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Introduction

_ B Nonpolar Molecular
B Organic: R-NH,, R-NO,... N, P
. B Bond Dissociation Energy: 941 kJ/mol
B [norganic: NH;, HNO;... gy
: : : ; . B |onization Potential: 15.6 eV
B Life: Protein, Nucleic Acid... Abundant in Air

B HOMO-LUMO Gap: 10.82 eV
Most Organisms Lack the Ability to Metabolize N,

cat. FG304/K20/A|203
Haber-Bosch Process ., 3, - 2 NH;

The greatest invention of 200-500 atm. 500-600 °C
the 20th century ’

Stoichiometric * M—N=N—M » M=N ————» E—N (E=H,C,Si,P)
? e
M—N=N > [M/N=Nl — M,N—NHz
Catalytic * '
M=N > [MENI —_— M’NH2

Light-driven N, activation avoided harsh conditions

3
(1) von Laue, M., et al. Naturwissenschaften, 1934, 22, 97-108; (2) Boudart, M., et al. Top. Catal. 1994, 1, 405-413; (3) Xi, Z., et al. Chin. J. Chem. 2023, 41, 2400-2407.



I Introduction

The first N-N bond cleavage under

photochemical conditions f
4 )
H3N H3N =N
| e | #NHa Mess e M—N=N—M MM VAN
H3N7R|u—NEN7R|U NH3 Mes—MON=N=MOZ es N M
N u-1,2 u-n2m? u-n'm?
HsN NH H;N NH4 Mes Mes . )
Floriani
2001 “MNNM units (M = Mo, W, Re, Os)"”
Ar(tBu)N\ &N(tI?u)Ar
—N—=N=M~==N(‘Bu)Ar
Ar(BuN=#1OTNTNTMOT
Ar('Bu)N N(‘Bu)Ar B

2 Total number of "MNNM" units
Total number of N-N bond cleavage that can occur

The first N-N bond cleavage under
thermal conditions

1 The number of photo-induced N-N bond cleavage

4
(1) Taube, H., et al. Science 1968, 159, 320-322; (2) Cummins, C. C., et al. Science 1995, 268, 861-863; (3) Floriani, C., et al. Angew. Chem., Int. Ed. 2001, 40, 3907-3909.



D o' 10 w-electrons rule

Tun" Tun"

< % Mo=N:  Mo=N: %
R4 9P AL Al e

__>
-

%

"y, ”
I_

L

\

{ _al
{ L \ N=Mo™
L/MO—N =N=Mo —_— =N~ —_— L/MOE \
] L L
L = N(‘Bu)Ar

I_III

™

(1) Cummins, C. C., et al. J. Am. Chem. Soc. 1996, 118, 8623-8638; (2) Morokuma, K., et al. J. Am. Chem. Soc. 1995, 117, 12366-12367.
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5®
NH
Mes\ JMes Ar(BUIN SMNCBWAr | RN \\NH_s_I & PEt
MeS,MO=N=N=M6“MeS ArBu )N,MO-TN---N---MO“N(BU)A" HN— 0= ----N----Os—NH3 Fle \l\/lo/
M $$ M 1y \ 1y /l /\ / ‘.\
es es Ar(‘Bu)N N('Bu)Ar HsN H,N N
NH3 NH3 Q—PEtz \L
.. Ar=C6H3-3,5-Mez N Etzp_Q
Floriani 2001 Vogler 2010 ‘\\/ ?
Cummins 2008 Mo Fe
I
X
~ = /, Et,P
’PI’N H\ /& N Cl
N S &
\M----N---NzM/N'Pr Re._\,N.\.N.\ /\‘X\> Cl—RE—=N=N=—=Ré& |CI Nishibayashi 2014
’PrN/ \ “Re—~N&H /l 4 |
| X 7 a” | o | &
=N/Pr X /j SN
- = P'Pr |
M = Mo, W = P'Pry, X =ClI, Br 2 U
’ ’ ’ : Vv Cr | Mn | Fe | Co
Sita 2015 Schneider 2018 and 2022 Miller 2019
N
‘ = | Nb { Mo ) Tc Ru | Rh
,\ll\\ /ﬁ !
(\? | N I\\/Io N=N-== Mo&\ \NH }/I mN= N----Mof&
/l """"" /\ i |/NH \/ | _0 \/ Ta W Ir
oC
HN @) —
= PBu ,
? = P/Pr, = P'Bu,, PCy,

Schneider 2021 Liao 2022 Liao 2025 6
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Floriani & Cummins

Mes, o“‘Mﬁs hv (A = 365 nm) Mes, ““\MI\(/TZS
—N=N—=M--=Mes —N—\/ -
Meg=MOTN=N=MO - > Mes’slylo Mo
S 79 /0 &
Mes 1 Mes Mes 2 Mes
10 (
l T |
Mes Mes Mes
Mo=N —— > Mo=N—NMo=N—N=Mo—N=Mo*Mes
Mes™ Mes” ¢ Mes; Mes; ‘M
Mes Mes es
............................................................................................................................. Mol L,Mo=N
Ar('Bu)N N(Bu)Ar t Ar(‘Bu)N
Mo=N=N=Me=N(Bu)Ar > Mo=N
Ar(tBu)N'\j \ 99%, Ar(tBU)N'\s‘
Ar(‘Bu)N 3 N(‘Bu)Ar Ar(‘Bu)N
10 L,Mo==N=MolL,
t t
Ar(tBu)N\ &\lelf?g)/;\;\ hv (A = 546 nm) Ar(tBu)N\ Ar( BU)NKA JNCBu)Ar L )
=N=N=M— u)Aar = o
Ar(tBU)N'\stIO N=N—-—=Mo c s Ar(tBU)N';'vIO N + I t
Ar(BBu)N N(‘Bu)Ar Ar(‘Bu)N N(Bu)Ar
3 4 (1:1) 5
10 N-N bond Mo-N bond
cleavage product cleavage product 7

(1) Floriani, C., et al. Angew. Chem. Int. Ed. 2001, 40, 3907-3909; (2) Cummins, C. C., et al. J. Am. Chem. Soc. 2008, 130, 9394-9405.
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Vogler

R 4+
s A
PEER
REL% -4

® 0%
@) b

NH3 NH3
‘\\\NHs , ‘\\\\NH3
H3sN HsN
3 NH;
6
M
NH3 NH3
‘\\\NHS ‘\\\\NH3
H3N—O§—N=N—/Oé—NH3
H3N H3N
3 Hs
8
10

(1) Vogler, A., et al. Angew. Chem. Int. Ed. 2010, 49, 1591-1593.

5+

6+

hv (A <450 nm)

hv ( A <450 nm)

>

HsN
NH
\O‘.&N3
S=
HN" |
HsN
7
H3N
NH
S~NH
HN" 3
HaN

3+

3+



Photo-induced Stoichiometric Dinitrogen Activation
Nishibayashi

@—Pgtz )
| *
Fe M3 @—PEtz excess CoCp*, .
é) / N\ hv ( A =400-580 nm) \ / excess [LutH][BAr 4] NH
L —pEy, N, = — & > NH;
N EtP 997 é / N 0.37 equiv
\./ | Q—PEtz N
Mo Fe
\ I 10
9 Et,P
10 T
(b)
[ :
051 \ / | 7 i
0.4 T ).g
s ‘ "‘:s\. J: , N,
g & \ 657 nm
.
e 383 nm :
MJAJ,“ N N | Ry R : 1® FcBArF, (1.0 equiv 2® |
007400 450 500 550 600 630 700 750 800 [MO_N_N_MO 4 g )> Mo—N—N—Mo
Wavelength/nm : 10 Etzo, rt, 4 h 11 :
electron density difference maps (EDDMs) 9 8
‘........................................................._._.__._._._.._._._._.___.._._._.______.___._._.____.._9

Nishibayashi, Y., et al. Angew. Chem. Int. Ed. 2014, 53, 11488 —11492.
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Sita .
’ 7/ ’PrN7/
A& P}N ? hv (Pyrex) /& % /
\M___N—N—M/NIPI' > \M(.:‘ ~>M/N Pr + Mo: .....
PrN / N\ med. press. Hg lamp /prN/ N iPIN™ \
)/N Pr N Pr )/N Pr

12, M = Mo

= 14, M = Mo, 47% 16, 12%
13’8'\"-W 15, M = W, 65%
v
i (1) hv (Pyrex),
/& P}N"";Z med. press. Hg lamp 4 \M/C|
X {f > 4 M + 2 i~
3 7 _MmN=N=MNPT yo v (40 h), PN SN Pmy™ | —cl
PN | M =W (110 h) oy ERg N/Pr
)?N Pr (2) 4 R4ECI
- = = Sj 0,
12, M - Mo 17, M = Mo, ER; $|Me3 (60%) 22, M = Mo (paramegnetic)
13, M=W 18, M = W, ER3 = SiMe; (63%) 23, M = W (33%)
8 19, M = Mo, ER; = SiPh; (62%)

20, M = Mo, ER3 = GeMe; (66%)
21, M = Mo, ER3 = CMe; (36%)

EtN
\ ’
M==N

)ﬁNEt )%NEt
22, M= Mo 26, M = Mo (80%)
25’8M =W 27. M =W (77%)
v

(1) Sita, L. R., et al. Angew. Chem. Int. Ed. 2015, 54, 10220-10224; (2) Sita, L. R., et al. 3. Am. Chem. Soc. 2016, 138, 14856—-14859.

10
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Schneider

28
10 T
= P'Buj
) ~
\ ¢ | N
/Re--—-- =N==Re
Ay,
Cl
30
10

hv (A > 305 nm)

95%

rt, within seconds

90%

Ph

N=N— Re—N—H

C C!‘

(1) LIHBEt; (2) PhoNH,Br 28
or hv (A > 305 nm)
E2PPl = 1,65 V/-1.85V 95%
F +/0 %
(vs. c ) hv (A > 305 nm)
2,6-dichlorophenol EapPl = _1 65 \// -1.85 V
(vs. Fc*°)
2,6-dichlorophenol cl
¢ |e 14% M 4 N—péoc)
N—Ré—Cl ,‘5\
& , Cl
29

32 71%

N=——-=~Ph

O
)I\ = )I\ o
OH Ph”” “NH,

64% 64% 30%

11

(1) Schneider, S., et al. J. Am. Chem. Soc. 2014, 136, 6881-6883; (2) Schneider, S., et al. Angew. Chem. Int. Ed. 2019, 58, 830-834.
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Schneider
(|
@\

electrolysis, N,, LED

0.2 M N"BuyPFg (THF)

oBr electrolysis, N,, LED

0.2 M N"BuyPFg (THF)

37%
33
BZNH, 2 PhyNH,Br
3% 72%
O’ 2 CoCp*,
N—Re
68%
36

Schneider, S., et al. Angew. Chem. Int. Ed. 2022, 61, €202205922.

Complex X E,p  Wavelength yield(FE)

H_(N:Ré.{(x 28 Cl  -1.90Vv  390nm  20% (18%)
A 33 Br  -173V  456nm  37% (22%)
34 | -153V 456nm  53% (53%)

Br - H_N‘Re—Br

A

34

(1) BzBr

90% i
(2) NaBAr 24

ar

H—N—Reé&=NBz
Br

35

_| BAIF,,

Eappl = -1.73 V (vs. Fc*™’°), Ny, 456 nm

7%
}_l < oBr
H_N~Re—Br
i \ &,\\N
Eappl = o 74V
33 vs. Fc*lo) 34

69%

[EtsNH]*
[BArF ™
Ph—CN (66%) 5 BzBr
Bz,0 (47%)

BzO(CH,),Br (133%)

12
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Miller 5
— Cl
0— i
\ Cl LiHBEt / N\ \ o _ fR’ O—
= P/Pr, /' N\—ré—cl . = N_/'Re =NTRETNS—s
S CI/ t0|, <1 h, rt, N2 Cl \ ’ —O
0o— Oo— Cl
37 38t
10
/O 7 ,

O_\ CI\ 4 CI\
o _1soc °C s ) 130 °C SY N
/ \N——Ré —N—Re—N\ —Ré—N=N— \e_OCI - CI—/—Re ON_N7R\8_C‘)CI
—{(a” | 7: :<< 7\ c” | 7\
O_ /4 /4
t,t \ O \
38 38t,c O\ 38cc .
! 10 10 10 1
o cl ad cl
/N | € | o | Ny | o
N—RE—N=N—Ré—Cl —RE— N=N—Re— hv (A = 405 nm) N=Ré—cCl
—={cl | o o CIC|/R\e 3 ¥ (‘)CI > | & 24% for 38tc
0— Y ) { d N A 47% for 38%°
o
38t,C S O \ .
10 38%¢ N 39
T 10

13
Miller, A. J. M., et al. J. Am. Chem. Soc. 2019, 141, 20198-20208.
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Schneider 'm ,»
\ N co < \ O N_V!/_S Na(Hg (
W ----- N—N----W ) 99% o \ '\ _7 O% WmN—N
41 42
= PtB“Z 8 1T 81 10

\/_ cl
s\CO ’a_Ix N /ﬁ
Na(H
N—/—vi/ N=N—Ie—N _Nalfa) | N v (h=3955%0 nm) le|\~
Cl , > 60% /W--TN=N:
& | oc/ \ 99% /
oC
Co
41 "
8w 10
Na(Hg) 85% | CO
66%
N2
¢ \ Cl NCS, hv (A > 305 nm) ¢ \ Ll TMSCI \ O
N—W—cCl = N—W—CO = ——W’& o
o \ 30% bc” \ -TMS-NCO N /\
99% agN
46 "

14

(1) Schneider, S., et al. Chem. Sci., 2019,10, 10275-10282; (2) Schneider, S., et al. JACS Au 2021, 1, 879-894.
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Liao = P'Bu,
_ _ H
| i ® /N |
\ ““\\\\ . l — l ‘«\\\‘\
'jl\/lo ,‘\IH (1) "BulLi \ | ) hv (A = 456 nm) N=wvg ,\\,H
. Et;NH > Mo=N=N=M3" | . > 7
HN (2) Na(Hg), N, | nn A 2-MeTHF HN
69% H\N 62%
48 - 49 50
8
|| @ | R,P |
= ““\\‘\\ ‘ e\ l .““\\\ 2 \N\ .o“\\\\ ‘
N\(Mo NH Na(Hg), N, Na N=ps I‘\IH CIPR, ;Mo \H
y v ——— .
\
HN 72% HN HN
50 o 51 52, R = 'Pr, 70% by NMR
| 53, R = Cy, 69% by NMR
. ! |
R'l RRP~ND /) H,0 ®
—_— (MO NH —> R'R,P=NH,
1,4-dioxane 1 CH3CN @)
HN I
54, R = 'Pr, R' = Me, 52% R ='Pr, R' = Me, 62%
55 R = Cy, R' = Me, 65% R = Cy, R' = Me, 54%
56, R = 'Pr, R' = Et, 43% R ='Pr, R' = Et, 65% 15

Liao, Q., etal. J. Am. Chem. Soc. 2022, 144, 2444-2449.
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: | 1® 0o
Liao N RoR’ |
'7Mo O (1) KHMDS \ | ““‘\\\RRZ hv (A = 456 nm)
RoR Et;NH > Mo==/N=N-+=Mo O > R,
O @) NaHg), N, " | o 2-MeTHF
s, R-R
R,P 2\ 62%
o)
57,R=Cy, 77% 59, R=Cy, 78%
58, R = Bu, 45% 60, R = 'Bu, 95%
8T
Schneider N\: (? hv ( A = 456 nm) |
= PtBuz Mo== =N:|\/|o“‘\ > NEMO“\N
[ K )
61
8T
l HOTf
__](OTf)2 /ﬁ OTf
NH /w
( \ | WNH 187C N—,V! N
Mo==N=N=Mg"" > N=MP
4
- | o’ \) Cl \)
Cl
62 63

10 16
(1) Liao, Q., et al. J. Am. Chem. Soc. 2025, 147, 3747-3757; (2) Schneider, S., et al. Angew. Chem. Int. Ed. 2017, 56, 5872-5877.



B % e o X %
Sl e

""" % Q 8@ Al A
......................... ﬂL %9%8 0 Yy
RILog m N A
d@@@b ONN I %
OTf
N tBuP/w A\ tBuP/;l 102 ,'BuP
PRt N HoT \EtBuz ] N 15°C | WNH
/M0=N=N:Mo"“ - /M'O-T =N=Mo" - NE/MO"
SBUP | CI/ \) ,'BUP | C|/ \) Cl \
Cl ztBUP Cl ztBUP 2tBUP
61 62 o
8w 10

Schneider, S., et al. Angew. Chem. Int. Ed. 2017, 56, 5872-5877

17



o)
£>4q RoP
Bup R,P 2N\
PBuZ u| 2\ PR ,\\,| , | hv (A = 456 nm)

|
| PR, .
—NI—=NI|=| = — \ 0 N\ |‘\‘\\\\PR2
BUP” |° N gl(M\ VS |/Nioo RNPLVI IE F|>/O N—L\/Io 6 2-MeTHF
Cl 2}BuP RoP” %) 2 R2R 62%
61 58 ©
81 81

(1) Liao, Q., et al. J. Am. Chem. Soc. 2025, 147, 3747-3757; (2) Schneider, S., et al. Angew. Chem. Int. Ed. 2017, 56, 5872-5877.

| PR
N=Mo &

RoR” 5 ;

60

O

18
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Shi /\Ar Ar Ar

(\

N——Mo—N_N Mo—N

K/ \ ) 2 d, 40 °C
NG N-
-~ /\/

N
THF, hv (A = 450 nm)

» NO reaction

Ar  ArT pf
64
10
\ THF, hv (A = 450 nm)
\MO\N N/Mo >
</ 2d,40°C, 13%
N\ /N
Ar 65 Ar
10
tBU tB
tBU N t
f\r Ar Bu
N o~ X e
1 N=EN_ 1 CgHg, hv (A = 450 nm) N O" N
Mo~ Mo > N =Ny
\ / 2 d, 40 °C, 60% N7\ /[ N
I\/ \Ar k/N\Ar/N\) Ar = 3,5'M€2C6H3
68 Ar
69
10 T 19

Shi, Z-J., et al. manuscript in preparation
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Shi

Bu
Ph  Ph ‘Bu
/_Ph Ph<\. o
NY N <\ v _N=N_1
N~md. Mo—N Mo™ \MO\N
N\ ,N ,\/ ~SAr \)
Ar 65 Ar 68
2.5
2.0
% ;; LIS
s 2 2
8 5 S 1.0
< 8 =
2 <
0.5
400 | 600 | 800 | 1 ' 400 600 800 1000 v 400 | 600 | 800 1000
Wavelength (nm)

Wavelength (nm) Wavelength (nm)

20
Shi, Z-J., et al. manuscript in preparation



h _Ph t
/Nﬁl\\ll',Ar Ar\N Qs/rphph\\s '\?)r Bu
<(\ \E , N N/b : \) /N=N\O
N_NIIO_NEN_MC{_T \I\/AO\N=N’M < /M{) |\//|0\
a Ar—
= N- N
N\Ar Ar/,&\l v~ NA Ar K/ Ar \)
64 r T Xl 68
10 10 10
Ry IR = —
m*-Tr*-m*

N

T-*-1
J
\ Tru % # 4
I
,,,,,,,,,,,,,,,,,,,,,,,,,, 1 1 e
B~ -+ F o
m,* 1
m*-1-m*
SOMO energy gap (kcal/mol) 0 1.3 6.5

Shi, Z-J., et al. manuscript in preparation

21



I Summary and Outlook

What exactly is the role of light in this reaction?

“MNNM units (M = Mo, W, Re, Os)”
E M—N=N—M —— M=N

’

M—N=N—M —L— M=N
.

3 Total number of "MNNM" units M—N=N—M *’ M=N

Total number of N-N bond cleavage that can occur
I The number of photo-induced N-N bond cleavage

22
(1) Taube, H., et al. Science 1968, 159, 320-322; (2) Cummins, C. C., et al. Science 1995, 268, 861-863; (3) Floriani, C., et al. Angew. Chem., Int. Ed. 2001, 40, 3907-3909.
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Entry Reaction o FaXey G0, | Ref 8 ) p):u | 10 | 139 -343 7
el = | By | 7B
[keal mol ] keal m_w](rl v Is:?m )
= —_—
mol 1] '-{u—l‘o?"’”( ﬁ
1 B s . :;:,I:b.w 10 | 225*15(exp) | 460 | 12 ’ e
Mi.iﬁ:ls'urn‘;c\f “NitBuAr 'Hn’Bu:h’
Ar = 350G H, 2
2 . 10 | 26 108 3 9 8
L
Nt \ie'
SN B e
Fla
3 | 10 | 21.8intgl) -27.6(in | 4
‘EUP\FO | CI B 21&(inTHF) | tal) 10 3 Mo—N\
AN e -32.8(in N-Mo
1 e 20U
2BuP THF) (
4 o 10 |19 24 5
‘BuPR, Br B,
5 -
P}(r:mldud n’p R . NP.‘
L 11 10
o | mart
5 10 | 21.2(in THF) 357(in | 6 \
THF) i
—N—-N—| o
12 10 |56%8 12%7 B Mo—N-N-Mo AG calc
* ¥
Mo=N
13 10 | 269 -40.3 g
6 aur® . 8 |268 7.2 7 255(halland] | -40.8(h)
B j(-gu . N .‘JU/EE‘”A 19.9(exp)
- :-“:u“”' L ?'5“? 14 10 | 294 36
Amup Ty 34.2(DFT) -0.7(DFT)
7 . o |187 145 7
_-"ELIF'P 1 Eu i/P'BUg
!(p i N E)
/), sl & U
',-‘aul o
& 15 10 |122 488 11
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8 2 10 | 139 -34.3 7 Ty .
e B | e 5] oo, e ., 1°[10 [ EEREE:
A =L W - LW N EEE) | T M E
ur.u-u::.(l, L et | F | =
,/1 - 4.0 =)
e Bl !
25 \ : 10 |418 28
- i@ o F = " | P ™,
17 ) B 1 - -,.—I 1o |52 ! 12 H a_nbi,m LH  mefds e ”j:l,‘
2 M -z S M &
| i f . 12
9 8 |262 8.6 7 wo "
1
- 26 10 | 653 19
T B /--pf'hr‘l-'Ar r'B“-\ 46( LI =57)
18 Haliise o] Tc, 10 [323 121 13 N 'z N
r:‘u'_'-zurj'"*"'"'* wom S -i-’)-')" =
nm@:" \usuuau Bl _cf ﬁ
——No—N=N—o—N
10 A el ’ 19 — = 10 |19.5[exp) 3 14 ] i )
{'?’F""""'l . ...k :I I: — &;:4 21fcal) K,N\ r\!"ll"',*-..f\)
20 oy e (10| 217 496 15 1
W12 "-w-r’ e AR
' 27 10 | 524 129
11 10 [ 130 356 7 o = e [ [ TR ET "Ph Ph\
ad by, B g ™ Sl_,..F}h F'h-.SI
Elﬂ"h{ =m=|\.|I g [ b(su Y 7
=e. o b N'O ON
[ 7 —, | =
22 P . . 10 |53z 139 17 N=N— l
" -'.l-;ﬁ-:—_\a\—rlf I.I e { b = A0 =m) ?{"f};l N
12 10 | 56%8 127 B nl_,_jj-'_....%f ) \ /
* . Lﬂ Ar Ar
el | 2
in
28 10 | 563 16.4
23 10 |s2s 131 17 'Bu 5
<1
=+ =T u
o Ire d b= 406 =) ?{'fl'_l 'ag
- N
13 10 | 263 -403 9 “l't:,( r'-h-"'”a']"‘rjl
25.5(halland) | -40.8(h)
A
19.9(exp) T I\/ '“'”* N\)
14 10 |84 36 10 24 . 10 |513 10.5 17
34.2(DFT) -0.7(DFT) . _%f?._. g [ T A TRET] ETE;
e { 4= 4068 =) ,,;. L.—}._| A.||'._1|5l413¢ \-:I,'::, _‘.:;rl::{;:?‘hm - -
i ‘! AT i T
o ﬂ 20 o g |s14 314
Las L . wea, Zyal .
« s Y L
15 10 |12.2 488 11 25 o 10 |41 55 18 o ) i "
:./_' . P =Ny o
_J.;l P Pl R A n 08 uj}ﬂ z.r.‘_‘.
&l -d*—’ e
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Mo—N_

N—Mo}

80

AG?

-]
=
l
*

(o]
o
1

Mo—N-N-Mo \ AG®,, ® p
| — calc . ,.d‘
O L P L7
£ 50- Mo=N e .
S M—N=N—M —”—» M=N
- ® L
40
(D ”f
4 o
207 T e Marcus model
w7 AG* = (\+ AG™ )N2/4)
20 - ’!___.« - f. . ' _( ) 1
_ for A = 154 kcal mol
o4 = ¥ F R==0.8096
! | | | ! | ! | ! |
-80 ~60 ~40 -20 0 20 40
AG°,[kcal/mol] o5
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Mes Mes Ar(BBu)N N(Bu)Ar NH3NH3
\Mo=N=N=M8§‘MeS \M0=N=N=M§:‘N(tBU)Ar —o“‘&\ N—N—ol““‘iNH
Mes™ ¢ Ny Ar('BuN" ¢ P sT=N=N=0s 3 PEL)
Mes’ Mes Ar(Bu)N NBuwar | HNT | N ©| )
NH3 NH3 Fe Mo
Flori i 2001 Ar = CGH3-3,5-M92 / ‘&
oriani .
Cummins 2008 Vogler 2010 Q—d)PHEtZN\.\
10 1 10 N\Et/zp—@
X Mo &
H ~ /O\@ - P \ Ie
N \ NS o Et,p—4D

Re"\'N\ /\‘X S N —D l

| NINmh 2 CI—Re----N—N--;Re lC| o _

Y N a” | e S Nishibayashi 2014

X j oN 10
|
. — pi
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I Summary and Outlook

What exactly is the role of light in this reaction?

First, it provides additional energy, enabling certain M-N-N-M complexes
to overcome higher transition state energy barriers, potentially leading to
products that are even less stable than the reactants.

Second, light excitation promotes the transition of metal center 0-
electrons into " antibonding orbitals, allowing some complexes that do
not conform to the "10-1r electrons rule" to undergo N=N bond cleavage
under photochemical conditions.

27
(1) Taube, H., et al. Science 1968, 159, 320-322; (2) Cummins, C. C., et al. Science 1995, 268, 861-863; (3) Floriani, C., et al. Angew. Chem., Int. Ed. 2001, 40, 3907-3909.



Summary and Outlook

Mo—N_ }
i N-Mo
80 - * Marcus model
AG* = (A+ AG” ) 2/4)
70 AG? for A = 154 kcal mol—
2 R==0.8096
_ 607 Mo—N-N-Mo \ AG®.,.c °, e
© — o .~
E — — ® P " : - "
= 20 Mo=N L MNNM units (M = Mo, W, Re, Os)
© .t
g ® - m
440
O
g e
30 -
-7 m ' -
) P |
20 - P T oI | H
____..-'"’ & u 1 Total number of "MNNM" units
10+~ -~ N o Total number of N-N bond cleavage that can occur
I The number of photo-induced N-N bond cleavage
! | ! | ! | ! | ' | ' |
—-80 —60 —-40 —20 0 20 40
o
AG° . [Kcal/mol] o8






