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Complete description of solid-state structures of ligands

Four of the five ligands were characterized by X-ray crystallography. L-H,L4, L-H,L6, L-
H,L7, and L-H,L8 each crystallized from 4:1 ether:isopropanol to give X-ray quality crystals.
The molecular structure of L-H,L.4 is shown in Figure S1. Rather than the expected imino-
phenol tautomer, the crystal structure clearly showed the iminium-phenoxide tautomer, with the
iminium N atom protonated and the phenol O atom deprotonated. There is an intramolecular
hydrogen bond between N(1) and the phenoxide oxygen, O(1). Previously we have observed
intramolecular hydrogen bonds between the aliphatic oxygen and the amine nitrogen in our
bidentate amino alcohols.’® %’ The atoms in the phenoxide aromatic ring, O(1), C(7), N(1) and
H(1), are all essentially coplanar, with deviations from planarity of 0.131 A for C(7) and 0.169A
for N1. The C(8) atom is displaced 0.544 A, and the C(7)-N(1)-C(8)-C(9) dihedral angle is -
86.7° which places the aliphatic alcohol oxygen atom 2.710 A from the plane. There is a
significant difference in the bond lengths from C(1)-O(1), at 1.2944(19) A and C(9)-O(2), at
1.4240(18) A, suggesting that a more accurate description of the structure is the keto-iminium
ion with delocalization of charge along C(1)-C(6)-C(7)-N(1). The bonds between C(1)-C(2),
C(1)-C(6), C(3)-C(4) and C(5)-C(6) are all long, at 1.410 — 1.440 A, while the C(2)-C(3) and
C(4)-C(5) bond lengths are both shorter at around 1.37 A. In contrast, the C-C bond lengths in
the aromatic ring on the benzyl side chain are typical aromatic bond distances ranging from
1.383 to 1.394 A. There is residual electron density in the electron density map around C(6),
suggesting a buildup of negative charge at that atom.

Figure S1. Thermal ellipsoid drawing of L-H,L.4 (hydrogen atoms except H(1), H(2) and H(8)
are omitted for clarity; ellipsoids shown at 50% probability). Selected bond distances (A): C(1)-

Page S2



C(2) 1.418(2), C(2)-C(3) 1.373(2), C(3)-C(4) 1.410(2), C(4)-C(5) 1.368(2), C(5)-C(6) 1.416(2),
C(6)-C(1) 1.440(2), C(1)-O(1) 1.2944(19), C(9)-O(2) 1.4240(18).

The iminium phenoxide structure has been observed previously for imino phenols.®® An
interesting example by Salehi® has two similar structures exhibiting both possible tautomeric
forms. One structure in that paper has the imino-phenol structure (HL'), while another exhibits
the iminium-phenoxide structure (HL?). HL? has the deprotonated phenol oxygen engaged in
both inter- and intramolecular H bonds to iminium hydrogens and has almost exactly the same
C-C and C-O bond lengths as seen in L-H,L.4. Examining the intermolecular contacts of L-H,L.4
shows that in addition to the intramolecular hydrogen bonding, there is a similar network of
intermolecular hydrogen bonding of H(2) to O(1) of a neighboring molecule (Figure S2).

Figure S2. Hydrogen bonding network of 1-H,LL.4 showing intramolecular contacts between H(1)
and O(1), and intermolecular contacts between H(2) and O(1).

The molecular structure of L-H,L6 is shown in Figure S2. The structure has one
disordered tert-butyl group on C(27) which was modeled with partial occupancies of 0.715 and
0.285. A diagram of the full structure is included in the ESI. The molecule crystallized with the
expected imine-phenol tautomer structure, and contains an intramolecular hydrogen bond
between N(1) and O(2). As with H,L4, the benzyl carbon C(22) and N(1) are both almost within
the plane described by the aromatic phenol ring, with a displacement of 0.041 A for C(22) and
0.179 A for N(1). The C(2) is displaced by 0.150 A, while the C(22)-N(1)-C(2)-C(1) dihedral
angle is -118.5°, which places O(1) 1.750 A from the plane. The diphenyl substitution on the
aliphatic alcohol group prevents intermolecular contacts involving O(1). Some of our bidentate
amino alcohol ligands have exhibited intermolecular hydrogen bonding when the aliphatic
oxygen is primary,” but tertiary alcohols have not exhibited this behavior.®* ¢’ Aside from the
intramolecular hydrogen bond between O(2)-H(2)-N(1), there are no additional contacts with the
atoms H(2), O(1), O(2) or N(1) within 3A. As seen in the structure of L-H,L4, there is a
significant difference in the bond lengths from C(24)-O(2), at 1.3570(18) A, and C(1)-O(1), at
1.4323(19) A. The bonds between C(24)-C(23), C(23)-C(28), C(27)-C(26) and C(24)-C(25) are
all long, at 1.400 — 1.412 A, while the C(28)-C(27) and C(26)-C(25) bonds are both shorter at
around 1.39 A. The differences in bond-lengths between the phenol aromatic ring and the side
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chain aromatic ring are less pronounced than in the case with H,L4, presumably due to the fact
that the phenol is protonated and there is less disruption of the electronic structure of the
aromatic ring.

Figure S3. Complete thermal ellipsoid drawing of L-H,L6 showing the disordered ter#-butyl
group on C(27) (hydrogen atoms except H(2) and H(2A) are omitted for clarity; thermal
ellipsoids are shown at 50% probability). C(34), C(35) and C(36) are modeled at 0.715
occupancy while C(34A), C(35A) and C(36A) are modeled at 0.285 occupancy. Selected bond
distances (A): C(24)-C(25) 1.405(2), C(25)-C(26) 1.393(2), C(26)-C(27) 1.402(2), C(27)-C(28)
1.385(2), C(23)-C(28) 1.400(2), C(24)-O(2) 1.3570(18), C(1)-O(1) 1.4323(19).

The molecular structure of L-H,L7 is shown in Figure S4. The structure is very similar to
that of L-H, L6, with the expected imine-phenol structure and an intramolecular hydrogen bond
linking N(1) and O(2). The phenol aromatic ring is essentially coplanar with O(2), C(19) and
N(1), though the deviations of those atoms are opposite in direction to the previous ligands, with
C(19) 0.100 A above the plane, N(1) 0.117 A above the plane, and C(2) 0.156 A above the plane.
The C(19)-N(1)-C(2)-C(1) dihedral angle is -110.3 °, which places O(1) 1.389 A below the
plane. There are no observed intermolecular hydrogen bond contacts, as they are again blocked
by the diphenyl substitution at C(1). The bond lengths from C(21)-O(2), at 1.349 A, and C(1)-
O(1), at 1.438 A, are again different, intermediate between the previous two structures, but closer
to that observed in L-H,L6. Bond alternation in the phenol aromatic ring is again observed, with
approximately the same magnitude as seen in L-H,L6.
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Figure S4. Thermal ellipsoid drawing of L-H,L7 (hydrogen atoms except H(2) and H(2A) are
omitted for clarity; ellipsoids shown at 50% probability). Selected bond distances (A): C(20)-
C(21) 1.412(2), C(21)-C(22) 1.397(2), C(22)-C(23) 1.379(2), C(23)-C(24) 1.376(2), C(24)-C(25)
1.374(2), C(21)-O(2) 1.3492(19), C(1)-O(1) 1.4377(18).

The molecular structure of L-H,L8 is shown in Figure S5. The structure is similar to that
of L-H,L.7, with the expected imine-phenol structure and an intramolecular hydrogen bond
between N(1) and O(1). The phenol aromatic ring is again essentially co-planar with O(1), C(7)
and N(1), and the deviations of those atoms are of the same sign as in L-H,L7, with C(7) 0.080 A
above the plane, N(1) 0.142 A above the plane, and C(8) 0.285 A above the plane. The C(7)-
N(1)-C(8)-C(12) dihedral angle is -122.6 °, which places O(2) 0.789 A below the plane. The
1sopropyl group allows a different geometric placement of the aliphatic oxygen atom, allowing it
to be much closer to the plane as compared to the previous ligands. There are no observed
intermolecular hydrogen bond contacts, though there is a long range intermolecular contact
between O(2) and F(1) in an adjacent molecule at 3.36 A. The bond lengths from C(1)-O(1), at
1.353(2) A, and C(12)-O(2), at 1.437 A, are again different, but closer to L-H,L6 and L-H,L7
than the other tautomer exhibited by L-H,L4. Bond alternation in the phenol aromatic ring is
again observed, though this structure exhibits the least deviation from an aromatic structure of
the four ligands. This structure is almost identical to that of the previously reported molecule
lacking a fluorine.®*”!
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Figure S5. Thermal ellipsoid drawing of L-H,L8 (hydrogen atoms except H(2) and H(8) are
omitted for clarity; ellipsoids shown at 50% probability). Selected bond distances (A): C(1)-C(2)
1.398(3), C(2)-C(3) 1.380(3), C(3)-C(4) 1.380(3), C(4)-C(5) 1.374(3), C(5)-C(6) 1.400(3), C(6)-
C(1) 1.406(3), C(1)-0(1) 1.353(2), C(12)-0(2) 1.437(2).
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Figure S6. Calculated structures of imine phenol (left) and iminium phenoxide tautomers of L-
H,L4 (Gaussian B3LYP 6-31G(d,p)). Energies: iminium phenoxide, -903.79254086 au,
imine phenol, -903.79907612 au, energy difference: 0.00653 au = 4.1 kcal/mol.
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XYZ files output from Gaussian

42

Iminium Phenoxide tautomer, B3LYP/6-31g(d,p), -903.79254086 a.u.
C 2.603000 -0.452000 0.832000
C 3.913000 -0.989000 1.095000
C 4.843000 -1.124000 0.095000
C 4.567000 -0.745000 -1.249000
C 3.335000 -0.228000 -1.556000
C 2.336000 -0.066000 -0.554000
C 1.077000 0.466000 -0.886000
C -1.186000 1.198000 -0.202000
C -1.137000 2.756000 -0.020000
C -2.504000 3.393000 -0.307000
C -0.613000 3.166000 1.357000
C -2.207000 0.460000 0.697000
C -2.398000 -0.998000 0.326000
C -3.439000 -1.373000 -0.534000
C -3.622000 -2.706000 -0.901000
C -2.761000 -3.689000 -0.410000
C -1.721000 -3.328000 0.448000
C -1.540000 -1.994000 0.815000
H 0.477000 0.318000 0.967000
H -0.583000 3.251000 -1.837000
H 5.823000 -1.533000 0.333000
H 5.326000 -0.865000 -2.015000
H 3.100000 0.071000 -2.576000
H 0.856000 0.758000 -1.911000
H -1.460000 1.018000 -1.252000
H -4.119000 -0.613000 -0.913000
H -4.438000 -2.977000 -1.565000
H -2.902000 -4.729000 -0.691000
H -1.047000 -4.086000 0.836000
H -0.719000 -1.726000 1.474000
H -2.908000 3.052000 -1.270000
H -3.243000 3.165000 0.465000
H -2.387000 4.479000 -0.352000
H -1.289000 2.841000 2.153000
H 0.375000 2.738000 1.540000
H -0.526000 4.255000 1.402000
H -3.169000 0.975000 0.629000
H -1.877000 0.542000 1.739000
H 4.129000 -1.279000 2.118000
N 0.128000 0.619000 0.017000
0 1.729000 -0.324000 1.750000
0 -0.177000 3.266000 -0.959000
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42
imine phenol tautomer, B3LYP/6-31g(d,p), -903.79907612 a.u.

C 2.727000 -0.176000 0.804000
C 4.039000 -0.610000 1.049000
C 4.888000 -0.900000 -0.012000
C 4.456000 -0.770000 -1.340000
C 3.160000 -0.343000 -1.589000
C 2.277000 -0.039000 -0.538000
C 0.920000 0.401000 -0.824000
C -1.253000 1.146000 -0.226000
C -1.326000 2.708000 -0.097000
C -2.727000 3.232000 -0.448000
C -0.885000 3.210000 1.279000
C -2.274000 0.376000 0.650000
C -2.331000 -1.107000 0.345000
C -3.297000 -1.611000 -0.537000
C -3.352000 -2.972000 -0.842000
C -2.437000 -3.854000 -0.265000
C -1.471000 -3.365000 0.615000
C -1.419000 -2.004000 0.917000
H -0.710000 3.108000 -1.914000
H 5.901000 -1.234000 0.195000
H 5.128000 -1.000000 -2.161000
H 2.806000 -0.237000 -2.612000
H 0.636000 0.463000 -1.884000
H -1.477000 0.922000 -1.285000
H -4.018000 -0.931000 -0.985000
H -4.112000 -3.342000 -1.524000
H -2.479000 -4.915000 -0.497000
H -0.755000 -4.044000 1.070000
H -0.657000 -1.632000 1.596000
H -3.075000 2.828000 -1.408000
H -3.473000 2.979000 0.310000
H -2.686000 4.321000 -0.533000
H -1.544000 2.838000 2.069000
H 0.136000 2.888000 1.494000
H -0.912000 4.303000 1.293000
H -3.268000 0.807000 0.501000
H -2.008000 0.531000 1.701000
H 4.364000 -0.708000 2.080000
N 0.084000 0.691000 0.107000
@) 1.927000 0.094000 1.848000
@) -0.379000 3.268000 -1.019000
H 1.053000 0.399000 1.465000
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Figure S7. Thermal ellipsoid drawing of complex 14 showing three solvent molecules (two
disordered) of CH,Cl, (hydrogen atoms are omitted for clarity; thermal ellipsoids are shown at
50% probability). C(3S), CI(5S), CI(6S), C(2S), CI(3S) and CI(4S) are modeled at 0.519
occupancy; C(3T), CI(5T), CI(6T), C(2T), CI(3T) and CI(4T) are modeled at 0.481 occupancy.
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Hydroamination of hepta-4,5-dienylamine at 135 °C with in situ catalysts (5 mol% catalyst) to
give tetrahydropyridine 2a, Z- or E-a-vinylpyrrolidines Z- and E-3a

NH, |'|| I}I
= = O O
—— — N
(- )
1a 2a E-3a Z-3a

34.2, 35.4 min 36.6, 37.7 min
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whi [2] TIC: Me MM.D\data.ms

Abundance]

250000

200000

150000

100000+

500004

Catalysis with complex 9
Ti(L4)(NMey),

run 1

34141

35.329

36.665

37.705

iz 3300

3400

T T

‘3500

3600

700

w3 [31 TIC: Me MM.D\datasim.ms

Abundance

20004

1500+

By D:\MassHunter\GCMS\1\data\Johnson Lab\Me MM.D\rteres.txt

(e @]=

Data Path
Data File
Acq On
Operator
Sample
Misc

ALS Vial

Integration
Integrator:

Method
Title

Signal

peak R.T. f
# min

34.141
35.329
36.665
37.7085

= W N -

Area Percent Report

D:\MassHunter\GCHS\1\data\zJohnson Lab\
Me MHM.D
16 Jul 2018

arj

1

11:25

Sample HMultiplier: 1

Parameters: autointi.e
ChemStation

D:\MassHunter\GCHMS\1\data\Johnson Lab\ph3 Ti.D\chiraldexbDM_ 488split.M

: TIC: He

irst
scan

max

MM.D\data.ms

last
scan

PK
TY

M2
M2
M2
M3

peak
height
121735
152115
173016
191367

14511918
175808769
20789132
24597733

59.00%
71.47%
84.52%
100.00%

% of
total
18.730%
22.691%
26.832%
31.747%

S

m

N
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whi [2] TIC: Me MM 2.D\data.ms

(o [&]=]

ASbundance
160000+ Catalysis with complex 9
] Ti(L4)(NMe) 37.679
1200004 35.283
100000 e
80000
60000
40000+
200004
T T T T I T T T T JI T T T T I Jl T T T I T '_J T T I T T T T I T T T . : I T T T T
Time--> 33.00 34.00 35.00 36.00 37.00 38.00 39.00
34 3] TIC: Me MM 2.D\datasim.ms o || @ | =]
BSbundance
70
65
Iy D:\MassHunter\GCMS\1\data\Johnson Lab\Me MM 2.D\rteres.txt = | (=] ”i&]
| Area Percent Report -
Data Path : D:\MassHunter\GCMS\1\datal\Johnson Lab\
Data File : Me MM 2.D
Acq On : 23 Jul 2818 16:56
Operator : arj
Sample =
Misc s
ALS Vial : 4 Sample Multiplier: 1 =
Integration Parameters: autointi.e
Integrator: ChemStation
Method : D:\MassHunter\GCHS\1\data\Johnson Lab\ph3 Ti.D\chiraldexbDM 408split.HM
Title :
Signal : TIC: Me MM 2.D\data.ms —
peak R.T. first max last PK peak corv. corv. % of
# min scan scan scan TY height area % max. total
1 34.093 3857 3877 4018 M2 180025 12250849 63.98% 19.622%
2 35.283 4018 4036 4193 M3 117006 14761112 77.09% 23.642%
3 36.616 4193 4214 4334 M2 129356 16274659 84.99% 26.066%
4 37.679 4334 4356 4493 M3 135628 19148771 100.00% 30.670%
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wii [2] TIC: Ph MM.D\data.ms

(= ][&]==]

Bbundance
160000
140000
120000
100000
20000
60000
40000
20000

Catalysis with complex 10
Ti(L5)(NMey),

run 1

34.154

35.351

36.654

37.697

Time-> 3300

3400

wfi [31 TIC: Ph MM.D\datasim.ms

Bbundance

100

90+

on

Iy D:\MassHunter\GCMS\1\data\Johnson Lab\Ph MM.D\rteres.txt

Data Path
Data File
Acq On
Operator
Sample
Misc

ALS Vial

Integratio
Integrator

Method
Title

Signal

peak R.T.
# min

34.154
35.351
36.654
37.697

= W N -

Ph HMM.D

ar]

16 Jul 2618

13:49

D:\MassHunter\GCMS\1\datazJohnson

2  Sample HMultiplier: 1

n Parameters: autointi.e
: ChemStation

: TIC: Ph

first max
scan scan

3864 3885
4825 4045
4199 4219
4338 4358

MM.D\data.ms

last
scan

PK
TY

M3
M3
M2
M2

peak
height
55491
58959
141911
142562

6962772
7289794
16556669
18193615

Page S39

Area Percent Report

Laby

corr.

% max.
38.27%
40.07%
91.00%
100.00%

% of
total
14.209%
14.876%
33.787%
37.128%

D:\MassHunter\GCMS\1\data\Johnson Lab\ph3 Ti.D\chiraldexbDM_488split.M

m




34 [2] TIC: Ph MM 2.D\data.ms

SE=)

Abundancel

1200004

36.647
37.700
100000+ Catalysis with complex 10
Ti(L5)(NMey),
80000 run 2
60000 -
34,154 35.360

40000

20000
Time-> 3300 3400 3500 3600

«ni [B1 TIC: Ph MM 2.D\datasim.ms

Bbundance]

80-

70-

Iy D:\MassHunter\GCMS\1\data\Johnson Lab\Ph MM 2.D\rteres.txt

Data Path
Data File
Acq On
Operator
Sample
Misc

ALS Vial

Integration
Integrator:

Method
Title

Signal

peak R.T. f
# min

34.154
35.360
36.647
37.7080

= WN -

D:\MassHunter\GCHMS\1\data\Johnson

Ph MM 2.D
23 Jul 2618
arj

5

18:066

Sample Multiplier: 1

Parameters: autointi.e
ChemStation

D:\MassHunter\GCHMS\1\data\Johnson Lab\ph3 Ti.D\chiraldexbDM 408split.M

- TI

irst
scan

C: Ph

MM 2.D\data.ms

last
scan

PK
TY

M4
M3
M3
M3

peak corr.

height area
42508 5971319
43809 5984491
101667 13976273
97042 13943629

Area Percent Report

Lab\

42.72%
42.82%
100.00%
99.77%

% of
total
14.975%
15.008%
35.050%
34.968%

m
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g

D [2] TIC: tBu MM .D\data.ms

(o [&]=]

Bbundancel
80000

70000

60000+
Catalysis with complex 11
500004 Ti(L6)(NMey),

run 1

400004
300004
20000

34.303 35.500
100004

36.787

37.825

T T T T T T

Time-> 3400 " 35.00

7

wdi [3] TIC: tBu MM .D\datasim.ms

Abunagﬁﬁe_

2000+

1500+

Iy D:\MassHunter\GCMS\1\data\Johnson Lab\tBu MM .D\rteres.txt

Data Path :

Data File : tBu MM .D

Acq On : 16 Jul 2818 10:07
Operator : arj

Sample =

Misc S

ALS Vial : 1  Sample Multiplie

Integration Parameters: autoint1
Integrator: ChemStation

Method
Title

Signal : TIC: tBu MM .D\data

peak R.T. first max last PK
# min scan scan scan TY h

34.303 3885 39605 4044 M8
35.500 4048 40865 4218 M9
36.787 4220 4237 4358 M3
37.825 4359 4375 4534 M6

WA -

r: 1

.e

-ms

peak

eight
11785
12136
28528
30847

2888591
2169338
4660185
5392155

Page S41

Area Percent Report

D :\MassHunter\GCHS\1\datazJohnson Lab\

38.73%
40.23%
86.43%
100.00%

D:\MassHunter\GCMS\1\data\Johnson Lab\ph3 Ti.D\chiraldexbDM_ 488split.H

% of
total
14.595%
15.159%
32.565%
37.680%

m




r

wii [2] TIC: tBu MM 2.D\data.ms

(= ][&]==]

Bbundance
1600004

140000

120000

Catalysis with complex 11
100000 Ti(L6)(NMey),

run 2

20000
600004
400004 A 35.389

200004

36.676

37.739

i " 3400

wil [31 TIC: tBu MM 2.D\datasim.ms

Bbundance

500+

400+

Iy D:\MassHunter\GCMS\1\data\Johnson Lab\tBu MM 2.D\rteres.txt

Integration Parameters: autointi.e
Integrator: ChemStation

Page S42

Method :

Title :

Signal : TIC: tBu MM 2.D\data.ms

peak R.T. first max last PK peak corr.
# min scan scan scan TY height area

1 34.177 3868 3888 4819 M3 40461 4823931
2 35.389 4028 4050 4185 My 33297 40462280
3 36.676 4196 4222 4342 M3 94578 11156584
4 37.739 4343 4364 4517 M4 1601982 12908496

Area Percent Report

Data Path : D:\MassHunter\GCMS\1\datal\Johnson Lab\
Data File : tBu MM 2.D

Acq On : 23 Jul 2618 18:65

Operator : arj

Sample :

Misc :

ALS Vial : 1 Sample Multiplier: 1

corr.

% max.
37.37%
31.35%
86.43%
100.00%

% of
total
14.647%
12.285%
33.874%
39.194%

D:\MassHunter\GCMS\1\data\Johnson Lab\ph3 Ti.D\chiraldexbDM_488split.M

m




3 [2] TIC: PF MM.D\data.ms o || @ | = |
Sbundance
200000
36622 37.665
1500004 Catalysis with complex 12
Ti(L7)(NMey),
run 1
1000004
34171 35.345
50000
L) T T l T T Ll T ] T T T I L) T T T I T L) Jl T I T T T I T T T I L) L) T I T L) L) L) I
Time--> 33.00 34.00 35.00 36.00 37.00 38.00 39.00 40.00
i [3] TIC: PF MM.D\datasim.ms o || @ | = |
Sbundance
904
80
Iy D:\MassHunter\GCMS\1\data\Johnson Lab\PF MM.D\rteres.txt | === |&|

Data Path
Data File
Acq On
Operator
Sample
Misc

ALS Vial

Integrati
Integrato

Method
Title

Signal

peak R.T.
# min

34.171
35.345
36.622
37 .665

= WN -

arj

3

12:28

Sample Multiplier: 1

on Parameters: autointi.e
¥: ChemStation

: TIC: PF

first
scan

max

MM.D\data.ms

last
scan

PK
TY

M3
M3
M3
M2

peak corr.
height area
55113 7785962
58887 8051728
171267 22363458
173764 23124477
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Area Percent Report

D:\MassHunter\GCHS\1\data\zJohnson Lab\
PF MHM.D
18 Jul 20618

33.67%
34.82%
926.71%
100.00%

% of
total
12.696%
13.129%
36.467%
37.708%

D:\MassHunter\GCHMS\1\data\Johnson Lab\ph3 Ti.D\chiraldexbDM 400split.H

m




F

54 [2] TIC: PF MM 2.D\data.ms

(= [@][=]

Abundance

160000
1400001
120000
100000
800004
60000
400004
20000

Catalysis with complex 12
Ti(L7)(NMey),
run 2

34115 35318

36.593

37.657

Time-->

3300

3400 3500

N4 31 TIC: PF MM 2.D\datasim.ms

Abundance]

70+

I D:\MassHunter\GCMS\1\data\Johnson Lab\PF MM 2.D\rteres.txt

Data Path
Data File
Acq On
Operator
Sample
Misc

ALS Vial

Integration
Integrator:

Method
Title

Signal

peak R.T. f
# min
34.115
35.318
36.593
37.657

= WN -

D:\MassHunter\GCHMS\1\data\vJohnson
PF MM 2.D
23 Jul 2018
arj

15:45

3 Sample HMultiplier: 1

Parameters: autointi.e
ChemStation

D:\MassHunter\GCHMS\1\data\Johnson Lab\ph3 Ti.D\chiraldexbDM_ 488split.H

: TIC: PF MM 2.D\data.ms

irst max last PK peak corr.
scan scan scan TY height area
3855 3880 4824 M2 67571 83086957
4024 4840 4153 M2 62284 7325312
4189 4211 4334 M2 159147 18721637
4334 4353 4480 M 146834 18614155

Area Percent

Laby

corr.

% max.
44 .37%
39.13%
100.00%
99 .43%

Report

% of
total
15.683%
13.830%
35.345%
35.142%

m
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F

54 [2] TIC: VF MM.D\data.ms

(= [@][=]

Abundance

Time-->

250000+

200000

150000

100000

500004

Catalysis with complex 13

Ti(L8)(NMe5)»
run 1

34.120

35.319

36.597 37.645

N

“ni [B1 TIC: VF MM.D\datasim.ms

Abundance]

140

1204

I D:\MassHunter\GCMS\1\data\Johnson Lab\VF MM.D\rteres.txt

Data Path
Data File
Acq On
Operator
Sample
Misc

ALS Vial

Integration
Integrator:

Method
Title

Signal

peak R.T. f

it min

34.120
35.319
36.597
37.645

= WN -

Area Percent Report

D:\MassHunter\GCHS\1\data\vJohnson Lab\

UF HMM.D

18 Jul 2618 11:18

ar]

2 Sample HMultiplier: 1

Parameters: autointi.e

ChemStation

D:\MassHunter\GCHMS\1\data\Johnson Lab\ph3 Ti.D\chiraldexbDM_ 488split.H

: TIC: UF MM.D\data.ms

irst max last
scan scan scan

3861 3880 4024
4024 4040 4165
4191 4211 4336
4336 4351 4538

PK
TY

M3
M3
M2
M3

peak
height
69269
660082
185304
184008

COFF. COFF. % of
area % max. total
87110661 34.65% 13.103%
8429822 32.95% 12.680%
23761103 92.89% 35.740%
25581199 100.00% 38.478%

m

Page S45




r

W [2] TIC

: VF MM 2.D\data.ms

SE=]

Bbundance

140000

120000+

1000004

80000

600004

400004

200004

Catalysis with complex 13
run 2

34.235 35.426

36.686

37.746

Time-> 3300

3400

w31 TIC: VF MM 2.D\datasim.ms

Bbundance]

90-

80-

Iy D:\MassHunter\GCMS\1\data\Johnson Lab\VF MM 2.D\rteres.txt

Sample Multiplier: 1

Parameters: autointi.e

MM 2.D\data.ms

last PK peak
scan TY height

48280 M3 40681
174 M2 39397
4345 M3 116121

Data Path :
Data File : UF MM 2.D
Acq On : 23 Jul 2618 14:34
Operator : arj
Sample -
Misc :
ALS Vial : 2
Integration
Integrator: ChemStation
Method -
Title :
Signal : TIC: UF
peak R.T. first max
# min scan scan
1 34.235 3875 3896
2 35.426 4827 4655
3 36.686 4201 4223
4 37.746 4345 4365

4519 M2 118797

5136736
4943891
14830082

14848944

Page S46

Area Percent Report

D:\MassHunter\GCHS\1\data\vJohnson Lab\

corr.
% max.
34.59%
33.29%
99 .87%
100.00%

D:\MassHunter\GCHMS\1\data\Johnson Lab\ph3 Ti.D\chiraldexbDM 488split.H

% of
total
12.919%
12.434%
37.299%
37.347%

m




Hydroamination of 6-methyl-hepta-4,5-dienylamine 1c at 135 °C with in situ catalysts (5 mol%
catalyst).

NH, H
N
(ﬁ—-% - U
1b 3b

41.3, 42.1 min
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35 [2] TIC: Me2PSL.D\data.ms ol @ | =|

Integration Parameters: autointi.e
Integrator: ChemStation

Method : D:\MassHunter\GCHS\1\data\Johnson Lab\ph3 Ti.D\chiraldexbDH_488split.H
Title -
Signal : TIC: He2PSI.D\data.ms
peak R.T. first max last PK peak corr. corr. % of
# min scan scan scan TY height area % max. total

1 41.630 4863 4884 4955 M18 8609 1498226 78.63% 44.017%
2 42.267 4955 4969 5043 M8 108978 1985528 100.868% 55.983%

Bbundance
35000+
30000
Catalysis with complex 9
25000 Ti(L4)(NMey),
run 1
20000
150004
42 267
10000- 41.630
5000
Time-> w0 20 42.'506' gm0 4350
23 [3] TIC: Me2PSLD\datasim.ms ’ =iErE
Bbundance]
90
80
Y D:\MassHunter\GCMS\1\data\Johnson Lab\Me2PSL.D\rteres.txt === |i&|
| Area Percent Report -
Data Path : D:\MassHunter\GCHS\1\datalJohnson Lab\
Data File : HMe2PSI.D
Acq On : 86 Jul 2618 14:25
Operator : arj
Sample -
Misc :
ALS Vial : 2  Sample Hultiplier: 1

m
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r

i [2] TIC: Me 2.D\data.ms

(= (=] =]

Bbundance

200004

10000+

5000+

e e s e e’

Catalysis with complex 9
15000+ Ti(L4)(NMey),

run 2

41.517

42,206

T T

e 4100

T T

e

i [B]1 TIC: Me 2.D\datasim.ms

Abundance
200

150+

MY D:\MassHunter\GCMS\1\data\Johnson Lab\Me 2.D\rteres.txt

Data Path
Data File
Acq On
Operator
Sample
Misc

ALS Vial

Me 2.D

arj

25 Jul 20618

14:21

2  Sample Multiplier: 1

Integration Parameters: autointi.e
Integrator: ChemStation

Method =
Title :
Signal : TIC: Me 2.D\data.ms
peak R.T. first max last PK peak
# min scan scan scan TY height
1 41.517 4852 4869 4942 M 5693
2 42.206 4942 4961 50829 M7 6657

Area Percent Report -

D :\MassHunter\GCHMS\1\datazJohnson Lab\

D:\MassHunter\GCMS\1\data\Johnson Lab\ph3 Ti.D\chiraldexbDM_488split.H

COFF. COFF.
area % max.

768465 82.75%
928609 100.00%

Page S49

m

% of
total
45.282%
5y .718%



7

w14 [2] TIC: Ph2PSL.D\data.ms

Abundance]
5000004

400000+

300000

200000

100000+

41,383 42.040

Catalysis with complex 10
Ti(L5)(NMey),
run 1

Time-> 4050 4100

T T T T T T T

4150 200 4250

T

4300 4350

44,00

14 [3] TIC: Ph2PSIL.D\datasim.ms

= [@][=]

Abundance
2500

2000+

15004

Iy D:\MassHunter\GCMS\1\data\Johnson Lab\Ph2PSLD\rteres.txt

Area Percent Report

Data Path : D:\MassHunter\GCHMS\1\data\Johnson Lab\
Data File : Ph2PSI.D
Acq On : 86 Jul 2818 13:15
Operator : arj
Sample -
Misc :
ALS Vial : 1  Sample HMultiplier: 1
Integration Parameters: autointi.e
Integrator: ChemStation
Method : D:\MassHunter\GCHS\1\data\Johnson Lab\ph3 Ti.D\chiraldexbDM 488split.H
Title -
Signal : TIC: Ph2PSI.D\data.ms
peak R.T. first max last PK peak corr. corr. % of
# min scan scan scan TY height area % max. total
1 41.383 4829 4851 4926 M 489322 58460450 90.37% 47.471%
2 42.040 4926 4939 5852 M2 583899 64688423 1080.00% 52.529%

m

Page S50




-

«fia [2] TIC: Ph 2.D\data.ms

(= (& ] =]

Bbundance 41497
41.323
400000
Catalysis with complex 10
Ti(L5)(NMey),
3000004 e
200000
100000
. v v % s [ e e an T T T LT
Time--> 41.00 41.50 42.00 4250 43.00
35 [3]1 TIC: Ph 2.D\datasim.ms o || @ | =]
Bbundancel
2500
2000
Iy D:\MassHunter\GCMS\1\data\Johnson Lab\Ph 2.D\rteres.txt = ” (=] "ﬁl

Data Path
Data File
Acq On
Operator
Sample
Misc

ALS Vial

Ph 2.D

ar]

Method
Title

Signal : TIC: Ph

peak R.T. first max
# min scan scan

1 41.323 4826 4843
2 41.997 4917 4933

Area Percent Report

D :\MassHunter\GCHS\1\data\zJohnson Lab\

25 Jul 2618 13:18

1 Sample Multiplier: 1

Integration Parameters: autointi.e
Integrator: ChemStation

2.Drdata.ms
last PK peak corr. corr.
scan TY height area % max.

4915 M2 441099 50410366 88.02%
5813 M2 497445 57271297 100.00%

D:\MassHunter\GCHMS\1\data\Johnson Lab\ph3 Ti.D\chiraldexbDM_ 488split.H

% of
total
46 .814%
53.186%

m
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34 [2] TIC: P(tBu)SL.D\data.ms o | @ | = |
Bbundance 41.
000004

500000 Catalysis with complex 11
Ti(L6)(NMey),
run 1

400000+

300000

200000+

100000

Time-> 4100

>

34 [3] TIC: P(tBu)SLD\datasim.ms o || @ | =

Abundance‘ {\

I3 D:\MassHunter\GCMS\1\data\Johnson Lab\P(tBu)SLD\rteres.txt

Area Percent Report

Data Path : D:\MassHunter\GCHMS\1\data\Johnson Lab\
Data File : P{tBu)SI.D

Acq On : 86 Jul 2618 066:33

Operator : arj

Sample -

Misc :

ALS Vial : 1 Sample Multiplier: 1

Integration Parameters: autointi.e
Integrator: ChemStation

Method : D:\MassHunter\GCHS\1\data\Johnson Lab\ph3 Ti.D\chiraldexbDH_488split.H
Title :
Signal : TIC: P{tBu)SI.D\data.ms
peak R.T. first max last PK peak corr. corr. % of
# min scan scan scan TY height area % max. total

1 41.324 4827 4843 4916 M2 439419 50993378 67.66% 40.357%
2 41.973 4916 4930 5023 M 661625 75363679 100.006% 59.643%

Sum of corrected areas: 126357057

Signal : TIC: P(tBu)SI.D\datasim.ms
peak R.T. first max last PK peak corr. corr. % of
# min scan scan scan TY height area % max. total




fia [2] TIC: tBu2.D\data.ms

(= @]=]

Abundance]

400000

42.011

350000 41349

3000004 Catalysis with complex 11
Ti(L6)(NMey),
2500004 i 2

2000004
1500004
100000

50000

Time"} T T T T 40|50 T T T T T T T T T

"41'00 4150 4200

Coa2E0

T

4300

T T

4350

L

4 [3]1 TIC: tBu2.D\datasim.ms

(= @]=]

Abundance

20004

15004

~

Y D:\MassHunter\GCMS\1\data\Johnson Lab\tBu2.D\rteres.txt

= @=]

Data Path : D:\MassHunter\GCHS\1\data\Johnson Lab\
Data File : tBu2.D

Acq On : 86 Jul 2818 15:27

Operator : arj

Sample -

Misc :

ALS Vial : 3 Sample Hultiplier: 1

Integration Parameters: autointi.e
Integrator: ChemStation

Page S53

Area Percent Report

Method : D:\MassHunter\GCHS\1\data\Johnson Lab\ph3 Ti.D\chiraldexbDH_488split.H
Title :
Signal : TIC: tBu2.D\data.ms
peak R.T. first max last PK peak corr. corr. % of
# min scan scan scan TY height area % max. total
1 41.349 4830 4846 4919 M 326482 41025720 74.67% 42.750%
2 42.011 4921 4935 5831 M2 412331 54940503 100.00% 57.250%

m




r

2 [2] TIC: p(F)SLD\data.ms

(=& =]

Bbundance

700000

600000

500000

4000004

300000

200000

100000

Catalysis with complex 12
Ti(L7)(NMey),
run 1

Times> " 4100

r

i B TIC: p(F)SLD\datasim.ms

= /& =]

Bbundance

60004

5000

40004

By D:\MassHunter\GCMS\1\data\Johnson Lab\p(F)SL.D\rteres.txt

(= (& =]

Integration Parameters: autointi.e
Integrator: ChemStation

Method :

Title :

Signal : TIC: p(F)SI.D\data.ms

peak R.T. first max last PK peak corr.
# min scan scan scan TY height area

1 41.322 4820 4843 4916 M 748271 86585245
2 41.970 4916 4929 50850 M2 766543 93470246

Area Percent Report

Data Path : D:\MassHunter\GCMS\1\datal\Johnson Lab\
Data File : p({F)SI.D

Acq On : 86 Jul 2618 B3:48

Operator : arj

Sample :

Misc :

ALS Vial : 3  Sample Multiplier: 1

D:\MassHunter\GCHMS\1\data\Johnson Lab\ph3 Ti.D\chiraldexbDM_488split.H

COFr. % of
% max. total
92.63% u48.088%
100.060% 51.912%

m

Page S54




P

3 [2] TIC: PF 2.D\data.ms

Abundance]

60000

50000

40000

300004

200004

10000

41.485

42175

Catalysis with complex 12
Ti(L7)(NMey),
run 2

Time--»

4150

“3i [3] TIC: PF 2.D\datasim.ms

Abundance]

250+

2004

i

Y D:\MassHunter\GCMS\1\data\Johnson Lab\PF 2.D\rteres.txt

Data Path : D:\MassHunter\GCHS\1\data\Johnson Lab\
Data File : PF 2.D
Acq On : 16 Jul 2818 13:39
Operator : arj
Sample -
Misc :
ALS Vial : 4 Sample Hultiplier: 1
Integration Parameters: autointi.e
Integrator: ChemStation|
Method : D:\MassHunter\GCHS\1\data\Johnson Lab\ph3 Ti.D\chiraldexbDM 488split.H
Title -
Signal : TIC: PF 2.D\data.ms
peak R.T. first max last PK peak corr. corr. % of
# min scan scan scan TY height area % max. total
1 41.485 4848 4865 4945 M 48392 7456299 100.00% 50.926%
2 42175 4945 4957 5858 M2 43765 7185092 96.36% 49.074%

Area Percent Report

m
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i [2] TIC: v(F)SLD\data.ms

(=& =]
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BAbundance)
41.963
600000 Catalysis with complex 13
run 1
400000+
200000+
Tme-> 4100 415 4200 4250 4300 435
-
i [3] TIC: v(F)SLD\datasim.ms o || @ | = |
Bbundance)
5000
40004
-
I D:\MassHunter\GCMS\1\data\Johnson Lab\v(F)SL.D\rteres.txt [ = ” (=] ]Ii&]
| Area Percent Report -
Data Path : D:\MassHunter\GCMS\1\datal\Johnson Lab\
Data File : vu{F)SI.D
Acq On : 86 Jul 2818 @©61:82
Operator : arj
Sample s
Misc :
ALS Vial : 2 Sample HMultiplier: 1 N
Integration Parameters: autointi.e
Integrator: ChemStation
Method : D:\MassHunter\GCHS\1\data\Johnson Lab\ph3 Ti.D\chiraldexbDHM_ 488split.H
Title :
Signal : TIC: u(F)SI.D\data.ms
peak R.T. first max last PK peak corr. corr. % of
# min scan scan scan TY height area % max. total
1 41.310 4825 4841 4915 M2 797074 87055659 91.62% 47.814%
2 41.969 4915 4929 5815 M 811306 95014841 100.00% 52.186%



3 [2] TIC: VF2.D\data.ms o || @ | = |

BSbundance
400000
Catalysis with complex 13
Ti(L8)(NMe,),
3000004 run 2
200000
1000004
. T o L [ % ST e % —T T T Tt T T T [ T T TT
Time--> 40.50 41.00 41.50 42.00 4250 43.00 43.50
34 [31 TIC: VF2.D\datasim.ms (o] @] = |
BSbundance
3500
3000
2500
l} D:\MassHunter\GCMS\1\data\Johnson Lab\VF2.D\rteres.txt | = ||[-= |&|
| Area Percent Report -
Data Path : D:\MassHunter\GCHS\1\datal\Johnson Lab\
Data File : UF2.D
Acq On : 86 Jul 2818 16:38
Operator : arj
Sample -
Misc :
ALS Vial : 4 Sample HMultiplier: 1

m

Integration Parameters: autointi.e
Integrator: ChemStation

Method : D:\MassHunter\GCHS\1\data\Johnson Lab\ph3 Ti.D\chiraldexbDM 488split.H
Title 5
Signal : TIC: UF2.D\data.ms
peak R.T. first max last PK peak corr. corr. % of
# min scan scan scan TY height area % max. total

1 41.352 4830 4847 4924 M2 494115 61560817 95.89% 48.951%
2 42.020 4924 4936 5657 M2 497545 64199617 100.06% 51.049%
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a4 [2] TIC: d-DtBu-Ti-1_1400_1129.D\data.ms

Abundance

41

1e+08

Catalysis with complex p-11
Be+07 4 Ti(p-L6)(NMe,),
run 1

Be+07 -

4e+07 4

2e+07

Time-> 4100 4120 C sl 4260 Y

«fa [B]1 TIC: d-DtBu-Ti-1_1400_1129.D\datasim.ms
BSbundance

4000000+

3000000+

Iy D:\MassHunter\GCMS\1\data\Johnson Lab\d-DtBu-Ti-1_1400_1129.D\rteres.txt
| Area Percent Report

Data Path D:\MassHunter\GCHMS\1\data\Johnson Lab\

Data File : d-DtBu-Ti-1_1488_1129.D
Acq On : 29 Nov 2618 09:56
Operator : fs

Sample : di-tBu-Ti

Misc :

ALS Vial : 2  Sample Multiplier: 1

Integration Parameters: events.e
Integrator: ChemStation

Method : D:\MassHunter\GCHS\1\data\Johnson Lab\d-DtBu-Ti-1_1test58.D\chiraldexbDM_58split.H
Title :
Signal : TIC: d-DtBu-Ti-1_14686_1129.D\data.ms
peak R.T. first max last PK peak corr. corr. % of
# min scan scan scan TY height area % max. total

1 41.423 4837 4856 4932 M6 121264866 15564667052 Pagﬁ%g%58k9.77h%
2 42.102 4933 4947 5029 M4 118382562 157085950014 10W. 508.226%

Sum of corrected areas: 31270617066



5 [2] TIC: d-DtBu-Ti-2_1400_1129.D\data.ms

Sbundance
8e+07 1 Catalysis with complex p-11
Ti(D-LB)(NMez)Z
run 2
Be+07
4e+07 1
2e+07 -
) T T — T T T — PO T — T — T T T — T — T T
Time--> 41.00 41.20 41.40 41.60 41.80 42.00 42.20 42.40 42,60

i [31 TIC: d-DtBu-Ti-2_1400_1129.D\datasim.ms
Bbundancel
4000000

35000004
3000000+

2500000

[y D:\MassHunter\GCMS\1\data\Johnson Lab\d-DtBu-Ti-2_1400_1129.D\rteres.bct
| Area Percent Report

Data Path : D:\MassHunter\GCHS\1\data\Johnson Lab\
Data File : d-DtBu-Ti-2_1486_1129.D

Acq On : 29 Nov 2018 11:07

Operator : fs

Sample : di-tBu-Ti

Misc :

ALS Vial : 3 Sample HMultiplier: 1

Integration Parameters: events.e
Integrator: ChemStation

Method : D:\MassHunter\GCHS\1\data\Johnson Lab\d-DtBu-Ti-1_1test508.D\chiraldexbDH_58split.H
Title :
Signal : TIC: d-DtBu-Ti-2_1488_1129.D\data.ms
peak R.T. first max last PK peak corv. corvr. % of
# min scan scan scan TY height area % max.  total

1 41.449 4841 4860 4934 M5 10822602315 13458319589 100.[_6%% ?5989%
2 42.120 4935 4949 5025 M5 96010286 133683385253 98.85 ‘i LI11%

Sum of corrected areas: 26761704842
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