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Freedman’s reported octaphenylcubane synthesis

Melting Point: 133.5°C
Boiling Point: 161.6°C
Density: 1.29 g/cm3

Heat of Formation: 144 kcal/mol

Ph
AHy = 43kcal/mol @ Ph
® P

Strain Energy: 161.5 kcal/mol Ph
Decomposition: >220°C
Ph
Ph
Eaton and Cole’s Dimethyl 1,4-Cubanedicarboxylate Synthesis
(0]
NBS Br, Br Et,NH
CCly DCM/pentane Et,0, -20°C
Br 0-10°C Br Br 40% (3 steps)
Br o
COMe i. 50% aq. KOH, A
then acidic workup hv (Hg), MeOH, HCI
€ €
ii. MeOH, cat. H,SOy4, A Br then H,O, A
MeO,C 30% (3 steps) l
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Ph Ph
Ph Ph
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Synthesis of Cubane
o
Br
1,2-ethanediol
/ >
p-TsOH, benzene

Br

2

(6]
N 5 o 7
conc. HCI Br hv, benzene 0
7 — —
85% (2 steps) 95%
Br Br

Br

10% aq. KOH, A

95%
Br O/> O/>
Br
(0] o .
Br /> cumene, A i. SOCl, 0o
o B J— -
55% ii. tert-BuOOH, pyridine, Et,0O
t—BuOO"C\\ 95% (2 steps) HO,C
75% aqg. HQSO4, rt
90%
B \
' 25% aq. KOH, A CO2H i. SOCl, \C—'OOI"Bu diisopropylbenzene, A @
55% tert-BUOOH, pyridine, Et,0 % 30%
98%
Alternate synthesis of cubane ring system
(0] O
HH B HO,C
|l—l| Br B hv(Hg) O KOH (aq) 100°C 2
| + — || —_ CO,H
Fe(CO), Br 80% benzene Br 80%
HBr 80%
O (0]

J. Am. Chem. Soc. 1964, 86, 3157
J. Am. Chem. Soc. 1966, 88, 1328
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Chapman’s Synthesis of the Diester

(0]
/ \ / \ Br
o (o] 3 eq.Bry o (o) Na, methanol 0] (o)
> B B — Br | Tee > L
p-dioxane, 10°C - rt Br rt - reflux 76%
70% o Br
/
3% overall
conc. HCI
91%
CO,M Br (0] Br O I/\O
2V€ 1§ 50% aq KOH, A o}
ii. ag. HCI conc. HySOy, 1t ) hv (Hg; quartz) Br
e s -« 7
iii. CHoN,, Et,O Br 54% benzene, rt
MeO,C 10% (3 steps) Br 89% Br
0 o}
(0]
Tsanaktsidis’ Scalable Synthesis
Y 0
(0]
\ . \ Br Br
o_. ,0 3eq.Br, 14-dioxane o_ 0O . NaOH, MeOH H,S0,
- f — /4 /4
o Br
10°C - rt, 1 day \é<8r 5°C - reflux, 20h 25°C, 30h
80% (2 steps) o Br 93% Br
L/ 0
22% overall
Br CO,M
i. 30% w/v aq. NaOH, reflux, 3h 2Me
i. hv (Hg; pyrex) aq. MeOH, H,SO4 ii. aq. HCI, <5°C
o o
ii. H,O, reflux, 3h 5 iii. MeOH, H*-resin, reflux, 18h
r 30% (5 steps) MeO,C
0 J. Org. Chem. 1970, 35, 3860

2

Aust. J. Chem. 1997, 50, 189
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Synthesis of cubane ring form syn-tricyclooctadiene

FsC

hv
e
V pentane
48%

Me Me Me Me
Me Me hv Me Me
—_—
Me Me ‘Me
pentane Me
Me Ve trace Mé Me
hv
—_—
pentane
7%

F3;C CF; FsC CF;
F3C CF, hv F1C CF;
F3C CF3 .CF

pentane FsC 3
cF, 20% FoC ()

Tetrahedron Lett. 1994, 35, 4969
Angew. Chem. 1988, 100, 851

J. Am. Chem. Soc. 1976, 98, 4311
Angew. Chem., Int. Ed. 2007, 46, 4574

CO,H IBDA
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Cubyl Radicals

—_—

CBr,/ DCM HCI;/ DCM
Br 50% NaOH NaOH |
B R - @
24h, rt 36h, rt
(n-Bu)4NBr (10 mol%) 67%
75%
CCl,/ DCM
50% NaOH
50h, rt
(n-Bu)4NBr (10 mol%)
81%

Y

o
VO

2 @9&& - @ﬁ?—’ =

J. Am. Chem. Soc. 1992, 114, 10730
J. Am. Chem. Soc. 2001, 123, 1842
J. Am. Chem. Soc. 1988, 110, 7230
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Cubyl Cation Metalation and Transmetalation
o (e}
LiTMP (xs) CHZOD
. —_— } —_— N(iPr),
N(iPr), N(iPr), 39,
0SO,CF; MeOH OMe o
—_— Li
o]
0 LiTMP/HgCl, I
Experimental and Calculated Solvolysis Rates of N(PY) NP
Tertiary Tosylates in Acetic Acid at 70°C N(iPr), z 72 (P
(]
HgCl [
tosylate experimental calculated
tert-butyl 1 1
1-adamantyl 1073 107*
1-bicyclo[2.2.2]octyl 1077 10°®
1-norbornyl 10713 107
cubyl 1071 <107%
HgCl o I o
I2
N(iPr), T N(iPr),
HgCl |
J. Am. Chem. Soc. 1990, 112, 3225 Acc. Chem. Res. 1982, 15, 306
J. Am. Chem. Soc. 1985, 107, 724
) BrMg (@) R (@)
LiTMP/MgBr, ip or CO,
(iPr)oN N(Pr), =——3 (iPr)2N N(Pr), —— (iPr):N N(iPr),
e} e} MgBr fe) R
R =1(72%)

R = CO,H (90%)

J. Am. Chem. Soc. 1988, 110, 7234
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Transmetalation Cont.

O
1. LITMP/MgBr, =OEt, I, or H,O
(iPr)oN N(iPr), > B
2. Br
° @
R =1(25%)
R =H (53%)
J. Am. Chem. Soc. 1988, 110, 7234
Direct Deprotonation of the Cubane Ring C-H Insertion
HO,C 0 O
1. LITMP _
N(Pr), —— NPt e N(Pr)2
NC 2.CO, NC
CN 3. H0* CN HO,C CN
F3C 0 FsC o)
| |
B —— & = &
—_—— —_——
HO
o] 1. TMPMgBr/ HOLC (o)
(TMP),Mg 98% 95%
N(iPr —_— N(iP
NC (P 2.CO, NC (P2
CN 3. H;0" CN
90%

J. Am. Chem. Soc. 1989, 111, 8016 Org. Lett. 2009, 11, 3574
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Cubanes in Energetic Materials

(PhO),PONj3

HO,C

1. HCI
—_—m

t-BuOH, reflux
100%

AR

H,N

2. NaOH

Synthesis of Dinitrocubane

1. SOCI,, reflux
r N3

L=
HO,C

2. TMS-Ng, rt

m-CPBA, stabilizer J@,No2
© 0N

1,2-dichloroethane
reflux
40% (3 steps)

N

t-Bu
HO:©iMe
t-Bu S

stabilizer

OH

Me><(I)
Me %
acetone/H,0
78%

—

O,N

March 20, 2020

J. Org. Chem. 1984, 49, 185
J. Org. Chem. 1988, 53, 5353
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Synthesis of Tetranitrocubane

o o) COHg
1. LITMP/MgBr, 1. (COCl), 1. TMPMgBr
. > N(iPr), ——————— N(iPr), ————> N(iP
NC/®J(N('P”2 2.CO, 2. NHs (1) 2.CO, NC (Pr)2

85% COzH 99% CN 90% CN

CN o COHp 1. LiAIH,

1. SOCl, 1. TMPMgBr HO,C KOH HO,C THF, reflux

—_— > N(iPr) NP, T > N(iPr),
2.NHs; () NC 2 2 co, ? H,Orefux  HOC 2.Ac0
92% CN 77% 100% COH 89% (2 steps)
CH,0Ac 1. DMDO, acetone CH20AC CO2H 1. SOCl,/MeCN NOz
AcOH,C CHoN(iPr), 2.80CL acoHC H NaOH/KMnO, o ¢ 2.TMSN; o
AcOH,C 3 — AcOH,C 85% HO,C 3.A O2N
CH,OAC NaO—N / CH,OAC CO,H 4. DMDO, H,0 NO,
30%
S
4.hv t-BuSH
68% (4 steps)
Synthesis of Pentanitrocubane
NO, NO, NO,
O,N NaN(SiMe3)2‘ O,N Na N>O4 o O,N NO,
02N 02N 600/0 OZN
NO, NO, NO,

J. Am. Chem. Soc. 1993, 115, 10195
J. Am. Chem. Soc. 1997, 119, 9591
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Synthesis of Hexanitrocubane

O,N

Synthesis of Hepta- and Octanitrocubane

O,N
O,N

NO,
O,N

O,N
NO,

1.813g/cm3

NO,

NO,

Et;Pb NO
Et3PbN(SIM93)2 O,N PbEt;
—_—_—mmm
O,N
NO,
O,N NO,
4 x NaN(SiMe3), O,N NO,
N204 02N . NO2
740/0 N02
NO, O,N NO,
02N N02 02N N02
O,N O,N ‘NO,
NO, NO,
1.960g/cm3 2.028g/cm?®

OzN NOz
N204 O,N NO,
—_—_—mm
03 OZN
24% NO,
1. LIN(SiMe3), ON NO2
2. NOCl O,N NO,
—>
3.0, O,N ‘NO,
50% (3 steps) O,N NO,
CL-20
O2N NO, 0N N/Noz
O,N NO, N\ —N NG
ON ‘NO, OZN—N& 2
_N N\NO
02N N02 02N 2
1.979g/cm3 2.04g/cm?®

Angew. Chem., Int. Ed. 2000, 39, 401
Propell. Explos. Pyrot. 2002, 27, 1



Gabrielle Cabrera

Cubanes

March 20, 2020

Cubanes In Polymers

CH,Br allyllithium
/E] i' 2 > \/\J@/\/\
BerC Etzo

Iz

J@/C%H diamine
—_—
HO,C

- Ar—

i-Pr i-Pr
N
1l
t-BU\o-NI:O—
/O
t-Bu W
r
n
n=6.2
(0]
H
H Rh —Ar—
N H Ar—N
n 0

Macromolecules. 1996, 29, 1163
Polym. Bull. 1997, 38, 651
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Polymers Cont.

H,N HO,C
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Macromolecules. 2003, 36, 5435
Polym. Int. 2000, 49, 260
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Cubanes in Medicial Chemistry

2.79 A

- )

C
Br
Ph
NH, NHMe CONR,
H
Me Me N N 1? R,NOC
~N* Ph
o]
\o_

t-Bu
NC

Anti HIV activity

Antiviral Properties K+ATP channel agonist anticancer activity

NN

OMe —
OO r 9~
N/ d

5-HT, antagonist

CONR,

t-Bu

(0]

narcotic antagonist

U.S. Patent 3558704

NASA Conf. Pub. 1994, 127
Bioorg. Med. Chem. 1996, 4, 73
Nucl. Med. Biol. 2012, 39, 1086



