R T N—T
(TN—T1Y —H— . B i)



FETNVI=U LT TRAI—LEMDER L X DHEE - YIEDOAEH

CARACE, FatelyiEd, RMiE—, MHEREH, FHEERM

FCRAEHT

NEBEVEBREFZTALE-ABTZILEI DL SR 2—LEPVDOERE RIGHE

Fox ITREADRIED T LS =0 MEERETH D VTV A2 ArAIFAIAr BT 5058417 - T
BO, AL L UEKREROT LI =0 MEAW 1 & OIEAIEFUG L, DTV A 2 2 OFfife
BEHBZDHZENL, L2 OFMEE L TORINMEEZFF>Z L 2B 602 LT % (Scheme 1)
W, SEFL L, 1 e ZEFEE ORISERGE LTc, 700 1 2 HWIZKE S F OISR %
%MLK@Tﬁ%ﬁéo

Scheme 1
A AI —CGHG Ar\ Trapping reagents . MegSi on SiMes
r\ I Al=Al Trapping products Me Si}\©/LSiMe
~— \ of dialumene 2 ¥ 3
g Ar R
2 Ar{R =H, t-Bu)

& 1kt L, A AHHELE LTNN-UAFL-4-7 2 /Y P (DMAP) F7-0% 1,3,4,5-
TRIATFNANAIZS =24 VT (Im-Mey) ZERSETLEZA, 1 LA REREDOER 3
INERINTAER L, ST LD T4 A A S 4 1315 5720 > 7= (Scheme 2),
PEIR 3 ZINENT H Z & CTRBE L 7= _X B U ORENRONTZN, BRUE LT TV A 86K 4 D
BAEZMERT HDITITES o1,

Scheme 2
m/Ar L Al A o -Me
Ar = e Ar complex
'y CACp R T AI AI N:>—NMe2 V=
hexane, rt L 70 °C mixtures L Me Me
7 = —CeHs
! 3 4 DMAP Im-Me4

— . A AFIRL LT -7 F A VT = R4 Scheme3

A tBu tBu
ERESETBRITE, A VT = RO ZEBEBEITL 5o A " amane N-czc-N

. SAr —_———— 3 Ar. | | L

T TNFEREREO(ILEY 5 NSO A hexane, rt L’AI AI\Ar
(Scheme 3P, ARSI, t-7F LA VT =FA1 1 5(%0)

D Al-Al FEE TR L7 e 6 Zf8H L THE T L _tBu
TEY., BRWITITZ 1 O AAlc fESETIT L - T N A
2 tBUNC Ar

Cc.,~ 2 BuNC

AVYT = RBRELSN T RE L bDEEZ DD P

LBTE D, LAY L LhDA V2T = FE DS Aﬁ
ZOVTHHETHET D TETH D, 8 (L = 1BuNG)
{Lam 1 & MCT by PRI AR LIt e 25 k%S

T L ORIGHER - LRETETL, Y FrT7VI=T A AT A, H
(La T AERIICAHNS 2 L &L LT (Scheme 4),  Ars, AT Hallam o 5P g
KBS, 1 P BFAE LT A A Y 2 KRS FEIEIHE 403 TP W

TLHLIETHETLEDDEEZBND, 1 7



BREBRTIVE—ILDERE RIGED R
AR, BRTHR 4n kG T ThHLRE—L

Scheme 5 thf
(RTvr7uxvgyxy) OREBREO M Mes _ T e
N o . E Li —
RIS SN TG, Fa—hof Brs — e o R *?k
JE W o B RICET 2 EANERERN TH B Bt Li
D, BT NVI=V AR BN FTHLT VE= geop o A Mes
JNZOWTIIZERMLE & L COERHEET  10F =Ga) 1 (F = Ga)

HRINTWholz, BAEFNESEWERLTHD 246-F) -7 F L7 == /LH (Mes*k)
HEANTHIETRERTNVE—ILBDORRICHII L, SHIZ8 XY FULETLTHI LTIV
E—VERD B FEILLINEYT =4 9NERTHZ L2 R LTS (Scheme 5), [RIERD
FIEIC LT, HU wAEBEK 10 BEI O 1L IOV T HARKEITV., & EH 13 TN o 48

REFEERTHZ L TE
TuEEAEALL I-7TeETILE—L

ZRMENRIRST DL EZH BN

SE

- o

/-, TAI=u s kI

Scheme 6

Bi
12 DA E RISHICONTHHE L T Br e g g B JH
HE AENE 12 LT AR LORIGICD BAh B ——— . B~ NoEt
\5\—/{ 60 °C Et Et &N L
WTTHET 5, Et’ ‘Et £ Et et Et
1-7aET)E—)L 12 & 3-~F U E 12 13 14
ARG ST 2 A, ~AF T & "
Ty 13 & 17~y ru /) Ee— gt Et_Al_Et = R
24687 F 7 (TIE=V) 14 Hf5 EtMEt
5i7= (Scheme 6)P), (LA 14 13 13 7T Bt _Et

FRrEEh~Ta= DO TOEITHY |

BRI 8 R EHTH Z & HZOMEECHEIZIZB LA -5, fidmT Tk, 141357
FREHEPBET L &R E L TFEEL, AMafn 9 BROBREAITER L CEEIZEATLIEFE
IS A & > Tz, 14 T 3RIR P ICRB W T b it & Bl L 729K 9 BEREEZFF>Z &0
RIZEINTEY, 8 ZRE L TOMEIIAEIRWEEZLND, {LAEW 1314 1%, 12 D AI-C
I 3TN ALTAEL D 7 BRILAEY 15 2 BoPKRE LTER LI D LB X
bid, ThbbH, 15 06— li7 /v I = AMEFFE AIBr 2 ECHINEET 5 Z & T 13 2%, 15 1T
H) =TT DINFUUNFHATHIETUPRERTHEEZ LS,

(&35 ik

[1] a) Agou, T.; Nagata, K.; Sasamori, T.; Tokitoh, N. Chem. Asian J. 2014, 9, 3099. b) Nagata, K.; Agou,
T.; Tokitoh, N. Angew. Chem. Int. Ed. 2014, 53, 3881. c) Agou, T.; Nagata, K.; Tokitoh, N. Angew.
Chem. Int. Ed. 2013, 52, 10818. d) Agou, T.; Nagata, K.; Sakai, H.; Furukawa, Y.; Tokitoh, N.
Organometallics 2012, 31, 3806.

[2] Nagata, K.; Agou, T.; Sasamori, T.; Tokitoh, N. Chem. Lett. 2015, 44, 1610.

[3] a) Agou, T.; Wasano, T.; Jin, P.; Nagase, S.; Tokitoh, N. Angew. Chem. Int. Ed. 2013, 52, 10031. b)
Agou, T.; Wasano, T.; Sasamori, T.; Tokitoh, N. J. Phys. Org. Chem. 2015, 28, 104.

[4] a) Wasano, T.; Agou, T.; Sasamori, T.; Tokitoh, N. Chem. Commun. 2014, 50, 8148. b) Agou, T.;
Wasano, T.; Sasamori, T.; Tokitoh, N. Organometallics 2014, 33, 6963.

[5] Agou, T.; Wasano, T.; Sasamori, T.; Guo, J.-D.; Nagase, S.; Tokitoh, N. Angew. Chem. Int. Ed. 2015,
54, 9568.



BRO 77— 1LY Ce WER~D/NyFHEA & B db X As AT

TR, ATHERR A EVES Y, AT RER

TURALHE Y, JST & X N0 2

77— L Ceol N 3.7 A D2kl b 6 Z D2/ Hy, HO D/ T4 WNET 50
ICERHERRE I TH D, b L, BHO/NgTF% BRI *B AT HZ ENTENT, MO
B ROMEEZNMGHIECE, £70, AR O ERITERE S Ny T OMNE é‘}lﬂ? T 5D

CHEIF D7 L 72D Z LIS N D, ma@mﬁ77 Lo @R TR D T20ITid. AR
D FEZANT T 7 — L A AR T, ORI /INyF « T2 NE _%J\L e
DB ZEET 2 &V O BRIEDHENULETH D, £ 2 TARIIFETIZ, EXBAAMEZ b
“377“1//(:60‘ BIRDONEBIZ N, 72 HNZ CO AT D Z & &2 HIIZLL T Ot 217> 7=,

Pt RO RN, B LI N FARS BB TE D RES DM AT A LS LN T
MENiz, 22T, T H0@L &H2ED 1 OIRAWEFEZET 100 °C THEA L., 1 ONERICAFTE
T ORGP FEBHNSETZ%, JBONTMRICEEDOER T A L EIRTHAI T, KIZ, HHH
- REA N 7o od 0 °C T NaBH, LS EE, 4 DOB VA= LVED I HD 1
ODIFHET LA —/L~EETE L2 (Scheme 1), Z @ OH F&i, WA SN 7= FE 4+ O i % 1
THAR Yy R=L L TCOBEE28F LT, SO AERMIT, N bFREOEWVIC LY 3FEHED
BAEY) (N,@2, HO@2, and empty 2) Th 5 Z & 230 > 72, HPLC (Buckyprep 7 7 A) Z W\ T
I DG BEE T LR, NE SN TWD 0+ OEW DR S, No@2 % B cx 7=,

ZOEMDORFERAFR L, X SR B 2 2o TR, EF0 I NME 2 o Rizfr
&L, EfhzZBoicmid cnsg Z ENHLNER -7 (Figure 1), [FERIZ, CO b 1 ONERIZ
WNETEDZ ENb2D, CO@2 DHAEMEE LI LN

Scheme 1

Making a stopper
1) NaBH4
2) H*

Th\ ,e:s- >’°“ ' : 103230 A | |

Figure 1. Smgle crystal X-ray structures of N,@2 and CO,@2. Ar groups are omitted for clarity.
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Trapping N, and CO; on the Sub-Nano Scale
in Confined Internal Spaces of Open-Cage Cg Derivatives
Tsukasa Futagoishi, Michihisa Murata, Atsushi Wakamiya, Yasujiro Murata

ICR, Kyoto University and JST PRESTO

Open-cage fullerenes exhibit specific and rigid structures based on bowl-shaped skeletons. If their
openings are sufficiently large enough for the targeted molecules to be encapsulated, these guest molecules
can be accommodated in the confined space on the sub-nano scale within these open-cage Cgo derivatives.
The formation of corresponding 1:1 host-guest complexes, consisting of an open Cg cage and a small
molecule such as He, H,, H,O, NH3, CH,4, CO, N,, or HF, has been reported previously. Based on the van der
Waals radii of these elements (C, 1.70 A; N, 1.60 A; O, 1.50 A) in the encapsulated species, the length of the
major and minor axes of N, can be estimated as 4.3 and 3.2 A, respectively. There is no report on the
encapsulation of CO,, with axes of 5.3 and 3.4 A, as the size requirements of CO, exceed the internal space
of pristine Cgo with a diameter of 3.7 A

Accordingly, it should be of great interest to study the encapsulation of CO, in suitable open-cage Cg
derivatives, and to investigate their dynamic behavior, both with regard to the size of the opening and the
internal space. However, in many cases the encapsulated species easily escape from the open-cage fullerenes.
Such an escape should become less likely, if either stable molecular complexes arise from attractive
interactions and/or the opening is contracted chemically. Herein, we report 1) the encapsulation of N, and
CO, within an open-cage Cg, 2) the molecular structures of these host-guest complexes, obtained from
single crystal X-ray diffraction analyses, and 3) the rotational and vibrational behavior of the encapsulated
molecules.

We have recently reported the synthesis of open-cage Cg 1 with a circular 17-membered opening,
which contains one sulfur atom on the rim. DFT calculations suggested that the barrier for the insertion of N,
through the opening of 1' with the tert-butyl groups replaced by the methyl groups is rather low (19.1
kcal/mol at the M06-2X/6-31G* level). We expected that making a "stopper" on the opening is necessary to
prevent release of the encapsulated molecule. By applying high-pressure gas of N, to a powder of 1 and the
subsequent reduction of one carbonyl group with NaBH, to construct a "stopper”, we succeeded in
synthesizing N,@2. To our surprise, CO, was also entrapped inside the cage of 2, although the size of CO, is
larger than that of the inner cavity of Cg. The IR spectrum of CO, trapped inside 2 exhibited only one sharp
band (v = 2334 cm™), indicating restricted rotation of entrapped CO,. The structures of 2 encapsulating N,
and CO, were unambiguously determined by single crystal X-ray analyses.
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