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Tristan H. Lambert: Biographical Notes

born in Madison, Wisconsin in 1976

Education

2004-2006: NIH Postdoctoral Fellow, Memorial
Sloan-Kettering Cancer Center (Samuel J.
Danishefsky, advisor)

2004: Ph.D. Chemistry, California Institute of
Technology (David W. C. MacMillan, advisor)
2000: M.S. Chemistry, University of California at
Berkeley (David W. C. MacMillan, advisor)

1998: B.S. Chemistry, University of Wisconsin at
Platteville
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Professional experience

2011-present: Associate Professor, Columbia University
2006-2011: Assistant Professor, Columbia University
2004-2006: NIH Postdoctoral Fellow, Memorial Sloan-
Kettering Cancer Center

1998-2003: Graduate Research Assistant, UC-Berkeley
and Caltech

1997-1998: Undergraduate Research, UW-Platteville
Summer 1997: NSF--Research Experience for
Undergraduates, University of Kansas

Awards And Honors

2004-2006 NIH Postdoctoral Fellowship

2009 Abbott Young Investigator Award

2010 NSF CAREER award

2010 Thieme SynLett/Synthesis Journal Award
2010 Alfred P. Sloan Research Fellow

2010 Amgen Young Investigator Award

2010 ACS Young Investigators Symposium
2011 Eli Lilly Grantee Award

2014 Visiting Professorship, Phillips-University Marburg
2015 Swiss Chemical Society Lecturer
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Dehydrative catalysis (Aromatic cation activation)

X

activating *
agent i\ R R2
R R

=cyclopropenone
catalyst

R 0, _R?

/;LX@ @x\?/ Rf

R

= cyclopropenium
activated

HX R R

Org. Biomol. Chem. 2014, 12, 2993.



Dehydrative catalysis (Aromatic cation activation)

Aromatic Cation Activation of Alcohols

OH X

Me > ©)\Me R « 2reelectron aromatic system
R_X - X « discovered by Breslow (1957)
e
\ OR / A -~ = highly stabilized carbocations
R

S eyclopropenium fon « electronically, sterically tunable
- N , . .
activation Me * potential for new reaction design

OR = OH,, OTf, OSO,R’, OP(OR'),, OPO(OR'),
Activation of Alcohols

Cl_ CI

/K\ 1.1eq cl

oH Ph Ph Q

©)\Me > ©)\Me + /A\
CH,Cly, r.t., 10 min Ph Ph

91 %
X X X ~ X O__R
- HO R ~
R R R R R R

X ' @]
R OV R Nu o~
R cyclopropenium- N R R
activated alcohol

J. Am. Soc. Chem. 2009, 131, 13930.



Dehydrative catalysis (Aromatic cation activation)

Aromatic Cation Activation of Carboxylic Acids: Rapid Generation of Acid Chlorides

Cl, Gl

Ph Ph
Me _ Me: + /)i\\
""'JL"DH COCl,, 1.1, ‘“"'H'"GI Bh Bh

15 min.
quaniitative
o 1 equivt. 0
reagen
HO&(ME —Q-_ Cl)J\y(Me
vie  GHCl, rit mae
(a) (b) "1 1 equiv. iPr;NEt
90 4 90
E
80 J
70 4 c
z % z
8 ® -
2 a0 B
30 4 A
20 4
10 4 D
1]

0 1 20 3 4 5 6 0O 10 20 30 4 50 60
time (min) time (mln)
Reagents

cl_ Cl cl_ Cl
A /A\ G_ (COCI)2
Ph” o “Ph iPr Ph |Pr iPr G

J. Am. Soc. Chem. 2010, 132, 5002.



Dehydrative catalysis (Aromatic cation

activation)

Cyclopropenium-activated Beckmann rearrangement

JOH C'

M
L F’h
MeCM, r.t.

i) HaO workup
Cl, CI
LOH /Z\ 0
L R., A
pit RTOR N R
R™ 'R H
SOH
A
PR~ Me
ROy ® 0 ol R
«HCI N cr cr
4 i A ke, ?
-HCI
path a
catalytic
e H+c'"
path b N.g | o
self- Py
propagating Ph Ph
CI‘I-FI+
R.__.N
R
N-DH C 0
A N'O R NJ'L‘R
R L i
R™ 'R

cyclop niLim
acfwated eckmann
rearrangement
2h
95% vyield
9]
8] 1 equiv. 0%
N” Cl Gl
COCI
* _{coch, - PN
Mes Mes Ph™ Me ®
only nat
product observed
reagent Ci
10 mol% o A
reagent ,)L Ph Cl « HCI N™™N
e = -
CD,CN  Ph” N Ph“N‘Lph =S
2 H Cl N™ CI
50 °C
100% conv. 98% conv.
same raté ——— 45 min. 45 min.

Chem. Sci. 2010, 1, 705.



Dehydrative catalysis (Aromatic cation activation)

Cyclopropenium-Activated Cyclodehydration of Diols

o
’ A
2 Me PP Ph  Me., O_.Me ‘E
Me” ™Y (COC1), O o Npr
OH CD.CN, rt
=20:1 dr o h 12:1 dr
93% yield

Ph Ph Sn2
R)\/\rR ~We0 | o) _phi—m
OH  CHyCly, 1t
_ LA

cyclopropenium
activation

7 _HO/\ MsO~ | R O_R
S
OH /A RJ\/\rR U
+
0

Org. Lett. 2011, 13, 740.
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Dehydrative catalysis (Aromatic cation activation)

Cyclopropenone-Catalyzed Chlorodehydration of Alcohols

O

/A 10 mol%
OH
Me Me
(COCl),, CHyCly, r.t.,, 1 h

R = p-MeO-Ph >98 % <2%
(COCl),
CQE % &
cl, Cl
/>;<\ C" The more electron-rich catalysts
[ j improved this ratio.
_{F{
cl cl. O
é cl- HCI L’EE R
R cr R~ R
H, R
/X\‘ cl. 0 /
OH /ﬁ\ R
R R R R

Angew. Chem. Int. Ed. 2011, 50, 12222.



Dehydrative catalysis (Aromatic cation activation)

Cyclopropenone-Catalyzed Substitution of Alcohols with Mesylate lon

O

/A 15 mol%
OH Ph Ph /\/g\Ms
R >
/\/\
Ph Me Ms,0, i-BusN Ph Me
99% ee CHCI3,55°C, 1h 85 %, 97:3
0000 0 OMs
=
Me™ " 0" " "Me /)’;L\ R “R?
(Msz0) R R g%sggg
calalyst
RaN +
ks MeSO,H
R R?
epi- &
undesired OMs R D[/ R
A /A\ -0,SMe MeSO,~ A1
R R R
H?
RgN OH L
i i i
Ms0 H1'ﬂ“|:§2 ME'DE EO R
MeSOH R R

11 Org. Lett. 2013, 15, 38.
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Enantioselective Brgnsted base catalysis

Enantioselective Brgnsted Base Catalysis with Chiral Cyclopropenimines

-~
N
| g g A
| I
amines amidines guanidines cyclopropenimines
increasing basicity -
- H ‘N~
A S A
—
SN Nig Y N
| | | I
conjugate acid stabilized by
strong base <::| 3 nitrogen lone pairs plus
aromatic cyclopropenium ion

13 J. Am. Soc. Chem. 2012, 134, 5552.



Enantioselective Brgnsted base catalysis

Enantioselective Brgnsted Base Catalysis with Chiral Cyclopropenimines

e, GO GO
Meo,N” “NMe, N7 N’)\N
H

BTMG DBU TBD
23.56 24.34 26.03

t
Ph\vaCOQ Bu Z>Co,Me Y

Ph

Catalysts:

10 mol% Bn
OH

CYQN NCVQ
5
neat, 5 min, 99% yield, 91% ee
EtOAc, 1 hr, 99% yield, 98% ee
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NtBu NtBu
Me,N-P-NMe,
iProN NiPr, NMe,
1
P4-tBu
26.9 26.98
(our work)
catalyst Ph.__N.__CO.tBu
Ph
CO,Me
Bn
20 mol% N/:\/OH
MeN  NMe
PH  Ph

neat, 3 d, 98% yield, 93% ee
ref,

J. Am. Soc. Chem. 2012, 134, 5552.
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Enantioselective Brgnsted base catalysis

Enantioselective Brgnsted Base Catalysis with Chiral Cyclopropenimines

25mol% Bn
N OH
Ph N.__CO,tBu
PN 0O ON" NCye T2

Ph A CO,Me Ph
EtOAc, 23 °C CO,Me

8h 25¢g

97% vyield, 99% ee
0
U BI"I
GH Fh N V.J'L. OtBu
DtBu

Fh H

J. Am. Soc. Chem. 2012, 134, 5552.



Enantioselective Brgnsted base catalysis
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Enantioselective Brgnsted Base Catalysis with Chiral Cyclopropenimines

cyclopropenimine

OH
N slow \E;:\So_\
—_—
Cy=N" NGy, Cy;N NGy,
Bn Bn
— Bn
H o b Y o
N HN_ YO * N=
- 9 —= H -

CyaM NCys CyeN NCy, CyaM  NCyz

t,, &~ 12 days atr.t.
Storing should be at —20 °C, and 94% remained after 30 days.
HCI salt is indefinitely stable at rt.

It’s convenient to store the catalyst as its acid co-salt.

J. Am. Soc. Chem. 2012, 134, 5552.



Enantioselective Brgnsted base catalysis

Cyclopropenimine-Catalyzed Enantioselective Mannich Reactions of

tert-Butyl Glycinates with N-Boc-Imines

NBoc  Ph._N._COR

+

Ph™ "H Ph
catalysts:
Bn
(AN OH
Cy2N NCy,
R =Me

PhMe, rt, 15 min
81% yield, 95:5 dr, 95% ee
R =1tBu
PhMe, rt, 20 hr
97% yield, 99:1 dr, 95% ee
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S CF,
S NH
N = H 'N
H
OMe

10 mol% NHBoc
catalyst
y Ph CO.R
NYPh
Ph

Me/z;-i
N

CF,

R =Me
PhCF3, rt, 24-36 hr
76% vyield, 99:1 dr, 99% ee
R =1Bu
CHClj, rt, 26 hr
trace product

J. Am. Soc. Chem. 2013, 135, 11799.
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Enantioselective Brgnsted base catalysis

The evolution of cyclopropenium ions into functional polyelectrolytes

L8] o]
Ph._ .5 Ph Sy [ .
‘" A A Ohds T W- Fn“l’)\ Ohde
§ A, Ph = s %, Fh
| P S
Polyelectrolytes from cyclopropenium cation buliding blocks. \If e J r
xN.ME' ;p . N-Mﬂ
I\ @ @ Polymerizable unit ¢ AIBN, DMF or
% D Spectator/functional group AN "&\NH, AN fﬁ‘x NR,
.\ N N". @ Modular group to tune bulk properties PS.h.PCPR
o) block copolymer
‘ ‘ ~ Homopolymers Elﬁl: Ph WS\IJ OMe
5 Ph o
= . " P
A = S TR Wcm

Monomer @ @ : @ @ o
(CPR) =

RSRP Block copolymers L., Me o L Me
= > < rg A5 P %N.
cr | MeO - cr
Ph 3 A
AN NF, AIBN, DMF AN MR

= x Statistical copolymers

P(S-stat-CPR)
statistical copolymer

N -~
Surface-charged nanoparticles

/A - average size ~50 nm (SEM image)

RN xﬁ NR, Nanoparticles o B
+

Emulsion
polymerization

Nat. Commun. 2014, 6, 6950.



Enantioselective Brgnsted base catalysis

Phase-Transfer and Other Types of Catalysis with Cyclopropenium lons

H Cl i) HNCy (excess) MNEts or ® Stable, free-flowing powder
¢l ¢l CHiCip,23°C _

® Readily prepared on scale

ii) HNEY CysN NC
a d ? y2 75g 12 ® Easily modifiable structure
95% yield
PTC of enolate alkylation
NEt, NEt

I 10 mol% Me /A\f 10 mol% Me

CyoN NC Bn
Ph\r/NvCOZtBu \ gy SN NCy, _ FPh /NYCOZtBu Ofg:o . Brpr 2 Yo @E;O
Ph 50% aq. KOH Ph Bn l\{ 50% aq. KOH N‘
PhMe, rt, 24 h Bn PhMe, rt, 0.15 h Bn
96 % 98 %
Addition of acid chlorides to epoxides Addition of carbon dioxide to epoxides
NEt2 NEt;
Cl 2.5 mol% 0 Cl 2.5 mol% e)
0 Cy,N NC Bn 20 Cy,N NC
?}\/CI N )L Y2 — Y2 > OJ\Bn + Cl ?>\ Y2 Y2 - O)J\O
cI” “Bn Pyridine, HCI a i o_A_ci Ph CO, (1 atm) {
THF, 11, 3 h neat, 75 °C, 20 h Ph
91 %, >20:1 90 %

19 Chem. Eur. J. 2015, 21, 7365.



Enantioselective Brgnsted base catalysis

Higher-Order Cyclopropenimine Superbases: Direct Neutral Brgnsted Base Catalyzed
Michael Reactions with a —Aryl Esters

2.5 mol% m
% supartra =1z
e

~u CN + M
Me THF, rt
N 1ta A CN
superbase:
n-Bu ., n-Bu NEPry

N N Ni-Pr; FBU A
A A X Mot
-PraM Ni-Pry N M Ni-Pr; /);{\N

/A\ f=PraM i-Pra

Cy base PraN NiPrz - Cybase GC; base
pKBH- =27.6 pKBH* =31.6 pK‘BH+ =356
0% conv. 89% ﬁiald 95% ﬁiald

24 h 3 3

enable reactivity with a broader range of less acidic substrates

20 J. Am. Soc. Chem. 2015, 137, 10246.
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Enantioselective Brgnsted base catalysis

Cyclopropenimine Superbases-catalyzed ring-opening polymerization

¢ Y ; o
0 ==
—_—
© DTI)\—l_ R‘N’A\N'R \LIJ'JLU
I 1 \ﬂ)\ R
o o] R 5] W

q
Terr 2 X Al
o, o - ?

0
cat. conc. conv. M./ M, \TJJ\
entry | monomer | catalyst solvent | time (%) M,” \])% Ao

(M) o\nA\ jg\ (L
1 rac-lactide 1 0.010 CH,Cl, [ 8 min 84 8390 1.42 lactide  Llactide trg:-t;fgnge
2 rac-lactide 1 0.050 |CH,CL | 10min | 99 | 15300 1.57 fj
3 rac-lactide 1 0.007 CeDs | 2days 99 | 70700 1.46 N R
4 L-lactide 1 0.010 |CH,CL| 8min | 93 | 11500 1.30 m”)_l\ % A R
5 L-lactide 2 0.010 CH,Cl; | 8 min 90 17300 1.46 % % 41\\\7
6 | raclactide | 3 0.020 |CD,CL|20min | 98 | 13100 | 1.38 2 3
7 rac-lactide | BEMP 0.010 CH,CL | 8 min 65 8300 1.24 . L:? J’;
8 | Llactide' | TBD | 00007 |CH.CL| 10s | 11 | 19000 | 1.39 (”;I\/Hj ““'@"’
9 carbonate® 1 0.010 |CH,CL | 22hrs | 3 - - TBD BEMP

Acs Macro Lett. 2015, 4, 853.
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Enantioselective Brgnsted acid catalysis

An aromatic ion platform for enantioselective Brgnsted acid catalysis

Tuning carbon acids for catalysis

increasing acidity

- )
Induction
H H —H+ H
O | 0% = O
H H H
Resonance
0 0O O _H+ 0O O
H — -
MeO MeO OMe B — MeOM\OMe
Y H H H
Aromaticity
H H H H H
H —H*
9 — ©
\_/
cyclopentadiene cyclopentadienyl
anion
(6x electron
Huickel aromatic)
RO
RO,C. H . CO,R . ROLC o
RO,C coRr . Roc Or°F < o 7
- _— 2 _ Oc‘
RO,C CO.R RO,C CO.R ROC Ro
highly stabilized Brensted acid
anion catalyst
(this work)

23

Science 2016, 352, 961.



Enantioselective Brgnsted acid catalysis

An aromatic ion platform for enantioselective Brgnsted acid catalysis

A (a) excess (—)-menthol
)UL 1. pyridine Me0,G MeQ NMI
MeO OMe AcOH 70 PhMe, reflux
N ———————>  MeO,C H >
o 2. KOAc; o or
MeO,C—=—COMe MeO,C MeO (b) 1.0 equiv amine
crystalline solid PhMe, reflux
Me >50 g scale
oFe! 00
i o) o o Me
Me 0, 7 O\H MeO 0 HN Me
o O ipr . < 770 .
0 o. 95% vyield H 60% yield
e MeO o
i-Pr ~$4-6 /g MoO
Om-i-Pr 0 OMe
Me Me
,n-CgHq7 R
B MeO,C MeQ MeO,C OQ
~ 0, 0 O, o
MeO,C “H MeO,C “H D
| CCe ™
MeO,C MeO MeQO,C MeO =
pK, =8.85 pK, =11.72 pK, =12-14

24

Science 2016, 352, 961.



Enantioselective Brgnsted acid catalysis

An aromatic ion platform for enantioselective Brgnsted acid catalysis

HO o OH
| QTMS catalyst @
N ~F + Me-_ = OMe ¥ - NH
M EtOAc (0.1 M) )\(cognqe
Ph”” "H Me . Ph™ %
-78°C M& Me
Me
<i;§' i-Pr., ::
i-Pr ) O o Me
D—G 0 i-Pr
. O 0
I-Pr O
—(:f>whﬁ
Me Me
1 mol® 0.01 mol®: (0.3 M) 10 mol%, 24 h
1h 48 h 98% vyield, 89% ee

97% vyield, 97% ee 90% yield, 97% ee

(toluene)

25 Science 2016, 352, 961.
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Enantioselective Brgnsted acid catalysis

Leaving Group Potential of a Substituted Cyclopentadienyl Anion Toward Oxidative
Addition

Leaving groups in organic chemistry

nucleophilic « Concept of leaving groups
Nu- + F{@ substitution _ o+ @ intrinsic to many reactions
e Typically LG = CI~, Br—, I,

elimination -
x/\/® - Xt @ RSO3, H,O, ROH, R3N

» R3C™ usually very poor LG

LG = leaving group, Nu = nucleophile

Carbon as a leaving group

R 5 mol% R
R EtOOC._ _COOEt
R Nz EtOOCYCOOEt Pd(PPhs), R @ R
" + : +
Me NaH, THF, reflux, 1.5 h 'V'97<_\\

R R R R
R = p-AcPh 80 %

R » Highly stabilized carbanions
= R » pKa of conjugate acids as low as -10
@ e Readily synthesized
e Electronically and sterically tunable
R R ¢ General carbon leaving group?

Org. Lett. 2009, 11, 4108.



Enantioselective Brgnsted acid catalysis

Tropylium lon Mediated a -Cyanation of Amines

¥ » G1r-2lectron aromatic system
» first prepared by Doering and Knox in 1954

tropylium ion » aromatic carbocation

3 H
; O

= <N . > N
- N

N b KCN, MeCN, rt, 3 h H

CN
90 %, 19 scale
R-cyanate (-)sparteine
H H R

+ |
de —> R™N
et @ I @ R*
R 3 H)
RANJ Tp+BF4_ : NJ\rMe
Pe i-Bu Me

H R
R electron
electron P donor-acceptor
fransfer L__,. R i complex
H” R

27 J. Am. Soc. Chem. 2011, 133, 1260.
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Catalytic carbonyl-olefin metathesis

Organocatalytic Carbonyl-Olefin Metathesis

PhsP=0
jphs C”)\ - + W‘i mQ
R1© T Spge _ olefination
H1 RZ
] R R' R®
A ? M= — olefin
] * [ > * metathesis
R2 R4 catalytic ~\
R2 R*
R1
R! , \=0
] + O||\ catalytic - + carbonyl-olefin
R2 R3 (this work) q 2/=\H3 metathesis

«2HCI

Me LE\N NH - 10mol% . OBn OBn

o *+ BnOZOBn H - A 0
DCE, 75-90 °C, 24 h

85 %

29

H,O H,O
2 / catalyst \ 2

R R R R
+ N-N - - N-N+

@ “®
A A
& FO g

new
olefin

X
SR8 [2+2] » X - [2+2] R __//X
1 * - - + 3
R ’\\ I v R
2 2
A pseudosymmetric R
i i
- [3+2] X-X [3+2] X=X
N = el e =
N 2 /"
R
2 2
A pseudosymmetric R
C
S8 = new
®\O R R O/® aldehyde
HN=NH

J. Am. Soc. Chem. 2012, 134, 1858]1.



Summary

Aromatic ions activation

A
MaO I I Ohle

dehydrative
catalysis

Aromatic Cation

R. X X R
e
A /A\
R R R R

cyclopropenium ion

30

HO

Lo
N "H
enantioselective

Bronsted base
catalysis

Aromatic Cation

* 2r1-electron aromatic system

« discovered by Breslow (1957)

* highly stabilized carbocations

* electronically, sterically tunable
* potential for new reaction design

altalysis

Reaction Desian | Svnthesis

"'F-F‘r O
wi-Pr
Me

Me
enantioselective catalytic
Bronsted acid carbonyl-olefin
catalysis metathesis

Aromatic anion

R « Highly stabilized carbanions
R R » pKa of conjugate acids as low as —10
@ ¢ Readily synthesized
 Electronically and sterically tunable
R R ¢ General carbon leaving group?
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