Classics in the synthesis of 1,2-disubstituted adamantane derivatives
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Are there still synthetic challenges?
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Synthetic approaches to 1,2-disubstituted adamantane derivatives

1. Through the construction of the adamantane framework
1.1 Protoadamantane route
1.2 Noradamantane route
1.3 Bicycloalkane route
1.4 Total synthesis
1.5 Diamondoids (separately presented)
2. Through the directed C—H functionalization of the adamantane framework
2.1 Insertion reactions of electrophilic organic species
2.2 Hydrogen radical abstraction reactions
2.3 Carbometalations (C—H activation with transition metals)

2.4 Hydride shift
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Construction of the adamantane framework: protoadamantane
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Construction of the adamantane framework: noradamantane

OH OH o

Torres, E.; Fernandez, R.; Miquet, S.; Font-Bardia, M.; Vanderlinden, E.; Naesens, L.; Vazquez, S. ACS Medicinal Chemistry
Letters 2012, 3, 1065.

Moss, R. A.; Sauers, R. R.; Sheridan, R. S.; Tian, J. Z.; Zueyv, P. S. Journal of the American Chemical Society 2004, 126, 10196.
Stoelting, D. T.; Shiner, V. J. Journal of the American Chemical Society 1993, 115, 1695.
Ohga, Y.; Takeuchi, K. Journal of Physical Organic Chemistry 1993, 6, 293.

Sosnowski, J. J.; Rheingold, A. L.; Murray, R. K. Journal of Organic Chemistry 1985, 50, 3788. >



Construction of the adamantane framework: bicycloalkane
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Construction of the adamantane framework from monocyclic compounds
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Opening and reconstruction of the diamantane framework
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Synthesis of starting materials
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Pb(OAC),, |» base
—_—
benzene 82%
reflux
Lenoir, D. Synthetic communications 1979, 9, 103.

Cl
1. NaOCI/H,O/AcOH base
OH . .
2. CCly, reflux O 40% 0O

Black, R. M.; Gill, G. B. Chemical communications 1972, 972.
OH 0
p-PhSO,CI/Py

y

OH benzene, reflux

Muraoka, O.; Wang, Y.; Okumura, M.; Nishiura, S.; Tanabea, G.; Momose, T. Synthetic communications 1996, 26, 1555.

O
[j . _d N
—t O
N toluene, reflux
H
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Directed C—H functionalization reactions

Insertion reactions Radical reactions
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Insertion reactions

J=o

@) N5 hv @) N 0]
—_— " —_—
cyclohexane 45%
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chloroform 86%
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Insertion reactions
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AdOCONH, + 1.3 eq. PhI(OAc),

2.6 eq. MgO J\ 1 mol%
CICH,CH,CI 0 "_\o == Rhy(OAc),
70 °C ~ I
0 Rh—Rh 0
1 ST i
A
0~ N ph 0" N\
J\ oAl ] 80%
Phl o —~0
/Th Rh=—= @)

Hrdina, R.; Larrosa, M.; Logemann, C. Journal of Organic Chemistry 2017, 82, 4891. 12



Insertion reactions

1 mol% O //O
Rh,(OAc), 70
> NIPh

PhI(OAc), MgO
CH,Cl, 40 °C

O
z—cn/
T N
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72%-96%

Hrdina, R.; Metz, F. M.; Larrosa, M.; Berndt, J. P.; Zhygadlo, Y. Y.; Becker, S.; Becker, J. European Journal of Organic
Chemistry 2015, 6231.
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Insertion reactions

_‘Boc  2mol%
PPh3, DIAD h Rh,(esp)s NH
OTs .
é\ tBocNHOTs 2 eq. TFA
t, THF TFE, rt, 77%
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o)
NS 1 eq. CuSO4
PhH, reflux, 67%
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Insertion reactions

Q o) o)
PO(OEt),
o PO(OEt), o
N Rh,(Oct), 1. K'OBu
2 —_— ’
CH,Cl, CH,CI,/THF

2. (CH,0)y; 79%

Lloyd, M. G.; D'Acunto, M.; Taylor, R. J. K.; Unsworth, W. P. Tetrahedron 2015, 71, 7107.

O 3 mol%
Rh,(OAc),

’
CH,Cl, 22°C
65%

N2

(rac)-single diastereomer

Nicolaou, K. C.; Stepan, A. F; Lister, T.; Li, A.; Montero, A.; Tria, G. S.; Turner, C. |.; Tang, Y. F.; Wang, J. H.; Denton,
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Insertion reactions

y IPhOTf SOAr SOLAr
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NaSO,Ar :

—_— —

CH,Cl, 82%

20 °C

Williamson, B. L.; Tykwinski, R. R.; Stang, P. J. Journal of the American Chemical Society 1994, 116, 93.

T™MS N, THF

Li 2h, rt 80%

Zheng, J. C.; Yun, S. Y.; Sun, C. R.; Lee, N. K.; Lee, D. Journal of Organic Chemistry 2011, 76, 1086.
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Insertion reactions

™S Br
o F 1.5 eq. NBA o

5 mol% IPrAuCl

y

10 mol% AgSbF
CH,Cl, (0.05 M), rt

NAu]

79%

Br

Wang, Y. L.; Zarca, M.; Gong, L. Z.; Zhang, L. M. Journal of the American Chemical Society 2016, 138, 7516.

17



Insertion reactions
0 0
7’ 7’
1. NH,CH,CH,NMe,/CuOTf oH
y ol
2.0,
3. HCI/H,0: 50%
step 2 I B | ]
l,\l/ l/\N/
[} O 'l
N~-. ' 2 - HO)
2 7T — > ZN=-cy—0 -
acetone '_I
O /CU‘~~N/
© /N\/l ©
TfO I 2 TfO
| B | \-
o N
- ® N 2
% 0 > T
-O—Cum P H N
| 2 Tfoe 2 Tfoe

Becker, J.; Zhyhadlo, Y. Y.; Butova, E. D.; Fokin, A. A.; Schreiner, P. R.; Forster, M.; Holthausen, M. C.; Specht, P.;

Schindler, S. Chem. Eur. J. 2018, early view.

18



Hydrogen radical abstraction reactions

1.3 eq. .

OH OPb(OACc);3 (@
Pb(OAc)4 ( HAT
 — — ) e
benzene H.
reflux, 3 h Pb(OAc);

OH OH - Pb(OAC), 0
N . .
r Pb(OAc)s - HOAG

Pb(OAC); 88%

Lunn, W. H. W.; Podmore, W. D.; Szinai, S. S. Journal of the Chemical Society C-Organic 1968, 1657.

OH ) 0O
Pb(OAc),/CO
—_— —_— 0
PhH, 40 °C 67%

Tsunoi, S.; Ryu, |.; Okuda, T.; Tanaka, M.; Komatsu, M.; Sonoda, N. Journal of the American Chemical Society 1998, 120, 8692.
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Hydrogen radical abstraction reactions

2 mol% CeCl, B - o
OH O
10 mol% nBu,4NCI E]OC
> — ~
NHBoc
BocN=NBoc 67%
CH3CN, blue LED’s L -

Hu, A. H.; Guo, J. J.; Pan, H.; Tang, H. M.; Gao, Z. B.; Zuo, Z. W. Journal of the American Chemical Society 2018, 140, 1612.

hv - - OH

SPh .
- O
o 0 BusSnH S
+ —_— —
10 eq. PhH 42%

Petrovic, G.; Cekovic, Z. Organic Letters 2000, 2, 3769.
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Hydrogen radical abstraction reactions

hv

2 s Phi(OAC),
— >
HO I, CgHqa

reflux

>

O

95% o

Spitz, U. P.; Eaton, P. E. Angewandte Chemie-International Edition in English 1994, 33, 2220.

CCl,

HNY

)

3 eq. NIS

_

DCE, 110 °C

O

T

CCls

HNe_ ~CCl3
Y

o
83%

Mou, X. Q.; Chen, X. Y.; Chen, G.; He, G. Chemical Communications 2018, 54, 515. 21



Hydrogen radical abstraction reactions

o, O _ -
O,N SN 10 mol% Cu(TFA), NsN NsHN
Br

10 mol% phen

> e

3 eq. NBS 71%
3 eq. TMSN3
DCE, 60 °C

Liu, T.; Myers, M. C.; Yu, J. Q. Angewandte Chemie-International Edition 2017, 56, 306.

NHCOPMP NHCOPMP
./R 0]

Q a. N
58%

a) 2 mol% [Ir(dF(CF3)ppy).(5,5°-d(CF3)bpy) PFg,

5 mol% NBu,OPO(OBu), 0.2M PhCF; blue LEDs, rt
R=NHCOPMP=NHCO(p-OMe-Ph)




Hydrogen

radical abstraction reactions
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Me Me

PMP

P I—=

Proton
transfer

)L W\/COME

ﬁ Me Me ©

Electron
transfer

COMe

Choi, G. J.; Zhu, Q. L.; Miller, D. C.; Gu, C. J.; Knowles, R. R. Nature 2016, 539, 268.

C-Cbond ™
formation Me Ir (i)

O
@ hy H
(1)} PMP)J\ Tl/\/Y
H Me Me
‘BB 1
Concerted
PCET
O
J\ H—B
w PMP
H I}
Me Me

Hydrogen-atom
transfer

H—B

)LfﬁM,\ﬁMe

Z > CoMe

CF,
R1
| R
" 0 \N —
F Imm
F.C LN =
I R,
Vi
F{1
F F
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Hydrogen radical abstraction reactions

Ph
4
Tos
lil N
Tos COOMe MeOOC
+ a | 63%
COOH > - >
Ph

a) 20 mol% Ag(NO3), 1.5 eq. K,S,05 MeCN/H,0 2:1;

Lv, L. Y.; Li, Z. P. Journal of Organic Chemistry 2017, 82, 2689.



Hydrogen radical abstraction reactions

Fs;C @)
Y hv

OH
O

—O0
— CE —
@ Meok b © | oo cocF;

¢
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Marron, N. A.; Gano, J. E. Synthetic Communications 1977, 7, 515.
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Hydrogen radical abstraction reactions

Ar OH
unAr
Ar hv 0 -
* 'H +
—_— —
solid state 10%
| _ (cis) (trans)

needles: cis/trans 26:74
plates: cis/trans 0:100

Evans, S.; Omkaram, N.; Scheffer, J. R.; Trotter, J. Tetrahedron Letters 1985, 26, 5903.



Hydrogen radical abstraction reactions

Basaric, N.; Horvat, M.;
10, 3965.

@) hv
E—
acetone

82%
OH —_—

OjNLO @) N OH
T B i\ —
@)
HN HN
—
@)
OH

Mlinaric-Majerski, K.; Zimmermann, E.; Neudorfl, J.; Griesbeck, A. G. Organic Letters 2008,
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Carbometalations

— - i :
P'Pr, o Pr\P’I PrL
S0°C \Ir/Hz
IrH(N,) ——
CeD12
=L, 66%

Society 2010, 132, 8921.

Millard, M. D.; Moore, C. E.; Rheingold, A. L.; Figueroa, J. S. Journal of the American Chemical

\
P
~ 215 °C P\Pt/(ISH
Pt (CHg)y —> 3 + CH,
CeD12
i “Ho 64%
Hackett, M.; Whitesides, G. M. Organometallics 1987, 6, 403.
C
KsPO, dioxane R,
+ PdCl,(COD) > PdCl -
PCy> 100 °C, 53% v
Cy
28

Gerber, R.; Blacque, O.; Frech, C. M. Chem.Cat.Chem. 2009, 1, 393.



Carbometalations

[\ N. N
N. N
IS YIS
:/CI Ru
RU_ t t 7 | -
o | BuCOOAg BuCOO !
: > O
O THF, rt, 10 min. -/
i / Pr
Pr 59%
B BE:
[\ CMD
Y
A
Ri=
]
]
]
]
O
/

Cannon, J. S.; Zou, L. F; Liu, P;; Lan, Y.; O'Leary, D. J.; Houk, K. N.; Grubbs, R. H. Journal of the American Chemical

Society 2014, 136, 6733.
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Carbometalations in catalysis

@)

4 AMS (30 g)
DMA, 13%

’
. H N 10 mol% Pd(OAc), NHQ
4 eq. BQ _
N . SIMeg
110 °C, Ar, 12 h

10 eq. Me3Si-SiMej

Pan, J. L.; Li, Q. Z.; Zhang, T. Y.; Hou, S. H.; Kang, J. C.; Zhang, S. Y. Chemical Communications 2016, 52, 13151.

R F
H 10 mol% Pd(TFA), O ~NHArE
Os_ _N CF
3 50 mol% PPhy Ar
+ >
F F 3 eq. CsF R
R S eq. ArX hexane, 120 °C K

g R= H, CHa; X= 1, Br up to 72%

Lao, Y. X.; Wu, J. Q.; Chen, Y. Y.; Zhang, S. S.; Li, Q. J.; Wang, H. G. Organic Chemistry Frontiers 2015, 2, 1374.
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Carbometalations in catalysis

=z
o H | 5 mol% Pd(OAC)2 @) NHCH2Py
NS
N 1.3 eq AgOAcC Ar
+ >
1.5 eq Ar-| HFIP, 110 °C
/ up to 87% R/

Larrosa, M.; Heiles, S.; Becker, J.; Spengler, B.; Hrdina, R. Advanced Synthesis & Catalysis 2016, 358, 2163.

5 mol% Pd(OAc),

H Z | 10 mol% CuBr, NHPA
N \N 4 eq. CsOAc Ar
+ >
0

140 °C, 48 h

4 eq. Arl = OMe 'AmOH
74%

Coomber, C. E.; Benhamou, L.; Bucar, D. K.; Smith, P. D.; Porter, M. J.; Sheppard, T. D. Journal of Organic Chemistry 2018,
83, 2495-2503 31



Carbometalations in catalysis

O NHR

R= CH,Py

12 mol% Pd(OAc), O NHR NHR
2 eq. Phl(OAc), OAc AcO,, OAc
1 eq. AcOH
0.5 eq. KOAC
- +
5.7 eq. Ac,0O ®) NHR NHR
p-xylene AcO OAc OAc
130 °C, 18 h

Larrosa, M.; Zonker, B.; Volkmann, J.; Wech, F.; Logemann, C.; Hausmann, H.; Hrdina, R. Chemistry-a European Journal

2018, 24, 6269.
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Carbometalations in catalysis

R F
H
O N CF3
TIPS
F F
t
2eq. Br
Et
| X
=

ligand N Me

10 mol% Pd(OAc),
1 eq. AgOAc @) NHArg TIPS

4 eq. KHCO;, //

-
_

10 mol% ligand
CH,Cl,, 100 °C, 36 h
53%

Fu, H. Y.; Shen, P. X.; He, J.; Zhang, F. L.; Li, S. H.; Wang, P.; Liu, T.; Yu, J. Q. Angewandte Chemie-International

Edition 2017, 56, 1873.

33



Carbometalations in catalysis

H Z 10 mol% PdCl,(MeCN),
Me N \N 1.5 eq. Ag,CO3 Me NHPA
O o 2 eq. Boc-L-ILeu-OH> Ar ‘\\Ar
PhCHs;, 100 °C, 24 h
up to 91%

2eq. R R=0Me, CI

Fan, Z. L.; Shu, S. Q.; Ni, J. B.; Yao, Q. Z.; Zhang, A. ACS Catalysis 2016, 6, 769.
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Carbometalations in catalysis

20 mol% Pd(OAc),
0.33 eq. Mo(CO)g
ST 1.5 eq. AgOAc

N 2 eq. BQ, HFIP
110 °C, 18 h, 33%

Y

(I)I pr
NN

O

Hernando, E.; Villalva, J.; Martinez, A. M.; Alonso, |.; Rodriguez, N.; Arrayas, R. G.; Carretero, J. C. ACS Catalysis 2016, 6, 6368.

Me 10 mol% Pd(OAc),
0.75 eq. Ag,O
1.6 eq. LIOAC

+ o

0.83 eq. LiOTf
1.5eq. TFA
HFIP/AcOH
110 °C, 24 h

Me \

N/N

Me = Arl3eq.

Gulia, N.; Daugulis, O. Angewandte Chemie-International Edition 2017, 56, 3630.

Ar

Het

Het

Ar:
(30%) +

Ar
Het

Ar:

(16%)

(41%)
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Carbometalations in catalysis

TfOe
@
MeOzC I CO2Me

1.5 eq. xx
5 mol% Pd(OAc),

Me N | Me NQ
=~ OMe 2 eq. Ag2CO3 ~ OMe
Ar
+ '
0.6 eq. PivOH
Arl= CO,Me DCE/HFIP (3:1)

95°C,10 h, 47%

Peng, J.; Chen, C.; Xi, C. J. Chemical Science 2016, 7, 1383.

anode cathode
Pd(OAc), NaOAc
NG . AN, NaOAc HOAc No AN
~Z 0 3Ph ~Z 0 3Ph
HOAc OAGC

-
v

divided cell, (Pt)-(Pt)
1.5 mA, 90 °C, 24 h
49%

Yang, Q. L.; Li, Y. Q.; Ma, C.; Fang, P.; Zhang, X. J.; Mei, T. S. Journal of the American Chemical Society 2017, 139, 3293.
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Carbometalations in catalysis

0,
\N/ 5 mol% @/\N/
[SC(CH2C6H4NM62-O)3]
+ ’
@ @ 5 mol%
4 eq. [Ph3C][B(CgF5)4]
toluene, 24h, 70°C; 88%

Nako, A. E.; Oyamada, J.; Nishiura, M.; Hou, Z. M. Chemical Science 2016, 7, 6429.

_ _ 4
SN\ @ © SM
1SC--/ BAr-4
-__H,
\N/\ ® O
L N— = Sc BAr4
/ R
_ _
SN\® 0O NM
’SC'- BAr4 L -
---H
\-—
3 N -




Hydride shift

@) Cl @) \ Me
Me 1 eq. AgBF,4 E
+ >
| | DCE, -40°C, 15 min
50%
©
O BF,4
X
@ Me
H

Kanishchev, M. I.; Smit, V. A.; Shchegolev, A. A.; Rodionov, A. P.; Caple, R. Bulletin of the Academy of Sciences of the USSR
Division of Chemical Science 1979, 28 (4), 778-784.
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Almost there
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State of the art
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Ro,N-Me  S.pe
@ * ¥ ”' N * W
[ScR*] > RN 'R*  (R* = CH,CgH4NMe,-0)
A \—H
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