26)
N(27)-C(26)-C(25)
C(26)-N(27)-5(28)
0(29)-5(28)-0(30)
0(29)-5(28)-N(27)
0(30)-5(28)-N(27)
0(29)-5(28)-C(31)
0(30)-5(28)-C(31)
N(27)-S(28)-C(31)
C(36)-C(31)-C(32)
C(36)-C(31)-5(28)
C(32)-C(31)-5(28)
C(33)-C(32)-C(31)
C(32)-C(33)-C(34)
C(35)-C(34)-C(33)
C(35)-C(34)-C(37)
C(33)-C(34)-C(37)
C(34)-C(35)-C(36)
C(31)-C(36)-C(35)
C(42)-0(41)-Pd(1)
0(43)-C(42)-0(41)
0(43)-C(42)-C(44)
0(41)-C(42)-C(44)
C(42)-0(43)-Pd(2)

120.3(3)
120.2(3)
119.4(3)
119.3(4)
121.4(4)
118.0(4)
121.4(4)
120.6(4)
121.5(4)
119.5(4)
109.5(2)
110.3(3)
107.3(3)
111.6(3)
107.2(3)
110.0(3)
110.3(3)
118.0(3)
119.1(3)
116.0(2)
124.0(2)
109.1(3)
111.3(3)
122.6(2)
119.02(17
105.98(15
110.24(15
108.31(16
106.27(16
106.38(15
120.0(3)
119.1(3)
120.8(3)
119.9(3)
120.8(3)
117.9(3)
121.6(3)
120.5(4)
121.7(3)
119.6(3)
114.5(2)
125.8(3)
118.9(3)
115.4(3)
134.6(2)

—_— — — — — ~—
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'H and 3C NMR spectra of selected compounds



S49

S. St John-Campbell, A. J. P. White and J. A. Bull

6L1—
ev'e

—rwﬁ_.

08¢
8¢

G6'C
wm.ww.
96'Z

167!

wm.m./
mn.ww

NN.J

0g'L
0€'L
[4A

e

SL'L
GLL
9L'L

LLL

H NMR (400 MHz, CDCls)

Appg
90zt
7602

=pel

T T 1
05 00 -0f

1.0

15

40

45

T
5.5

6.0

6.5

08'le—

18" 0r—
9e'sh—

89'9L

00 £
Nm.\.mN

o
L0421
oozt
88'9eL —
9EEYLA

1a
13C NMR (101 MHz, CDCl3)

10

20

200 190 180 170 160 150 140 130 120 MO0 100 90 80 70 60 50 40

210

ppm



S50

S. St John-Campbell, A. J. P. White and J. A. Bull
25BBRTNBK SRLE228
e ey sl SRgedad

1H NMR
(400 MHz, CDCl3)

R W
o @ ~
[T @O
[ oo
r T T T T T T T T T T T T T T T T T T T T 1
0.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0f
ppm
o © D ©
e R =) ~N O ® @ w0
DN DO 0 oY @ @©
DONN ~ e © =]
— = [ < 3
7SS S~ [

1b
13C NMR (101 MHz, CDCls)

M A A A

T T T T T T T T T 1

r T T T J: T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
ppm




S51

S. St John-Campbell, A. J. P. White and J. A. Bull

-0t

1.0 05

15

€51 — 1 orvel L8 0p—
7 o LESP—
1 o

8.2
g9 65'55—
08z

187 — - =50Z[
s —_— omm— -+ |
567
567 899

3.0

10

20

40

50

60

70

| | @ :
16T o 00L&
zeLL

88'¢C— *=50'¢

50 45 40
ppm

T
5.5

€Ll —

96'9
LB'9
169 8L'6ZL~
869 L 0s'LeL—
66'9
00'L
0oL
L0'L -
nm.m\.
6LL
6LL
08'L
184
8L
8L
8L
8L

6.0

6.5

—_— e A

70

S S — G|
(=} .
| €829l —

\N/\/NHZ

&

/,
O/ H
1c
1H NMR (400 MHz, CDCl3)

100 90 80

ppm

110

120

1c
13C NMR (101 MHz, CDCls)
180 170 160 150 140 130

190

200

210



S52

S. St John-Campbell, A. J. P. White and J. A. Bull

06'L—

Z8T
€8¢
mm.m%

66'C
_‘o.mw
c0e

LTLl—

6LL
rm.mV

10’8
wo.mN

E

10 05 00 -0

15

20

25

60 55 50 45 40 35 30
ppm

6.5

70

15

L

85 80

0
S~ N~ NH
H
1d
1H NMR (400 MHz, CDCls)
9.0

)

FsC

0Lop—
9l'Sp—

mw.wn/

10

20

40

50

60

70

00'LE
Nm.\.n\

91611
18121
8512l
€292
9z 9z}
08'92 1
€892
62 1217
85 £21

z8eel
Slvel
8y vel

og'prel
z9evl—

100 90 80
ppm

110

120

1d
13C NMR (101 MHz, CDCls)
180 170 160 150 140 130

190

200

210



S. St John-Campbell, A. J. P. White and J. A. Bull

3.07
3.05
3.04
285
2.84
2.83
—2.39

J
4
é

le
1H NMR (400 MHz, CDCls)

il o ——
o o I~ o
oo - N =
o~ oo o
r T T T T T T T T T T T T T T B T T T T T 1
0.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0f
ppm
T OW
R RS o~ o ~
0T N — 0 OO o~
R R R ™~ © v o
- ™~ b T ‘lf

L
_“\\.
-7

1e
13C NMR (101 MHz, CDCl3)

T T T T T T T T

r T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
ppm

S53



S. St John-Campbell, A. J. P.

White and J. A. Bull

Pt~ o —Ow®Ow COON T OO W YN 0D
[t o NN e © QG000 @ G N NN
tled Lol NI T IO OO O O O ON O v v
i | — = it |
2
//S\N/\/NHZ |
O H
1f
1H NMR (400 MHz, CDCls)
| — 7 A
I “
| A ; ) L_/;_-—
¥ [ [ el -
o — ) 0o by
= Lis < % o 2l o
r T T T T T 3 w T T B 4 T o, T e ee T 2 T oe—T T T 1
0.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0f
ppm
=< T 0w
o N (o] ~ N O © ¥ O~ X 0Pk~
oo o @ QO 90O © 0w
0o © o ~ e~ © SOYOY D
— — — P~ P P~ T ONNN
A4 | | ~N ¢ SN
1f
13C NMR (101 MHz, CDCls)
|
|
|
r T T T T T T T T T T T T T T T T T T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

ppm

S54



S55

S. St John-Campbell, A. J. P. White and J. A. Bull

€60
mm.on

-0

0.0

05

91
S'h

ey
Ve

miw
eLe

182

%_L
88z
682
062
10'¢
z0'¢]
z0¢
€0’
£0'¢
€0’
50°¢
zLed
pLe
pl'e
pled
sie!

L&TLl—

20 15 10

25

3.0

60 55 50 45 40 35
ppm

6.5

70

80 75

85

H
1g
H NMR (400 MHz, CDCl3)

\N/\/NHZ

)

S//

/
9.0

o)

SN

95l —

0g'le—
65'GC—

187
Le6r
STAAEN

ww.wm/

20

40

50

60

70

00°LL
Nm.t..\

1g
13C NMR (101 MHz, CDCls)
180 170 160 150 140 130 120 110 100 90 80
ppm

190

200

A o 5 O A P A T A A N A R U

210



S56

S. St John-Campbell, A. J. P. White and J. A. Bull

eVl

S1
'H NMR (400 MHz, CDCls)

Jf
i

Fsz6

Feoz
Felz

580

-0t

05

1.0

15

20

25

40

45

50
ppm

T
5.5

6.0

6.5

8.0

0g'8C—

26'6E~
voey—

89'9L
oo&»/

S
ceLL
mmdm\.

LB9ZI
v ezL—
ov'LEL~
obveL”

05251 —

18481 —

s1
13C NMR (101 MHz, CDCl3)

10

20

200 190 180 170 160 150 140 130 120 MO0 100 90 80 70 60 50 40

210

ppm



S57

S. St John-Campbell, A. J. P. White and J. A. Bull

6v'C
08¢
08¢
0g'e

87

00¢

8y'c
05°¢-
LG'E

£5'°¢

9p'L
'L
Lyl
8y L
8y L
0841
€521
£G4
5L
psL
GG 47
9521
9521
LG LA

98'L
98’4
81
88'L
88'L
29’8

vw.mv
598

.\.m.iﬁ

0

+

H

(0]
NH
N/\/ 3
1h
'H NMR (400 MHz, DMSO-ds)
[

=00¢C

=161

Fese
Fey'y

G660

10 05 00 -0f

15

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
ppm

95

bLe
L9'8¢
68'8¢
oL'ee
LE6E

25'6¢
€L6¢
v6'6¢
SL'op-

08424\
9z'8zL—
opLeL
zoveL’

y8'091—
06'98L—

1h
13C NMR (101 MHz, DMSO-ds)

10

20

190 180 170 160 150 140 130 120 MO0 100 90 80 70 60 50 40

200

ppm



S58

S. St John-Campbell, A. J. P. White and J. A. Bull

E

10

20

40

50

60

70

re
o
o
Lw
o
-2 0£'82—
. _ conal ©
vl — e
18'er—
o
= I
op'e Lo
Lye
e o
ere e
sre 4 ,
; . 002 89'9.
ive - ﬁ et 2 0024
. zeLL)
e o ovos
- 4 <
e . etz
F<
— < Ty £
V6 S < Freol SE
['e)
[ w0
LS
©
w
[ o
o
[~
. _/
-
i [
N~
v - 55 LSh—
_ = )
6L o o ~ S EBLOLS oozl
o 8
© Lo
Iz N ©
T
o 2 s
»w o
0 wn
zTr Lot
o o
o 2 i
2
—_— — w
oo F L&

s2
13C NMR (101 MHz, CDCl3)
180 170 160 150 140 130 120 110 100 90 80
ppm

190

200

210



S. St John-Campbell, A. J. P. White and J. A. Bull S59

O T - ~un ST o ~Oo- OO0 aOMm
0 719 > NYYY omDBn®n Y
oo, ~ DO NN ANANANON
N e =
(0] . 0

Cl NH -

Cl H F

cl 1i F

'H NMR (400 MHz, DMSO-d5s)

J / b
I
I
; L i
8 2 N &
SNE'S TN WU SN TS U T TS S G S D T .
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0f
ppm
w
o © OLITONTTOD =™
o @ L P D N . D ©
o] o™ (oo RONON Re N i ol
— [=2) TODOEHO DN
[ | e
1i
3C NMR (101 MHz, DMSO-ds)
|
| i
J L

T T T

r T T T J: T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
ppm




S60

S. St John-Campbell, A. J. P. White and J. A. Bull

ev'l

8e'¢c
62°¢
or'e

e

AR
wm.m%
69'¢

lge-

vEr—
049
1691
26'91
2691
£6'9
¥6'9
16'91
G691
G6'9
96'9
16'9
1689
zeL- __
e

ge'Ld
9¢'2
9¢'L
182
8¢ L1
8e'L
or'L

—

= >
(]

O a e
—0O o
=z T
2 =
g
ZT Nn\
(@] L s
2
T
-

A AL\JL

=006

=60'C
=¢l'C

=861

ECL'L

-0t

05

1.0

15

20

25

T T
60 55 50 45 40
ppm

6.5

70

§T8C—

L8'6E~
Se'p

89'9L
00L&

ey

A
ceLL
m@mm\.

zZ8 Ll
B.EW
Z0ZL
B,N:\
LEphL

0g'Lel
ow._‘m_‘v
0L kel

L9'BGL
€L'88)

56'091
te@_.w
vZ' 19l

s3
13C NMR (101 MHz, CDCl3)

| A

Ll

saa Lol

10

20

190 180 170 160 150 140 130 120 MO0 100 90 80 70 60 50 40

200

ppm



S61

F

1j
'H NMR (400 MHz, DMSO-d;)

S. St John-Campbell, A. J. P. White and J. A. Bull

i
©
&

Fos'L
F86'0

Feez

Fes0

E

10 05 00 -0

15

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
ppm

95

98'9¢
00'8¢
68'8¢4
ol'ee
Le6E

10

20

Z56¢
£L'6¢4
6'6¢
G0y

wm.r:‘/

L6 b
mo_gw
S_N:\
BL YL

L8'1EL
mm._‘m_‘v.
Loeel

Z 1511
09264
66651
1009}
zL'09}

150 140 130 120 M0 100 90 80 70 60 50 40
ppm

1j
13C NMR (101 MHz, DMSO-ds)
170 160

190 180

200

210



S. St John-Campbell, A. J. P. White and J. A. Bull

F (@]
F N_ o
N~ \n/
H 0
F F
F
sS4
H NMR (400 MHz, CDCls)
{11
/ 4 / J

143

W o o i
© — o< (=
© © oD o
o o ~i= o
r T T T T T T T T T T T T T T T T T T T T
0.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
ppm
— o
® 0 0N O [ToN o} ®
P~ I~ QMo © 0 v
0 0D O~ © N @
-— @ P~ - M~ < ™
Y S~~~ \ |
sS4
13C NMR (101 MHz, CDCls)
|
wn w e etk b JJ“L‘.*. v Lal "
r T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

ppm

S62



S. St John-Campbell, A. J. P. White and J. A. Bull

S63

— O M ©0 T NO O D OrF=—O0O0O0O®M
oL Ol @ DWW T O 000 W W
(=2l Me)] ~ [op oo B o B o0 Bl o3 } N OINONON NN
~- | ) PSR
F 0]
N 0
F N NHa
F F £ F
F 1k
1H NMR (400 MHz, DMSO)
I[ ' [
[ j ; [
|
J 1 1
i
A AJMJLU l. b L
- et o o
D i oN o
© Lt 9 x
(=} o~ o~ ="
T T T T T T T T T T T T T T T T T T T T T
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0f
ppm
w
~ DITONT— O DD —
[ T D B 100D = 10 00 ¥
w OO OO MO~
- vmmmmmm@m
LR SR e
1k
13C NMR (101 MHz, DMSO)
Iy
1
d -~ L
T T T T T T T T T T T T T T T T T T T T T T T T T T T
250 230 210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 O 20

ppm



S64

S. St John-Campbell, A. J. P. White and J. A. Bull

€0l
o' _,W
90'L
Sy'l—
[484
192
[AckA
v3'Cy
65'C

197
292
gz
897/
697
:_&
k4

€621
6z
16T

867

00°¢

L
S_NW
£€'L

(7N
wer

1a-Me
1H NMR (400 MHz, DMSO)

=66'1L

=6L)

T T
20 15 10 05 00 -0f

T
25

3.0

T
60 55 50 45 40
ppm

6.5

By L2
mh_‘mv

gl'op—
ey 0s—

m@om/

00' Lz
Nm,mw\

v LTV,
8967/
€695, —
08 eV~

1a-Me
13C NMR (101 MHz, DMSO)

r

230 220 210 200

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

ppm



S65

S. St John-Campbell, A. J. P. White and J. A. Bull

brz—
mr.m‘,
pL'e
al'e
L'
8L'¢c
om.m\
8e'¢]
oye
Lre
|74 4
Si'y
oUW

3

om.ﬁ
Ze L
vw.mk
6Y'L
VN..\./
GLL
wn..\.w
9L'L

LLEE

N

2a
H NMR (400 MHz, CDCls)

isomers)

imine

V4

(3.5:1 E

i

ge'e
Av_‘.m

E6ee

Faoz
FEL)

F8s'0

Epeic
7:750)
=p0'T

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0f
ppm

95

0.5

8r'le—
8L'9C—

£€'9¢—

6LEr—

LV8G—

89'9L

Nm.mm\

sl
oLzl

avezt/
L0LEL—
SEEPLA

vLvLL—

2a
13C NMR (101 MHz, CDCls)

60

T T T
130 120 100
ppm

140

T
190

200

210



S66

S. St John-Campbell, A. J. P. White and J. A. Bull

N
@
i ;

L'eq
8L¢
0T'e
8g'¢
6€¢
(]85
or'e
vv.ﬁ
Lre-

B
8 L
8L

052

052

RWE
26"
25 L
vSL

9521
1§52
1829
LG LA

wm_?f
652
65 L
0941
09’2
1941
29’2
98'L]
18
182
182
88'L
88’/
5841
69'L"

——

0]

7/

S

/7

O

\N/\/N ~

H

2b
H NMR (400 MHz, CDCls)

isomers)

imine

74

1 E:

(7.3

1§

=528

=00¢
=e6'L

e
o)
o)
o

80
me €
=pp'e

-0t

05

1.0

15

20

T
60 55 50 45 40 35
ppm

6.5

94'9¢—

pe9E—

L8'er—

pLeg—

mw.wn/

Nm.mm\

LO'LTh~
80'6ZL—
65°CEL

c00pL—

vevLL—

2b
13C NMR (101 MHz, CDCls)

10

20

200 190 180 170 160 150 140 130 120 MO0 100 90 80 70 60 50 40

210

ppm



S67

S. St John-Campbell, A. J. P. White and J. A. Bull

(AN

%8
£1'E]
5161
9l¢

81'¢1
8¢
81
6%
|
or'ey,
Ve
Lpe/

88—

LeY—
6LY—

%

isomers)

2c
'H NMR (400 MHz, CDCls)
imine

74

1E

(6.1

886

Fo0¢e
E=eL)

=8L¢

=GZ'0
Feso

=epe

=8L0
A4

E

25 20 15 10 05 00 -0

3.0

8L'9C—

£€€'9¢—
eLer—

69'95—
LLBG—

mw.wn/

10

20

40

50

35

80 75 70 65 60 55 510 45 40
ppm

85

9.0

Nm.mm\

0T yLL—

61624~
VA4S

£8'29L—

LivLl—

100 90 80 70 60

ppm

110

120

2c
13C NMR (101 MHz, CDCls)

190 180 170 160 150 140 130

200

210



S68

S. St John-Campbell, A. J. P. White and J. A. Bull

Is]
g 4
iy

0z'e
L€
Lre
44>
Zre
e
pre

86’y

L&l
LG4
LG4
cq'L
6LL
L84

co'e

\

1

W

S

FsC

2d
H NMR (400 MHz, CDCls)

(10.1

ine isomers)

im

1E:Z

Feot

00'L
=|y'T
#C9'C

-0t

0.0

05

1.0

15

20

T
60 55 50 45 40 35
ppm

6.5

70

15

8.0

pL9T—

8e9e—

€e'er—

86'85—

mw.wn/

Nm.mm\

SL6LL
98'1zt
1512
0z 92}
vz 9Tk
82921
1£9z
82 121y
95 12}

paeel
LI'vEL
0s'vel

S8l
LLepL—

9Ll —

2d
13C NMR (101 MHz, CDCl3)

10

20

200 190 180 170 160 150 140 130 120 MO0 100 90 80 70 60 50 40

210

ppm



S69

S. St John-Campbell, A. J. P. White and J. A. Bull

mm.m.
mw.mAV
9T'e
e
e
Sp'e
Sp'e
mv.m\v
Lye’

6L'G—

LT
£eL
Ge'L
Ge'L
L84
mm.iﬁ

Lyl
Ly
By L

Bb'L-
&' L]
pe 2]
PG L1
652

2e
'H NMR (400 MHz, CDCls)

isomers)

imine

74

1 E:

(8.1

=806

Fe6'0

L0}
=T
“00'}

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0f
ppm

95

0.5

6L'9C—

eroe—

L0 —

6L85—

89'9L

Nm.mm\

mm._‘m_‘
mm.mm_‘V
eevel—7
Nm.mm_‘.\

08'VLL—

2e
13C NMR (101 MHz, CDCls)

10

20

200 190 180 170 160 150 140 130 120 MO0 100 90 80 70 60 50 40

210

ppm



S70

S. St John-Campbell, A. J. P. White and J. A. Bull

vo.v/

A
NNFV
Bt
Gl'e
al'e
L1e
61¢
1P'e
LP'e
spet
gre
mvmf
05'¢c-
Gl
@ka
8l p—

ol
Ly
sLv/

LA
VR AAN
852
wmﬁv
6G'L

P

H

\N/\/N NS

s

2f
H NMR (400 MHz, CDCls)

A gg:
= g6’
i 6’

LN

w68

™

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0f
ppm

95

0.5

1S'€T~
R
E@ww
e9 62,
L ve)
ge'9e
e
Sh65—
89'9.
e’
98z —
—
o
o
22054~ Q ’
L9ZSL— © -
N
T
- b
o~ -
o
VEpLL— = -
o
S
2
(S)
]

10

20

200 190 180 170 160 150 140 130 120 MO0 100 90 80 70 60 50 40

210

ppm



S71

€601
$60
9601
1607
90'}1
£V 11
s
o'l

oVl

s

S. St John-Campbell, A. J. P. White and J. A. Bull

7%
9L Ly

LLIA

0g'l
081+
L8l

L0'€q

20°eq
momé

zee

€88,

6y'¢
08¢
Lg'e
1G€

zse!

65—

LT

19'L
_‘w.\.W
45

ine isomers)

0
H
2g
'H NMR (400 MHz, CDCls)
m

7/

//S\N/\/N\

0]

Z

(19:1 E

=#20'b
006

Fige
oLz

=160

E

30 25 20 15 10 05 00 -0

35

89EL—
€GLT~
P92~
18'92"
Zr'9e—
ve'er—
£eee—

z009—

89'9L

90 85 80 75 70 65 60 55 50 45 40
ppm

95

0.5

Nm.nm\

bepLl—

10

20

2g
13 NMR (101 MHz, CDCls)
190 180 170 160 150 140 130 120 MO0 100 90 80 70 60 50 40
ppm

200

ST il

210



S72

S. St John-Campbell, A. J. P. White and J. A. Bull

IS¢
65°¢1
09°¢

99'¢
89t
69t
b

2y L7
e'Ly
P Lo
52
b2
8y L]
84
6 L

05’21
09'21
192
1941
e
5l'l

9l'L

9Ll

s
10

i
w

S —yT

Nx

2h
H NMR (400 MHz, CDCls)

(7.3

O
N
H

isomers)

imine

1E:Z

=008

580

e
=160
S

1.0

15

20

50 45 40
ppm

T
5.5

6.0

6.5

§8'9C—

LT9e—
SG'0p—

89'65—

mw.wn/

Nm.mm\

8L9Zh~
vS8zL—
LeeL
L9veLs

8T'L91—
STYLL—

2h
13C NMR (101 MHz, CDCls)

Wi

10

20

200 190 180 170 160 150 140 130 120 MO0 100 90 80 70 60 50 40

210

ppm



S73

S. St John-Campbell, A. J. P. White and J. A. Bull

oUF

ve
§5'¢-
55¢
95 ¢
95'¢1
956+
266
654
656
19
19'e
19e
29¢
z9°¢
z9¢
€9'¢
po'e

v
R.»
L9'L
1oL
291/

Nx

N
c H

cl
cl

2i
H NMR (400 MHz, CDCls)

isomers)

imine

74

1 E:

(7.3

=46

T
w\wN.N

=pl0

=00}

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0f
ppm

95

0.5

18'92—
Ly 9s—
0L b—
£5'85—
899
ze 1!

—

o

o

a

o

N

1019k — =

_ 2

i

=

e6'pLL— = -

o

S

2

o

]

10

40

60

90

T
110

T T T T
160 150 140 130

170

T
190

T
200

210

ppm



S74

S. St John-Campbell, A. J. P. White and J. A. Bull

J

iom

AR
85'¢
65'¢
65°¢
09'¢
09'¢”)
89'¢
0L
ble
eL'e

LT'9—

1697
z6'9
26'9-
69
v6'9
76'94
5691
96'91
1694
169
1zl
28 i1
e 21
e i
ge 21
9¢ L1
9¢'L
182
8¢'L

o' L]
z9'L’

Nx

2
H NMR (400 MHz, CDCls)

isomers)

imine

74

1 E:

(4.3

=68

580

=0ve

=izl
=260

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
ppm

95

0.5

18'9C—

9T'9e—
veop—

G865 —

89'9L

Nm.mm\

S8'LLL
L8 LA
L6 b
90zl
60'ZhL
0LzLl

GrLEl
GG LEL
g9l

€481,
6,851
8709~
VNE%
0E b9l

09'pLL—

2j
13C NMR (101 MHz, CDCl3)

10

20

200 190 180 170 160 150 140 130 120 MO0 100 90 80 70 60 50 40

210

ppm



S. St John-Campbell, A. J. P. White and J. A. Bull S75

€9 ¢ N I~ I ORI~ D DD © o
RRERARS 3 RRBODD0n00n D &
[ © GOOGODO OO +
- I S Qs e
F (0]
N
H
F F
F
2k

'H NMR (400 MHz, CDCls)
(7.3:1 E:Z imine isomers)

—

1.00=
o 70.83
2
1
= 19,36

—174.70
—157.26
77.32
76.68
—59.14
—41.07

—36.33
—26.77

2k
13C NMR (101 MHz, CDCls)

T T T T T T T T T 1

r T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
ppm



S. St John-Campbell, A. J. P. White and J. A. Bull S76

o y: RRIRE2® T
(0]
>|\ )J\ A~ Nx
(0] N
H
2|
H NMR (400 MHz, CDCls)
(10.1:1 E:Z imine isomers)
I s ”
. 1 » I N

o T o) iy 4
o 7o) 0= o~
o ~ - = ® o
— o oo @ o
r T T T T T T T T T T T T T T T T T T T T T
0.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
ppm
«© ©
o @© ~ O ® o 0 © P
< 0 (=R R=Re] ] — — N
~ 7] o~ ~© o - © O
= - P~ P~~~ © ¥ oo N
[ | = [ Il /
2

13C NMR (101 MHz, CDCls)

T T T T T T T T T

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
ppm




S77

S. St John-Campbell, A. J. P. White and J. A. Bull

Ph/\/\/N\

2m
'H NMR (400 MHz, CDCls)

=006

Fiop

07|

Feo'e

-0t

05

1.0

15

20

T
60 55 50 45 40
ppm

6.5

v6'9T

§8'8T<°
9g0e”
p9'Ge

mm.mmW

ob'lo—

mw.wn/

00" £
Nm.\.n\

29SThA
vZ'8zl
1%

95yl —

e6'LLL—

2m
13C NMR (101 MHz, CDCls)

10

20

200 190 180 170 160 150 140 130 120 MO0 100 90 80 70 60 50 40

210

ppm



S. St John-Campbell, A. J. P. White and J. A. Bull S78

449

|
|

767
767
7.66
7.35
7.35
7.34
7.33
7.33
T34
7.27
7.26
7.26
7.25
7.24
—4.59

Ph\/N§)<

2n
'H NMR (400 MHz, CDCls)

i
| ! - |
|
Illlj
§ |2 g/ (]
©
o=® @ <
erpel £ o
r T T T T T e T T T T N T T T T T T T T 1
0.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0f
ppm
o~ r~ o™ © —
~ © 0~ o~ o o~ @© <
© @ @ I~ © oY wn N =)
~ @ NN ™~y © < © ©
A= — —— — M~ o= O © o
| | I ~ | | |
2n

13C NMR (101 MHz, CDCls)

r T T T T T T T T T T T T T T T T T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
ppm



S79

S. St John-Campbell, A. J. P. White and J. A. Bull

1807
180
8801
6801
0604
160
911
8l
0z}
0Z' 1]
ze L
£z'14
SZ'\A
9z
Ak
og't
8y’ L1
0511
05'1
L'
z5'L

—

—

60
Ly

Sy

LTiL—

OEt

S5
H NMR (400 MHz, CDCl3)

ve

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0f
ppm

95

0.5

GOl
mmAv_‘v
65°CC
mmAVNW
4314
SL'6C7
89’ vm\
LLOb~
SLey

L'09—

89'9L

Nm.mm\

SlL'8LL—

S5
13C NMR (101 MHz, CDCls)

10

20

200 190 180 170 160 150 140 130 120 MO0 100 90 80 70 60 50 40
ppm

210



S. St John-Campbell, A. J. P. White and J. A. Bull S80

7157
—332
131
1.29
1.28
1.23
1.22
U
0.89
Lo.g7

/
Y
x

WOH

S6
H NMR (400 MHz, CDCl3)

ol o o
o~
o o ©
o (e}
2 = 2
o, Po
T T T T T T T T T 1

95 90 85 80 75 70 65 60 55 5‘0 45 40 35 30 25 20 15 10 05 00 -0f

ppm
o [se o)) NNOWU®O~—= O
P OO OO NO©©Oe o
~g ON OO~ OMON T
g~~~ (?("’)(”)("')NNN >
[ SN RN

S6
13C NMR (101 MHz, CDCl3)

r T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
ppm



S. St John-Campbell, A. J. P. White and J. A. Bull S81

7] r~ VOOUVITNOFVOIINT—OHOOWO DO~
po 2 N NI TOONNNNNNNFE—-— OO0 OO o
C’|> U VALY S SR e R o e e O e
(0]
I
S7
H NMR (400 MHz, CDCls)
| /]
|
1
L Mb;
i T
= (o) Rop len i cn ]
b = ~Oo
o N 0O
0.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0f
ppm
©
© ~N O [N T (e Rl To R
© e R=R] © NOONOND
o M~~~ 0 w M~ O TN <
< P~~~ ¥ OONNNN—
| ~ | VNN
S7
13C NMR (101 MHz, CDCls)
|
1 i |
|
4 J I L

T T T T T T T T

r T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
ppm



S. St John-Campbell, A. J. P. White and J. A. Bull S82

~ DO~ NODOEOWMO©OO -
o~ ~——=0 DO ITTNNNN— O O ©
~ T T e e e e GO0
| ER e D T

OEt

s8
H NMR (400 MHz, CDCl3)

. 1B
J { Al [/
]
)
1 1 h
L W | P
o ® NWOW O
S ®© 590 ®©
T T T T T T T T T T T T T TOwT T T T T T oew T T
105 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
ppm
w
A o @ © ~ w0~ o I Y T ©
= od o — ~ P~ O - aNo
~ ~ g © [} N O oW IT T
= ~ g~ (7o} A O NN —
| ~ | N e N
S8 |

13C NMR (101 MHz, CDCls)

T T T T T

9 80 70 60 50 40 30 20 10 0

T

T T T T

r T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100
ppm



S. St John-Campbell, A. J. P. White and J. A. Bull

~ o NO =~ O NS~ O
N ) NOOANNN D BB
r~ © P i o e W oo
! I e
\/\/\/\>(\OH
S9
H NMR (400 MHz, CDCl3)
[ ) |
|
| | JUA
= T
o N ©Oo
L2 PR R b
T T T T T T T T T T T T TN - N p !
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 5 10 05 00 -0f
ppm
Nioom NNO =T T D@
odoa ~O5H oo 06
r~ O N OO OMN
—~ M~ P~ OOOMOONANNN
i ==
S9
13C NMR (101 MHz, CDCl:)
| [}
r T T T T T T T T T T T T T T T T T T T T T T |
230 220 210 20 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

ppm



S. St John-Campbell, A. J. P. White and J. A. Bull

1.28

126
L4273
11,22
11,22
L1.20
1,04
10.90
L0.88
lo.g7

7] r~ MO OO
A N NN YO
= ~ R
I I o A LSS

— =

MO
S10
H NMR (400 MHz, CDCls)

J L i (. -

-

&

r T - T T T T T T T T T T T T T T T T
0.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
ppm
~
w o ¢ © TOTANNNO©®DOO
b K X! DODITNNDB NS
o ~ g © D~~~ IT N~
& ~f = TOOONNNN N~
| ~ | S =

S10
13C NMR (101 MHz, CDCls)

T T T T T T T T T T T T

r T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
ppm

S84



S85

-0t

£8'07
6801
060 F

0.0

10

9L'19

20

05

30

S. St John-Campbell, A. J. P. White and J. A. Bull

40

CINE
0Z' 1 B
Nm_rﬁ 6562+
gL
SZ'L4 < rgo0
oz ~ ”M €0
e
62’11 |
Bt 11 3
05 11
Z5'h

£Z' 1 == ‘J = 60¢ o 80°08— =
i + 009 ~
Y
L o LLOp~ =
= §lzp” -
o
0c'1 i
" _
o
& 89'9L

60 50

70

1 4°303 g
8y L 66—
zei1?

40

680
LY w - £ 60
m_‘.vv Illj = 80¢

40

50 45
ppm

T
5.5

OEt
6.0

6.5

L&TLl—

8.0

SL8LL—

S11

'H NMR (400 MHz, CDCls)
S11

13C NMR (101 MHz, CDCls)

80

18
ppm
120 110 100 90
ppm

130

34 32 30 28 26 24 22 20
140

150

180 170 160

190

r

230 220 210 200



S. St John-Campbell, A. J. P. White and J. A. Bull S86

& 8 S53aRNREBE
i i TRRA IS 599
\/\/\/\/\>(\OH
S12
'H NMR (400 MHz, CDCl3)
f
|
|
I / |
| 1 JL}(

6
9.68-1
00

95 90 85 80 75 70 65 60 55 5‘0 45 40 35 30 25 20 15 10 05 00 -0f

ppm
o™ © NN -0 T MWmoo
R BCR) OO © QMo OO~
—~If © o DD -—OHDHDHOONTT
r i P~ P DOMONNNNNN—
~lt ———, S|

S12
13C NMR (101 MHz, CDCls)

1 O A e L.

T T T T T T T T T 1

T T T T T T T

r T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
ppm



S87

S. St John-Campbell, A. J. P. White and J. A. Bull

1807
6801
060
0’1
0Z'1
0Z |
V2
ZZ L

T |-

Wil ||

W

szt
9z}
0¢'L
A
ld%
G L
'L
na

—

LTiL—

Sy 6—

§13
'H NMR (400 MHz, CDCls)

l

L

OO~
=
NN

(TR

= 26

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0f
ppm

95

607k
62129
197z
Raya
0262
ov m?w
95'62
ez oc/
681¢
9g'48
€8'6h—

m@om/

Nm,t\

L9'90C—

S13
13C NMR (101 MHz, CDCls)

WMAL

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

230 220 210 200

ppm



S88

S. St John-Campbell, A. J. P. White and J. A. Bull

60—

19T
mm.NW
04T
PEEN
Lre
wv.mV

eSYr—

8T'L
0g'L
[4°
el
SE'L
9C L~F
LeL
LEL
8e'L
8g'L
6€'L

OH

S14
'H NMR (400 MHz, CDCls)

£00'9

=160

=96}

=p6'lL

ELGY

E

10 05 00 -0

15

85 80 75 70 65 60 55 50 45 40 35 30 25 20
ppm

9.0

Z8le—

0C'9c—

valL
n?m»%

89'9L
oo.t.W
e LL
Nm.mp.\.

rv.nm_./

10

20

60 50 40 30

70

110 100 90 80

120
ppm

29 LTk
6£'8C1 7

zh8el—

180 170 160 150 140 130

s14
13C NMR (101 MHz, CDCls)

220 210 200 190




S89

S. St John-Campbell, A. J. P. White and J. A. Bull

ope—

[4: i o

1z1
8z'L
8z'L
62 L1
08 L7
0e' L
127
e\
pes-
ge' L
¢4
9¢'4
9e L1
1641
¢4
ge'/d

859'6—

0

0]
$15
'H NMR (400 MHz, CDCls)

=009

£90°C

=00C

FOL'Y

=L80

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0f
ppm

95

0.5

r06L—

[AWA e

\.mAmw/
mobn%
89894

|

00'LL7
zeii!

eV Ll
Nw.\.m_‘w
LE8Z)

90'8¢l—

ye'60C—

S15
13C NMR (101 MHz, CDCls)

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

230 220 210 200

ppm



S90

S. St John-Campbell, A. J. P. White and J. A. Bull

op'c—

b e~
6"

LOp—

2T 1
7T 1
bz 1
vz L1
9z'L

9zL

92 L1
el
8T 24
8z L
0¢' 2
0g' 2
¢ L4
9L

1801
8¢/
SY L1
b L1
Syt

st

OH

O

Cl
S16
1H NMR (400 MHz, CDCls)

=009

¢80

=p6')

10T
880
160

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0f
ppm

95

0.5

98'lc—

8E9E—

L90L
wme}
89°9L

U FP\
el
eLeL

6921

.ﬂ.mﬁw
69'8Z 7
ve6z) A
S6ZEL \

L8'Sel

516
13C NMR (101 MHz, CDCl3)

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

230 220 210 200

ppm



S91

S. St John-Campbell, A. J. P. White and J. A. Bull

=

9ge—

09—

627
0z 21
AR
2T i
ATR
vz L1
P2 L7
vz L4
92 LA
9214
1zy
8z .
8z L
£¢'11
€€ L
6¢ 21
g 21
i
L2
sPL

vl

ep L
196—

Cl

e

)

s17
H NMR (400 MHz, CDCls)

009

=e6'L

/881

A

160

=580

-0t

20 15 10 05

25

40

60 55 50 45
ppm

6.5

70

85

vLiv—

mon\.v
waw/
89'9L
oo,RW
ceLL

LLazh
om.mm_‘W
mw.mwr\
€L'6Cl
LSTCL
ﬁ.mw_‘\,

80'G0C—

§17
13C NMR (101 MHz, CDCls)

230 220 210 200

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

190

ppm



S92

S. St John-Campbell, A. J. P. White and J. A. Bull

)
=) N
s

L8T
85¢C
65C i
09¢
€9'¢

6EE— —

Lt
gLL
0z .
0e'L
\Z'L T ==
1zl o)
8z'L
62'L
Le'L

§18
1H NMR (400 MHz, CDCls)

=00'9

o -
~ 0
DR B
~N O

15

.81

=98’}

05 00 -0f

1.0

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
ppm

95

0.5

sLez’”
6705~
675~
980,

Z8'LL
mm,wTM

ookl

wa\.\.\

E9STI
T8zl
o

CheEvl—

518
13C NMR (101 MHz, CDCl3)

180 170 160 150 140 130 120 10 100 90 80 70 60 50 40 30 20 10

190

230 220 210 200

ppm



S93

S. St John-Campbell, A. J. P. White and J. A. Bull

Wl
L4
8L
6L
6L,
0z 47
2T LA
zz i
L
8z'L-

8z'.]
624
0g'L
LE LT
Ve L
be's

05'6—

_0O

§19
1H NMR (400 MHz, CDCls)

=009

£96°)

Fi6')

vilT
08'L

=06°0r

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0f
ppm

95

0.5

W

Le1Z—
LLog—
9z 66—
26— -
899/
ze' il
66'SZ1
vZ'8ZL~
shszL”
8g'LhL— -
=
o
=
o
N
I
o =
- -
7 )
=
o
S
. 2
06'502— o -
3

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

230 220 210 200

ppm



S94

S. St John-Campbell, A. J. P. White and J. A. Bull

Sel—

PSe—

LY
8e'y
€5y

65

1214
8z L1
67'L

0¢ 19
0€ L
L8 L

Z€ L
e ¢
524

9¢'2]
1e29

E

05 00 -0

1.0

15

30 25 20

35

40

45

~NLJL

Vm.vW

65 60 55 50
ppm

70

o}

15

184
¢4
6841
6€L”

8.0

O
S20
'H NMR (400 MHz, CDCls)

85

9.0

ov'le—

S8'68—

peEL
oom?/
899

10

20

60 50 40 30

70

00444
e LL
L1°08

G§'LCL
€9.C _,W
6E'8Z1
8T8¢cl—

110 100 90 80

120
ppm

170 160 150 140 130

S20
13C NMR (101 MHz, CDCls)
180

190

T

220 210 200




S95

S. St John-Campbell, A. J. P. White and J. A. Bull

68'0—

G8C
wm.N/

BeE

8e'e
Sref
oved
wv.i
85'¢

eGYr—

1247
82/
62 1
0€ L
L L
€€ 14
o
e L
St
9¢' .-
9¢ /]
9g' 4
1€'11
8g'L
8g'L

OH

o)

s21
'H NMR (400 MHz, CDCls)

=00'¢

580/

Fig9
=¢6')

681

Fzly

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0f
ppm

95

0.5

08LL—

LGy

Vp65—
2869,

syeL.
89'7L\

jele MoV

00'£L
z L1
£gLd

v LCh
LSLC _‘V\.
9e'8ZL-

Legel—

S21
13C NMR (101 MHz, CDCls)

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

230 220 210 200

ppm



S96

S. St John-Campbell, A. J. P. White and J. A. Bull

b=

€ee
8y'e
(=R

G5'¢

Al saldl

95'¢
AR
85'¢
E.ﬁ
ro'e
[4: 1

\.N.n._
STV
LEZY
£eL
peL
peL
Ge'L
Ge'L
9¢'L
s/}
282

8916

O

S22
'H NMR (400 MHz, CDCls)

=00'¢

¥€6T
0T
6Ly

=96'L

Fzoy

=980

-0t

1.0 05

15

20

35

40

T T
60 55 50 45

6.5

8.0

ppm

e'vl—

CLLG—
Zye5—
el
Nv;mm,//
LB'ELN
89'9L

00°LL
e LL”

v LCh \
Lg7iCh

vm.mm_‘.\
90'8¢l—

€9v0C—

$22
13C NMR (101 MHz, CDCls)

r

230 220 210 200

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

ppm



S. St John-Campbell, A. J. P. White and J. A. Bull

D FONTT O T ON T D @ wn
0 NOOOOoOS®®®M© r~ ~ S
()] \ M~ 0O oo (] N =
(0] | [ I |
i
3a
H NMR (400 MHz, CDCls)
[
| )
|
|
|
i
| L
D[l )Tatr I-YA b[l 'T‘
o O o™ @© o
(o)) (2o o () o
o — - © — [
0.5 95 90 85 80 75 70 65 60 55 50 45 40 1.
ppm
= fe) 0 © 5]
o~ o~ —®© s} ™~ O » = W o
© [ve) ~ O © Mo Y 2 = ©
o 75} @ N — M~ M- © w0 ~ o ~
=~ -~ —~ - [ 0 < o~
[ l i/ [ - [ [

3a
13C NMR (101 MHz, CDCl3)

T T T T T T T

r T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90

ppm

T

T

70

S97



S98

S. St John-Campbell, A. J. P. White and J. A. Bull

L6°0—

€92
997"
562~
g6z

6L¢C—

08'9
5_&‘

3b
1H NMR (400 MHz, CDCls)

289

00'L

002

1oL _ﬁ
|

[4s A
.\.N.m;\
o=

)
/

L96— o—

=66C

=0z|

Fi0C

Fyz'9

Froy
LY

Foo't

-0t

1.0 05

15

20

3.0

T
60 55 50 45 40
ppm

6.5

€08L—

8lr—

Zrlg—
6165 —

m@omwr

0044
Nm,t\

LOELL—

6582~
LZelL—

e85l —

79'90C—

i kgt v

3b
13C NMR (101 MHz, CDCls)

r

230 220 210 200

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

ppm



S99

S. St John-Campbell, A. J. P. White and J. A. Bull

58C—

”

089
189
189
289
€89
¥8'9
[As A
c0'L
€04
oL
S0'L
mo..\._
L&l

9L'6—

/
o)

3c
1H NMR (400 MHz, CDCls)

809

LV'6

=029
.09

=860

-0t

1.0 05

15

20

25

60 55 50 45 40
ppm

6.5

70

9.0

6L6E—

LLES~
616G

89'9L
ooARW

TLL

LOELL—

85'8C1~

0s'Lel

vZ'85l—

9¢'L02—

3c
13C NMR (101 MHz, CDCl3)

230 220 210 200

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

ppm



S100

S. St John-Campbell, A. J. P. White and J. A. Bull

-
g &
i

LLT—

08'¢— =

G9'9n
G99

99'9

89'9

0L'9-

9L'9-

1LY

6.9

6L'9

8.9

8l'L

0z'L o=
2T

1L

4a
1H NMR (400 MHz, CDCls)

09'6—

=gLS

=z0°2f

=Cl'e

=580

T T T T T T
60 55 50 45 40 35 30 25 20 15 10 05 00 -0f
ppm

6.5

ov'le—

e er—
88'9y—

)

m@om/

Nm,t\

bbb
6LoLLY
99224~
80621,

8yecl—

pPe6sL—

€6'60C—

4a
13C NMR (101 MHz, CDCl3)

r

230 220 210 200

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

ppm



S101

S. St John-Campbell, A. J. P. White and J. A. Bull

28¢C—

LLe—

z8'9,
891
P89
891
9891
98'91
8891
88'9-
om_i
069~

502
mo_tﬁ
90'2

2024
6lL
0z 21
V2 L
2T L]
£z 11
bz L1
1t

€9'6—

o=

5a
H NMR (400 MHz, CDCls)

A

=G99

=l2e|

=8z’

o
o T
L
— o

=860

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0f
ppm

95

0.5

08'le—
c0'8e—
06'9y—

L8'PS—

m@om/

(v oy o

A A

GE0k—

8L'0CL—
99'GTl~
€08cl—
socel—

A

99'60C—

5a
13C NMR (101 MHz, CDCls)

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

230 220 210 200

ppm



S102

S. St John-Campbell, A. J. P. White and J. A. Bull

S0 —

bT—

&8
659
659
(VRN
eL9”

LTiL—

LGB

/—0

o=

6a
1H NMR (400 MHz, CDCls)

=009

— =ZL'T

/960
2eg0
3 “e60

Fezeo

=00¢t

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0f
ppm

95

0.5

BeLe—

€6'Th—
00 Ly—

m@wm/

vy p oy oy

A A

88'00L—
96'L0)~

o

P OLL~

0zegl—
GG'0ElL—

[44°1 47N
Le v

66'60C—

6a
13C NMR (101 MHz, CDCl3)

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

230 220 210 200

ppm



S103

S. St John-Campbell, A. J. P. White and J. A. Bull

0l —

Z6'C—

8T'L
6TL
62 LA
0g'L
LeL
Nm.\..\
rL'8
ri'8
Gl'8
91'8
L8
t..mww

86—

o=

7a
1H NMR (400 MHz, CDCls)

NO,

£89'9

rozze

r8le

=00'¢

=00t

-0t

05

1.0

15

20

3.0

T
60 55 50 45 40
ppm

6.5

9.0

VST

crer—
L6'9y—

89'9L
ooAt.W
TiL

ceeel—
60'LEL—

LOSPL~
08'8rL—~

89'v0C—

7a
13C NMR (101 MHz, CDCl3)

W

iy

T

220 210 200

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

ppm



S104

S. St John-Campbell, A. J. P. White and J. A. Bull

€82
987"
ple~
gle’/

7b
H NMR (400 MHz, CDCls)

LT LT
8Tt
8T'L
0g'L
0g'L
Le'L
Gl'8
918
9.8
8L'8

618!
@)
z

89'6—

)

A

|

J

m_‘.ﬂ o=

O,N

=0lL'¢

+80'Z|

F50C

62y

-
0
&
)

1 F660

-0t

6 8l— =

05

1.0

15

vz — -

ob'Lg— -

20

R

o

00'LL

S %SW
ZeLL

Pk

40

e

T
45
o

50
ppm

pPeeCl— -

T
55
4o ity

Ly

ek

6.0

elepl— e
PO Lvl— S

6.5

Ao

7b
13C NMR (101 MHz, CDCl3)

£0'v0T—

r

230 220 210 200

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

ppm



S105

S. St John-Campbell, A. J. P. White and J. A. Bull

S0'l—

9L'C—

bO'Lq
€0'L
S0'LA
50'L
€T1

A
vz 'L

9z -
9L

A

——

Cl

L56—

o=

8a
H NMR (400 MHz, CDCls)

pe9

Bpze

FeET
=0T

=00'L

40 35 30 25 20 15 10 05 00

45

95 90 85 80 75 70 65 60 55 50
ppm

10.0

GeLe—

oger—
v8'or—

899/

00'LE
Nmsm\

82821
86 LEb
Lree”
eel”

GG 80Z—

8a
13C NMR (101 MHz, CDCl3)

T

210 200

180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10

190

ppm



S106

S. St John-Campbell, A. J. P. White and J. A. Bull

80—
=
[®]
S92 S
897\ ~ o
. N
987~ T H— -
96ZT < s @ ——=
66C + o
Q2 O
© T
5 o
® s
2 -
T
-
©)
002
oL
20t
0L
eTL — oO m
VT L o od =
Szl )
9zt ]
9L
1zt

=lee

®0LS
E0L'S

=»€0'}
Rez0

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
ppm

105

9l8L—

55'66—
68 L/
00' LS~
ShEG—

mw@m
oos.\.W
Tl

Zvezl
zg'8zh
19'LEL
gligly  ©
oty ©
E.NQN
eS el
o

Zy's0T
wv.momv

8b + 8¢
13C NMR (101 MHz, CDCl3)

10 0 -10

20

50 40 30

90 80 70 60

210 190 170 150 130 110

230

ppm



S107

S. St John-Campbell, A. J. P. White and J. A. Bull

SO+

9L'C—

v6'97
56'91
96'91
1691
16'91
86'9
66'9

66'9
Y0 L]

0L
50°2
50°24
90'L1
102
102
80'

9a

L

86—

'H NMR (400 MHz, CDCls)

L9

=0z'er

L
~ o
=
oo

=001

E

85 80 75 70 65 60 55 510 45 40 35 30 25 20 15 10 05 00 -0
ppm

9.0

10

20

eeiT

0zey—
88'9y—

89'9L
ooAt.W
TiL

98'vLL
no.m_._.v.

LSLEL
PO LELN
Nm.mm_.%ﬂ
ogcel

05091~
€629l

TLS0T—

30

40

50

60

70

100 90 80

110

ppm

120

170 160 150 140 130

9a
13C NMR (101 MHz, CDCl3)
180

190

r

230 220 210 200



S108

S. St John-Campbell, A. J. P. White and J. A. Bull

86'0—

99
69°C~
18T~
86'CT
lo'e

G6'9q
569

96'91
96'9

L6'99
L6'9
8691
66 9
00 L
£0'L4
€04

po'L

G021
S04

90'L1
L0'Lq
80'L”

596~
GLBT

9b + 9c

EQZE

- < —
o — o

R
3.0

#00'}
2pz0

E

20 15 10 05 00 -0

25

85 80 75 70 65 60 55 510 45 40 35
ppm

9.0

60'8L

LE6E
8Ly

LS
Br'ES

89'9L

=~

10

30 20

40

-~ @

~
—

\

00'LE
TiL

00'GLL
0L'SLL
LZ'SLL
LESLL
69'LEL
LLLEL
L8LEL
ve'LEL
vocel
L0Cel

S 081
95'091
86'Col
66291

18'502
06'50C

7

o

©

>

100 9 80 70 60 50

110

ppm

120

130

180 170 160 150 140

9b + 9c
13C NMR (101 MHz, CDCl3)
190

r

230 220 210 200



S109

S. St John-Campbell, A. J. P. White and J. A. Bull

vee
454

004y

€0'L
vo'L
vO'L
S0'L
90°L
804
804
602
oL'L
A
[
b
€L
6LL
6lL'L
0T'L
LZL
LZ'L
L
€L
gL
vTL
STL
LTl
696
09'6

>

1

.,
i

1

1
1

-

|
4
A

4

4

4

7

O=

10a
H NMR (400 MHz, CDCls)

=049

=8LZ|

=001

E

05

1.0

15

20

T
60 55 50 45 40
ppm

6.5

ve— -

LL'GE—

0b'Ly—

m@om/

Nm,t\

8ZGLL
rm,m:‘v.
LLeet
08'ecl
ve'ech
60'7CL
wv.mm_..v
vS'8C)
S Zel
65°Cel

009~
LPZoL—

P’ G0Z—

10a
13C NMR (101 MHz, CDCl3)

r

230 220 210 200

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

ppm



S110

S. St John-Campbell, A. J. P. White and J. A. Bull

6600

Nmmw
£8'24
@m.ﬁw
98z
662~
L0°€
L0¢
9_3
ov'e’

Lo'L
0L
b0’ L
02
50/
90'L
80'L
80'L
60'L4
0b'2q
LA
AR |
eV L
Sk
0z' L1
0z 14
1721
LZ L]
£2./1
el L
VL
571
5z:2

596

%.mw
696
0L'6

F

o=

(@)

L O

10b + 10c
'H NMR (400 MHz, CDCls)

0 —

O e

L

A

roo'e

bt
~
o™ D

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0f
ppm

95

0.5

LTL—

v Ge—

09'LG—

m@om/

(v i oy oy

A A

9€'SlLL
mm.m_‘L/

Lyect
£9'eCl
88'ccl

ze'ezl
19821
98zl
65ZeL
cozel

00091~
eveol—

98'v0C—

10b (+10c)
13C NMR (101 MHz, CDCl3)

80 70 60 50 40 30 20 10

90

180 170 160 150 140 130 120 110 100

190

230 220 210 200

ppm



S111

S. St John-Campbell, A. J. P. White and J. A. Bull

G0 —

viT—

96'9
16'9
169
86'
66'9
66'9
002
002
12
ge'.
6E'L
ov'L
VL
VWL
vl

95'6—

Br

o=

11a
1H NMR (400 MHz, CDCls)

F00'9

86l

L6

=ee'l

=880

-0t

05

1.0

15

20

T
60 55 50 45 40
ppm

6.5

15

9.0

9g'le

geTr—
LL9v—

89'9L
ooAt.W
TLL

yS0Cl—

YT e~
z6'lel”
£6'6EL<

8y'S0C—

11a
13C NMR (101 MHz, CDCl3)

T

220 210 200

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

ppm



S112

S. St John-Campbell, A. J. P. White and J. A. Bull

€9¢
99T~
8¢~
X
L6T

11b +11c
'H NMR (400 MHz, CDCls)

Br

56'9
$6'9
169
169 = om

op'L @ E-

296~ o -
26"

G2t

Feg's

Fgeg

T T
05 00 -0f

1.0

15

20

25

T T
60 55 50 45 40
ppm

6.5

15

w

Lh8l—

29'6E~
ey

98'06~
62°€5

89'9L
ooAt.W
TLL

6021
om.ow_.v.
N.m._‘m_‘/

T WXl

mm_s&.
Nr.mm%
z05eL]
8Z'sel

wm.mom
mm.mowv

11b + 11c
13C NMR (101 MHz, CDCls)

€] [6]

Oj@

r

230 220 210 200

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

ppm



S. St John-Campbell, A. J. P. White and J. A. Bull S113

7.87
7.77
T
7.73
7.59
7.57
7.54
7.53
727
7.25
L7.23
6.59
6.58
2.36

[
t ﬁ
¢
)

\
<

o\
» O:\Uyz Y

23
'H NMR (400 MHz, CDCls)

B R W i -
O WD M~ o o
SoOCm® & -
O~ O =] ©
T T T T T T T T T T T T T T T T T T T 1
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0f
ppm
< — N~ I~
N COoOND TRy O - NO® ©
0 DOOD W - T Mo © n
< DOONNKRE O M~ P~ © =
- e © M~~~ ~
| \ /=1 | [~ |

S23
13C NMR (101 MHz, CDCls)

T T T T T T 1

30 20 10 0

T T T T T T T T

r T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
ppm



S114

S. St John-Campbell, A. J. P. White and J. A. Bull

GE'C—

v8'Z—

659
659

099N =
f89
8.@,
S0'L

€L
sz 1
1zl
€5
bSL
oLl /
8Ll X Z~n=0
8Ll

98'L

88l

~0
12a
1H NMR (400 MHz, CDCls)

65'6—

=009

=28’

=00'2|

=560

=60
Rgz'e
s20h

8Lz
Ler)

=560

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0f
ppm

95

0.5

evie
99 rmvl
coer—

60 Lr—

m@om/

Nm,t\

PL'BOL—
5%
€5'9ZL \
vm.mer
P6'9Z1-
68'6Z}L ¢
_‘memv\

Leprl—

80'90C—

12a
13C NMR (101 MHz, CDCls)

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

230 220 210 200

ppm



S115

S. St John-Campbell, A. J. P. White and J. A. Bull

L80
680
060
660
[44%
[2
vl
LT
7
0g'L~&

ar'L
SZ.N
Ll
vl

59T

g9z
08'¢7
vm.m\

6L ¢C—

m\..w;
08'9
08'91
Z8'9
89
€89
86'9
66'9
66'9
Lo'L
LO'L
co'L

95'6—

/{
—— ﬂ
= s
S~
NS
0T _ —
1=
V =
_ g8t
(=)
-8
u [ e
b 1%
Lz =
;.V .
-8
vyl o
951~ ek
1517 = il ———
v / 3 8
=
o
o= S
n
T
%M
- 8
o
o
o— 3
z
T
-

=50}
=p0°L

EClL'e

=00C
=00¢C

=960

-0t

1.0 05

15

20

25

60 55 50 45 40
ppm

6.5

70

75

LO'Pb~
61'8h~
p§ZZ~
L'y
68'62—
p91e/
z96e/
ob'Ly—

1808
L}'eg—

89'9L
ooARW

el

€SCLL—

L8'8C1~

LIl

L

pLIEL

€285l —

pL'90C—

13a
13C NMR (101 MHz, CDCl3)

MAIREER A

T

—

230 220 210 200

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
pm

190



S116

S. St John-Campbell, A. J. P. White and J. A. Bull

L8107
6801
1601
1T
62 11
LE' LA
z_é
8¢ |

6€'1

ov L § e —

Ly Lf ———

ev'l
Sv'L
av'L
Lyl

€L'T

@w.NV
L8CT
_‘m.N\

|

08'9
08'9
189
zggl —O
£8'9

€89
66'9
002

Vo'l
z0'L

20'L o=
204

e

o}
I

13b
'H NMR (400 MHz, CDCls)

Z9'6—

=00'¢

619
~ozy

~—

y
[se o))
3%

—6S'G

=06'¢
=0Ty

=G6'0

-0t

05

1.0

15

20

25

60 55 50 45 40
ppm

6.5

70

75

ovl—

LS~
19§~
Z9'62~
L6805
L91E

p8'ge”

96'€5~.

8166~

89'9L
ooARW
ceLL

LOCLE

898C| ~

ceel

€285l —

Y9 L0C—

13b
13C NMR (101 MHz, CDCls)

T

—

230 220 210 200

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

ppm



S117

S. St John-Campbell, A. J. P. White and J. A. Bull

£8'0q
6801
1607
66'07
2T Ly
7%
LT 1
LE LA

[ANS
L8N

p————

(14
L
'l
95l

59T

g9z
08'¢r
vm.m\

W

e

0zl
Tl
vm,%
Re/
1S
Nm_;
181}
:l/
S_;f
P
sl%
vl

8L9
08'9
08'9
z8'9
z89 wm” w/
£8'9 =
86’0 9517/
66'9
66'9
L0
Lo'L
z0'L
L

14a
'H NMR (400 MHz, CDCls)

o)
|

98'6—

!

U

112

13

15

16

l,llv
oo
i)

=98

e
1.0

-0t

0.0

05

15

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
ppm

95

LOPL
omwr”
792
E A
6167
ovmmv
mm.om\
18l
z9'5¢
601y
1806
9}'65—

89'9L
oQRW
ceLL

PSELE

88T~

pLigL

€851 —

€4'90C—

14a
13C NMR (101 MHz, CDCl3)

230 220 210 200

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

ppm



S118

S. St John-Campbell, A. J. P. White and J. A. Bull

8807
680
160
LT
621
LeL
el
LE)
6L
vl
bl
Syl
vl
TLT
on.NV
L8CT
vm.m.\

08'9
189
289

289

002
00’2
ozl

[4sA
Nm.l

296—

14b

'H NMR (400 MHz, CDCls3)

o)
I

ey

P00
ik

¥ L0
L6

o

L4

E o0

-0t

05

1.0

P L0

25 20

60 55 50 45 40 35 30
ppm

6.5

70

80—
€9ee

89'CC~
onNV.

L6z
€1'0¢e
S6'0€
_.mA_‘m\,

78'8¢

LBES~
8166~

89'9L
ooARW

TiL

LOELL—

89'8C| ~

T LET

cT8sl—

PLLOT—

14b
13C NMR (101 MHz, CDCls)

e

230 220 210 200

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

ppm



S119

S. St John-Campbell, A. J. P. White and J. A. Bull

£8'0q
6801
1607
66'07
02 1
ZT Lo
v Lo
9T L VM
62" LA
_‘mezw

or'Lf
bl
byl

95l

59T

g9z
08'¢7
vm.m\

6L¢—

69
089
08'9
289
z8'9
€89
86'9
66'9
66'9
LO'L
LO'L
LTl

95'6—

Vals

o}
I

15a
H NMR (400 MHz, CDCls)

1.25

T T
1.35
ppm

1.45

AL

=S¢

@ @
Q8

o

05 00 -0f

1.0

15

20

25

60 55 50 45 40
ppm

6.5

70

SG'CLL—

68'8C1~
GLLEL

vz 85l —

6.'90C—

15a
13C NMR (101 MHz, CDCl3)

230 220 210 200

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
pm

190



S120

S. St John-Campbell, A. J. P. White and J. A. Bull

8807
060
160
9zl
0g'L
ce'}

el |

LE)
6€'L
vl
byl
Syl
'L~

TLT

on.NV
L8CT
vm.m\,

L

6L€—

Q@D
[(el (o (o]
e
15b
'H NMR (400 MHz, CDCls)

Ol

296—

==

P

=

Y

L8

ve

€9
ve'

L8

-0t

1.0 05

15

20

25

65 60 55 50 45 40
ppm

>
70

95

LOELL—

6982~
el

€285l —

99'L0C—

15b
13C NMR (101 MHz, CDCls)

230 220 210 200

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

190

ppm



S121

S. St John-Campbell, A. J. P. White and J. A. Bull

vZy
Jralt
LT
62 11
LS
pS 11
9511
11

43 | w

9L
m@._‘)r

68'L
06}
16 _.W
€61

19—

6LE—

w\..w,_
6.9
089
L899
189
z89
96'9
hm.wk
L69
86'9 o=
86'9
66'9
00°L7
140 A

16a
H NMR (400 MHz, CDCls)

LG'6—

7mm.v

Feze
L8

Fest

=pl'e

=/8L
=00C

=280

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
ppm

95

10.5

0L'Ccc—
09'62”
60'LE—

Loy’
SL°06~.
6155~

m@om/

\vio o

A A

Y ELL—

LV'BCL~
pLLeL—

8785l —

29L0T—

16a
13C NMR (101 MHz, CDCl3)

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

230 220 210 200

ppm



S122

S. St John-Campbell, A. J. P. White and J. A. Bull

00—

9L'C

om.NV
06°CF
mm.w\
Lre—

6L¢—

ber—
L9
8.9
6191
0891
0891
1891
66'9
00'Z
10 L7
204
20'Ly
€0 L
1Tl
S_Dﬁ

2

28 L
gL
e 2]
@m_@
9¢'L
1812
1€21
8¢L
6L
6S'L
6¢L
89'6—

_0

o)

17a
1H NMR (400 MHz, CDCls)

Eee

=.0C

oLz
44
msvoAm

=00'L

-0t

1.0 05 00

15

20

T
60 55 50 45 40 35
ppm

6.5

69°9L—

8T Le—

€TLG—
6L'65—

PSTL
qm_SV
899/

00°LL
TeLL

LeeL—

09'£24
692241
Nm.mmiﬁ
ov'ezl
6Z'1EL
mm_zr\

8785l —

09'50C—

17a
13C NMR (101 MHz, CDCls)

r

230 220 210 200

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

ppm



S123

S. St John-Campbell, A. J. P. White and J. A. Bull

982
067>
662/
e0'e

ool
6Le—

8y vr—

9l'9
1091
LU
8L°97
6197
08'91
6691
ooné
00'24
20'4
0L
£0'2
1z
ge'L
gL
€L
9841
6621
o2
zp

——

/
o}

17b
'H NMR (400 MHz, CDCls)

O\

002

RV
»86')

=¢l'9

=16}

Agse
G0y
V6

=960

-0t

1.0 05

15

20

3.0

T
60 55 50 45 40
ppm

6.5

9.0

G9'Le—

LL'Ge~N
18557

LE'89
mm.mn”
m@mw/

00' L=
Nm,t\

99'ChL—

VLT
ve 1zl
528zl
ez
6L'1EL]
L0'8EL

0€'851—

89'G0C—

17b
13C NMR (101 MHz, CDCls)

r

230 220 210 200

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

ppm



S124

S. St John-Campbell, A. J. P. White and J. A. Bull

oL —

BLT

Nm.mk
62—+
.\.m.m\
wv.m/

08¢
_‘m.mw”
£5'¢

6L°¢

ga8-
08'91
2991
789
€89
£0'L1
0.1
PO’ L1
50'L1
STL9
seif
12 14
FXArR o
TR
6z Lt
621
1L
9e' /1
9€' /1
8L
8¢/
oY L1
I
1Y
8y

LL6—

_0

o]

Cl
18a
H NMR (400 MHz, CDCls)

=00'¢

=86'1L

v€6'L
+86')
70T
#88°0
“96'0

=260

-0t

05

1.0

15

20

25

40

60 55 50 45
ppm

6.5

70

69°9L—

zele—

Ze—
LV8s—

62°0L
Z0eL
mw@wW
oo.k.\
ceLL

B6CLE

08'9Zl
L1821
69'8C1

€8'8ZL

0z'6z17
LZ1EL
89'Z¢l
19'6¢L

87’85l —

9¢'60C—

18a
13C NMR (101 MHz, CDCl3)

Nl bty

230 220 210 200

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

ppm



S125

S. St John-Campbell, A. J. P. White and J. A. Bull

88'C~

16T
No.m*m
S0€
Nv.m\

8L'g—

9
8.9
6291
0891
089
oL
oL
Z0'L
v0 L1
0L
L2 14
8z 11
8z Lk
62 LA
g2
LE' L
ze'
oV L4
02
WL
v
IS5l
5L
85 L1
gL

LLB—

/
o]

Cl

18b
'H NMR (400 MHz, CDCls)

O\

+00Z|

®00'C
=66}
609

=161

26'C
796'C
8vT
7160
=80’}

*=p6'0

-0t

1.0 05

15

20

3.0

35

40

T
60 55 50 45
ppm

6.5

15

LLLe—

816G~
£8'55”
0,89
oNomV
89'9.-

Nm,hw.\

B69CLL—
e 9cl
m_..mm_‘uﬂ
6.'8¢Cl
w_‘.mmvwr-
8C6ZL
m_.em_‘%
mm.mm_ﬂ\
6L°GEL

e85l —

19'50C—

18b
13C NMR (101 MHz, CDCls)

T

T

r

230 220 210 200

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

ppm



S126

S. St John-Campbell, A. J. P. White and J. A. Bull

i st st ol ol o e
Yo

M~ O T ONNOD —
e

- -
@ o ©
- -

Z6' L
Z6'L
611
G6'L
05
257
€5z
567
9571
9521
1657
66'Z
0921
£LT
9,21
98z
69'21
6L¢
08'9
18'9
299
£8'9
£8'9
v8'9
AN
S.Tm

£0'L
02
b0 L
50'L1
921
AR
8L

621
0z A1
zTL

zT L
12T 11
82 L1
6Z L1
Le'L

gL

296

\

19a
1H NMR (400 MHz, CDCls)

0O
|

I

=plLe

b
M~ —
e

20

7
— =

S o
—

30

b A

»€0T
v T
¥i0e
»g'e

00}

10 05

1.5

25

95 90 85 80 75 70 65 60 55 50 45 40 35

10.0

ppm

LZ8L—

5908
prLie~
T~

LWos—
61'6G—

m@wp/

Nm‘t.\

el —
coocl
vw.mm_.W.

9y’ 8Tl
\.:m_\\

LLWwlL—

Le8sL—

¢C'90C—

19a
13C NMR (101 MHz, CDCl3)

10

20

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
ppm

210 200



S127

S. St John-Campbell, A. J. P. White and J. A. Bull

m\._;
6L
08l
ve'l
B34
2Lz
E_NW
87~
gezs
S.m\
50'c-

8’91
891
589
98'9
98'91
1897
80'/7
607
mo_s_.
IR

IR
L
VS
s
R
0z L1
\Z'L
2z
1zl
6Z'L
0e'2
ve s

TL6—

\

19b
'H NMR (400 MHz, CDCls)

)
|

Floz

009

vZ8'C

L9'G
mvoe
2pe

=60

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

10.5

ppm

S0'0€—
€678
P0'6E—

B6'EG~
12867

ww,ow/

A T

el

SLEL—

oo.wm_‘
08¢ _‘/

mm.mmrv
vy 8zLf
zlel

SLpL—

GE'85l—

90'L0C—

19b
13C NMR (101 MHz, CDCls)

T

230 220 210 200

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

ppm



S128

S. St John-Campbell, A. J. P. White and J. A. Bull

Z6'C—

€8¢
vvm%
£5°¢

€9 m.\ .
6L¢
LSY—

8.9
6.9
6491
08'91
1891
z89
102
2021
20'L7
0L
0 LA
502~
LT LA,
ogLf
ze'L]
ze ]
e L
pe s
98 41
1821
ge'l
8e'L
6¢ L1
B¢ L

feg—

kkie—

u ECLT
¥0EE
e 166t

8Lz

20a
1H NMR (400 MHz, CDCls)

— Roze

= ©i27

Aoz
_— n Eglie

- _ yoLs

=S 00}

-0t

1.0 05

15

20

25

3.0

35

40

60 55 50 45
ppm

6.5

LLge—
i
PL'GS~, 3
5855~
165
9989\ 3
SLbLNS
SEeL—
89'9.
00'LL
e
Loehl— -
9512} M
8.5% _
08 2214
g8zl 3
L2 LEl :
mm_%r\
1
9z'861— - .
(@) E
a
o
N
T E
o =
(=
N o
=
: m
£6'v0z— W
[8)
om
-

230 220 210 200

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

ppm



S129

-0t

Lo 6 1.2
e pO'v
Z5'72
22'924 =
879zt
9¢'92—
18~

05

1.0

e’
SEPh
= 0L S0'0S4
e 8L:06~\
07 o LO'PG—

15

28 LS~

2a-Pd-dimer
!H NMR (400 MHz, CDCls)

S. St John-Campbell, A. J. P. White and J. A. Bull

_‘wwm.\

25

~ N
(o> R T i) R an}

S 89'9L

Nm,t\

N R

WS =
OONN

oo

40

ppm

50 45
ppm

T
5.5

@Sﬁ
E.mﬁV
Zv'eeh
L BTl
IRIES
pLZvL-F
90yl

6.0

6.5

= = 160

|

r 96}
o~ m\‘ 98’

i
) S
i
=
=
o oelo
T
7.4

©
I7s]
~
L
T
@
2
o
T
75

= 660
= I — =gl
- 00T VZ'1gL—
L2l
96'88L—

8.0

96'L = :
mm..\.v \ 2

8.0
85

2a-Pd-dimer
13C NMR (101 MHz, CDCls)

8le~ = Mo
0ze” e

T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
ppm




S. St John-Campbell, A. J. P. White and J. A. Bull S130

N

-0
2a-Pd-dimer o L1
§ COSY (101 MHz, €DCls) >
- -
- ." -2
L = - -
.. - s _3
" ~

: > i L4 s
2
L5 =

-6

-
-7
- - "
] - -8
. -
]l T T T T v T T T T T T T T T T T T T T 1_9
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
ppm
-0
2a-Pd-dimer +
DEPT edited HSQC (101 MHz, CDCls) ¢ L

o - - 50
=
2

100
& ™ @&
150
‘-
=200

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
ppm




S. St John-Campbell, A. J. P. White and J. A. Bull S131

.- 2a-Pd-dimer .
HMBC (101 MHz, CDCls)
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