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ComputationalComputationalComputationalComputational DetailsDetailsDetailsDetails

The geometries of reactants, intermediates, products, and transition states were optimized by using the
recently-developed M06-2X functional1 with the 6-311+G** basis set2 in an excellent solvent CCl4 used in
experiments, where the SMD solvation model3 was selected. For Mannich reactions, M06-2X functionals predict
energies with mean errors of ~ 2 kcal/mol.4 All stationary points were located without imposing any symmetry
constraints. Harmonic frequencies were performed with analytical force constants at all the optimized geometries
for the zero-point energy corrections and thermal corrections at 298.15 K and 1 atm. In all cases, transition states
were further identified to connect a specific pair of stationary points (reactants, products or minima associated to
intermediate species) by performing the necessary intrinsic reaction coordinates (IRC) calculations. The Gibbs free
energies in the CCl4 solvent are used in the discussion, unless otherwise specified, while enthalpies in the CCl4
solvent are only used as the reference. All calculations were carried out by using Gaussian 095 suit of package

1 Y. Zhao, D. G. Truhlar, J. Chem. Phys. 2006, 125125125125, 194101; Y. Zhao, N. E. Schultz, D. G. Truhlar, J. Chem. Theory

Comput. 2006, 2222, 364.

2 R. Krishnan, J. S. Binkley, R. Seeger, J. A. Pople, J. Chem. Phys. 1980, 72727272, 650.

3 A. V. Marenich, C. J. Cramer, D. G. Truhlar, J. Phys. Chem. B 2009, 113113113113, 6378; A. V. Marenich, C. J. Cramer, D. G.

Truhlar, J. Phys. Chem. B 2009, 113113113113, 4538; A. C. Chamberlin, C. J. Cramer, D. G. Truhlar, J. Phys. Chem. B 2006,

110110110110, 5665.

4 S. E. Wheeler, A. Moran, S. N. Pieniazek, K. N. Houk, J. Phys. Chem. A 2009, 113113113113.

5 M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R. Cheeseman, G. Scalmani, V. Barone, B.

Mennucci, G. A. Petersson, et al., Gaussian09, Revision A.02 2009, Gaussian, Inc., Wallingford CT.

BelowBelowBelowBelow areareareare thethethethe XYZXYZXYZXYZ coordinatescoordinatescoordinatescoordinates ofofofof allallallall stationarystationarystationarystationary pointspointspointspoints calculatedcalculatedcalculatedcalculated atatatat thethethethe M06-2XM06-2XM06-2XM06-2X
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# CH3CN
C 1.17593400 0.00002100 0.00000100
H 1.54246900 -0.61316300 -0.82328200
H 1.54460600 -0.40675500 0.94170100
H 1.54349500 1.01914500 -0.11947700
C -0.28067600 0.00026000 0.00018000
N -1.42887400 -0.00013000 -0.00000400
# H2SO4

S -0.00001357 0.00014938 -0.16023910
O 0.56999300 -1.12277785 -0.83610843
O -0.57006537 1.12430436 -0.83402589
O 1.07919246 0.60933999 0.84547652
H 1.65230558 -0.08803382 1.20255186
O -1.07910600 -0.61088812 0.84445895
H -1.65220110 0.08581671 1.20286443
# HCHO
C 0.00000000 0.00000000 -0.52701900
O 0.00000000 0.00000000 0.67216700
H 0.00000000 0.93944400 -1.10760900
H 0.00000000 -0.93944400 -1.10760900
# IM1
C 3.24707500 -0.83722400 -0.01659300

H 2.56527500 -1.66115600 -0.23348100
H 4.00195600 -0.76898100 -0.80008100
H 3.73004200 -1.00283000 0.94638400
C 2.47202100 0.38885600 0.02651600
N 1.83074400 1.34051900 0.05177800
S -1.18463600 -0.17068300 -0.11489600
O -2.55619500 -0.36169700 -0.47870500
O -0.13884500 -1.02676900 -0.59601500
O -1.05335200 -0.23061000 1.48160700
H -1.81231100 0.20412000 1.90155700
O -0.84860100 1.33709600 -0.42286400
H 0.11537400 1.52218200 -0.27020800
# IM2
C 2.71367900 -0.84801700 0.08184600
H 2.49180500 -1.49758200 0.93078100
H 2.80030700 -1.47669800 -0.80674500
H 3.64301800 -0.30931800 0.24982300
C 1.60780800 0.12860600 -0.10634200
N 1.70257700 1.37243700 -0.04317200
S -1.05565500 -0.06942900 -0.09938900
O -1.92648600 -1.14014300 -0.43939500
O 0.42168600 -0.61253100 -0.39347700

O -1.03897300 0.03526600 1.49186900
H -0.79355900 0.92683100 1.78753300
O -1.19923200 1.25455300 -0.64149800
H 0.84599300 1.87987200 -0.26198000
# IM3
C 0.72046600 1.39863800 0.29337700
N 1.32361900 1.07956600 1.34309100
S -1.30300000 -0.24679100 0.05295700 2
O -0.68459700 1.24436300 0.14185000
O -2.70106700 -0.06058200 -0.14234000
H 0.68781500 0.69974600 2.04647900
O 1.79095100 -1.47234600 -0.78937700
C 2.23814700 -1.63490300 0.32419800
H 1.57960600 -1.72354500 1.19858300
H 3.32333100 -1.70645300 0.47933800
C 1.32891100 1.99060900 -0.92648900
H 2.39792200 2.12393800 -0.77676400
H 1.14413700 1.33923300 -1.78491200
H 0.85685600 2.95242800 -1.13881200
O -0.77832700 -1.01295600 1.15756600
O -0.67473400 -0.78296500 -1.28024100
H 0.25003900 -1.14383500 -1.11904000
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# IM4
C 1.70329700 1.92593800 0.02492700
H 2.63823900 1.68737200 -0.48099600
H 1.21550300 2.77255900 -0.45186600
H 1.91616900 2.18486600 1.06657400
C 0.76911500 0.76249300 0.00641900
N 1.20702600 -0.45401500 0.26490100
S -1.84950700 -0.22941100 -0.01089200
O -2.85947300 0.46343900 -0.75451800
O -0.45278600 1.01462000 -0.24774400
O -1.24253700 -1.40207800 -0.62159800
O -1.90934400 -0.22495000 1.42966600
H 0.54324200 -1.22061900 0.15768800
C 2.60783000 -0.77417900 0.53501200
H 3.00887700 -0.05759400 1.24921900
O 3.40492800 -0.70074100 -0.60738300
H 3.20064700 -1.43843400 -1.19257500
H 2.61249700 -1.76729300 0.98640600
# IM5
C -0.98680400 1.37456800 0.14827900
H -1.92891400 1.77672600 -0.21676500
H -0.86546700 1.64873400 1.19930000
H -0.15773700 1.80090800 -0.41947400
C -1.02528500 -0.12731800 -0.00232900
O -2.01924700 -0.72512300 -0.36159900
C 1.40010500 -0.20294900 0.53317400
N 0.12393500 -0.80678000 0.32290000
H 0.10510100 -1.79023200 0.08559400
H 2.04187000 -0.93509300 1.02973000
H 1.29087000 0.66742600 1.18582500
O 1.95509400 0.18294900 -0.71763700
H 2.83186300 0.55058200 -0.56536800
# IM6
C -2.73853700 0.57317900 -1.05592800
H -1.89061900 0.86831900 -1.67755300
H -3.46909500 0.04381300 -1.66252800
H -3.20083700 1.47510100 -0.64653400
C -2.29411400 -0.34470000 0.05428800
N -1.31011900 0.14174100 0.90067300
S 1.74529200 -0.34951100 -0.09607200
O 1.03128900 -1.30701300 -0.88485100
O -2.76036600 -1.44420700 0.23670100
O 2.83836700 0.37649100 -0.67957600
O 1.64807600 -0.42037200 1.33845800
H -0.95076600 -0.52623300 1.57202800
C -0.61807800 1.35579200 0.74478400
H -1.27331100 2.16977400 0.43563900
O 0.38722300 1.22125600 -0.32071600
H 0.87901300 2.04939800 -0.43751400
H -0.10056900 1.60495500 1.66991400
# IM7
C 2.69263200 -1.66483100 -0.23083800
H 2.29271800 -1.80461100 -1.23851000
H 3.67512000 -2.12188700 -0.14144800
H 1.99241100 -2.14101000 0.46166600
C 2.77058400 -0.20682000 0.08267800
N 1.49009600 0.46662800 -0.08894100
S -1.92395500 -0.03967300 -0.09699000
O -0.64496400 -0.91533100 -0.09542300
O 3.73906800 0.38602300 0.45908900
O -2.99449100 -0.78078200 -0.70338400
O -1.59498700 1.29447000 -0.53113400
H 0.24968700 -0.31947700 -0.07820700
C 1.51004200 1.72016300 -0.29284900
H 2.45294200 2.26635100 -0.34326400
O -2.25783800 0.12033600 1.468420003
H -2.68907900 -0.68171900 1.79984800
H 0.56497000 2.24193200 -0.42014100
# IM8
C -1.56329700 -0.74374900 0.15148000
H -2.43149800 -0.18459300 0.49369700
H -1.79354000 -1.25764400 -0.78491600
H -1.28680300 -1.50932900 0.87986000
C -0.40806000 0.18570800 -0.08049400
O -0.47648200 1.38796500 -0.05024100
C 1.83355100 -0.20209300 0.22704800
H 1.83286300 0.50936900 1.05856900
H 2.77636100 -0.67595300 -0.04008800
N 0.79161600 -0.48925200 -0.42762800
# SO3
O -1.42983900 -0.00480500 0.00001100
S 0.00006600 0.00000000 -0.00001700
O 0.71901500 -1.23583000 0.00001100
O 0.71069300 1.24063500 0.00001100
# TS1
C 2.82947800 -0.91776500 0.00034100
H 2.69240100 -1.46149400 -0.93381000

H 3.85835500 -0.56672800 0.09580200
H 2.56139100 -1.56236900 0.83673100
C 1.96354000 0.24755300 0.00078700
N 1.74245500 1.40139700 0.05932100
S -1.02493200 -0.06564400 -0.12841400
O -2.09054300 -0.59475100 -0.93810600
O 0.27965900 -0.78178300 -0.26034600
O -1.38121700 -0.37363700 1.42027800
H -2.28183000 -0.07265300 1.61115100
O -0.82487900 1.39433700 -0.21700900
H 0.74913300 1.77171600 -0.01580200
# TS2
C 1.57234200 2.22918800 -0.45670800
H 1.18213800 3.21521600 -0.19351800
H 2.63970400 2.19056700 -0.25021200
H 1.37211100 2.07802300 -1.52104800
C 0.85199600 1.19443200 0.33119500
N 1.44532500 0.30421300 1.02325100
S -1.37613800 -0.14557000 -0.00824800
O -2.62456400 0.32150800 -0.52165500
O -0.49569000 1.28578100 0.17286800
O -0.54572500 -0.86105300 -1.05572300
H 0.41928300 -1.54350600 -0.70982900
O -1.31064300 -0.81138200 1.27258600
H 0.79744100 -0.29391400 1.54207600
H 3.19257200 -1.44091500 0.40030800
C 2.33836400 -1.22469200 -0.23992200
O 1.38502700 -2.02552600 -0.25338100
H 2.45422400 -0.47402500 -1.02352500
# TS3
C -2.54112300 -0.20358500 -1.28725400
H -1.66178200 0.00457300 -1.89846400
H -3.02344800 -1.11837500 -1.62377400
H -3.25402600 0.62155500 -1.36830000
C -2.12800200 -0.39486900 0.13091500
N -1.26376400 0.67557900 0.69596900
S 1.51543900 -0.28033000 -0.02533900
O 0.40182400 -0.92632900 -0.71962000
O -2.40133100 -1.27719800 0.87204200
O 2.85079200 -0.77475600 -0.28272600
O 1.20473300 -0.03353600 1.40185400
H -0.55877800 0.33980800 1.39127100
C -1.18090500 1.87325700 0.28602100
H -1.80796400 2.22212500 -0.52856400
O 1.46330000 1.24089100 -0.69793600
H 2.32307000 1.66369600 -0.56779000
H -0.47210600 2.54143800 0.76226500
# TS4
C 0.35364400 -1.50967000 1.66284600
N -1.88350700 -0.25996600 0.99356200
C -1.79130600 0.91518700 1.46729600
N 0.84294900 1.65703700 0.93130500
C 1.77583300 0.80132200 1.31164200
N 1.21351500 -0.98882600 0.89026400
O -2.26857200 0.55902100 -1.14414000
O 1.43238500 1.21777800 -1.24583000
O 0.49893100 -2.14181200 -0.965446004 5
H -0.16651800 -2.43060900 1.40504500
H 0.15035800 -1.04212300 2.62311800
H -1.41205900 1.06030900 2.47537600
H -2.10034300 1.80160400 0.90846300
H 1.85046300 0.59657700 2.37779300
H 2.70980400 0.72417300 0.75173800
C 0.84128100 1.91302000 -0.42553400
C -0.00173100 3.08238600 -0.86340200
H -0.18947000 3.77108100 -0.04028300
H -0.95399200 2.68954000 -1.23100700
H 0.48996600 3.59700100 -1.68943400
C -2.93303400 -1.69461100 -0.68575300
H -3.62269700 -2.01229900 0.09879700
H -2.10488300 -2.40863700 -0.71258100
H -3.42785700 -1.67297800 -1.65421700
C 2.82752900 -1.54921500 -0.89434700
H 3.52550100 -1.78739000 -0.08907500
H 3.01032300 -0.52402300 -1.22643600
H 2.95611500 -2.23407200 -1.72981900
C 1.41997800 -1.62030100 -0.40161100
C -2.36342100 -0.34907800 -0.35948200
# TRAT
C 2.16125400 -2.13061300 -0.82507000
H 2.20411200 -2.87565600 -1.61586600
H 2.46431400 -1.15780100 -1.21933600
H 2.85635700 -2.40656100 -0.02908700
C 0.74313200 -2.08310100 -0.31297700
O -0.14658200 -2.74511500 -0.81590000
N 0.49823200 -1.28599900 0.78757600
C -2.18755100 0.39731700 -0.30591200

C -0.50642700 1.30239400 1.22651600
H -0.51358300 1.31708800 2.32018100
H -0.89521400 2.23679000 0.83917300
N 0.86320100 1.07355000 0.78716100
N -1.36366800 0.20889000 0.78586600
C 1.44457700 1.68807500 -0.30371600
O 2.47305000 1.25396000 -0.79085200
C 0.77714800 2.93508700 -0.82806400
H -0.21437900 2.70622000 -1.22561100
H 0.66450100 3.68216500 -0.03931100
H 1.40459300 3.33888300 -1.61885000
C -0.87651700 -1.08945900 1.23048300
H -1.49388200 -1.89459600 0.84913200
H -0.88235700 -1.09710900 2.32411100
H 1.38669300 -0.21638900 2.32662700
C 1.37861700 -0.21520100 1.23304100
H 2.38466200 -0.34736600 0.85295200
C -2.93931900 -0.80686000 -0.81537900
H -2.24862700 -1.54452300 -1.23059200
H -3.50774800 -1.28530800 -0.01511600
H -3.62238000 -0.46757800 -1.59043100
O -2.32250500 1.49999300 -0.80505700
# TS5
S 0.27488900 -0.00061200 0.06099000
O -0.57958500 -0.42814800 1.23778100
O 1.04180600 -1.02888200 -0.56095100
O 0.72870400 1.35596600 0.07754300
H -1.51371000 -0.25326100 0.38135700
O -1.34808400 0.02158800 -0.78694800
H -1.62723600 0.89885700 -1.09658500
# TS6
S -0.68293300 -0.12542500 0.02967000
O -1.26176900 0.37253100 1.25264400
O 0.29510300 -1.21941500 0.18113700
O -1.51269500 -0.20353300 -1.14077500
O 0.48857500 1.14320800 -0.37290100
H 1.72444900 0.69475300 -0.15206700
H 0.17918200 2.01361200 -0.08433100
O 2.50014200 -0.04864600 0.10093600
H 1.85275600 -0.81782800 0.23280100
H 3.09569000 -0.23689700 -0.63944400
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