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1. General Remarks

All reagents and chemicals were obtained from ABCR, Alfa Aesar, Carbolution, Merck, ChemPur,
TCI and Sigma-Aldrich and were used without further purification. Unless otherwise stated, all
solvents used were of technical grade and were purified by distillation prior to use. Anhydrous
solvents (DCM, ether and THF) were taken from MBRAUN (type: MB SPS-800) solvent drying
system which were pre-dried by passing through an ALOX column followed by storing over 4 A
molecular sieve, and distillation. Thin layer chromatography was performed on Merck TLC
aluminum sheets (silical gel 60, F254) and compounds were detected by fluorescence visualization
under UV lamp (A =254 nm), iodine stain or using charring agents. Column chromatography was
performed on silica gel (grain size 0.04-0.063 cm, Macherey-Nagel Si60). Hamilton® syringes
were used for the addition of liquid reactants and solutions. All deuterated solvents were stored
over the activated molecular sieves. NMR spectra were recorded on AV-250, AV-300 and AV-400
instruments from Bruker. Multiplicities are given as s (singlet), brs (broad singlet), d (doublet), t
(triplet), g (quartet), p (pentet), dd (doublet of doublet), m (multiplet) etc., and the coupling
constants (J) are given in Hz.

The reactants 1, and 12 were obtained from the commercial sources and were used without
further purification. Commercially obtained benzaldehyde (2) was purified by distillation and was
stored under argon at 4 °C. The catalysts 4,%2 5,12 6,1 7.2 8,1 9a,b,® 9¢,'* 10a,® 10b,'* 11 were
prepared according to the reported procedures and their spectral data was found in good agreement
with the reported ones in the respective papers. Aldol products 3,% 13,%* 15% were confirmed by

comparing the *H NMR spectrums with the reported ones and found to be in good agreement.



2. Catalysis of Mukaiyama aldol reaction

2.1. General Procedure

The catalyst was weighed in an oven dried GC vial and was dissolved in anhydrous CDClI3 (0.25

mL). An oven dried NMR tube was charged with this solution under argon atmosphere. CDCls

(0.25 mL) was again added to the above vial and the traces of catalyst leftovers were completely
transferred to the above NMR tube. Mesitylene (1 ul) followed by benzaldehyde (10.2 ul, 0.1
mmol) was added to it under argon. *H NMR was recorded to determine the accurate equivalence

of mesitylene. Enolate 2 (30 ul, 0.15 mmol) was added to it and *H NMR was quickly recorded.

Further progress of the reaction was measured by *H NMR at regular intervals based on the

progress after the first measurement. Conversions were determined based on the consumption of

aldehyde through the measurement of integration of proton ‘a’ relative to that of the aromatic

protons of mesitylene.
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Fig S1. Monitoring of 9a catalyzed Mukaiyama aldol reaction with *H NMR (300 MHz).
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Fig S2. Zoomed spectra of 9a catalyzed Mukaiyama aldol reaction at different time intervals.
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Figure S3. Full kinetics of Mukaiyama aldol reaction at 0.5 mol% catalyst loading.

2.2. Repeated addition experiments

Following the general catalysis procedure mentioned above, an oven NMR tube was charged with
catalyst (0.5 mol%), benzaldehyde (10.2 ul, 0.1 mmol), mesitylene (1 ul) and CDCIs (0.5 mL)
under argon. *H NMR was recorded and accurate equivalence of mesitylene was determined.
Enolate 2 (20 pl, 0.1 mmol) was added and *H NMR was immediately recorded. Further progress
of the reaction was measured by *H NMR at regular intervals. After complete consumption of
TMS-enolate 2, based on the unreacted benzaldehyde (~8%), another portion of benzaldehyde (9.4
ul) was added to make its net quantity to 0.1 mmol. It was confirmed by *H NMR through
comparison of its equivalence with respect to mesitylene measured during the first cycle. TMS-
enolate 2, (20 ul, 0.1 mmol) was added and the progress of reaction was monitored for second
cycle. After complete consumption of 2, same procedure was repeated for the third cycle. During
each cycle, conversions were determined based on the consumption of aldehyde obtained by the

measurement of integration of proton ‘a’ relative to that of the aromatic protons of mesitylene.
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Figure S4. Kinetics of the repeated-addition experiment between 1 (0.1 mmol, 1.0 equiv.) and 2
(0.1 mmol, 1.0 equiv.) with iodine (0.5 mol%) as the catalyst at 0.2M initial
concentration and mesitylene as the internal standard.
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Figure S5. Stability of 9a after repeated addition for three cycles 1°F NMR (235 MHz, CDCl5).
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Figure S6. Kinetics of Mukaiyama aldol reaction between 1 (0.15 mmol, 1.5 equiv.) and 2 (0.1 mmol, 1.0

equiv.) catalyzed by 9a (0.5 mol%) and iodine (0.3 mol%) using mesitylene as internal standard.
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Figure S7. Kinetics of Mukaiyama aldol reaction of 1 (0.15 mmol, 1.5 equiv.) with ketones 12 and 15 0.1
mmol, 1 equiv.) catalyzed by 9a (5 mol%) using mesitylene as internal standard. Error of
around 6% was noted in the yields of 14 based on its formation during the reaction of 12 to 13.

2.3. Determination of ke

Relative reaction rate (kre) were derived from the kinetic plots of the reaction. The conversions

after 6 min of the reaction were used to determine the conversion/time slopes of each plot. By

considering the conversion/time slope of syn/anti-10a as reference (kret = 1), krel Values of all other

experiments were determined.



2.4. Determination of turnover numbers (TON) and turnover frequency (TOF) of catalysts
Turn over number (TON) and turn over frequency (TOF) are determined for the conversion at 3-6

min. for all reactions.

No Catalyst TON TOF (s?)
1 4 1.2 0.0028
2 ) 0.4 0.001
3 6 4 0.013
4 7 0.6 0.002
) 8 52 0.173
6 %9a 100 0.333
7 syn/anti-10a 10 0.028
8 iodine 152 0.835




3. NMR spectra

'H NMR spectra of 3
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!H NMR spectra of 14

6007

68T —

10°€
s0°€q
SS'E
65°€
0TL
0zL
0zL
we
we
€L
€L
YL
sTL
sL
9TL
67
67L
0€L
gL
434
[
1434
€€,
vEL
YEL
seL
s€L
gL
gL
8E'L
€L
6€L
66,
6€L
ovL
ovL
ovL
WL
WL
WL
B
3
vL
SvL
WL
9L
9L |
e
v
6bL |
6v°L
052
15
st
€5,
bs'L
bS'L
44
6L
v6'L
6L
6L

N N

OTMS
Ph

o

I,

/

Ph

T
7.4

T
7.7

7.2

7.3

76
y

7.5

7.8

7.9

|

Feoe

Foor

f1 (ppm)

10



4. DFT calculations

4.1 Coordinates and energies of transition state

Energy (ht) =-3138.405394
Gibbs free energy (ht) = -3138.498745

OIITTOIOIOOOOI - ~-000Z2Z0Z2ZZ0ITIZ2Z0IIT00000000

-2.82231900
-1.64087000
3.31838700
3.68431400
3.48294800
3.23702800
3.43321700
3.67839400
3.36794800
3.80846600
1.64285500
1.68668200
3.84107500
2.99774900
2.88638500
3.39463200
2.23990100
2.52963400
3.91443800
3.76602100
4.47018700
0.37512800
0.01017500
-3.44757500
-3.04020000
-2.23276300
-4.06535800
-2.45695600
-1.43025800
-4.28828800
-4.69442300
-3.48665800
-1.83269500
-5.08870600
-3.66246000
-5.16855400

-0.59028200
-0.15526400
0.28787500
0.70225700
-0.78394200
1.56524800
1.77299500
-0.58447200
2.78142500
-1.44425400
2.99442100
4.12592300
0.86464900
4.59911400
2.70596600
-2.13556800
-2.82508900
-4.07841200
-4.22900000
3.69510000
-2.99418600
-1.93978000
1.76936400
-0.88165700
-1.44369900
-1.30546700
-2.38480500
-2.09298300
-0.57553500
-3.17705900
-2.49377800
-3.02851300
-1.97965700
-3.90506100
-3.64135100
0.66584500

0.49638700
0.76150700
0.30263900
3.05470400
1.18389500
0.85685600
2.21526700
2.53972300
2.60326000
3.18435300
-0.36629800
-1.06565100
4.11198300
-1.09115800
0.06896300
0.71745700
0.57496800
0.23742900
0.17196100
-0.36677400
0.48458500
0.80012600
0.04557100
1.35092100
-0.70508900
-1.83207300
-0.70677600
-2.95039000
-1.82437800
-1.82423700
0.17014800
-2.94767600
-3.82722200
-1.81946400
-3.82203200
0.11021100
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-3.83272500
-3.37980100
-3.46063400
-5.82027000
-5.58297100
-7.12272200
-7.22848900
-7.10187700
-8.00751600
-4.06487200
-4.17726100
-3.14238900
-3.94596500
-5.43650800
-4.52615200
-6.29140800
-5.43407300
-5.87734800
-7.08696800
-5.34472900
-7.73655400
-7.50207400
-5.99778400
-4.42204300
-7.19037300
-8.66963100
-5.58045000
-7.70006000
1.59154200
1.74978200
1.76302200
0.57699000
0.57542000
0.47222100
0.77623500
-0.33614700
5.13386400
3.55552200
5.84166800
4.70314400
6.07026900
6.62879700
4.27481200

1.05814200
1.28621100
1.62427500
0.59201100
1.30752700
0.83549200
-0.24889700
1.22392400
1.23955700
0.56993100
-0.50828800
0.75604500
1.00364100
3.14069100
3.43348300
3.51941000
3.64165300
0.13426400
-0.54454900
0.23715900
-1.12333500
-0.62165200
-0.34243600
0.77085500
-1.02812600
-1.64851800
-0.25881700
-1.48040300
-5.16063700
-5.52183500
-5.96655700
-4.78887600
4.81028200
5.80651900
4.88366000
4.24465400
3.85775700
5.72537700
-2.78848700
-5.33204200
-5.13326200
-3.88537600
-6.29426300

0.08095700
-0.87184700
0.92332900
1.24154300
2.78534900
3.69002200

3.74802400
4.70988900
3.19615700
3.57055200
3.70072400
3.01669200
4.56671600
2.52604700
2.00258000
1.96326100
3.49668800
-1.05194600
-0.86365700
-2.34209900
-1.93854600
0.13132100
-3.41319900
-2.51891300
-3.21292800
-1.78582500
-4.40748900
-4.05370900
-0.03253900
-1.04714400
0.67884900
0.06993500
-1.71273600
-1.28622400
-2.78012700
-1.54874100
-0.19772100
-1.68273700
0.51502500
-0.12908700
-0.09728700
0.21907300
-0.37370700
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4.2 Coordinates and energies of starting materials complex

6.72880400
7.70491100
6.26878200
3.29444000
4.34264400
2.19634300
3.36521300
5.69102900
4.91654200
5.72893600
6.75304000
5.39974000
2.96183500

-5.96068400
-3.78048600
-1.82363300
0.01220700
-0.74475400
-0.64331000
1.12281700
4.97752300
5.89427500
3.14875200
5.15351200
6.75523700
6.43209100

Energy (ht) = -3138.422602
Gibbs free energy (ht) = -3138.519709

—TTOoO0O0O0OZ0Z2Z0ITIZ2Z0IIT00000000

-2.56233000
-1.48895100
3.15428200
3.58687100
3.72030300
2.72865600
2.95429000
3.94736200
2.61208400
4.39492400
0.69720000
0.34433700
3.76475700
1.44752800
1.99477900
4.04705200
3.18894800
3.84978800
5.19263200
2.50167500
5.32425000

-1.78655800
-1.45531700
0.73379300
0.81782900
-0.34629800
1.81974800
1.86873500
-0.30606200
2.73314200
-1.16411500
2.85816300
4.03654200
0.85724500
4.88907500
2.90269000
-1.55777500
-2.57451500
-3.58252600
-3.22885900
4.16923500
-1.94307900

-0.32242300
0.22895100
0.75187700

-1.19338800

-1.52186300

-1.57320100

-1.92185800

-0.78595000

-1.51348700
0.36158700

-0.68458200

-1.95425400

-2.24602500

0.36746000
0.85983700
0.40714900
3.18085500
1.08916500
1.17180300
2.54082100
2.45422300
3.09542400
2.93936000
0.23643300
-0.26948900
4.24654200
-0.24283300
0.59530900
0.39707800
0.16513200
-0.39514500
-0.52504900
0.30815700
-0.01481500

1.18091500 -2.47087600 0.61013000
-0.47892100 1.18094700 0.47197700
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-3.39610500
-2.83347700
-1.86371400
-4.09756700
-2.16736200
-0.88101600
-4.39814800
-4.84739900
-3.43658000
-1.42657900
-5.38168000
-3.67308300
-4.97856300
-4.09194900
-3.67342000
-3.83972600
-5.62917100
-6.10728300
-7.47205700
-7.13379100
-7.82266500
-8.32388000
-4.66443700
-4.40926600
-3.76908300
-4.93152100
-6.69352300
-5.88528200
-7.40482800
-7.20893800
-5.33395000
-6.58950200
-4.41657000
-6.92922400
-7.29747400
-4.75234100
-3.41679700
-6.01251800
-7.91227900
-4.02735400
-6.27635800
3.31799400

3.47958800

-2.06758800
-1.84682200
-1.47749500
-2.25842800
-1.51229800
-1.16896600
-2.29435100
-2.51723800
-1.91798200
-1.22734300
-2.59933900
-1.93753500
0.30811700
1.04894000
1.93200100
0.84046100
-0.74675900
-1.01389300
-2.25809300
-3.14972300
-2.57023800
-1.84374000
-1.73318700
-2.72913700
-1.11022900
-1.84096000
0.58660400
1.28680200
1.08025400
0.38194500
0.55351400
0.17957800
1.11638900
0.38660500
-0.27457700
1.31446000
1.35486000
0.95275800
0.10453800
1.73689600
1.10860400
-4.87159800
-4.98316300

1.02797700
-1.06289100
-2.00227300
-1.48422200
-3.34802400
-1.66430500
-2.83699800
-0.74566900
-3.76262800
-4.08325200
-3.16697500
-4.81874300
0.45286400
1.12784500

0.67040300

2.15834100

0.98806800
2.58808300

2.43628400

1.90536100

3.42172200

1.89473100

3.53196200

3.16281900

3.48313200

4.58569000
3.32786500
3.53680800
2.66267100
4.26885900
-0.96505000
-1.43834600
-1.85182400
-2.76744400
-0.75792200
-3.18054800
-1.50600500
-3.64222200
-3.12091500
-3.86463800
-4.67996700

-0.82318000
-1.89382400
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3.83540200
2.25579700
-0.96598700
-1.33880800
-0.86774300
-1.65040100
3.76507900
1.59626600
6.54309400
6.27762400
7.49399200
7.62427600
6.17976000
8.37096400
8.59881800
6.63889700
3.08433900
4.28749400
2.23707200
2.70580600
3.91530600
2.85106800
4.58381300
4.87866400
3.01994800
0.77887300

-5.66339700
-4.91383300
4.43726000
5.26458000
4.74744800
3.59723700
4.71911400
6.20830700
-1.28079500
-3.92857500
-3.27455600
-1.97575200
-4.92862000
-3.77532000
-1.50732200
-0.27763700
0.68516400
0.39110900
-0.25258600
1.83952900
6.03082300
6.76160700
4.15408800
6.50985500
7.78583000
6.77353000

-0.28456300
-0.60548700
-0.76924400
-0.16799900
-1.80792900
-0.70160200
0.47438600
-0.65240100
0.01407300
-1.03868100
-1.00984600
-0.49285500
-1.43800600
-1.39604600
-0.49424800
0.40634500
-1.11177300
-1.60469200
-1.54484300
-1.65103800
0.06637300
-0.48505100
0.89864300
0.17419100
-0.78746500
-1.07852300
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