Friedel-Crafts Alkylation Reaction
Asymmetric Versions

Keith A. Korthals

When Pepsi started marketing its products
in China a few years back, they translated
their slogan, "Pepsi Brings You Back to
Life" pretty literally. The slogan in Chinese
really meant, "Pepsi Brings Your
Ancestors Back from the Grave."
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Figure 1. The increasing number of catalytic Friedel-Crafts procedures
published from 1991 to date.

Marco Bandini,” Alfonso Melloni, and Achille Umani-Ronchi* Angew. Chem. Int. Ed. 2004, 43, 550 —556.



Approaches Used

Polystyrene (1.000 g) was dissolved in

Scheme 5. Friedel-Crafts Acylation (Batch System) cyclohexane (20 mL) at

MC Sc(OTH, o 40 °C, and to this solution was added
QDME v AGO _ - powdered Sc(OT), (0.200
CHNO,, LIGIO, | . )
50°C, B h MeQ™ g) as a solid core. The mixture was

stirred for 1 h at this

temperature and then slowly cooled to O
°C. Coacervates were

found to envelop the solid core dispersed
in the medium, and

hexane (80 mL) was added to harden the
capsule walls. The

mixture was stirred at room temperature

151 use, 76% yeld; 2nd use, TE% yield; 3rd use, B1% yield

X b
t o for 1 h, and the capsules
““m Ar-H were washed with acetonitrile several
xX=0, NR ;”’f - times and dried at 50 °C.13,14
L
— —_|:'__

Scheme 1. Possible approaches in the asymmetric Friedel-Crafts
alkylation of aromatic compounds.

Shuj Kobayashi* and Satoshi Nagayama J. Am. Chem. Soc. 1998, 120, 2985-2986.



Epoxide Versions

Table 1. Reaction of Indoles with Epoxides?

. Reaction Fnluct, @5}34_ m —— g
Run Epoxide Idode S Yidtd ¢y N I

. 12 2 13
. |
o @] Ph, 1 kbar, 42 °C, 24h af
Fh 1 H H_f.:f I'? |1j A -:J[I] ’f-‘"ﬁ'q\ |—"'}\"”DH Oy, tt, 7 doys
la 10khar, 42| FHHH 2" 33 — | | ] | oPh
b SiCy, 1t, 7T ¢
A 10 ey, 42 0 24 b 56 (Y20 o)
B: 510, i, T dave By (R o)
16

- ~ 63 °C, 3 days
o<+ CDL — u J§ b SiOg, 1t, 10 dayn 10
1 N" Mo N" Me c 10 kbar, $i0,65°C, 3 days 21
3 d 10 kbae, $I02965°C, 3dnys 19
A 10 khar, 42°C, 24 b i ¢ 10 Kher, 8i0765°C, 3 days 25
b SiCh, t, 7 days Fit

T AN hagh-pressure reactions with 1 mmaol of epoxide and | mmal of indole in ca
1.3 mL of acetomitnle. All silica gel -catalyeed reactions with 1 mmod of eponide,
1 mmul of indole. and 500 mg of Wakogel-C300. " ¥ichds refer to pare isclated
compounnds © See ref 6 9 Wakoge! C-300 (300 me  mmol) € LOSH (500 my |
mmecl) L LC-SH (1000 mg { mmal),

Hiyoshizo Kotsuki,* Katsunori Hayashida, Tomoyasu Shimanouchi, and Hitoshi Nishizawa
J. Org. Chem. 1996, 61, 984-990.



Why target indoles?

Nocathiacin I (1) R= HN—
Mocathiacin IV(2) R= HNH-
Peter Hrnciar,*,T Yasutsugu Ueda, Stella

Huang, John E. Leet, and Joanne J. Bronson
J. Org. Chem. 2002, 67, 8789-8793.

Me

KW-2183

Moana Tercel,” Michael A. Gieseg,
William A. Denny, and William R.
Wilson J. Org. Chem. 1999, 64,
5946-5953.




Kinetic Resolution
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Marco Bandini, Pier Giorgio Cozzi,* Paolo Melchiorre, and Achille Umani-Ronchi*Angew. Chem. Int. Ed.

2004, 43, 84 -87.



Kinetic Formation of Alcohols

Ph

OH
5 mol% [Cr(salen)]CI R?
Q_j\ Ph/<' . \ Ph
TBME / rt R’
N
R

1.5 equiv 1 equiv 4a-e

3a R=H,R'=H,R2=H
3b R=Me, R'=H, R>=H
3¢ R=H,R'=Me, R?=H
3d R=Me,R'=Me,R2=H  Entry Indole t [h] Yield [%]" ee [%]"
3e R=H,R'=H, R?=0Me

Table 2: ARO of meso-stilbene oxide with indoles.

1 3a 36 98 93
2 3b 30 96 96
3 3c 36 98 98
4 3d 36 95 97
5 3e 36 95 S0

[a] Yield of 4 after chromatographic purification; [b] Enantiomeric
excesses were evaluated by HPLC; see Supporting Information.

Marco Bandini, Pier Giorgio Cozzi,* Paolo Melchiorre, and Achille Umani-Ronchi*Angew. Chem. Int. Ed.
2004, 43, 84 -87.



Kinetic Formation of Alcohols

Ph on
<L 3.5 mol% [Cr(salen)}SbFs R
Ph R+ \ : - Mo
(+7-) N7 “Me  BUOH; 4A MS N
h TBME /0 °C H
1b R = CH,OTBDMS 2b-g
1c R=Ph
 Winet - repaat - - - a
1d R = CH,OH Table 1: Kinetic resolution of aromatic epoxides with 2-methylindole.
1e R =CHOMe Ent Epoxid h]  Yield [9%]" f2[%]d st
1f B=Me ntry poxide t[h] ield [%9] ee of 2 %] s
1g R=COOMe ] 1b 16 96 97 30
2 Tc 48 82 86 15
3 1d 40 93 87 25
4 le 24 98 36 23
5 1f 36 99 72 10
6 1g 30 85 80 13
7 Th 18 95 80 13
8 1i 24 97 83 16

[a] Reactions were carried out with 1 equiv of 2-methylindole, 3 equiv of
racemic epoxide, 1 equiv of tBuOH, and 3.5 mol% [Cr(salen)]|SbF,

relative to the racemic epoxide. [b] Yield of 2 after chromatographic

purification. [c] Enantiomeric excesses were evaluated by HPLC analysis;
see Supporting Information. [d]Selectivity factor. [e] [Cr(salen)Cl]
(3.5 mol % relative to the epoxide) was used as catalyst.



Lewis Acid Mediated Addition to Indole
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TABLE 1.
Styrene Oxide

Lewis Acid Mediated Addition of Indole to

Lewis acid
entry® (mol %) vield® (%) eet (%)
1 Cu (0T (10) 334 e
2 Zn(OTH), (10) 29 60
3 SciOTh; (10) o4 99
1 Sc(OTh; (1) 52 99
4] Znlz (10) af a0
] BF3-0Et; (1) 54 99
7 InCl (10) 55 99
8 InBrs (10) 60 75
a InBrs () 64 99
10 InBrs (1) 70 99
11 InBra (1) 208 8

2 All the reactions were carried out in anhydrous CHRCl; at 0
"C for 4 h unless otherwise specified. ® The chemical yields are
given on the isolated product after chromatographic purification.
* The enantiomeric excess of the indolyl alcohol was determined
by chiral HPLC analysis (column: Chiralcel OD). Eacemic 3a was
obtained starting from (4)-1a. 9 A 1:1 mixture of regioisomers was
observed. ® Not determined. f The reactlon was performed at room
temnperature. £ The reaction was carried out in THF (isolated yield

after 5 days).

Marco Bandini, Pier Giorgio Cozzi,* Paolo Melchiorre, and Achille Umani-Ronchi* J.

Org. Chem. 2002, 67, 5386-5389.



Lewis Acid Mediated Addition to Indole

TABLE 2. Addition of Indoles to Aromatic Epoxides

Catalyzed by InBr;®

I niry |'|||_|~.i;|q: Inddale Frord e .:I;Ic:::] e | M)
OH o "fnl]
I:'|'| [ o - .
o -
T "{f- [-":'\-\. .-'IJ
1 1 Ia ]’ B T 4y L
PN )
H 1 [f)-1
""} JH
) - iy
2 1 Ih ~ ]f T 41" 7il
'\-\._\:_-'.5' M
H an
]:'ht,_.-'[]“
" B s, __.-“'q\-.\_\___-_l:l.- -
j 1 i u T % L 2 All the reactions were carried out in anhydrous CH;Cl; at
- h X room temperature, employing 1 mol % of InBrs for 8— 16 h unless
o otherwise specified. # The chemical yields are given on the isolated
Ph, £ product after chromatographdc purification. © The enatiomeric
0N f excesses were determined by HPLC analysis with chiral column
a 1 2¢ O Y 24" [Chiralcel OD). Racemic products were obtained performing the
“H’-*’h"ﬁl \ reaction on racemic epoxides with InBri 9The reaction was
e

performed using 10 mol % of InBr; at room temperature for 16 h.
# The reaction was performed using 10 mol % of InBr; at room
temperature for 96 h. “ The enantiomeric excess was not evaluated.
£ The optically active epoxide (1K,25)-5 was prepared using the
asymmetric Jacobsen epoxidation in 83% ee. ™

Marco Bandini, Pier Giorgio Cozzi,* Paolo Melchiorre, and Achille Umani-Ronchi* J.

Org. Chem. 2002, 67, 5386-5389.



Bis(indolyl)methanes

1

HO 0 R
12 Ry Ry R AT
N + o / - N
| indole
H R7 R, 4 \
N e N
Li H

5 M Lithium Perchlorate in diethyl ether 10 % LiClO,
hours yield hours  yield

0
\\—Q 25 95 5 90
l:>=0 8 85 10 81

O, H
F 10 75 10 67
NO

2

ENZE\3 ENZE\3 ENZE\3

Yadav, J.S.; Reddy, B.; Murthy, V.S.; Kumar, G.M.; Madan, Ch. Sythesis 2001, 783 - 787.



Imine Examples

NTs X
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10 Ar = p-talbyl

10 (1= mod¥a)
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THF. —7E&°C
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X% = H. OMe, NO,, CO.Me, Br

PF,

#18
HM
a Dt Entry  Catalyst/  Solvent  T/°C Yield (%)  ee
(I 8 mol%
[
H BT-85%
o7 o 1 5 THF RT 98 87
2 5 THF 220 90 91
3 5 THF 78 89 96
4 5 CH,CL | -78t0-10| 57 78
5 1 THF 78 89 94

Johannsen, M. Chem. Commun. 1999, 2233-2234.



Chiral Activators

A-Cat* R-Cat* Da*
- L—]-u Scheme 1

-4 deactivated
+ N (1) (R-BINOL-Ti

Subsirate 0 catalysts CF
m SCa - Product + L ]
- chiral de-activator ,ﬂhj o,

k (X% o) BO" H™ “CF, Activalars ge
(" poison”) 1 a R =Me
b R =nBu
Substrate & B =Fh
(R-Cat I..I mrl_... Product
. Kot (X Table 2. The F—C Reactions with Fluoral Catalyzed by
+ aclivated " BINOL-Ti Complex through Asymmetric Activation®
»>> K, X
) (et ot cat. temnp yield eE
chiral activator run 1 (mol%) additive (*C) (%) p-2io-2c ()4
1 a 10 — 0 66 4:1 TO(R)
2z 10 pentafluorophenol 0 04 31 BB(R)
3 a 10 (R)-BINOL 0 a7 31 B4 (R
4 a 10 (R)-5-CI-BIPOL® 0 88 1 T8 (R
5 a 10 (R)-6F-BrzBINOL 0O 89 4:1 90 (R
& b 10 (K)-6E-Brz-BINOL 0O 90 8:1 90 (R

2 (K)-6,6"-Br;-BINOL-T1{OPrf); was activated by the additive in
a molar ratio of 1:1 in dichloromethane (2 mL) at room tempera-
ture under an argon atomosphere for 1 h. The F—C reaction was
carried out in situ by the addition of anisole (1 mmol} in
dichloromethane {1 ml) and then passing an excess amount of

fluoral. & 5,5 -Dichloro-4.4",6.6"-tetramethyl-2_.2"-biphenol. < Isolat-
ed vield after silica gel chromatography. 9 Refers to that of p2.
Mikami, K.; Matsukawa, S. Nature, 385, 613-615

Akihiro Ishii,f Vadim A. Soloshonok, and Koichi Mikami* J. Org. Chem. 2000, 65 (5), 1597-1599.




More Traditional Friedel-Crafts

e ? HO j\OEt ___i# 0- >
@J - Lo —— . “Pﬂl &f} QI’: Ntf

O 10 mol% | }

NMe, z (B Bu  Ph Ph
Mo (S)-4a (R)-4b

1a ca 3a temp 2a vield” eef
entry catalyst solvent  (°C) (equiv) (%) (%)

] (5)-4a-Cu(OTf), CH,Cl, rt 1.5 81 80

2 (S)-4a-Cu(OTf), EtO rt 1.5 78 89

3 (5)-4a-Cu(OTf), THF rt 1.5 72 90

4 (S)-4a-Cu(OTf), CH;Cl, rt 10 90 82

5 (S)-4a-Cu(OTf), THF 30 5 71 74

6 (S)-4a-Cu(OTf), MeNO, 0 5 32 18

7 (S)-4a-Cu(SbFg), THF rt 5 36 0

8 (R)-4b-Cu(OTf), CHxCly rt 1.5 70 54

9 (R)-4b-Cu(OTf), Et,O rt 1.5 76 42

10 (R)-4b-Cu(OTft), THF rt 1.5 81 22

11 (R)-4b-Zn(OTt), CHxCly rt 1.5 41 12

“For experimental details see Supporting Information. ” Isolated
yield.

Nicholas Gathergood, Wei Zhuang, and Karl Anker Jgrgensen*J. Am. Chem. Soc. 2000,
122, 12517-12522.



More Traditional Friedel-Crafts

=, A HD‘\lfﬂﬂD
L + ADER R
l-*“ T (5)-4a (‘%—f
o gome I
HME‘:
1 2a 3
af=H arR=H
bR=F b:H=F
e B=0Cl e /=l
d R =Br d-R=8r
aH=Ma e FH oo M
f- A =0Me f: R =0OMe
reaction vield® CH:Cly/  ee® CH:Cly/
entry  subst  time (d) product THEF (%) THE (%)
1c 1a 1 {(+)-(5)-3a 81772 80720
2 1h 1 (+3-3b 80/58 85/81
3 1c 2 (+)-3c 84/41 93/95
4 1d 4 (+)-3d BE/36 88/80
5 le 1 {+)-3e 716 80/92
B 1f 1 (+)-3f 21/19 T71/86

“ For expenimental details see Supporting Information. ® Isolated

vield. © 1.5 equiv of ethyl glyoxylate.

Nicholas Gathergood, Wei Zhuang, and Karl Anker Jgrgensen*J. Am. Chem. Soc. 2000,
122, 12517-12522.



o, B-Unsaturated Aldehyde
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Nick A. Paras and David W. C. MacMillan* J. AM. CHEM. SOC. 2002, 124, 7894-7895.



o, B-Unsaturated Aldehyde

z
10 mol¥ aming
Iyst 2
) %ﬂ catalyst
RoM CHaCle, 1.0 M RN
Cikde
> e
MEEN + P O,l entry zniline x 'I.E!ﬁF{'JC]' I.i.l:l:ll:l::h::l 'EE-:.-'H:IU 4 eat
r:m a b 1 1a Me ~a0 36 86 7o
2 1h Me =20 43 70° g7
3 la Et 50 48 63 88"
4 la CH OBz -20 24 g9 g2t
5 1b CH,OB& +20 14 73 a0
6 la COMe* -~ B o0 g2¢
Ohde o Me 7 le Ph S0 36 B2 B4
LN HCI n
(L " 2 le p-Cl-Ph —3l Bl B 92
. H e 9 la p-MO+-Ph =10 43 B 92
<‘/! 1 Ph amine ™M@ 10 b p-NOs-Ph +20) 4% 82 90
€ calalyst @ Ratios determined by chiral HPLC analysis of commesponding alcohol

after NaBHa. reduction. ?’L'sing 20 mol % catalyst. “ 1.0 M in CHCls.
¢ Absolute configuration assigned by chemical correlation.

Nick A. Paras and David W. C. MacMillan* J. AM. CHEM. SOC. 2002, 124, 7894-7895.



o, B-Unsaturated Aldehyde

R AT COaMe
A’ ; R :
10 mol% 2
1w 2 AR,
- CHCl, 10M

entry NE: R R* temp*C) tmelh) % yield %es*

1 NMe: H H 10 4% B oGP

2 et H H +20) 5 7 Ga4b

3 NBn; H H +20 24 &3 Geh

0, N,m.a e 4 1 p‘l,-'rrnl:Lrlinn H H ~20 8 97 g7
Mo 5 1-pyrroliding H H +20) 03 Ot gen

H ™ Me &  l-pyrolidine Ph H +20 12 a4 o9

Ph mine ™Mo 7 -NiMe)CH;CH- H ~20 8 a4 o8

catalyst 2

“ Ratios determined bv chiral HPL.C analvsis of corresponding alcochol
after NaBH,; reduction. ® Absolute configuration assigned by chemical
correlation. © Using catalyst 2 (20 mol % amine, 15 mol % HCI).

Nick A. Paras and David W. C. MacMillan* J. AM. CHEM. SOC. 2002, 124, 7894-7895.



The End!

When Kentucky Fried Chicken entered the Chinese market,
to their horror they discovered that their slogan "finger lickin'
good" came out as "eat your fingers off"




