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Synthesis of sumanene and hetera-sumanene

LI Xuefeng, YANG Peng, WANG Wenbo

(School of Chemistry and Environment,Southwest Minzu University , Chengdu 610041, China)

Abstract : Buckybowls display unique structural and optoelectronic features as compared to planar polycyclic aromatic hydrocar-

bons, and they are key building blocks for organic functional materials. Heteroatom incorporation to m-framework is an efficient

route to modify its inherent properties,because the structure and properties of the resultant hetera-buckybowls are greatly influ-

enced by the heteroatoms’ nature.In this review,we will introduce the advances in synthetic strategies toward sumanene frame-

works , especially focusing on doped sumanene with heteroatoms.
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Fig. 13 Synthesis of triiodosumanene 28

Cu (0.1eq.)
tetralin, 200 °C
—_—

25% from 29
58% from 30

1]
[
1]
(]

Cu, tetralin

31

Te
Kl (9 eq.) n-BuLi (13.2 eq.)
Cul (1.2 eq.) Me,SiCl, (15 eq.)
L*(2.4 eq.) THF/toluene (1:1)
DMSO, 70 °C, 20 h -78°Ctor.t.

73% 8%

B 14 FIAMRARBE 2B HMESMEAURESE

Fig. 14  Transformation of 28 into various hetera-sumanenes
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B15 MAERSHELIREARUHERE

Fig. 15 Heterasumanenes co-doped with sulfur and carbon group elements

n-BuLi (2.2 eq.) i) PhPCI, (5 eq.), THF P(NMe,);
TMEDA, hexane -78°C to h (5.0eq.)
—_—
60°C,3h ii) Sg (10 eq.), 1t 14 h toluene
OBu reflux, 5h BuO
22, X=S 39a, X=S (25%) 39b, X=S 63%)
23 X =Se 40a, X = Se (41%) 40b, X = Se (81%)
BuO  OBu BuO, OBu ] BuO  OBu BuO, OBu
T O n-BuLi (2.2 eq.) T O i) PhPCl, (5 eq.), THF Te 6 T P(NMe,) Te 6 T
¢ /°  TMEDA, hexane ¢ ) /e 78°Ctort,4h Ny (5.0 eqz.)3 Dk
. -30 °C, 30 min . i) Sg (10 eq.), r.t, 14 h . toluene .
s ii) Sg. o)y Pl
BuO 0B BuO fol:! . BuO O C OBu reflux, 5 h BuO: O C 0Bu
BuO & OBu BuO Ui Li OBu BuO p{_  ©OBu BuO P OBu
- / =S |
Ph Ph
24 41a 41b
B 16 &SBFUEERKE39~41
Fig. 16  Synthesis of heterasumanenes 39~41
BuQ OBu BuQ OBu
BuQ OBu
o, v )~
) sl 4o sl g
BuO OBu
BuO OBu BuO OBu
BuO OBu N N
HBT R R
43a, R=nPr (46%, 3 steps) 44a, R=nPr (36%)
i) n-BuLi (2.2 eq.) 43b, R = Mes (52%, 3 steps) 44b, R = Mes (37%)
TMEDA (2.2 eq. ;
83% | hexane 6(0 ‘,Ce% )h i) n-BuLi (6.0 eq.) i) n-BuLi (6.0 eq.)
iiy 1, (2. 2 eq.) THE TMEDA (6.0 eq.) iii) Cu nanopowder TMEDA (6.0 eq.)
782°C.to Tt 14h hexane, 60 °C, 3h | (80-100 nm, 10.0 eq.) hexane, 60 °C, 3 h
o ii) Se powder (6.0 eq.) 180°C,2h ii) Te powder (6.0 eq.)
78°Ctort, 14 h 78°Ctort, 14 h
i) n-BuLi (6.0 eq.)
BuQ OBu amine (2.2 eq.) BuQ OBu TMEDA (6.0 eq.) BuQ QOBu
Pdj,(dba)s (50 mol%) hexane, 60 °C, 3 h
O P(o-tolyl)s (4.0 eq.) ii) S powder (6.0 eq.) S S
t-BuONa (5.0 eq.) . 78°Ctort, 14 h .
—_— —_—
. 110°C,2h ii) Cu nanopowder O O
BuO O O OBu BuO O OBu (80-100 nm Buo OBu
10.0 eq.)
BuG L OBU BuO N OBu 230°C, 3 h BuO N OBu
R R
46
45a, R=nPr (42%) 42a, R=nPr (13%, 3 steps)
45b, R = Mes (36%) 42b, R = Mes (16%, 3 steps)

B 17 BMAURERE42-44
Fig. 17  Synthesis of heterasumanenes 42 ~44
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for 48a
SIHCI; (0.5 eq.)
THF, -78°Ctor.t.
then reflux, 12 h
for 48b
SiCl, (0.5 eq.)
THF,-78 °Ctor.t.
then reflux, 12 h

47a:R=Bu
47b: R = Et GeCly (0.5 eq.)
n-BuLi (2 eq.) THF, -78 °Ctor.t.

TMEDA (2 eq.) then reflux, 12 h

hexane, reflux, 3 h

RO OR

- QOQ .

RO

SnCl, (0.5 eq.)
THF,-78°Ctor.t.
then reflux, 12 h
S e

Li Li

18 AMERER

48 ~50. 5% W7~ , 48 ~ 50 AN HLHEAE L LT A0 H
FEEHAPRE RS T, XA « i EoA 1%
e

»

[e]

o o o o o o

RO

(%)

48a (13%): R = Bu
48b (15%): R = Et

RO.

RO

mOm

49a (14%): R = Bu
49b (16%): R = Et

»

pe :oe

OR

[

50a (51%): R = Bu
50b (24%): R = Et

o
2

ZHINENEER 48~50

Fig. 18 Synthesis of spiro-type heterasumanenes 48~ 50

T, A ) B R ZH S A R T — R AR TR MR
WICER LRI B (18] 19) DLECRAT e ol
B RIREER I 2 AL 3R B (11 20) % 1 5 RS
I ETF A B i PR-45 B S0 o 5 B A0 9%, 16 9% HBT
R JERL, G R ) 51 K 52, S A I T iRoT R
LR IR A i) 2580 53 ~ 555 Bl m , i/l
BB FIRE LA T 9 HBT S i, 2 2 40 5 s 2 A
ﬁéﬁﬁ%uﬂ%ﬁ%%%é% 56.56 ﬁj‘%ﬂ%ﬁlﬂﬂ%’iﬁ%

HBT (R = nBu)

i) n-BuLi (2.2 eq.)
TMEDA (2.2 eq.)
n-| hexane 60°C,3h

u) CO,, THF
-78 th rt.

m?%ﬁ%ﬁi’%ﬂc BZATR T HA Tk IR
INGER B2k KW 57 ~ 59, FRBUE Bos , M T
Ao 53, AT WRIREE R (1) 41 57, FL W 4
TR B Wi BB (20 0.82 A) 7
58 i F I FIE U, i1 T Jahn-Teller 2007, 43
%WWI FAb R BRI IR R R 22 7. b
s %i’%@% 57 ~59 HYBRIREEFG X 4310 JLAnr 44 78 A
SERL A R,

E’/
RO OR

QQ o

Me Me
52 (76%, 3 steps)

It

i) MeMgCl (3.0 eq.)
THF,-78°Ctort,3h
i) TFA (3.0 eq.)
E'.sslH (3.0 eq.), DCM

HI) n-BuLi (1.5 eq.)

THF, -78 C 05h RO
iv) Mel (excess)
-78°Ctort, 14 h

(70%)
i) n-BuLi (6.0 eq.)

TMEDA (6.0 eq.)

i) n-BuLi (6.0 eq.) ii) § powder (6.0 eq.)
TMEDA (6.0 eq.) THF,-78 °Ctor.t, 14 h
n-hexane, 60 °C, 3 h | iii) Cu nano powder (10.0 eq.)
230°C,3h

i) n-BuLi (6.0 eq.), TMEDA (6.0 eq.) ihexane
. 60°C,3h
n-hexane, 60 °C, 3 h ii) Te powder
ii) Se powder (6.0 eq.), THF ;
v (6.0eq.)
-78°Ctort, 14 h THF, -78 °C to rt.
jiiy Cu nano powder (10.0 eq.), 180 °C, 2 h “ian
OR RO OR

Me Me
53 (14%, 3 steps)

Me Me
54 (38%, 3 ste|

o QOQ o

Te 0 Te
o4

RO & OR
Me Me

ps) 55 (53%, 2 steps)

B 19 EREHERIES3~55

Fig. 19  Synthesis of h

eterasumanenes 53 ~ 55
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i) n-BuLi (2.2 eq.)

RO OR TMEDA (2.2 eq.) RO OBu
n-hexane, 60 °C, 3 h
Q ii) CO,, THF Q
78°Ctort.
$ 0N o el $2
o )L on ro{ ) Y-on
RO OR RO OR

HBT (R = nBu) O 51

| |

i) HBT (1.0 eq.), n-BuLi (2.2 eq.)
TMEDA (2.2 eq.)
n-hexane, 60 °C, 3 h

ii) 51 (1.2 eq.), THF
78°Ctort, 14 h
iii) TFA (3.0 eq.), DCM

hexane, 60 °C, 3 h
-

-—
i) Te powder (12.0 eq.)

i) n-BuLi (10.0 eq.)
TMEDA (10.0 eq.)
hexane, 60 °C, 3 h

RO

i) S powder (12.0 eq.)
THF,78°Ctort, 14 h
i) Cu nano powder
(20.0eq.),230°C,3h

i) n-BuLi (10.0 eq.)

TMEDA (10.0 eq.) RO

ii) Se powder (12.0 eq.)
THF,78°Ctort, 14 h
i) Cu nano powder
(20.0 eq.), 180 °C, 2 h

RO

i) n-BuLi (10.0 eq.)
TMEDA (10.0 eq.)
hexane, 60 °C, 3 h

RO

RO
THF,78°Ctort, 14 h

59 (35%, 2 steps)

B 20 BIREMEIRNEEE 57~59 MWEMK
Fig. 20  Synthesis of spiro-type heterasumanenes 57 ~59
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