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et e 170 x 109 kg/year (estimated)
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Fe304/Al,03 —

(Haber-Bosch)
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- developed in 1922

- catalytic

- heterogeneous

- high pressure, temperature
- 80 x 107 kg/year (1995)
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1. general feature of N, fixation

# reduction to NH

N2(g) + 3Hz(g) — 2NH; (g)

N, + H,

N,H, + H,
N,H, +H,-

cf.

fixation system

Chem. Rev. 1996, 96, 2965.

3

= NLE AH; = +50.9 kcal/mol
-N,H, AH=—-27.2 kcal/mol
- 2NH, AH; = —45.6 kcal/mol

AHy: enthalpies of formation

Haber-Bosch process

+ dissociation of N, to atomic nitrogen on the active
crystal face of the iron catalyst at 600-800 K

exothermic reaction
high temperature

}-H equilibrium shifts toward the reactants

JBR
N7 + CrCp*,

N BAr,

AGP = _7.7 kcal/mol at 298 K, 1 atm

metallic system
non-metallic system
etc.

- NH,, NR,, ..

[directions]
(a) mild conditions (low pressure, temperature)
(b) catalytic (rare)

c) Ho as H source

)
) functionalization (N-C, N-X bond formation)
)

e) different mechanism

Mo-N, complex
N5 (1 atm)

heptane NHy

up to 63%

+ the overall reactions are
thermodynamically favorable

realization of ammonia synthesis is complicated by
kinetic stability of nitrogen-nitrogen triple bond
the primary energetic barrier to
N» reduction is the triple bond

ﬂ increase of pressure

500 atm
723 K

2NH3 (g)
35%

N2(g) + 3H2(g)



Chem. Rev. 1996, 96, 2965.
Acc. Chem. Res. 2005, 38, 208.

2. biological N, fixation
Dalton Trans. 2006, 2277.

+ biological N, fixation is performed by nitrogenase (metalloenzyme)

- # 0.8 atm (N5), 290 K

2HY— H2

* where and how do substrates interact with the active site?

* what is the nature of reaction intermediate along the reduction pathway?
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FelMo-cofactor
[7Fe-98-Mo-X-homocitrate]
one half of the nitrogenase complex
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allyl alcohol-bound FeMo-cofactor

| elucidation of the mechanism |

[~ # a group of prokaryotic organism

# catalyzes following reactions
Nz T 2NH3

reduction of acetylene, azide, cyanide...

|_# at least four different types of nitrogenase have been characterized

focus of the intense study
for more than 50 years...

The most widely distributed and studied
types of nitrogenase is composed of two
component proteins, Fe protein and MoFe protein

reduction sequence

(i) reduction of Fe protein by electron carriers such as
ferredoxins (Fd) and flavodoxins

(i) transfer of single electrons from Fe protein to MoFe
protein in a MgATP-dependent process

(iii) electron transfer to the substrate at the active site
within the MoFe protein (FeMo-cofactor)

N. 4+ 8¢ 4+ 16 MgATP + 8 H*
— 2NH; + H, + 16 MgADP + 16P,

+ (A)-homocitrate provides two O-ligands to the Mo

+ the cofactor is covalently attached to the protein
through coordination of the terminal Fe by the side
chain of a-275% and coordination of the Mo by the

side chain of a-442His

trapping intermediates

e.g. substitution of «-70¥@ to Ala enable

binding and reduction of larger substrates

such as propargy! alcohol, hydrazine etc.
== elucidation of binding site

L

freezing the MoFe protein during the course of
reduction and analysing by EPR and >N ENDOR

spectroscopy l

Electron-Nuclear DOuble Resonance

using both to detect FeMo-cofactor species

at different levels of reduction




+ traces of hydrazine can be detected when nitrogenase is
acid- or base-quenched while actively reducing N»
M-NH3 + hydrazine can be reduced to NH5 by nitrogenase
i + a reasonable starting point was to consider N, reduction
H*\& on the FeMo-cofactor as proceeding through successive
protonation/reduction with bound intermediates similar
M-NH to those in the Chatt cycle (proposed catalytic cycle for
? reduction of Ny by artificial catalyst)
e /‘H t + trapped intermediates are hydrazine, diazene and Ny
NH, H* M-NoH 2" ™
- N,H,
putative intermediates bound to FeMo-cofactor during N, reduction
i e
[Hydrazine] Biochemistry, 2005, 44, 8030. 3 ‘f‘\‘j'lf,}f'f ek
' Eo opening the protein environment for HoNNH, binding
* substitution of «-195"5 to GIn and a-70Va to Ala =
J ‘ disrupting proton delivery (inhibition of turnover)

believed to be the proton donor
trapping hydrazine complex

v i
Cve 4[\{1.95%@ MoFe-protein, Fe-protein, hydrazine, MgATP, dithionite, buffer
0-275% i . S S
& &&: P - l rt, 30 sec
& 'Qy!'/ Homocitrate freezing with lig. No

|

+ new S = 1/2 EPR state (different from resting state)
+ 'SN-ENDOR suggested that hydrazineb(or derivative) was
bound to the FeMo-cofactor

the first nitrogenous substrate species had been
trapped on the FeMo-cofactor in high yield

0-195'"
His NH, !NH
HONN’)

0

—p

[diazene] J. Am. Chem. Soc. 2005, 127, 14960.

AR W R
- " HN=NH - MeN=NH J. Am. Chem. Soc.
/ extremely unstable stable for several minutes | 1968, 90, 7173.

* substitution of a-195S to GIn («-195%" MoFe protein)

My Al P — +novel S = 1/2 EPR signal (not identical to that observed for hydrazine)
w70 ) 105 ' + H'5N=NMe (or derivative) was bound to the FeMo-cofactor (">N-ENDOR)
Fydiazine Turnover ,A’\ + 1?H-ENDOR indicated the presence of exchangable protons

PEEEEREE

w-195""
flethyldiazens Tumover

[dinitrogen] J. Am. Chem. Soc. 2005, 127, 14960.

\
|
J I * using wild type MoFe protein

%

+ novel S = 1/2 EPR signal (not identical to that observed for hydrazine and
methyldiazene) :
[ + single >N was observed coupled to the FeMo-cofactor for the N
trapped state ('SN-ENDOR)
1500 2000 2500 3000 3500  400C + 1"?H-ENDOR indicated the absence of exchangable protons
Field (Gauss)
EPR signaislof nitrogenase




3. artificial N, fixation system

# mainly realized by metal-dinitrogen complex (like nitrogenase)

{a) N, is isoelectronic to CO, but weaker o-donor and r-acceptor

b) n-acceptor ability is important for the stability of N, complex

(
(c) strong n-back donation can stabilize N, complex
(
(

d) usual binding mode is end-on (n")
e) free Np: 2331 cm ', bound Ny: 1900-2200 cm™

e.g. MCly(THF)3 + 5/2Mg + 1/2N;

catalytic conversion of molecular dinitrogen into silylamines

* earlier report by Shiina J. Am. Chem. Soc. 1972, 94, 9266.
CrCly (0.01mol)

the first Np complex —= [Ru(NHg)sNo]**
J. Chem. Soc., Chem. Commun. 1965, 621.

!

various dinitrogen complexes and their
reduction have been reported

——~ [MNMgsClo(THF)] + 1/2MgCla(THF),

HCI M= Ti V
NH,Cl :

. Ny (1 atm) N(TMS)3
TMSCI (0.5 mol) + Li ———bTHF, 130 h (32%)
* Hidai's work Hidai et al. J. Am. Chem. Soc. 1989, 111, 1939. ﬁ‘;
N
2, Ny (1 at PhiMesPs, | aPMePh
TMSCI + Na -2z (LaM)  r1S)s + HN(TMS), + (TMS), + TMS~"1ms e i
THF, 30 °C P
Fhha, P N;fN
: i T ] PhMe,P o
Table I. Effects of Transition-Metal Complexes on the Conversion
of Dinitrogen into Silylamines®
T yield (%)® (turnover number)*
complex {h) (|} N{SiMey), HN{SiMe); (SiMey),
none 4 100 (0) o) 2.7 + the major byproduct was (TMS),
3 4 >95 23.7(1.5) 1.2 {0.6) 45.1
gf i >g; 2?2 %?::J gfé §g‘§‘? g;; + diluted conditions increased the yield up to 37%
A w A : dd d (TMS), to 39%
¥ 15 >99 366 (243) LL(LI) 390 EndrdecrsEsed (TMSa 1o
é?‘«i{){?\;jz{dpe}ﬁ :1 igg 2; Egg; (?2 Egg% ;?g + this reaction system has a considerably greater
[W(N,);(dpe),] 4 >03 33 (1.1 1.4 (0.1 50,7 reaction rgte and“seilectlvity toward silylamine
CrCly? 4 sU 6.3 (2.2) 0.3 (0.2) 25,1 than previous Shiina's system
CrCly# 4 17 0.4 (0.2) 0.9 (0.4) 1.4
2 Reaction conditions; TMSCI (10 mmol), Na microdispersion (10 mmol), THF (6.5 ml)
catalyst (0.1mmol), under N, 30 °C ? determined by GLC; (TMSCI converted into the
compound/(TMSCI charged) x 100 © mol per metal atom 9 Li chips instead of Na
€ catalyst (0.05 mmol) ' THF (32.5 ml), catalyst (0.05 mmol)

proposed mechanism

. ™S
TMSCI + Na - TMS N N —
|
NaCl EN [Mo]
[Mo]

catalytic reduction of dinitrogen to ammonia
Schrock et al. Science, 2003, 301, 76.
Proc. Natl. Acad. Sci. USA 2006, 103, 17099.

# [HIPTN3N]MoN, catalyzed the reduction of N, to NH3, using CrCp*; and
(2,6-lut)BAr, as electron and proton source, respectively

+ prevent any bimetallic reactions
(aside from electron transfer)

[HIPTNgNP?—= < + maximize steric protection of a metal
coordination site in a monometallic species
+ provide increased solubility of intermediates

in nonpolar solvents

i-Pr
}““\.
i "':5}.
.,:q/}'-" i-Pr
ip b
N i-Pr by iR
: P i A ; B '—--T.'":—.\
HIPT ¢ L YT
et N l 4 e
N Mo—N
CNT | (HIPT)

Fig. 1. Drawing of [HIPTN;N]MoN =MoN,.




synthesis

" | . Br Trip = 2,4,6-triisopropylpheny!
r r ; , 3 .
RS i-Pr i-Pr Trip_~.__-Tri
| ) s T 1) 6Mg, THF S
= 2) H* '%J
Br -Pr gy #4%

1) MoCl4(THF),, THF  [HIPTN3N]MoCI Mg, N,
2) 3.1 LIHMDS 63% THF

ligand exchange

(Iv) "
[HIPTNSN]Mo (2,6-1ut)BPh, %&M

6-'6

[HIPTNsN]MoN, + 2,6-lutidine

[HIPTNZN]MoN,Mg (THF)5CI

MoN, to [MoN,}

5 uA
IMo(THF)! to Mo(THF)

[HIPTN3N]Mo(THF) (BPh,)

=
—

{MoN,}" to MoN,

MoN, to {MoN .}’

L] L] L] a1
-1200 -1700 -2200 -2700

Potential (mV vs Cp.Fe)

L]
=700

cyclic voltammogram of [HIPTN3;N]Mo(THF)BPh,

0.33N{(CH,CH,)NH,}4 Tiig
1.4NaOBu, 0.5%Pd,(dba),

g
1.5% rac-BINAP, tol, 85 °C (\/N<\§ )
BRI . ! )

Trip

87%

| (HIPTNSNJMON,

80%
IR: 1990 cm ™'

ZnCl,

+ reduction of [HIPTN3N]Mo(THF)* to
[HIPTN3N]Mo(THF) yields [HIPTNzN]MoN, in
a few second

+ reoxidation of [HIPTN3N]Mo(THF) to
[HIPTNgN]Mo(THF)* is not observed on the
reverse sweep

— replacement of other ligands with N, easily take place

* first order in Mo

[HIPTN;NJMo™®N, [HIPTN;N]Mo™*N,

14N2
& *t1,12:35h (15 pSI)
32 h (30 psi)

30 h (55 psi)

15 psi = ca. 1atm

"probably =-back donation is important”

exchange of 15N, for 1N, is independent of
= dinitrogen pressure up to 55 psi
"dissociative ligand exchange”

+ [HIPTN3N]MoN, can release N, without addition of extra ligand

+ only 3 frontier orbitals are readily available in the coordination pocket, and an intermediate or transition
state that contains two N, would require that at least 4 orbitals be used (20 and 2r)



catalytic reduction of No|

Table 1. The results of catalytic reduction of N,. Unless otherwise indicated, all runs were done at 23°
to 25°C and (] atry) of N, by dropwise addition with constant stirring of 10.0 mt of & solution of Crep”,

in heptane {36 equivalents relative to Mo] at a rate of 1.7 Ml par hout to a mixture of the Mo compound,
48 equivalents of {LutH}{BAr" } and 0.6 ml of heptane, followed by stirring for 1 hour Ammon:a was
Salated as a mixture of solid NH LCland 2.6-LutHCL and anslyzed by the mdophenu:ui miethed (38-40}. The
theoretical yield is based on the amount of NH, possible with the reducing equivalents available
Numbers in parentheses in columns 2 and 4 are the standard deviations . Equiv.. equivalents; expt,

experimental. (Ar' = 3,5-diCF,CgHs

Mo compound {53:1;;;;13;) No. of runs Yield NH,, %
[HIPTNN]Mo(M, ] (1) 7.56 (11)12 &t 631}
[HIPTN,NIMo{N=NH) (2] 773 (15)/12.33 4i 631}
[diPiNﬁN]MmN (4) 7.97 (23112 3| 66(2}
{[HIPTN N]Mo(NH JHBAT ) (6) 8.06 (21)/12.67 33 64(2)
[HIPTN NIMo(**N=""NH] under "*N, 8.18/12.33 1 66
[HIPTN N]Mo(N. )1 283712 1 24
*Two runs outside the diybox (7.34 and 7.62 equivalents), two runs inside [7.55 and 752 L,uiv.mmﬂ and twao runs
inside in the dark {7.69 and 7.36 equivalents); average = 7.56 equivalents, @ 011 1775 793 767, and 7.62
equivalents; average = 773, ¢ - 015 $8.22,7.95 and 7.75 equivalents; averape ?,9?. o o 0.23 $8.08, 8.26
and 7.84 equivalents; average = 806, ¢ = 0.21. ~0F% "NH,CL by 'H NMR, as described in the text and Fig

2. CrCp*, was added aver a peried of 25 s, followed by stiring for 7 hours.

| N
Modlll) 14 Mo —=  MoN, I Mol
f - NH, ¢ + some of intermediates were isolated and
Modlil) 13 [Mo(NH,) MoN=N"] 2 Mo(lV) e
¢ '{ 1 H' i CrCp*, was slowly added
ofIv) 1 {MO(\'”-'J} Mo-N=N-H| 3 Mo(lV) + the major sideproduct was H, (ca. 33%)
H+ ! ) HT CrCp*, + (2,6-lut)BAr', Ho
Mo{lV) 11 Mo-NH, {Mo=N-NH-}" 4  Mo(V])
¢ T e
MoV 10 {Mo-NH,}+ Mo=N-NH.| & Mo(V}
H* | B
MolV) 9 [Mo=NH {Mo=N-NH;}* 6 Mo(V)
1
[ o N
i H_ i e - \’H;
MoVl 8 {Mo=NH}" =— | Mo=N 7 MoV
Fig. 2. Proposed intermediates in the raduction of dinitrogen at a
[HIPTHsN]Ma (Mo} center through the stepwise addition of protons and
Siectrons. I:I --- isolated and charcterized
ligand exchange between NH; and N
Ar : k=25x10"2M's""
NH Ar
5 3 fAr k \ " /A"
Now, ¥ N
Ar g Lo e — ; Bk s
: \{/Nw-f";“ N Ny e NHj ..xr\?,%v@%n N kog - [HIPTNGNIMONGIINH,]
\_ﬂ_,\\) k \__”V\) a= [[HIPTNsN]Mo(NH3)][Ns] ~— .
! (22 °C)
13 1 ;
[HIPTNgN]Mo(NH3) is slowly converted
Scheme 2. to [HIPTN3N]MoN»

addition of BPhgy accelerate conversion NHz complex to Np complex
— NHg is scavanged by BPh,



reduction of dinitrogen with H» as H source

Chirik et al. Nature, 2004, 427, 527.
J. Am. Chem. Soc. 2004, 126, 14326.

adding Hj to a metal-N, complex tends to result in the formation of N, and metal-hydrogen bonds...

= adjustment of ligands in Zr complex allowed direct observation of N-H bond formation from N. and H.,

Na/Hg

PSR ool [ 5,
N2 {1 atm) {P] C5Me4H)EZrCl2

not Cp*, lacking one Me

L ﬁ\ H . NH;
o A
o %ﬁ:

(60%)
4

N ;‘E
Nl Y HOL@Enh) ape) 4 (GaMesH)ZICly

(10-15%)

+ [(n°-CsMeqH)2Zra (1o m?,-Ny) (1) has a side-on
N ligand A

+ N-N bond length of 1.377 A is elongated
substantially compared to free N, (1.098 A) and
the related end-on bound N, complex such as
[Cp*aZr(n"-Ng)la(iam ' m'-No)

+ 1 reacted with 1 atm H, at ambient temperature
to give 2 having side-on diazenido ligand

+ heating solution of 2 resulted in loss of H, and
cleavage of N-N bond

+ treatment of 3 with HCI yielded NH,ClI

+ gentle warming of 2 under 1 atm H, resulted in
formation of ammonia, albeit in low yield

hydrogenation and cleavage of N,

origin of dinitrogen hydrogenation promoted by (n°-CsMe;H)2Zrl5(1p,m% 1%, -Ny)

+ the LUMO of 1 is an in-phase linear combination of two zirconocene 1a; orbitals

which is well-suited to accomodate incoming Hp molecules

+ HOMO is the corresponding out-of-phase linear combination of zirconocene
1a, orbitals and engaged in =-bonding with a * orbital of the N; ligand

— reminiscent of group 4 transition metal imido complex
and suggests significant Zr=N character

twisted ground state structure allows opposite phase 1ay zirconocene orbitals

to overlap with the orthogonal lobes of the N, «* molecular orbital, imparting
siginificant imido character into the Zr-N bonds and thereby enabling 1,2-addition
of Hg

frontier molecular orbitals of
(n5-CsMegH)2Zr]o(uam?m?,-Ny)

other examples of dinitrogen hydrogenation with Hy : Fryzuk et al. Science, 1997, 275, 1445.
J. Am. Chem. Soc. 2007, 129, 10895.



dinitrogen dissociation on an isolated surface Ta atom Taoufik, Basset, Quadrelli et al. Science, 2007, 317, 1056.

# cleavage of dinitrogen at 250 °C and 1 atm by dihydrogen on isolated silica surface-supported tantalum hydride centers

# mechanism is distinct from others (enzymatic and artificial organometallic N activating system)

b

1ot
1a.b — o\

<1 bai

>95% conv. 3 days
nitrogen content: 1.34%
determined by solid-state
NMR, EXAFS, IR

|

extended x-ray absorption fine structure
A synthesis of 1a and 1b C synthesis of [(=Si0),Ta(=NH)(NH3)]
# the reaction of 1 with N, was studied by in situ IR
proposed reaction mechanism
H
1a !
o/Ta N diazenido andfor . 1
\ ? hydrazido complex \V + Ta(Ny) stretching band (2280 cm™') suggest
Si ; n
Si R
end-on coordination of N
‘{/l hf\‘m/j . 0 ~ HN IHz ’
o i i Intermediate with Lr::ﬁrrr;} ;S ‘:2: He A
L, — dinated Ng HEdoet | w—wmi .
“ Ha coordinated Ng N-M pend order 10/ a‘\o + upon heating, v = 3400 cm™! (TaN,H,) and
! L ] ;
b " Si trace amount of final product appeared
Hee ‘; P v {NN) = 2280 em! wiNH=307emt AN /]5‘\ 4 e
o + ' s
o} A A= OV i . .
& ?_ - & + addition of H, resulted in formation of 2
[S ISF\ v {NH,} = 3500, 2461, 3375 cm-T
R y + IR spectral evidence is consistent with the
H\ ) '/-~ H " H\? i formation of diazenido and/or hydrazido
e Nz e -—‘Nl - Ta"’ -
S 5 /ra\O o /Ta\o o Ng complex
intermediates t 5|E I :éi ,!
with coordinated Ny: 8i Si 3 :
: R AN -y '\W v o4 Do + does not require extra proton or electron
- o source
H H B N,
A N Y \ + Ta-promoted heterolytic cleavage on a Ta
y NH .
N H\H\ /f‘ Ho ,7" dinitrogen adduct or unprecedented N,
2 A Ta : =
i W o ™oy PN o Fi\Q o7 ™ insertion in a Ta-H bond?? — unclear
with reduced Si ? 5'[, ? & S;l S‘Isl S‘Zl
N-N bond order: 1
NN B nﬁcda‘ /l“\"":\,{?i . //:-\“A(Im,\w, s e AN /Lﬂ}m{/\

+ generally, multimetallic coorperation is needed for N» activation (exception: Schrock's mononuclear Mo complex)

+ surface organometallic approach yields isolated Ta'"V centers protected against bimetallic decomposition by the
the strong and inert siloxy bonds to the rigid silica surface

+ highly uncordinated, electronically unsaturated, highly thermally stable, isclated Ta

— enabling cleavage of N=N
+ involving both nitrogen atoms during the reduction



C-N bond formation using N, as a nitrogen source

the first C-N formation using N»

s 2. H:0 il ” (11 Vol'pin et al. J. Chem. Soc., Chem. Commun., 1968, 1038.
R iR=H. Me &tc ) 2659, H

natural product synthesis

CITi=NTMS

[ N=N ClTIN(TMS )z
; T\{O Pri, L M {TI’.'”:!I:‘
[ . jTr-.aSCI i
(] Y e Compleses], s [ u Mori et al. J. Org. Chem. 2001, 66, 7873,
e /_g&_o . ik 1 il Bull. Chem. Sac. Jpn. 2004, 77, 1655.
‘ L 1"\‘, ‘.Nf"l:v__;_ . 7___}.\?-5 /' sy P
Y iR W i ~
3 SO B " come SRR
Dry air  58% Cl- * using preformed Ti-imido, and -amido complex
pumiliotoxin C
R R
L——N==H ——do mewmrv/
X
2H N /H
. . ) N L M=N—N
= limited to the reaction with electrophilic agent N
/F} f‘-‘-‘-‘ﬁ’
O=C [
\P MGQ/A\G)\OME
2+ /n L A
E..,,M_N'—N:C\ LyM==N—N
reaction with terminal alkyne Fryzuk et al. J. Am. Chem. Soc. 2004, 126, 9480. A =
Si Si Si
‘p'-a-—-ﬁ" N-=SiTr b gt N""S'—’ displ tof N tb ided
% + displacement o must be avoide
Ph™" \Z{/ “~en Ph™ \ l/ “ph P 5
& + one acetylide as a bridging unit
N/i}N 2 ArC==CH H i I s s A
—— (5 ’;N C==CAr
\/ toluene Ar” "“":EC !/
N-—-Sh—- “-'""Slg.._ N—__,g-_
L.—- "‘":SI '
silylrnethyl groups ommed for clarity

# lack of kinetic isotope effect using Ar D — initiation is not deprotonation of acetylenic proton

- [PaNa
[P2No] P2N2] \ [PoNg] Ar
Zr Zr ~— \ Z,‘——A § fast //
NoN AT=—HO N H | slow (- s e ) C=C-Ar
\Z’;’ \z’; \Z/r cleavage of Zr-C bond by Ar"c-“:-:c .
[PoN,] [PoNo] [PoNy) protonation with the second \
e 272 22 equivalent of terminal alkyne

P N
cycloaddition of alkyne zircona-aza-cyclobutene [ 2Nel
across a Zr-N bond

reaction with isocyanate Chirik et al. J. Am. Chem. Soc. 2006, 128, 10696.

+ reaction of 1-N, with alkyne
~ zirconacycle and Ny loss

+ reaction of 1-N, with PhNCO
complex mixture and N, loss

1Ny M =2r Cbserved for Zr only + ligand-induced side-on, end-on
2-Ng M = HI isomerization (using, PMeg, only for Zr)




+ hafnium congener
+ shorter Hf-N bonds and elongated N-N linkage
2-Ny — < 4 blue-shifted LMCT band relative to 1-N, —> suggesting increased imido character in the M-N bond

Ligand to Metal Charge Transfer

PhCO
cycloaddition

t-Bu———H

C=0 insertion into the o=
newly formed Hf-N bond

a + no cycloaddition with alkyne

non-metal system for N, fixation Uemura, Nishibayashi, Yoshida et al. Nature, 2004, 428, 279.

# water-soluble Cgg/y-cyclodextrin (1:2) complex and light under 1 atm Np

N, (1 atm)
sodium bisulphite visible light ~ NHj
(NapS,04, 100 eq.) * 1 "H,0,60 °C (33%)

+ simple mixture of Cgp and cyclodextrin
didn't produce NHg

W

| 40 . 1 T 5 + high-pressure mercury lamp (450W)
8 oy . OO b gave 45% vyield
‘4\ ’ Ouf OO ) ; NS0 A a
Y " I J R &>
N g o H X P
"W T S

H,O/toluene

118 °C bicapped buckminsterfullerene 1

buckminsterfullerene + y-cyclodextrin

mechanistic investigation

+ 1 has strong absorption in the UV region and weaker but significant bands in the visible region

+ charge transfer between N, and reduced and excited 1 (exciplex formation) is probably involved

+ cyclic voltammogram of 1 in H,O —— reversible wave at —-0.61V (Cgp/Cgp7) and irreversible wave at —1.09V (Cgg/Cgo°")
+ IR and NMR spectra were not informative

+ N, coordinate to the surface of the Cgy molecule in 1 in end-on mode

10



