Uncatalyzed Carboboration Reactions of Alkynes, Allenes and Olefins

Max Hasenbeck
AG Gellrich
Seminar talk 25% February 2022

Institute for Organic Chemistry
Justus-Liebig University, Giessen




Uncatalyzed carboborations

- addition of a borane to a double or triple bond

- direct formation of a new C-C and C-B bond
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- activated substrates and/or very Lewis acidic boranes




1,1-Carboborations

Wrackmeyer et al. (1977)

R Et H
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G. Menz, B. Wrackmeyer, Z. Naturforsch. B1977, 32, 1400-1407; C. Chen, G. Kehr, R. Frohlich, G. Erker, J. Am. Chem. Soc. 2010, 132, 13594-13595; 6
M. M. Hansmann, R. L. Melen, M. Rudolph, F. Rominger, H. Wadepohl, D. W. Stephan, A. S. K. Hashmi, J. Am. Chem. Soc. 2015, 137, 15469-15477.



1,1-Carboborations

Erker et al. (2010)
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G. Menz, B. Wrackmeyer, Z. Naturforsch. B1977, 32, 1400-1407; C. Chen, G. Kehr, R. Frohlich, G. Erker, J. Am. Chem. Soc. 2010, 132, 13594-13595; 7
M. M. Hansmann, R. L. Melen, M. Rudolph, F. Rominger, H. Wadepohl, D. W. Stephan, A. S. K. Hashmi, J. Am. Chem. Soc. 2015, 137, 15469-15477.



1,1-Carboborations

Hashmi et al. (2015)
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G. Menz, B. Wrackmeyer, Z. Naturforsch. B1977, 32, 1400-1407; C. Chen, G. Kehr, R. Frohlich, G. Erker, J. Am. Chem. Soc. 2010, 132, 13594-13595; 8
M. M. Hansmann, R. L. Melen, M. Rudolph, F. Rominger, H. Wadepohl, D. W. Stephan, A. S. K. Hashmi, J. Am. Chem. Soc. 2015, 137, 15469-15477.



1,2-Carboborations

Fukushima et al. (2016)

Cl Ph
. Ph _Cl
B + ph—=—pp, DCE.80°C_ =B
87%
Melen et al. (2015)
Studer et al. (2021)
R. L. Melen, L. C. Wilkins, B. M. Kariuki, H. Wadepohl, L. H. Gade, A. S. K. Hashmi, D. W. Stephan, M. M. Hansmann, Organometallics 2015, 34, 4127-4137; C. You, M. Sakai, C. G. Daniliuc, K. Bergander, 9
S. Yamaguchi, A. Studer, Angew. Chem. Int. Ed. 2021, 60, 21697-21701; Y. Shoji, N. Tanaka, S. Muranaka, N. Shigeno, H. Sugiyama, K. Takenouchi, F. Hajjaj, T. Fukushima, Nat. Commun. 2016, 7, 12704.



1,2-Carboborations

Fukushima et al. (2016)

Melen et al. (2015)
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40 - 99%
Studer et al. (2021)
R. L. Melen, L. C. Wilkins, B. M. Kariuki, H. Wadepohl, L. H. Gade, A. S. K. Hashmi, D. W. Stephan, M. M. Hansmann, Organometallics 2015, 34, 4127-4137; C. You, M. Sakai, C. G. Daniliuc, K. Bergander, 10
S. Yamaguchi, A. Studer, Angew. Chem. Int. Ed. 2021, 60, 21697-21701; Y. Shoji, N. Tanaka, S. Muranaka, N. Shigeno, H. Sugiyama, K. Takenouchi, F. Hajjaj, T. Fukushima, Nat. Commun. 2016, 7, 12704.



1,2-Carboborations

Studer et al. (2021)

. Ar,  BCl, Ar_  Bpin
N —— in situ — pinacol —
N———R +Ar—BCl, =
RO.S generated R—N\ R NEt, R—N\ R
2 SO,R SO,R
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38 - 91% yield
R. L. Melen, L. C. Wilkins, B. M. Kariuki, H. Wadepohl, L. H. Gade, A. S. K. Hashmi, D. W. Stephan, M. M. Hansmann, Organometallics 2015, 34, 4127-4137; C. You, M. Sakai, C. G. Daniliuc, K. Bergander, 1 1
S. Yamaguchi, A. Studer, Angew. Chem. Int. Ed. 2021, 60, 21697-21701; Y. Shoji, N. Tanaka, S. Muranaka, N. Shigeno, H. Sugiyama, K. Takenouchi, F. Hajjaj, T. Fukushima, Nat. Commun. 2016, 7, 12704.



Cyclization of arylallenes

S DCM-d __DCM-dy,
* B(CeFs)s r.t., 45 rr12|n CGF5 ' ©/\/\B(C6F5)z

46% 23%
in situ in situ

M. Hasenbeck, F. Wech, A. Averdunk, J. Becker, U. Gellrich, Chem. Commun. 2021, 57, 5518-5521; 12
X. Tao, C. G. Daniliuc, D. Dittrich, G. Kehr, G. Erker, Angew. Chem. Int. Ed. 2018, 57, 13922-13926.



Cyclization of arylallenes

— DCM-d,,
" BCoFels s min cer ' ©M8<CGF5>2

46% 23%
in situ in situ

via hydroboration

6 + HB(CGFS)Z

M. Hasenbeck, F. Wech, A. Averdunk, J. Becker, U. Gellrich, Chem. Commun. 2021, 57, 5518-5521;
X. Tao, C. G. Daniliuc, D. Dittrich, G. Kehr, G. Erker, Angew. Chem. Int. Ed. 2018, 57, 13922-13926.
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Cyclization of arylallenes: Scope
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M. Hasenbeck, F. Wech, A. Averdunk, J. Becker, U. Gellrich, Chem. Commun. 2021, 57, 5518-5521. 14



Cyclization of arylallenes: Scope
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M. Hasenbeck, F. Wech, A. Averdunk, J. Becker, U. Gellrich, Chem. Commun. 2021, 57, 5518-5521.

15



Cyclization of arylallenes: Scope .
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Cyclization of arylallenes: Mechanism

X
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M. Hasenbeck, F. Wech, A. Averdunk, J. Becker, U. Gellrich, Chem. Commun. 2021, 57, 5518-5521. 17



Cyclization of arylallenes: Mechanism
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PCM(DCM)-revDSD-PBEP86-D4/def2-QZVPP//PCM(DCM)-PBEh-3c

M. Hasenbeck, F. Wech, A. Averdunk, J. Becker, U. Gellrich, Chem. Commun. 2021, 57, 5518-5521. 18
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Cyclization of arylallenes: Mechanism

S ©
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M. Hasenbeck, F. Wech, A. Averdunk, J. Becker, U. Gellrich, Chem. Commun. 2021, 57, 5518-5521.
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Cyclization of arylallenes

\ Me Me
/©/\ * MeB(CeFs) GOID"%M3d
iPr

2 equiv. 30% (8:1)

M. Hasenbeck, F. Wech, A. Averdunk, J. Becker, U. Gellrich, Chem. Commun. 2021, 57, 5518-5521; 21
D. J. Parks, W. E. Piers, G. P. A. Yap, Organometallics 1998, 17, 5492-5503.



Cyclization of arylallenes

+ —_— +
/©/\ |\/|eB(CG|:5)2 50 °C, 3 g iPr iPr

2 equiv. -78 °C - r.t. 30% (8: 1)
3h
70%

iPr

CIB(CgFs), + MeMgBr

M. Hasenbeck, F. Wech, A. Averdunk, J. Becker, U. Gellrich, Chem. Commun. 2021, 57, 5518-5521; 22
D. J. Parks, W. E. Piers, G. P. A. Yap, Organometallics 1998, 17, 5492-5503.



Cyclization of arylallenes

/©/\ + MeB(CeFs) 60D°%M3d "o e

2 equiv. -78°C -r.t. 30% (8: 1)
3h
70%

iPr

CIB(CgFs), + MeMgBr

How can we transfer a variety of different substituents via carboborations?

M. Hasenbeck, F. Wech, A. Averdunk, J. Becker, U. Gellrich, Chem. Commun. 2021, 57, 5518-5521; 23
D. J. Parks, W. E. Piers, G. P. A. Yap, Organometallics 1998, 17, 5492-5503.



Cyclization of arylallenes

X B(CgF5)2
+ — =

5 min
quant.

+ HB(CgF5);

y

M. Hasenbeck, F. Wech, A. Averdunk, J. Becker, U. Gellrich, Chem. Commun. 2021, 57, 5518-5521; 24
D. J. Parks, W. E. Piers, G. P. A. Yap, Organometallics 1998, 17, 5492-5503.



Cyclization of arylallenes

1,2-carboboration

Ph
©/\ " ©/\/B(C6F5)Z DCM. 16hy D
60°C Ph B(CeFs)2
T 5 min 66%
quant. in situ
Z

+ HB(CgFs),

M. Hasenbeck, F. Wech, A. Averdunk, J. Becker, U. Gellrich, Chem. Commun. 2021, 57, 5518-5521;
D. J. Parks, W. E. Piers, G. P. A. Yap, Organometallics 1998, 17, 5492-5503.
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Cyclization of arylallenes |

Ph | AN Ph | X
X B(CgxF5) > =
©/\ N ©/\/ 6' 5/2 Mﬂ» NS —N> X [}]@
60 °C oh B(CeFs), Ph g(Cer)z
5 min 66% 48%
quant. in situ
=
+ HB(CgF5);
M. Hasenbeck, F. Wech, A. Averdunk, J. Becker, U. Gellrich, Chem. Commun. 2021, 57, 5518-5521; 26

D. J. Parks, W. E. Piers, G. P. A. Yap, Organometallics 1998, 17, 5492-5503.



1,2-Carboboration of arylallenes
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M. Hasenbeck, F. Wech, A. Averdunk, J. Becker, U. Gellrich, Chem. Commun. 2021, 57, 5518-5521; 27

D. J. Parks, W. E. Piers, G. P. A. Yap, Organometallics 1998, 17, 5492-5503.



1,2-Carboboration of arylallenes: Mechanism

TAG [kcal mol™]

Ph

Ph B(CsF5)2
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PCM(DCM)-revDSD-PBEP86-D4/def2-QZVPP//PCM(DCM)-PBEh-3c

A. Averdunk, M. Hasenbeck, T. Miiller, J. Becker, U. Gellrich, Manuscript submitted 28



1,2-Carboboration of arylallenes: Mechanism
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1,2-Carboboration of arylallenes: Scope

[~ Ph
PH

HB(CgFs)2 1.2 equiv. AN
Ph——= e X B(CgF : 4
DCM, rt,, P S B(CoFsl —Hegnr B(CeFs)2
30 min rt.oreo°c  Ph
A. Averdunk, M. Hasenbeck, T. Mdiller, J. Becker, U. Gellrich, Manuscript submitted; C. Chen, G. Kehr, R. Fréhlich, G. Erker, J. Am. Chem. Soc. 2010, 132, 13594-13595; 30

C. Chen, T. Voss, R. Frohlich, G.Kehra, G. Erker, Org. Lett. 2011, 13, 62-65; X. Tao, C. G. Daniliuc, D. Dittrich, G. Kehr, G. Erker, Angew. Chem. Int. Ed. 2018, 57, 13922-13926.



1,2-Carboboration of arylallenes: Scope

— = Ph h
ph/_ 5 equiv. Ph-|
HB(CgxF 1.2 iv. AN 19 X
Ph—— (CeFs)2 > _NUB(CoFs), equiv Pd(PPhs)s (5 mol%) __
DCM,rt, ~ Ph DCM, 24 h B(CsFs), THF / NaOH Ph
30 min rt.or6o°c  Ph 70°C, 7 h Ph
52%
A. Averdunk, M. Hasenbeck, T. Mdiller, J. Becker, U. Gellrich, Manuscript submitted; C. Chen, G. Kehr, R. Fréhlich, G. Erker, J. Am. Chem. Soc. 2010, 132, 13594-13595; 3 1

C. Chen, T. Voss, R. Frohlich, G.Kehra, G. Erker, Org. Lett. 2011, 13, 62-65; X. Tao, C. G. Daniliuc, D. Dittrich, G. Kehr, G. Erker, Angew. Chem. Int. Ed. 2018, 57, 13922-13926.



1,2-Carboboration of arylallenes: Scope

—_— A .
A ' 5 equiv. Ph-|
HB(CgF5)2 1.2 equiv. X Pd(PPhs), (5 mol%) X
Ar——=— > _\_B(CsF > >
DCM, ., A X B(CeFs)2 DCM, 24 h B(CeFs), THF / NaOH
30 min rtor60°C  Ar 70°C, 7 h Ar
allenes
Ph Ph Ph Ph
N A X X
Ph Ph Ph Ph
Ph
alkyl MeO F
52% 64% - 73% 39% 73%

3 substrates

Ph

A. Averdunk, M. Hasenbeck, T. Miller, J. Becker, U. Gellrich, Manuscript submitted; C. Chen, G. Kehr, R. Frohlich, G. Erker, J. Am. Chem. Soc. 2010, 132, 13594-13595;

C. Chen, T. Voss, R. Frohlich, G.Kehra, G. Erker, Org. Lett. 2011, 13, 62-65; X. Tao, C. G. Daniliuc, D. Dittrich, G. Kehr, G. Erker, Angew. Chem. Int. Ed. 2018, 57, 13922-13926.
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1,2-Carboboration of arylallenes: Scope

—= A Ar
A ' 5 equiv. Ph-|
HB(CgF5)2 1.2 equiv. X Pd(PPhs), (5 mol%) X
Ar—== > __B(CsF > >
DCM, rt, A X-B(CeFs)o DCM, 24 h B(C¢Fs), THE / NaOH Ph
30 min rtor60°C Al 70°C, 7 h Ar
alkynes
alkyl X
X
X N Ph h
Ph Ph O Ph
® ® |
alkyl iPr iPr
46 - 52% 58 - 60% 39% 36%
X =F, Cl, Br

3 substrates
> < .\v
R D4
o O b
| T Vo = e W e o\ A
/l;_‘g/é ; \,//Q‘_,f/-/(“-‘} - Ari’:% | if}/"

A. Averdunk, M. Hasenbeck, T. Miller, J. Becker, U. Gellrich, Manuscript submitted; C. Chen, G. Kehr, R. Frohlich, G. Erker, J. Am. Chem. Soc. 2010, 132, 13594-13595; 33
C. Chen, T. Voss, R. Frohlich, G.Kehra, G. Erker, Org. Lett. 2011, 13, 62-65; X. Tao, C. G. Daniliuc, D. Dittrich, G. Kehr, G. Erker, Angew. Chem. Int. Ed. 2018, 57, 13922-13926.




1,2-Carboboration of arylallenes: Scope

= A

Ar ' 5 equiv. Ar-I

HB(C4F5)2 1.2 equiv. X Pd(PPhs), (5 mol%) X
Ar—— > __B(CsF > »
DCM, ., A X-B(CeFs)2 DCM, 24 h B(CqFs), THF / NaOH
30 min rtor60°C  Ar 70°C, 7 h Ar
aryliodides
Ph Ph Ph

Y C ()
iPr iPr Ph

54% 39% 48%

Ar

A. Averdunk, M. Hasenbeck, T. Miller, J. Becker, U. Gellrich, Manuscript submitted; C. Chen, G. Kehr, R. Frohlich, G. Erker, J. Am. Chem. Soc. 2010, 132, 13594-13595;

C. Chen, T. Voss, R. Frohlich, G.Kehra, G. Erker, Org. Lett. 2011, 13, 62-65; X. Tao, C. G. Daniliuc, D. Dittrich, G. Kehr, G. Erker, Angew. Chem. Int. Ed. 2018, 57, 13922-13926.
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1,2-Carboboration of arylallenes: Scope

f— Ar Ar
Ar 5 equiv. Ar-l
HB(CgF 1.2 iv. AN Pd(PPh 5 19 X
e (CeFs)2 > N B(CoFs) equiv. (PPh3)4 (5 mo /0)>
DCM, r.t, ~ Ar DCM, 24 h B(CgFs), THF / NaOH Ph
30 min rtor60°C  Ar 70°C, 7 h Ar
Ph
BPin
BPin O
1.1 GQUiV. HB(C6F5)2
2. 1.2 equiv. p-iPr-phenylallene
. I—— X
3. 5 equiv. Ph-| A oh
5 mol% Pd(PPh
I o PAEPR)s B(CoFs) O
O iPr
iPr 41%
in situ generated
l—“i‘ﬂ)\
Van
L‘/
T _ —
//\ / "-r -
%\%\ / -
'// / "
A. Averdunk, M. Hasenbeck, T. Miller, J. Becker, U. Gellrich, Manuscript submitted; C. Chen, G. Kehr, R. Frohlich, G. Erker, J. Am. Chem. Soc. 2010, 132, 13594-13595; 35

C. Chen, T. Voss, R. Frohlich, G.Kehra, G. Erker, Org. Lett. 2011, 13, 62-65; X. Tao, C. G. Daniliuc, D. Dittrich, G. Kehr, G. Erker, Angew. Chem. Int. Ed. 2018, 57, 13922-13926.



1,2-Carboboration of arylallenes: Scope

[ Ar
Ar 5 equiv. Ar-|
HB(C4F 1.2 equiv. X Pd(PPh 19 XN
e (CoFs)2 > _N\UB(CoFs), equiv. d(PPhs)s (5 mol%) __
DCM, rt., — Ar DCM, 24 h B(CgFs), THF / NaOH Ph
30 min rt or60°C  Ar 70°C, 7 h Ar

1. 2 equiv. HB(CgF5)2

2
3. 5 equiv. Ph-I
5 mol% Pd(PPh3)4

1:1 mixture of racemate and meso

A. Averdunk, M. Hasenbeck, T. Miller, J. Becker, U. Gellrich, Manuscript submitted; C. Chen, G. Kehr, R. Frohlich, G. Erker, J. Am. Chem. Soc. 2010, 132, 13594-13595; 36
C. Chen, T. Voss, R. Frohlich, G.Kehra, G. Erker, Org. Lett. 2011, 13, 62-65; X. Tao, C. G. Daniliuc, D. Dittrich, G. Kehr, G. Erker, Angew. Chem. Int. Ed. 2018, 57, 13922-13926.



1,2-Carboboration of arylallenes: Scope .

alkynylboranes

Ph
N Ph;B(C F )
. - 6' 5/2
X 2 B(CoFs)2
DCM-d,, 14 h, 60 °C
58%
in situ
A. Averdunk, M. Hasenbeck, T. Mdiller, J. Becker, U. Gellrich, Manuscript submitted; C. Chen, G. Kehr, R. Fréhlich, G. Erker, J. Am. Chem. Soc. 2010, 132, 13594-13595; 37

C. Chen, T. Voss, R. Frohlich, G.Kehra, G. Erker, Org. Lett. 2011, 13, 62-65; X. Tao, C. G. Daniliuc, D. Dittrich, G. Kehr, G. Erker, Angew. Chem. Int. Ed. 2018, 57, 13922-13926.



1,2-Carboboration of arylallenes: Scope

alkynylboranes

Ph
\_ Ph————— B(C6F5)2
X > B(CsF5)2
DCM-d,, 14 h, 60 °C
58%
in situ
oxidation o
N Ph
r
HB(CeFs)2 1.2 equiv. X H,0,/ NaOH AN
Ph—= > X B(CgF g g
DCM, r.t, © Ph” ~B(CeFs): DCM, 24 h B(CgFs), THF 0
30 min 60 °C Ph rt., 5 min Ph
46%
A. Averdunk, M. Hasenbeck, T. Miller, J. Becker, U. Gellrich, Manuscript submitted; C. Chen, G. Kehr, R. Frohlich, G. Erker, J. Am. Chem. Soc. 2010, 132, 13594-13595; 38

C. Chen, T. Voss, R. Frohlich, G.Kehra, G. Erker, Org. Lett. 2011, 13, 62-65; X. Tao, C. G. Daniliuc, D. Dittrich, G. Kehr, G. Erker, Angew. Chem. Int. Ed. 2018, 57, 13922-13926.



Tetramerization of alkynes

ph X~B(CeFs)2  + ph—== >

M. Hasenbeck, T. Miller, A. Averdunk, J. Becker, U. Gellrich, Chem. Eur. J. 2022, 28, e202104254. 39



Tetramerization of alkynes

only one diastereomer
formation of 5 new C-C bonds

P XxB(CeFs)2 + ph—== DCM. rt. o,

42 h B(CeFs)2

M. Hasenbeck, T. Miller, A. Averdunk, J. Becker, U. Gellrich, Chem. Eur. J. 2022, 28, e202104254. 40



Tetramerization of alkynes

only one diastereomer
formation of 5 new C-C bonds

ph/\/B(Cer)z + Ph—= DCM, r.t. -

42 h B(CeFs)2

DCM
rt.,48 h

HB(CgF5), + 5 Ph—

56% in situ
41% isolated

M. Hasenbeck, T. Miller, A. Averdunk, J. Becker, U. Gellrich, Chem. Eur. J. 2022, 28, e202104254. 41



Tetramerization of alkynes: Scope

HB(C¢Fs), + Ar—— DCM, r.t.

42 h B(C6F5)2

5 equiv.
( q ) r Ar

55% 53% 38% 43%
O\
@)

32% 46% 53% 50%

all yields determined in situ by gNMR

M. Hasenbeck, T. Miiller, A. Averdunk, J. Becker, U. Gellrich, Chem. Eur. J. 2022, 28, €e202104254. 42



Tetramerization of alkynes: Scope .

Pd(PPh3), (5 mol%), 5 eq. Ar-l,
ag. NaOH/THF, 70 °C, 20 h

» Ph
- A O
S
81% 98%

M. Hasenbeck, T. Miller, A. Averdunk, J. Becker, U. Gellrich, Chem. Eur. J. 2022, 28, e202104254. 43



Tetramerization of alkynes: Scope |

4 Ph
H,O,, 1 eq. NaOH T
B(CeFs)2 5 min, r.t. > tho

H Ph
H,0,, 4 eq. NaOH A
5 min, r.t. > Ph‘@:O
Ph
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Tetramerization of alkynes: Scope

B(CeF5)2

AcOH
1h, r.t.

wn T -

86%

M. Hasenbeck, T. Miller, A. Averdunk, J. Becker, U. Gellrich, Chem. Eur. J. 2022, 28, e202104254. 45



Tetramerization of alkynes: Deuterium experiments

,;é % :1

Ph

I
W
(@)
o))
o
N
Y
i
0
be
2
(@)
()]
o
N
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Tetramerization of alkynes: Deuterium experiments

4 Ph——
/
H
Ph————-~D>D HB(CGF5)2> Ph)\(B(CGFS)Z
D
\ > Ph
4 Ph———H
—H
H 4D X/
5
Ph)\(B(Cer)z >

M. Hasenbeck, T. Miiller, A. Averdunk, J. Becker, U. Gellrich, Chem. Eur. J. 2022, 28, €e202104254. 48



Tetramerization of alkynes: Mechanism ~ 190

Ph
Ph Ph oh
— — B(CsFs)2
ph -B(CeFsla -ooonen > ot — o e > pn B(CgFs),
sequence of 8-m-conrotatory Ph
1,2-carboborations electrocyclization
rearrangements

[B]

M. Hasenbeck, T. Miller, A. Averdunk, J. Becker, U. Gellrich, Chem. Eur. J. 2022, 28, e202104254. 49



Tetramerization of alkynes: Mechanism

TAG [kcal mol™"]

PCM(DCM)-revDSD-PBEP86-D4/def2-QZVPP//PCM(DCM)-PBEh-3c

M. Hasenbeck, T. Miiller, A. Averdunk, J. Becker, U. Gellrich, Chem. Eur. J. 2022, 28, €e202104254. 50



Tetramerization of alkynes: Mechanism

TAG [kcal mol™]

e i
Ph_\\':f\B(C‘SFF’)Z N\ B(CeFs)2

=
I"H = —Ph

Ph

-7.4 \_

-34.9
B(CeFs)2

Ph AG = 22.6 kcal mol?

PCM(DCM)-revDSD-PBEP86-D4/def2-QzZVPP//PCM(DCM)-PBEh-3c

M. Hasenbeck, T. Miller, A. Averdunk, J. Becker, U. Gellrich, Chem. Eur. J. 2022, 28, e202104254. 51




Tetramerization of alkynes: Mechanism

: *[B]
B pn I E Ph—=
Ph /ﬁ : -88.5 :
A= e e e e
H Ph
Ph
-89.1
-105.9
-109.9 P
Ph Ph o -134.9
— — Ph
—/ N Ph ] ’
PH PH bh Ph B]
Ph Ph

PCM(DCM)-revDSD-PBEP86-D4/def2-QZVPP//PCM(DCM)-PBEh-3c
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Tetramerization of alkynes: Mechanism

Ph Ph il -134.9
— — B Ph
— _/" Ph [B] :
PH PH Ph Ph [B]
Ph b,

PCM(DCM)-revDSD-PBEP86-D4/def2-QZVPP//PCM(DCM)-PBEh-3c

M. Hasenbeck, T. Miiller, A. Averdunk, J. Becker, U. Gellrich, Chem. Eur. J. 2022, 28, €e202104254.
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Tetramerization of alkynes: Mechanism :

Ph
Ph H
Ph
Ph Ph B —
Ph B&c.F Ph B(CesFs)2
( 6 5)2 Ph
vinylcyclopropane-
rearrangement
HH Ph
~ +
Ph P

M. Hasenbeck, T. Miller, A. Averdunk, J. Becker, U. Gellrich, Chem. Eur. J. 2022, 28, e202104254. 54



Cyclooctatetraene

1,1-carboboration
CeFs

B
DCM-d
© + HB(C6F5)2 oV r.t.2 '

CeFs

rac
main component
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Cyclooctatetraene

1,1-carboboration
CeFs

B
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Cyclooctatetraene

1,1-carboboration
CeFs

B
DCM-d

CeFs

rac
main component

First mechanistic proposal on paper

C6F5 /C6F5
HB(CsFs)2 B(CeFs)2 ° lo B
TR - - B CqFs | g
H B(CsFs)2
® ® CeFs
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Cyclooctatetraene

PCM(DCM)-revDSD-PBEP86-D4/def2-QZVPP//PCM(DCM)-PBEh-3c
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Cyclooctatetraene

1,1-carboboration

R=C.F
-28.7
CsFs
@i
PCM(DCM)-revDSD-PBEP86-D4/def2-QZVPP//PCM(DCM)-PBEh-3c CoF

T. Miiller, M. Hasenbeck, J. Becker, U. Gellrich, unpublished results 59



Cyclooctatetraene

CeFs

/7
DCM-d, B
+ HB(C6F5)2 ov ri '

CeFs

How are these mechanisms related?

DCM

HB(CcF —
(CeFsl2 + 5 Ph i, 48N

[B]
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