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Christopher C. Cummins

Born Feb. 28th, 1966, Boston

Education

1989 A.B. Chemistry, Cornell University
Advisor: Peter T. Wolczanski

1993 Ph.D. Inorganic Chemistry, MIT
Advisor: Richard R. Schrock

Experience

1993 Assistant Professor, MIT

1996 Professor, MIT

Research interests

Low-coordinated reactive early transition-metal complexes;

Functionalization of metal-element triple bonds;

Activation of small molecules (N2, P4, CO2, CO, O2, etc.);

Development of new inorganic functional groups and group transfer reactions;
Detailed studies of key reactions.

https://ccclab.mit.edu
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 The work during his A.B. and Ph.D. course

» Low-coordinated early transition-metal complexes
* Functionalization of metal-element triple bonds

* N2 activation

* P4 activation

* Phosphorus-Anthracene (PA) chemistry

e Summary



The work during his A.B. course
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The work during his A.B. course
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The work during his Ph.D. course

Thesis: Synthetic investigations featuring amidometallic complexes
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The work during his Ph.D. course

Stabilizing the metal imido species
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Low-coordinated early transition-metal complexes
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Low-coordinated early transition-metal complexes

Activation of small molecules

N
I
ey O
o) ~ "“NRAr
I ArRN \N A IILI
/M o'\""""lmN RAr 73% N||
ArRN NRAr ARNT o\"'N RAr
Ar'N, NRAr
v
SO?
S P
| wNRAr  0.35P, Il
Mo... ArRN—Mo=” — Mo..
/ . NRAr \ / gy, NRAr
ArRN \N RAr NRAr ArRN \N RAr
;6/ Qﬁ 79%
S
Sg
Se O
[ I
M O.., "ty
~ N RAr s A rRN/ \ "NRAr
ArRN \N RAr ” NRAr
84% /Mo...,,,,,m RA 72%
I r
ArRN \N SAr
63%

Johnson, A. R.; Davis, W. M.; Cummins, C. C.; Serron, S.; Nolan, S. P. Musaey, D. J.; Morokuma, K.
J. Am. Chem. Soc. 1998, 120, 2071.
Laplaza, C. E.; Odom, A. L.; Davis, W. M.; Cummins, C. C.; Protasiewicz, J. D. J. Am. Chem. Soc. 1995, 117, 4999.
Laplaza, C. E.; Davis, W. M.; Cummins, C. C. Angew Chem. Int. Ed. Engl. 1995, 34, 2042.



Low-coordinated early transition-metal complexes

Group transfer reactions
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Low-coordinated early transition-metal complexes

Group transfer reactions
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Functionalization of metal-element triple bonds

Carbide early transition-metal complexes
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Functionalization of metal-element triple bonds

Nitride early transition-metal complexes
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Functionalization of metal-element triple bonds

Phosphide early transition-metal complexes

H
| 0.25 P, Fl’ \

I
Nb.

w
C
_%mmllll I

Nb"ln.,," >
/ n N R A r "y,
ArN Na/Hg, THF -~ \ mNRAr
NRAr ATRN NRAr
39, R = CH,Bu 40

@)
— e e
P ArRN/ \ "NRAr
Il 1.0 RCOCI NRAr 42
~ Nb.\%'" NRA - +
“ r - NaCl _
AI'RN NRAI’ RC=P
40 phosphaalkyne

phosphaalkyne from P4

Figueroa, J. S.; Cummins. C. C. J. Am. Chem. Soc. 2003, 125, 4020.
Figueroa, J. S.; Cummins. C. C. Angew. Chem. Int. Ed. 2004, 43, 984. 16
Figueroa, J. S.; Cummins. C. C. J. Am. Chem. Soc. 2004, 126, 13916.



Outline

* The work during his A.B. and Ph.D. course

» Low-coordinated early transition-metal complexes
 Functionalization of metal-element triple bonds

* N2 activation

* P4 activation

* Phosphorus-Anthracene (PA) chemistry

e Summary

17



sNRAr
ArRN—Mo\N .
R="Bu
o sNRAr
——Mo<
ArRN \N .
R=Ad

N> activation

Reaction of MoL3s with N2

N
N 1l
N, (1 atm) I MesSi N
y Mo gy | I S iMe 3
Et,0 ARNT O\ NRAr VS Me3S|\N-Mo\N
-35°C tor.t. NRAr \
47, 76% )
more reductive
] . Na(THF),
I
N
- N I
o | Na/Hg
- M > N
- N, O oy,
ARNT. N\ NRAr | THE, .t MoO.....,
NRAr ArRN/ \ ""NRATr
B 48 - NRAr
49 64%

Laplaza, C. E.; Johnson, M. J. A.; Peters, J. C.; Odom, A. L.; Kim, E.; Cummins, C. C.; George, G. N.; Pickering, I. J.

J. Am. Chem. Soc. 1996, 7118, 8623.

Peters, J. C.; Cherry, J.-P. F.; Thomas, J. C.; Baraldo, L.; Mindiola, D. J.; Davis, W. D.; Cummins, C. C.

J. Am. Chem. Soc. 1999, 121, 10053.



N> activation

Proposed mechanism
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N> activation

Bimetallic intermediate

ATRN NRAr B
\ [ NRA Lo
Mo—N=—N—Mg LUMO+4
ArRN/§
ArRN 59 NRAr
LUMO+2

LUMO,
LUMO+1

Current (nA)

0 -300 -600 -900 -1200 -1500 -1800
Potential Difference (mV) vs. Cp,Fe™/?

Curley, J. J.; Cook, T. R.; Reece, S. Y.; Muller, P.; Cummins, C. C. J. Am. Chem. Soc. 2008, 130, 9394.



N> activation

Bimetallic intermediate
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N> activation

Synthetic cycle
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P4 activation
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P4 activation
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P4 activation

Triple-bond reactivity of diphosphorus molecules
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P4 activation
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P4 activation

Photolytic activation of P4
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PA chemistry
Synthesis of RPA and phosphinidene
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PA chemistry

Synthesis of P2A2 and retro Diels—Alder chemistry

/NMGZ /Cl
R 4.0 HCI R AICI3
>
Et,0, -78 °C DCM
i s - 2 [Me,NH,]CI i s thawing to rt
89b 94, 28-35%
AICI,

. N
- \P\ & LiAIH, /P\P &

P >
THF
A thawing to rt /
\
\)

95, 65% 96, 86% P2 precursors

Velian, A.; Nava, M.; Temprado, M.; Zhou, Y.; Field, R. W.; Cummins, C. C. J. Am. Chem. Soc. 2014, 136, 13586. 32



PA chemistry

Synthesis of P2A2 and retro Diels—Alder chemistry
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PA chemistry
Phosphinidene from CIPA
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cyclotriphosphane
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Summary
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47, 76%

Low-coordinated reactive early transition-metal complexes;

Activation of small molecules (N2, P4, CO2, CO, O, etc.);

Development of new inorganic functional groups and group transfer reactions;

Detailed studies of key reactions.
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