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First isolated by Jorgensen in 1898
First resolved by Werner in 1914

Jorgensen, S. M. Z. Anorg. Chem., 1898, 16, 184.
Werner, A.; Kuh, H.; Wust, P. Ber., 1914, 47, 1961.



S. i -
Me 0.5 mM in MeOH _ S'Me ph)J\Me
Br H,O, (150 equiv), RT, air

(50 equiv) 59 :41 =e.r.
100% conversion

Fontecave, 2003

Chavarot, M.; Ménage, S.; Hamelin, O.; Charnay, F.; Pécaut, J.; Fontecave, M. Inorg. Chem., 2003, 42, 4810.
Hamelin, O.; Rimboud, M.; Pécaut, J.; Fontecave, M. Inorg. Chem., 2007, 46, 5354.

(NO3)3
(0.005 iv) B '
: equiv
” Ph/L Me
80 °C, 24 hr, Ar, dark
water, 72.0 mM, pH =4.0 63 :37 =e.r.
NaHCO, (2.07 equiv) /8% conversion

HCO,H (0.018 equiv)

Fontecave, 2007
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[ - \\\NHZ O
BARF]; (H,O
N/ \NH [ 13 (H20)14
@) H, \) 2
i} <002Me 7 PN /
(0.09 equiv) -
. /—CO.Me
CO,Me ~  MeO,C 2
(1 equiv) (1 equiv) '\f)tg ((:1 g%u'v)’ CH,Cl; (80 mM) 66.5:33.5 = e.r

-40 °C, 8 hr 78% yield

Gladysz, 2008

Kromm, K.; Osborn, P. L.; Gladysz, J. A.; Organometallics, 2008, 21, 4275.
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* First stereogenic-only-at-metal publication in 2013

Zhang, L.; Meggers, E. Chem. Asian J., 2017, 12, 2335.
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* Earlyideas

e Ease of tuning steric and electronic properties X_Q\tB
e tert-butyl groups will provide steric hindrance to give N

better asymmetric induction

. | NCMe
* Key Features |v|

* Ligand nitrogen atoms bound to metal prefer to be trans, | “NNCMe
while carbon atoms bound to metal prefer to be cis—high
diastereoselectivity during catalyst synthesis N

* Coordinating acetonitriles are made more labile by a X@/Bu
kinetic trans effect from the o-donating phenyl
substituents A-Ir

* Direct interaction of substrate with stereogenic metal X=SorO
center gives rise to excellent asymmetric induction M = Rh, Ru, or Ir

Zhang, L.; Meggers, E. Chem. Asian J., 2017, 12, 2335.
Zhang, L.; Meggers, E. Acc. Chem. Res., 2017, 50, 320.



iral-auxiliary-mediated synthesis of A- and AIrS
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(3: 1) reflux
rac-2
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49%

b) Employed chiral auxiliaries
(X%
Qh. b i 3

R=H, Me

Zhang, L.; Meggers, E. Chem. Asian J., 2017, 12, 2335.
Zhang, L.; Meggers, E. Acc. Chem. Res., 2017, 50, 320.
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« Limited synthetic utility e

e Jacobsen-inspired
e No direct metal substrate coordination

* Low catalyst loadings (down to 0.1 mol %)
with high enantiomeric ratios (up to 99.5

to 0.5) Organic
H-Bonding Catalyst

Chen, L.; Xu, W.; Huang, B.; Ma, J.; Wang, L.; Xi, J.; Harms, K.; Gong, L.; Meggers, E. J. Am. Chem. Soc., 2013, 135, 10598.

Stereogenic-Only-at-Metal
H-Bonding Catalyst




[ 1 +
BArF24_
e,CgH3
entry  catalyst  loading (mol %) £ (h)  coav. (%)* e (%)
1 Adrl 20 2 92 63
2 Aldr2 20 24 82 70
3 Adrd 20 20 ™ R4
4 Aldrd 20 ? 9% €«
- NO, - NO, & ans N x %
Ph | oM. AT A Ph 2 0 e : W e
. 8 Ale7 20 20 <20 0
(1 equiv) toluene (1. ), RT, Ar

tBUOzC COztBU
38 ¢
N
H

Chen, L.; Xu, W.; Huang, B.; Ma, J.; Wang, L.; Xi, J.; Harms, K.; Gong, L.; Meggers, E. J. Am. Chem. Soc., 2013, 135, 10598.



N
. Ph O
N 1 mol % cat.

H NHCOCF; 94% vyield
CH,OH 99.5:05eur.

J

t=96 hr

89% vyield
NO _ 97 : 3eur.
(1 equiv) toluene (1.0 M), RT, Ar
1BuUO,C CO,Bu OO
1
N t=24hr
H 1 mol % cat.
(1.1 equiv) 96% yield
98 :2eur.

Chen, L.; Xu, W.; Huang, B.; Ma, J.; Wang, L.; Xi, J.; Harms, K.; Gong, L.; Meggers, E. J. Am. Chem. Soc., 2013, 135, 10598.

0.1 mol % cat.

NO,

Cl

t=24 hr

1 mol % cat.
92% vyield
98 :2e.r.

t=24 hr

1 mol % cat.
92% vyield
97 : 3 e.r.

NO,

I




* Itis presumed that the aminopyrazole activates
the nitroalkene by double hydrogen bonding and
that one hydroxyl activates the hydride donor
ability of the Hantzsch ester.

* Experimental data indicate that the hydroxyl is
necessary for reaction to take place.

* This proves that a metal stereogenic center is
capable of providing good asymmetric induction .

Chen, L.; Xu, W.; Huang, B.; Ma, J.; Wang, L.; Xi, J.; Harms, K.; Gong, L.; Meggers, E. J. Am. Chem. Soc., 2013, 135, 10598.
Xu, W.; Arieno, M.; Low, H.; Huang, K.; Xie, X.; Cruchter, T.; Ma, Q.; Xi, J.; Huang, B.; Wiest, O.; Gong, L.; Meggers, E. J. Am. Chem.
Soc., 2016, 138, 8774.




Asymmetric Transfer Hydrogenation: Improved Catalyst

a) Reactions with recycled catalyst
-Yned of nitroalka

ntioselectivitie:
100+ 29 99 99 99 29 99 98 99 98 98

QCHZOH
N NHCOCF;
___________ o ‘ o \; (. Czsymmey |
o NE (two catalytic sites per complex) 207
/
‘ HN N
N un

NHCOCF;

CHQOH b) Catalyst recycling

g O D/ I Yielcs of recovered catalyst (%)

Enantiomeric excess of recovered catalyst (%)
100~ 84 99 81 99 86 99 81 99

80
Ph N N02 > Ph NOZ 60
: toluene (1.0 M), RT, Ar
(1 equiv) ( ) t(hr)y mol% TON conv (%) e.r 40-
BuO,C COBu 24 0.01 8800 88 98 : 2
II 48  0.005 18000 90 97 :3 |
N 48  0.004 20250 81 95.5:4.5 e e ol

H
(1.1 equiv)

Xu, W.; Arieno, M.; Low, H.; Huang, K.; Xie, X.; Cruchter, T.; Ma, Q.; Xi, J.; Huang, B.; Wiest, O.; Gong, L.; Meggers, E. J. Am. Chem.
Soc., 2016, 138, 8774.



2 mol %
visible light, 40 °C

(3 equiv) (1 equiv) Na,HPO, (1.1 equiv)
MeOH/THF (4:1) (40 mM), Ar

1.5 hr, 100% vyield, 99.5 : 0.5 e.r.

2 hr, 93% vyield, 99.5: 0.5 e.r.

NO,

<\/N1PrPr:| o) o)

6 hr, 91% yield, 95 : 5 e.r. 2 hr, 86% vyield, 95.5: 4.5 e.r.
OMe

24 hr, 91% yield, 95.5:4.5 e.r.
Huo, H.; Shen, X.; Wang, C.; Zhang, L.; Rose, P.; Chen, L.; Harms, K.; Marsch, M.; Hilt, G.; Meggers, E. Nature., 2014, 515, 100.
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Asymmetrlc
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\ |
3 ir]
\__ 7 Photoredox B EWG
1 I: cataIyS|s
\")

V|S|ble light

Huo, H.; Shen, X.; Wang, C.; Zhang, L.; Rose, P.; Chen, L.; Harms, K.; Marsch, M.; Hilt, G.; Meggers, E. Nature., 2014, 515, 100.



dical chain mechanism

wFs
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06(‘ -----------
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™) ("]
asymmetric 5
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e

recombination of reactive
intermediates

Huo, H.; Shen, X.; Wang, C.; Zhang, L.; Rose, P.; Chen, L.; Harms, K.; Marsch, M.; Hilt, G.; Meggers, E. Nature., 2014, 515, 100.




A crystal structure of Ir enolate Il was obtained

Radical traps confirmed the presence of radical
species

‘ NCM Ph
, . e N
! (2.5 equiv)
r
| e
N
Bu
S
2 mol % TEMPO_
visible light, 40 °C (2.5 equiv)
Na,HPO, (1.1 equiv)
MeOH/THF (4:1) (40 mM), Ar Under
air

Ir enolate Il

Huo, H.; Shen, X.; Wang, C.; Zhang, L.; Rose, P.; Chen, L.; Harms, K.; Marsch, M.; Hilt, G.; Meggers, E. Nature., 2014, 515, 100.

Ph N
OMe C

Ph

57% yield

No product

NO,

92% yield




100_'light dark | light | dark } light }dark { light | e Enolate Il
o Catalyst A/A-Ir2

* Reaction stops when removed
from light

* As BnBris added, the
luminescence emission of enolate
Il is quenched more effectively
than unbound Ir cat.

Conversion (%)
A O ®
o o o
I/
T

20 - '
. Enolatedll h_zés a longer Iﬁr]nbﬁa . 2
max and wider range of hig S P S S S A A ' ' ' - -
- 0 15 30 45 60 75 90 105 120 0 1 2 3 4 5
absorption wavelengths than . M
: . t (min) [2a] (mM)
unbound Ir cat, allowing for easier
excitation .
Enol I h | Complex | Absorbancel .  Emissioni . (E%) E,,(PS*/PS) E,,(PS*/PS
. nolate Il has a lower ox.
potential than Ir cat, so it is g A/A-Ir2 425 nm 560 nm (2.21 eV) >+1.5V >-0.71V
stronger reducing agent capable Enolate Il | 440 nm 550 nm (2.25 eV) +0.51V -1.74V

of engaging in SET

I

Huo, H.; Shen, X.; Wang, C.; Zhang, L.; Rose, P.; Chen, L.; Harms, K.; Marsch, M.; Hilt, G.; Meggers, E. Nature., 2014, 515, 100.



A-Ir1: carbons in cream
A-Ir2: carbons in grey

4

dc16_c43 B 5::18 A, dc35_04° =5.20 A

Longer benzothiazole C-S bonds relative to benzoxazole C-O
bonds position bulky tBu groups closer to substrate binding

site, providing better asymmetric induction
Huo, H.; Shen, X.; Wang, C.; Zhang, L.; Rose, P.; Chen, L.; Harms, K.; Marsch, M.; Hilt, G.; Meggers, E. Nature., 2014, 515, 100.




w)l\/ S
</ 4 mol %
visible light, RT .

oTol ToI
[Ru(bpy)s](PFe)2 (2.5 mol%) )
(1 equiv) (3. 0 eq”'v Na,HPO, (20 mol %)
water (20 equ|v) 5 hr, 90% Y|e|d, 99.5:05eur.
acetone/DMSO (9:1) (0.2 M), N,
@) H F O H F
N \ﬁ)J\(N F N \\HJ\,N F
F
<\/I}l Ph N5 <\/IT] Ph COLEL
o-Tol F £oE o-Tol F 2 -ToI
11 hr, 48% vyield, 99 : 1 e.r. 6 hr, 81% vyield, 99.5 : 0.5 e.r. 6 hr, 74% vyield, 98 : 2 e.r.

Huo, H.; Webster, R. D.; Harms, K.; Meggers, E. J. Am. Chem. Soc., 2017, 138, 12636.



’ ‘ NCMe
"'Rh"\
| NCMe
O 5 Bu
Nw)J\/Ph 0
~ N 4 mol %
<\/N EtOJ\7 ° visible light, RT

|
o-Tol [Ru(bpy)sl(PFg), (1.5 mol%)

(1 equiv) (3.0 equiv) Na,HPO, (20 mol %)
water (20 equiv)

|

acetone/DMSO (9:1) (0.2 M), N,

@)
I i P
N \ O N N\\,/U\“\\ O
&\7)\ N, 9 hghe WA Ph O
\ N Ph O ITI Ph O X
o-Tol o-Tol
16 hr, 98% yield, 98 : 2 e.r. 24 hr, 82% yield, 98 : 2 e.r.

Huo, H.; Webster, R. D.; Harms, K.; Meggers, E. J. Am. Chem. Soc., 2017, 138, 12636.

@)
N% OFt
o LY

|
o-Tol

15 hr, 99% yield, 98.5: 1.5 e.r.

60 hr, 83% vield, 97 : 3 d.r.




(M)°

Chen, S.; Huang, X.; Houk, K. N.; Meggers, E. J. Am. Chem. Soc., 2017, 139, 17902.

Based on similar mechanistic
evidence to the earlier Ir enolate
chemistry

Independently synthesized Rh
enolate is a competant catalyst

Air prevents product formation,
aryl olefin gave radical addition
product, and TEMPO gives the
adduct

No cyclopropanation of olefin
implies mechanism does not

involve a carbene
I



Rh.‘u’ N
R' 1 \ :c"h -2x \
=N MeCN =N
wnem B 28
1b:R' = oo
1cR:-Mo A-RKS1: R? = 1By 6a:R'=Ph R? = By
1d:R' = 4Py A-RhS2 R? = Me 6b:R' = owﬂ’-t-su

— _ 6e:R' = Ph, R = Me
s R ’
N "
JEWG |
v | o~x -— EWG
R R diasterso-
\ NN seloctive 7. X = CH,
N radical EWG = COMe
addion 8 X=NH
s R? EWG = CeFy

Chen, S.; Huang, X.; Houk, K. N.; Meggers, E. J. Am. Chem. Soc., 2017, 139, 17902.

>Q

approach N=
|

siface
blocked

Gas phase transition state (TS) geometries:
LANL2DZ basis set was used for Rh;
6-31G(d) for all other atoms

Distortion-interaction energies: M06/6-311G++(d,p)-SDD level
Using previous TS geometries




AGI=+11.8
AE=-18
Bu (b) )

3 AEqut (ester) +27 1 ; ABge’ ‘”"’.).f.z.‘.'r’..‘ - -115AE¢

sEast RW) 434 | | M3
—— | 8B 1 AEt(Rh)+72
AEt -53
L P OAEt-18 Y

Chen, S.; Huang, X.; Houk, K. N.; Meggers, E. J. Am. Chem. Soc., 2017, 139, 17902.



248, ) . AGP=+14.1
ﬁg‘ = -5?65 ' f' AE*= 0.5

AEqqt (.8!0[)':.2..'7": ----------- S -11.9 AE,
AEgy! (Rh) 436 1 [-119ag, !
S : AEgq' (Rh) +8.9
AEt 586 E

Chen, S.; Huang, X.; Houk, K. N.; Meggers, E. J. Am. Chem. Soc., 2017, 139, 17902.



Re approach to Catalyst-
substrate complex

N

TS0%

Chen, S.; Huang, X.; Houk, K. N.; Meggers, E. J. Am. Chem. Soc., 2017, 139, 17902.

A2 201 A

Catalyst-substrate complex

’2_‘

Si approach to Catalyst-
substrate complex

C10-MB-AN1-CO 0 T
LC1RCIRNS-CY0 3 1




MEqyt (RN) 474 S1528E,1 1 AE.}(RN) +89

AEt -586 § AEt -39

Chen, S.; Huang, X.; Houk, K. N.; Meggers, E. J. Am. Chem. Soc., 2017, 139, 17902.



Draw a catalytic cycle for the following transformation:

)
Bu
@ N

’ NCMe
(Q\\/( | \NCMe

BF3K 4 mol %
blue LEDs, RT, 24 hr

@)
N\W)K/\
WAL
Ph

acetone/water (1:1) (0.2 M) g

ClO,

Photosensitizer
2 mol%

73% yield 98 : 2 e.r




.-

PS +

2 o—RN"
Photoredox RZ'BF3K R o|’ \ n
Catalysis R1J\/'\’ N-, PS
e : +
é\, ‘R’ e
visible PS

light
[Rh]

h*
A-RhS /\/K‘R\ Asymmetric JRi/t, \
substrate ——» p1 "N, Catalysis "\~ N+,

I moso
product F‘hl
ON .
substrate R’ J\|j\/ K
Hoy e

H,0,

Huo, H.; Harms, K.; Meggers, E. J. Am. Chem. Soc., 2016, 138, 6936.



)
Bu
@”
’ NCMe
(x | NCMe
Ph

0 0
N\w)j\/\ Ph™ ™ BF5K 4 moI % N
N blue LEDs, RT 9
"Ph

N

acetone/water (1:1) (0.2 M) *Ph

Photosensitizer (2 mol%)

F’h 24 hr, 73% yield 98 : 2 e.r.
0 4-OMePh 2_BrPh
NM Ytg/( Yk/(
~
<\/N
"Ph
4 hr, 89% yield 96.5 : 3.5 e.r. 12 hr, 57% yield 96 : 4 e.r. 9 hr, 72% yleld 97 :3eu

Beo
O fBu o © O )

N\/Pr N\Ph P

14 hr, 93% yield 99 : 1 e.r. 14 hr, 80% yield 97.5 : 2.5 e.r. 14 hr, 85%yield98.5:1.5exr.

Huo, H.; Harms, K.; Meggers, E. J. Am. Chem. Soc., 2016, 138, 6936.



q_L
N\N

o Bu
N S
N\N)j\/\Me Ph BF3K 4 mol %
MG\Q blue LEDs, RT
— acetone/water (1:1) (0.2 M
Me Photosensitizer (2 mol%)

4-OMePh

O NaBH4
N THF/H,O M/\

\</K
) =
24 hr, 73% yield 98 : 2 e.r

4-OMePh

ey
quant.985:1.5e.r

14 hr, 75% vyield, 98.5: 1.5 e.r.

0 1. MeOTf, 4 Angstrom MS
acetonitrile 0]
NS Ph g
& 2. EtOH, DBU EtO Ph
N, h 90% vield
985:15e.r

14 hr, 85% yield 98.5:1.5e.r.
Huo, H.; Harms, K.; Meggers, E. J. Am. Chem. Soc., 2016, 138, 6936.




RUC|3' XHzo

Br
@)—@—R 1.)200°C
Mes” 2.) AgPFg 60 °C

R = 3,5-Me;Ph 92%
ﬁR “1(PFg),
T/ N’&,Me /ﬁR 1(FFg)2
Mes' o i
EegR S
Q\‘ \C\ ”"o \\\‘N
™ NN
2 ~
R N3
&\N IN\ “Come
| T\;LR
0 tB
EtsN Q
32% .’ Pr A-Ru1: R = 3,5-Me,Ph A-IrS: M =1Ir
A-Ru2: R=H A-RhS: M = Rh
RyZ
Tl s
N cat.
, | ‘,‘Qe nj\c + Ph—m—H ——————» H 7
] o s P Fa Et;N (0.2eq) P F3

/'T‘ Mes
N e
2 “

THF, 60 °C aa

1.)TFA (10 eq)
92% L 2.) NH4PF¢ (30 eq)

A-Ru1 A-Ru1

95%

Zheng, Y.; Tan, Y.; Harms, K.; Marsh, M.; Riedel, R.; Zhang, L.; Meggers, E. . Am. Chem. Soc., 2017, 139, 4322.



CF3

Ph
Ho A
CF3
MeO

90% vyield, 99.5: 0.5 e.r

Ph
(0.5 mol%) HO
Ph NEt; (0.2 equiv)
// 8 > CF3
THF, 60 °C, 16 hr
(3 equiv)
93% vyield, 99 : 1 e.r
Ph
Ho_ 7 Ho A
CFs CF4
FsC

99% vyield, 99.5: 0.5 e.r

97% yield, 98.5 : 1.5 e.r

Zheng, Y.; Tan, Y.; Harms, K.; Marsh, M.; Riedel, R.; Zhang, L.; Meggers, E. . Am. Chem. Soc., 2017, 139, 4322.

97% yield, 99.5: 0.5 e.r

TMS
Ho
CF,

77% yield, 99.5 : 0.5 e.r

()

Ho A

O CFs




Merck route (with Carreira alkynylation)

[>—=—H (2eq) f D=—tpe o _f
i // Di:é?‘, EtN (20 mot%)

o n-HexLi (0.9 eq) , F3C & 1 ARUZ (5y2v
- 2 mat%
CFs3 EtZZn (0.24 eq) - C OH 4 mmol scale ms,“:l. wn) M’Lf:”“
NH,  (S)2a(024eq) NH, )

"y
Q (S)-2a A f °]:':d0 D ie o
H% : 79% vyield, 99.6% ee - —
Fa ~// o anasiem t's:ew’
Ph[03z|qe) Cl i Smmciwee  TEC1N 180
N™ S0

Lonza route H
5 D%H (1.3 eq) . Y PAN efavirenz

Me,2Zn (1.2 O Y
C'kach 2Zn (1.2 eq) md\m
cl cl

SO
H g;_\ 78% yield, 46% ee

(0.15 eq)

Fe (16.4 equiv) ('0500")
CHCOOH Cl
(10 eq) o) \d\m KHCO (1.3 equv) \(f\&
THEASOH 1) MTBEM,0 = 12
A-Ru1 (3 mol%) vun nin
C fs (u-m) o om
=

..... r.uy:“unn C oo = 90%

NH, EtaN (0.2 eq)
THF, 60 °C Efawrenz
58% yield, 92% ee

Zheng, Y.; Zhang, L.; Meggers, E. Org. Process Res. Dev., 2018, 22, 103.

2a




_— 8.1
A-Rul/ MeCN

0.0

Figure 2. Free energy diagram of the formation of ruthenium ace?'llde
compl:x 6a from A-Rul, and alkynylation transition states TS-1a" and
TS-1a".

Transition state (TS) gas phase geometries:
LANL2DZ basis set was used for Rh;
6-31G(d) for all other atoms

Distortion-interaction energies: M06/6-311G++(d,p)-SDD level
Using previous TS geometries

Chen, S.; Zheng, Y.; Cui, T.; Meggers, E. Houk, K. N. J. Am. Chem. Soc., 2018, ASAP.




TS-1a%

AN
Formation Formation
of C-C bond of C-Cbond
““Favorable

-t stacking

Chen, S.; Zheng, Y.; Cui, T.; Meggers, E. Houk, K. N. J. Am. Chem. Soc., 2018, ASAP.

AE gy (Ru)=-08 ‘
AE ¢ (acetylide) = 0.2

AE 4, (ketone) = 21.4

v

AE gy (Ru) = 06 1
AE gy (acotylide) = 0.2

AE,, (ketone) = 23.6

Dihedral angle
is unchanged

Dihedral
angle is
— distorted




re face alkynylation si face alkynylation

caled  caled tl exptl
TS R R? R® AGY AAG* e:xf%) AAGH
TS-1a8 H Ph CF, 94 » o 24
TS-1a H Ph CF; 120 ' '

Dihedral angle is
severely distorted

Chen, S.; Zheng, Y.; Cui, T.; Meggers, E. Houk, K. N. J. Am. Chem. Soc., 2018, ASAP.



M = Rh: A-RhS

M=ir A\ WS
. I . ‘U Hl l':

’ N \M 2&

’ r 1 Ar R

v AuX 2

Ay = o s

't
Excited state
1 l?h]\o R
R
’ N ~ ° Ar
'oAN \MN m’ :\Aux’l rNe @
N Direct visible-light-excited ~ ~~ I 3~ o
Substrate 1 [2+3] cycloaddition R2 N
3 1 /k
N
[Rhl\o R .
'l N ~ ° Ar
VAUX .
oL N
e
n
Cyclization R?

Huang, X.; Li, X.; Xie, X.; Harms, K.; Riedel, R.; Meggers, E. Nat. Commun., 2017, 8, 2245.



Favorable pi-
pi stacking/

Catalyst-substrate complex Blue = catalyst

Pink = catalyst-substrate complex
Crystal structure ,
Black = olefin

(1) in previous slide Brown = azide

Visible light absorption is enhanced in catalyst-
substrate complex relative to substrate

Huang, X.; Li, X.; Xie, X.; Harms, K.; Riedel, R.; Meggers, E. Nat. Commun., 2017, 8, 2245.
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Use of azirine failed to give product,
eliminating possibility of azirine
intermediate

Suggests that a single photon is
needed for each formed product
molecule; not likely to be chain
process

Calculated spin distribution and
energy of triplet excited states reveals
spin lies in olefin for RhS but in Ir for
IrS. IrS bound substrate cannot react
with azides and transfers energy to
unbound olefins, promoting racemate
formation

LANL2DZ basis set was used for Rh; j[
6-31G(d) for all other atoms
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* Novel chiral metal complexes capable of acting as Lewis acids and
photosensitizers

* Allows for low catalyst loadings
* Shows promise as a technique, especially based on the last example




