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1.1 Introduction-Nature and Industry's Common Approach to N, Fixation

78% of Earth’s atmosphere

Vital element Inert molecule
B Organic : R-NH,,R-NO,... N B Nonpolarity
B Inorganic : NH;, HNOs... 2 B Strong N-N bond : 944 kJ/mol

B Biogenic : Protein, Nucleoside... B HOMO-LUMO Gap : 10.82 eV

Activation of Dinitrogen by Transition Metals

FeMo-co
N, + 10H* + 8e + 16 ATP ——— > 2 NH,* + H, + 16 ADP + 16 P;

cat. Fe3O4IK20lAI203
N2 + 3 H2 »> 2 NH3
200-500 atm, 500-600 °C

end-on activation mode side-on activation mode
'
Qo Q0 Q & ;.0
OO =N n O+0l[10

OD\JO 0 Jd O > '

a) M. von Laue, et al. Naturwissenschaften. 1934, 22, 97; b) M. Boudart, et al. Top. Catal. 1994, 1, 405



1.1 Introduction-Nature and Industry's Common Approach to N, Fixation

Proposed pathways for ammonia formation by nitrogenase enzyme and the Haber—-Bosch process

Fe F&  4eran fe” e
s\ /s —_—> S ; |-|\ /S—H

Fe\S,Fe\ Fe\S,Fe

H
Hz N2
2 NH,4
4 e/4 H* N H

\Fe/s\Fe/ \Fe/S\Fe/

/ H"\l\ \ — S/ N, \S—H
S HN 3 <=——— 2\ N

Fe_g-Fe Fe\a/Fe

(A) Nitrogenase enzyme

H,
H H N./H HH N N
& | I 2/ LLZIN/ I\

s =

catalyst surface

ey )

H,

HzH
HH N

ANV < 2 11NN

/e s

(B) the Haber—-Bosch process

a) B. M. Hoffman, et al. Chem. Rev. 2014, 114, 4041-4062; b) G. Ertl, et al. Catal. Rev. Sci. Eng. 1980, 21, 201-223



1.2 Mechanism of Nitrogen Fixation by Nitrogenase

In theory
N2+6H+ +66-—>2NH3
FeMo-co
N, + 8H" + 8e + 16 ATP ———> 2NH; + H, + 16 ADP + 16 P;

e/H* e/H* e/H* e /H*
Eo E1 E2 E3 — E4

| &

e /H" e/H" e /H* e /H"
E8 - E7 - Es - E5 - E4N2

Highly simplified LT kinetic scheme Proposed E4: The “Janus Intermediate”

a) B. M. Hoffman, et al. Acc. Chem. Res. 2013, 46, 587-595



1.2 Mechanism of Nitrogen Fixation by Nitrogenase

Eo E4 Ex(H) Es E4(2H)
N S« - N ~S<_ - N -S<_ - ~N_ S<_ - ~N. S<_ -
| 7 F? e/H* Ee ® F? e/H* 79 F e/H* 79@_/!? e/H* 7 - l/:e\) +
S —» S - —» S - —» S T H —» S _ H SH
Fo  Fb I\:e/H\F(/e F\:e/H\F(/e Fel SRS Fectspl
/s 87 /7 87T N 7/ 87T N s 87 s 87
H, H,
E4
E4(2H) E4(Ny) E4(N2H2)
N SS< o N, H, N S - N, S -
Fe™ 7 F Fe™ F F F
/- — 7
red T UL TR K == Il
/H\ re \ + \/ \ HN\ /
Fe\S,Fe Fe\|:|/Fe Fe.-Fe
H / S S
+
Es Eq
| s s |
Sre” U SFe” e SR S S~k
" e /H* /@ HN \ mi / H2N_ \ e /H* / H,N \
E4(NoHp) —— \ _HN /3 — 5 ® r:lH/ — S\ HNL ]
_ F 5
Fe(g:Fe Fewg-Fe Fe_ . _Fe
E7 E8
| ~ S l ~ S
e H* \Fe/ =~ e/ . 7/ \Fe/ o H* 7e/ \Fe/
— /@ M\ milbg OunNs —> ¢ HnN S Eo
S\ HZN\/ \ 2 \ 3 \/
/Fe<2>Fe NH Fe~g-Fe Se~g-F  NH;

a) B. M. Hoffman, et al. Chem. Rev. 2014, 114, 4041-4062; b) B. M. Hoffman, et al. J. Am. Chem. Soc. 2015, 137, 3610-3615



1.3 Activation of N, by Mono- and Multimetallic Hydrides

Diverse Synthesis of N, Fixation by Transition Metal Hydrides:
Transition Metal Hydrides Accumulation of Electrons and Protons
N
H, H 2 N, N
R > M" H — M — ]
M-R -R-H M—-H " | M
R = alkyl, CH,SiMe, ononuclear
Terminal Hydride
oxidative addition H SH
LR > ! M _Mm" H, release N N
X = H, Si, C, etc. M-X H Ny” 2 n-1 2 ~UN
» I < ] H reductive elimination 2M » M\'L/M
M Binuclear
Bridging Hydride
c NaBH,, LiAIH,, etc. A
M-Cl 4 v MmO M\H/M -
7N\ M
H H I
H \_ I\III"/I-I\I\IIIn n-4l3i> M/N\M
ML, H*, Hydrolysis | T —3M ~N-
> ML, Multinuclear H
Bridging Hydride

a) R. B. Saillant, et al. Chem. Rev. 1972, 72, 231-281
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2.1 Mononuclear Transition Metal Hydride Complexes

2.1.1 Group 9 Transition Metal Hydrides

Reversible hydrogenation of 1
N H Protonation of 3
(U
N 'lq PPh H2 Ph3P/," | \‘\Pphs
2 A 3 o 'Co
Co(acac); + AIEt,OEt + PPh; —  Ph3P C|°\PPh3 T Ph3P/| vy 'E' Ph3p\ .
. o H
Ph.P—ou PPhs Buli oh P\‘\\-Co—N=N—L'(Et20)3 —> NH; + NH,NH,
1 2 ¥ | PPhy . P/
H 3
COXZ(PPh3)2 + BH4- + PPh3 —_— 2 - 1
X = Cl, Br, | H
Reaction of trihydride 4 with N,
PR3 PR3 PR3
H2 .\\\H N2 -_— A
RhCl;e3H,0 + Na/Hg + PR; — H—th\H v H—R|h—N=N —x> H—Rh
. - H2 "2
PR3 = PCy3, P’Pr3 PR3 PR3 PR3
4 5

a) A. Yamamoto, et al. J. Am. Chem. Soc. 1967, 89, 3071; b) M. Rossi , et al. Chem. Commun. 1967, 109, 316
¢) A. Yamamoto, et al. Organometallics. 1983, 2, 1429-1436; d) T. Yoshida, et al. J. Organomet. Chem. 1979, 181, 183-201

10



2.1 Mononuclear Transition Metal Hydride Complexes

2.1.2 Group 8 Transition Metal Hydrides

Synthesis and N, coordination of 6

N
H\H N
H, R3P,, \PR3 N RsP, I:| PR3
FeCl, + NaBH, + PR; —> e
(PR; = PEtPh,, PBuPh,)
6 7
Synthesis and hydrogenation of 8
N
N H-y
N, PhsP, | (PPhy  H2 PhsP,, | PPhs
RUHCI(PPhy); + AIEt; — ‘Ru - ‘Ru
3 : PhsP” | H PhP” | “H
H 2 H
8 9

a) L. S. Van Der Sluys, et al. J. Am. Chem. Soc. 1990, 112, 4831-4841; b) W. H. Knoth, et al. J. Am. Chem. Soc. 1972, 94, 104-109

c) G.J. Leigh, etal. J. Am. Chem. Soc. 1991, 113, 5862-5863

A synthetic cycle for transformation of N,
to NH; by the iron complexes 10~13

NaBH,

Me2 H Me2
12
Me, C' Mez
[P,,, \\\
Me2 CI Mez
10

HCI

NH,, N,

11



2.1 Mononuclear Transition Metal Hydride Complexes

2.1.3 Group 7 Transition Metal Hydrides

Synthesis of 14 and its reaction with N,

Synthesis of 16 from 17 with light

N '/\
H
Me, TH Me2 Me, ,1, M Ph, N Ph, Php, N2
PI/ \\\ P/,, | N P/,/ | \\P N2 2, | . \\\H
MnBry(dmpe), + LiAlH; — [ j [ (Et;N,)ReHgy + dppe — 2 [ j - H—Re\H
~p | \ Ph P/ I!’Ph
MeZ H Mez Mez H Me e, th Ph2 2 \\/ 2
14 15 16 17
2.1.4 Group 6 Transition Metal Hydrides
The reaction of 18 with N, under UV irradiation Formation of 21 from 20
N
th H th th N th Ph3P
P, | P N2 hv Pr, | P \ PPh,
MoCl,(dppe) + dppe + NaBH, — ZMo— l N
4(dppe) pp 4 [: H—=Mo \Hj v / \j (CeHg)MoCI(C3H5)(PPh3) Mo, N Mo—N=N—Mo
B ? Ph Ph + PPh; + NaBH, HY/ \ PPhe <= S| p
P Ho Pz ZN 2 H  PPh 2 PhyP
w 3 PPhs
18 19 20 21

a) G. S. Girolami, et al. J. Chem. Soc. Dalton. Trans. 1985, 921-929; b) G. L. Geoffrey, et al. J. Am. Chem. Soc. 1981, 103, 379-384

c) G. L. Geoffrey, et al. Inorg. Chem. 1980, 19, 1821-1822; d) W. E. Silverthorn, et al. Chem. Commun. 1971, 557-558

12




2.1 Mononuclear Transition Metal Hydride Complexes

2.1.5 Group 4 Transition Metal Hydrides

Synthesis of 24 through hydride 23

\ H \
2 j:% Ji-R —Zp 2 Ti-H

R = Me, Ph 23 24

) |
B
[

25
H,

a) J. M. de Wolf , et al. Organometallics. 2006, 25, 1530-1543; b) T. E. Hanna, et al. Organometallics. 2007, 26, 2431-2438

c) P. J. Chirik, et al. Organometallics. 2001, 20, 534-544

Formation of side-on bound dinitrogen complex 27

;\-,Me H, ;\.,H N2 ;\. N\./:‘< H
t;wle — t;'" — \;% ,qul///Tl\?\—z> decompose

27
Reversible formation of 30 from 29 with N,

Me;Si Me,Si

‘Bu Bu /@—‘Bu
. \ H . \ . .
Me,Si Zr:me — %5 Me,Si z2izH = Mesi \ZrG/N/\Zr/ _
e ) NS
Me,Si ‘Bu Me,Si ‘Bu Me,Si ‘Bu Q
‘Bu
28 29 30

13
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2.2 Binuclear Transition Metal Hydride Complexes

Reaction of the Mixed-Valence Dicopper Hydride 34 with N,

H
ToP2—cu—°"—cCu—=Tp "2 2 PhySiH iPr2 i»
p u\o/u P — Tp""“—Cu—H LT
H

32
h\ l -1/2 H,
,B —N
|Pr2 = / N
’Pr

33

l'

N r N
\ KBEt;H ( \ _H—_/ > N, hvy
- —_— Fe Fe —
i S TBEg, -Kel / TH—T N -H,

N JPr . N .
Bu Bu Bu
Pr Pr Pr

36

a) T. H. Warren, et al. Angew. Chem. Int. Ed. 2016, 55, 9927-9931; b) P. L. Holland, et al. J. Am. Chem. Soc. 2006, 128, 756769

H
TpiPrz_Cu/_‘cu_TpiPrz

34

Nzl-qu2

. N . .
TplPrZ_Cu 2 TpIPrZ_cu_NEN_Cu_TpIPrZ

35

] i
N r N
\ _ /
Fe—N=N—-~Fe
/ o \
N 'Pr 'Pr N
Bu
pr iPr

37

15



2.2 Binuclear Transition Metal Hydride Complexes

Reactions of the Low-Coordinate Co/Ni Hydride Complexes 38-39 with N,

R SR RS
t . . f
‘Bu . ipy ipr iPf Bu N 'Pr 'Pr N Bu
\ KBEt;H C\/\/> (\ /
N _> M—N=N—M
( / - BEt,, - KC M—n—" -H, /T
N ipr ] N 'Pr 'Pr N N 'Pr 'Pr N
y M = Co, Ni By ‘Bu ‘Bu ‘Bu
_ X =Cl, Br ; - - i
Pr Pr 'Pr Pr Pr
38 40
Pr Pr
. t
2 KBEt3H Bu 'PI’ ',‘ ’Pr 'PI’ Il \ 'PI' N Bu
M = co /|-I| “ II \‘
X =Cl, Br \ l,-l O—N—N_Co
’Pr'-,' iPry, / Pr N
‘Bu i Bu v
_ K
’Pr

39

a) P. L. Holland, et al. J. Am. Chem. Soc. 2009, 131, 10804—-10805; b) C. Limberg, et al. Angew. Chem. Int. Ed. 2009, 48, 3357-3361



2.2 Binuclear Transition Metal Hydride Complexes

Functionalization of N, using Binuclear Tantalum Hydride Complex 42

Ph Ph Ph
Ph, N_ Me \ \ \

X >Ta/ Me H2 MezSI’\ \ J XSiMe; Nz MeZS|’\ \ ,H; J XSiMe
MezSIyN™"\ 'Me  TcH, Me,siX ‘H’ TNTSiMe, Hoo Mesi ’
MeZS| p 4 \\f \’ 2 2 2 \\f \\ / \ \,S|Me2

\/ \ Ph p N~ \

PH Ph PH Ph
42 43
E-H

Ph
/
P‘\

o, | \ _

- sTasN/\SIMez

\Il \N/\.SiMez
Ph

E = Al('Bu), -PhH | E=9-BBN
Ph Ph g Ph
Ph \ B \ P
2f MegSi—\_ N/ P \ SiM
Me sr\ / Ta L STa—nAoMe: _Ta~NA. "2
2SI\ Ny, SiMe, A\ Ta-N7 ///\ Z N\ siMe
MeZS| a\ / a\ ,SlMez Ph= p/;|/|‘.| \N \'SIM@2 MeZS|~N N~ N 2
\\ / N \Ph Ph \ Ph
P s|H2 \ N—Al., Ph Ph
Ph gy Ph / “Ph ‘Bu

SIMeZ

a) M. D. Fryzuk, et al. J. Am. Chem. Soc. 1998, 120, 11024-11025; b) M. D. Fryzuk, et al. J. Am. Chem. Soc. 2003, 125, 3234-3235



2.2 Binuclear Transition Metal Hydride Complexes

Cleavage of N, by a Diniobium Tetrahydride Complex 42

18

a) H. Kawaguchi, et al. Angew. Chem. Int. Ed. 2007, 46, 8778-8781



2.2 Binuclear Transition Metal Hydride Complexes

Cleavage and Hydrogenation of N, by a Diuranium Hydride Complex 47

N 'Pr

, QO\\U —TMS

N/ \—TMms

iPr< i _Pr

1.H, (1 atm),1d
2.N, (1 atm),1d

n-hexane

le (1 atm),1d

n-hexane

THF, cyclohex-d;,

H
O\U/N>U/o
- C %K)

Dipp Dipp,

N, (1 atm)
cyclohex-d;,

n-hexane, vacuum

AH (4G), kcal/mol

Int2 7’
Ll

-~ -30.4

(-30.9)

A ;
S3|nt2’
-51.8

(-54.5)

T™S
UIV/’
A \/TMS
' %
0.0 H,
] SUH
U=y
\H"
1 W7
' TS1
A 4H, U —1
i 287\,
1(-30.2)
4 Si(CHz), ! B o
e
-35.0"
(-37.5)
.-‘H',
oot H s %
1] ~uyv
N7
b H
e
U-4H
-51.9 (-51.1)-‘“H"
U]\/"-H/\"Uw
SH

.-“H"«
ullr “um
Ny

a) M. Mazzanti, et al. J. Am. Chem. Soc. 2026, 148, 9231-9237

19




2.2 Binuclear Transition Metal Hydride Complexes

Reaction of PNP-Ligated Titanium Complex 50 with N,

AG B H 1%
kcal/mol H T }\l
4 fr 7 : '
H< 1 1\
o o 401 \ N=pn H\ ----- N g ,'H*/N [Ti]<N/[Ti]
ipr /ipr ’Pr\/’Pr 'Pr ,Pr // H N/ A\\ \
H, (1 atm) p N=y P [Tx \H/[ // \ [T]\ LIt H i
N_\T _CH,TMS N, (1 atm) N_\Ti/}/ \T[_N \H V3 [T|]\\\H 7[T|] 56 i
/ NcH,TMS / NHZN 23.8 —
P FOH \P 20.2 18 L —_ / TS4)
\ ipp— . »—-\ 4 ‘
ipf ipr P Ipr PEP,/ 20 /TS1Y — 1S3 1 !
! \ / TS2 : +\11.0 / \
N SN W R
o\(‘\\ III \\\ 2 3 // \\ 2.6 ,/ |‘
- SiMe, | H, (1 atm), 20 min \'\ H, (1 atm), 60 °C 0.0 , 9/ — H\ '.
01 s/ A B N |
H \
N= 3 b / lll\ |
_ o o - 'P 'Pr 'PI’ == NtN H N [Tl“l]/ \[Ti”'] !
iPr iPr iPr ipr “p ’/ \ l e \
\/ \/ . N \ .
p H P \ H§ / [TiM< Pul il _[miM [Ti'V]/N\[Ti'V] H .‘
N—XriZHkT{—N N—/Ti<N2Ti—N 20 \ Z NH/ Nl :
/§H7\ \ H H '
P H P ipl' iPr—P H “
ol ol r 'Pr ipf ©\ Q H | \
B Pr 'Pr Pr 'Pr | ’ N '
[T = i iV11-39.8
50 52 ] [T [T' I
40 Me’P\'n/P‘Me N

a) Z. Hou, et al. J. Am. Chem. Soc. 2017, 139, 1818-1821

20



2.2 Binuclear Transition Metal Hydride Complexes

Reaction of Pincer-PNP-Ligated Titanium Hydride Complex 53 with N,

H, (4 atm)
N, (1 atm)

| ¢

ipr o , ipr
Was P
H
..Me H, (1 atm \\
N—Tig © L0 N—Ti{H N
/ Me \H//
. H
(Ot R ek
'Pr 'Pr ’Prl
54
RT
Hexane, 60 °C THF
.H2
-H, Hexane H
Hexane, 60 °C N RT, 5d H |
. . -
— mZ 2m —— LN
N H, (1 atm) \N//

Hexane, 60 °C

21

a) Z. Hou, et al. Angew. Chem. Int. Ed. 2020, 59, 8635-8644



2.2 Binuclear Transition Metal Hydride Complexes

Reaction of 54 with Electrophiles

4 ~ E

Me_ _Me '

LN B,Cer Me, ;

[Ti] N\ /N=[Ti] N ~CeFs [Ti]==N=N==[Ti] 5

AI 'I_ e H Me :

H, (4 atm) N=N AlMe; B(C4Fs); ZnMe, Me We [Ti=N=[Ti] ;

_CHz N, (1atm) _ :
NN [Tl [Tl — - . Ph. H BPin :
3 \H MgMe, PhSiH; PinBH N *sil N !

a7 > [Ti]—N_ N—[Ti] [Ti] [Ti] :

N PW H :

. BPin :

Diverse :

O O Transformation \. / !

] = :
’Pr/P\Tl/P"Pr :

ipf 'Pr :

a) Z. Hou, et al. Angew. Chem. Int. Ed. 2020, 59, 8635-8644 22



2.2 Binuclear Transition Metal Hydride Complexes

Reaction of 54 with CO, Reaction of 54 with Isocyanides

o i R
N:N C ' : N:N N—C,, \
CO, (1.5 equiv.) { : : i 7/ \ .
[Ti]/‘\//\[Ti] - NG : : [Til/i//\[Til e Beald miZ NI
\H/ RT [TI]% /[TI] ! ! \H/ BT \,Nzc\ |
: N , R = Cy, ‘Bu R HC™"~g
>4 55 5 54 58
co, co, RNC RNC
(15?)t?8 (1 ;;_m) ; (2 equiv.) (1 equiv.)
0 E E -
C ' : R
P R '
O\/ N \/o CO, (1 atm) [Ti1<o>hi] : : I.I N //N_C:, \ .
1 i 2 21 \ : : [Ti1Z” >[Til R'NC (1 equiv.) [Ti] N—[Ti] ;
T T »> N (0] . ' quiv.) ) .
[ I]\N¢[ i] 80 °C 8 : : H2C<I - > \N:C\ '!l :
I I : N R'=Cy R/1 ﬁ’ R :
. 2 :
56 57 59 R 60

23
a) Z. Hou, et al. J. Am. Chem. Soc. 2022, 144, 6972-6980; b) Z. Hou, et al. J. Am. Chem. Soc. 2024, 146, 10984—10992



2.2 Binuclear Transition Metal Hydride Complexes

Reaction of 54 with CO

/N codsequt au 5
me CUTY wlpm sotsewy ol
P P H RT ol :
Pr=; \T/ I"Pr CH; :
Pr Pr 54 61 :
Reaction of 61 with a,B-unsaturated Carbonyl Compounds
R' = H, Me Q
R? = OR R!
o R2 R1 > ’NH

NH
Vs \R%LR 07’/%7N\ H*

R1 R2 - M \
[Ti](/\[Ti] aza-Michael > [T\']\ —[Ti] e» ﬂ
o \ reaction / .
CHa CH2

R?=NR,
61 62
> H2NHN/\)LNR

24

a) Z. Hou, et al. J. Am. Chem. Soc. 2023, 145, 22803—22813



2.2 Binuclear Transition Metal Hydride Complexes

Cascade Coupling of N,, CO, Alkynes, and CO, Mediated by 53

54 e eeeeemmaaaeaaaa
53
CO (1.0 equiv.)
R2
CH, H,C
N:N 1 — ) N// R1 R2 fo) r‘ll \ R1
SN R=FR | co,(tatm) |l /' \
[TI]\ [Tl —> —> [TiI—N [Ti]
Ti]—O—Ti c!
O\C\Hz [Ti] [Ti] \0/, ~o
61 63 64

25

a) Z. Hou, et al. J. Am. Chem. Soc. 2026, 148, 14435—14442
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2.3 Trinuclear Transition Metal Hydride Complexes

N, Cleavage and Hydrogenation by Polyhydride 66

SiMe; SiMe; SiMe;
SiMe; [ SiMe; | ' |
| . .
: H, (4 atm) | HH//TI'ﬁH N, (1 atm) H/T|'\T N, (1 atm) HT/TI'\NH
Ti Ti |/ Ho \ 23 °C N no solvent N
Me3SiH2c’| “CH,SiMe; H’ﬁ'\H /Ti<H>Ti\ /Ti<N>Ti\ 180 °C /Ti<N>Ti\
CH,SiMe, L . cp' \H/ cp' cp' , cp' cp' | cp’
H H
65 66 67 68
-30°C
-2 H2 Nz (1 atm) 20 °C
SiMe B . ]
3 SiMe,
I .
N - . H
/Ti<'!l>Ti\ -10°C T|i(N\\T/i
Cp Cp SN N
\H/ Cp NG Ccp
69 70

27

a) Z. Hou, et al. Science. 2013, 340, 15491551



2.3 Trinuclear Transition Metal Hydride Complexes

Activation and Transformation of Propylene and N, in a Trititanium Hydride Framework 66

Cp'TiCl;
1. Me3S|CH2L| N2 (1 atm)
2. H, —
RT
SiMe3
T
—Ti— e
HEZ | SHH
i n Al
/TI\H/TI\
\ cpl
66 (1 atm)
RT, 1h
3 C;Hg

a) Z. Hou, et al. Nature. 2024, 632, 307-312

Cp

0" :
/ Cp'
Ti HC_ e
H— ) H \— Tl./ CCH 1.H,0
|_/N\ |_ (1 atm) _N—_ 2. HCI
, I\N/TI\ Ti N/TI Co'
' | cp' 70°C Cp7 | P° _cpTicl,
H H
67 71
T 70 °C
Cp’
T|_ cp’ 1. H,0
T/ l'\?lil N, (10 atm) H /TI'\H 2. HCI
-~ AN
e RT ¢ | - Cp'TiCl
i—C—Ti p11tls
\ -N B
cp”’ \\C/\'/// Cp -H; /T|’|CI>>T|\
H c N (o
e P H,C p
72
H, (4 atm)
.30 °C\_N, (1 atm) / \
.H2
H
& CH3 H CHa
7TI H3C C\H\TI\
H
TI\ Ti ’N\
\ // Cp'
74 75

2 NH,CI
84%
HsC._ _CH,
NH,HCl + NH4CI
20% 144%
1. H,0 H,C._ _CH,
2. HCI .
NH,HCI
- Cp'TiCl, 2

98%

NH,CI
71%

28
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3. Summary and Outlook

Summary
m Hydride ligands can serve as both electron and proton sources
B Reactivity toward N5 increases from mono- to multinuclear hydrides

m Hydride-mediated N, activation broadens the derivatization pathways

N
H N
l e
M e | I\III H N= RSiH; PinBH
enonuclear Weak, Reversible /Hk N, 4/ AN co  co RNGC M=N-X
binding M§H7M M§H7M — 2 —
H H Electrophilic X =C, B, Si, etc.
H H, release
M M and N, activation N
BinH lear ~N7 . Difverset_
uclea Moderate, Efficient ranstormation
activation | |TTT T Tt
M M M
R
a7 1N " H/ l\ = w RNy N2 RN HCI R
H N H —_— < —_— \ —_—
b EeLS =N F A e
SHS ~NT M\ _M X, ~ W% NH,HCI
Multinuclear H H H R N
N-N bond cleavage
N-H bond formation

30



3. Summary and Outlook

Outlook

B Understanding cooperative effects and catalytic cycles

B Expanding functionalization

M
H /
I R : » H ,!I\H
_____________________________________________________ 5 M-R -R-H N
: M : R = alkyl, CH,SiMe; ~HT
I H N2 /I\III\ ; :
N )\ ' :
M7 Sm < oaf NaBH,, KBEt;H )
N7 M_ _M : ' M-X Hyride source H N
H H ! ' > oor M_ M
X=Cl, Br, | M H™

| H,orH ? Ar H
M/N\ e I\H 2M r N,
~ /M I/H\I
R H
H,
R-NH,
_____________________________________________________ Ar\NzN\ Ar
Ar |
l\lll—N=N—M
Ar
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Thank you for your attention



