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Research Report
Development of New Method for Catalytic Asymmetric Electrophilic

Halogenations Reactions
Dr. Ramesh C. Samanta (ID No.: P16041)
Host Researcher: Professor Hisashi Yamamoto
Molecular Catalyst Research Center, Chubu University, Kasugai, Japan

Background:

Halogen containing compounds are frequently found in nature. Carbocycles and
heterocycles containing one or more halogen atoms appeared as the key structure of
several natural products.'® Mother nature synthesizes such molecules mostly by
enzymes halo peroxidase and the reaction is initiated by an addition of an
electrophilic halogen onto a double bond.” Synthesis of halogenated polycyclic
compounds can be done by halonium ion induced polyene cyclization. However in
laboratory controlling stereochemistry in halocyclization reactions is very
challenging. We were involved in searching for a new halogenation catalyst for
halocyclization reactions. Bromopolyene cyclization was chosen as our target
reaction. While searching in literature, only two reports appeared prior to our study; 1.
[shihara group reported an iodopolyene cyclization by using a stoichiometric chiral
phosphoramidate as a promoter in good yield and selectivity. However, this method
was limited for 10docycllzat10n and did not work effectively for bromo and
chlorocyclization reactions.® 2. Snyder group developed a two steps method for the
synthesis of such compounds using a superstoichiometric amount of chiral ligand to
make the mercurated compound subsequent halodemercuration generated the

product.’
A Representative scaffolds in natural products

. 5 _ H
. " e 3T
Br o B T OH B : Y0 L/ o
OH H H E =
«- and B-snyderols 4-isocymobarbatol (+)-luzofuran aplysistatin

B Existing methods for enantioselective halocyclization
a. Stoichiometric chiral promoter

O >——F'h
Ishlhara NXS (1.1 equlv)
ature
2007 445, 900 chlral promoter
(1a or 1b 100 mol%)

=1, 57% yield, 97.5:2.5 er (using 1a) 1a:R= SIF’hS
Br, 7¢ j 1 1b: R = 3,5-Me,CgHa

b. A two step process using superstoichiometric chiral ligand

1IHg(CLT12)21(121 equiv) C5H11 CsHi1
Snyder lgan b i 10
Tetrahedron
2010, 66, 4796 - );(;funt:ﬁeoz NQ
P ligand 2 Eh

= | 72% yield, 90 5 95er

C Racemization D Proposed activation mode
51 @ This work Lewis base activation
1 tR2 - X
(3 A T/ A H., .R? together (—\ Py
H, /\oR2===| H/ == g™ 7\H Lewis base 0. 8 X
{ X i X Bronsted acid ( N=H
R H H(._\‘H ® highly reactive!!

Tt
Bronsted acid activation
Scheme 1 Bromocyclization background and catalyst design
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No suitable catalytic method was available until then. Major problem is the
racemization via olefin-to-olefin halonium ion transfer prior to the cyclization. We are
the first to develop a catalytic bromopolyene cyclization using a chiral binol derived
thiophosphoramide catalyst acting in a bifunctional mode to deliver the products in
good yield and selectivities.

Our experiment started with homogeranyl benzene 3a as substrate and N-
bromosuccinimide as electrophilic bromine source. We tested chiral phosphoric acids
and phosphoric acid derivatives having potential for bifunctional catalyst. The
reaction did not proceed at all using chiral phosphoric acid. However, switching to
more acidic phosphoramide the reaction proceeded to give the desired cyclization
product 5a together with partially cyclization products 4a and 4b, further treatment by
chlorosulfonic acid converged to the complete cyclization product 5a in 20% yield
but no enantioselectivity was obtained. Surprisingly using chiral thiophosphoramide
8a the product was obtained in 68% yield and 30% ee. After rigorous screening of
reaction conditions, halogen source and catalyst modification; catalyst 8b in
combination with 1,3-dibromo-5,5-dimethylhydantoin (DBDMH) as electrophilic
bromine source and toluene/CH,>Cly (10:1,v/v) solvent at -90 °C and additional
treatment with CISOs;H delivered the product in 69% yield and 89:11 enantiomeric

ratio (er).
C Optimization of bromocyclization reaction

catalyst (10 mol%)

CISOzH
NBS (1.2 equiv)

PrNO,, 78 °C
—_— 4 BR
toluene, -78 °C

4a:4b:5a =5.1:1.05.3
3a 4a (endo) and 4b (exo)

Ar Ar Ar 8b; Ar = 2,6-Pry-4-(9- 0
CoC, OO0, OO0, memeie
O‘P/’O O‘F"’O O‘P”S mol%), 9 (1.05 equiv), b N—F
0N o o toluene/CH,Cl, (10:1), - P
ssdiosdulios il RN
then step 2
#r o o 69% yield, 89:11 er and DBDQMH

87% yield, 89.5:10.5 er

6; Ar =2,4,6-PryCgH,  7;Ar= 2,4‘6J'Pr306H2 8a; Ar = 2,4,6-'PraCgHyz {one pot two steps)

(10 mol%): 0% yield  20% yield, 50:50 er 68% vield, 65:35 er
Scheme 2 Reaction optimization

Differently substituted homogeranyl benzene derivatives were reacted under
optimized reaction conditions to deliver the products in good yields and diastereo and
enantioselctivities. In the case of highly electron rich olefin further cyclization step
was not requited and the product was obtained in high yield and high
enantioseectivity (94% ee).

Geranyl phenols are difficult substrate for halocyclization reactions as it is associated
with both low diastereo and enantioselectivity. Under our optimized conditions
geranyl phenol was cyclized to give a single diastereomer in good yield and
enantioselectivity. Furter cyclization step was not required. This reaction was pretty
general for different geranyl phenol derivatives. In the case of highly electron rich
substituents on the aromatic ring a different outcome was obtained in high yield and
excellent enantioselectivity (99:1 er).
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Table 1 Scope of bromocyclization for homogeranyl benzene derivatives

A Bromocyclization of homogeranylbenzene

1) 8b (5 mol%), 9 (1.05 equiv)
toluene/CH,Cl, (10:1)
-90°C, 18-24 h : 0 NHT
2) CISOzH (7.5 equiv) w OO

'PrNO,, -78°C, 12h

5 dr>10:1 Ar = 2,6-Pry-4- (9 anlhracenyl)CGHg

OMe

69%, 89:11 er 69%, 91:9 er 44%, 87:13 er
OMe
MeO; ; OMe
64%, 89:11 er 76%, 92.5:7.5 er 81%, 97:3 er

Table 2 Scope of bromocyclization reactions for geranyl phenol derivatives

Bromocyclization of geranylphenols

Ar
8b (5 mol%) L0 O 0.8
9 (1.05 equiv) | =R b
toluene/CH,Cl, (10:1) ~ Q;\D O "NHTY
-90°C, 16-24 h H
11

Ar = 2,6-Pry-4-(9-anthracenyl)CgH,

84%, 89:11 er 71%, 89.5:10.5 er 41%, 84.5:15.5 er
z B MeQ,
: .0
& By e
H r oH

85%, 93.5:6.5 er 58%, 94.6 er 91%, 99:1 er

When geranyl benzene was reacted under bromocyclization conditions two different
products were obtained with different selectivities. Therefore we propose a concerted
mechanism for this reaction and bromonium ion formation can not be the

enantioselectivity determining step.
A. Bromocyclization of geranylbenzene

8b (5 mol%)
| 9 (1.05 equiv)
= e ; . + ;
toluene/CH,Cly (10:1) h " v
-90°C, 18 h ’ "
65% yield, 93:7 er 17% yield, 63:37 er
B. Proposed reaction pathway -
T, 0. NH
0. NH C R
C R f 0's
. N

Scheme 3 Proposed reaction pathway
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Table 3 Scale up experiments

A
R e
.05 equiv;
I i B toluene/CH,Cly (10:1)
=
3 10

5a 5b 11d
90%, 87.5:12.5 er 92%, 90:10 er 72%, 94:6 er
-90°C, 30 h -80°C, 48 h -95°C, 36 h

In order to vouchsafe the synthetic utility, the reaction was performed in 1 mmol scale
for several substrates without significant loss of ether yield or selectivities. Detail
mechanistic studies and applications are currently under investigation.

Although there is not enough evidence for the proposed bifunctional mode of this
thiophosphoramide catalyst which is responsible for high selectivity in bromopolyene
cyclization. We were interested to design a truly bifunctional catalyst for
halocyclization reactions. Chiral sulfides and selenides have been used as catalyst for
bromocyclization reactions. However, the reactivity of these catalysts was very poor
and required several days (5day) to complete the reaction.® Pleasingly, the use of
stoichiometric amount of strong Brensted acids (methane sulfonic acid; MsOH)
accelerates the rate of these reactions to certain extent.” The use of catalytic chiral
Brensted acids together with an achiral sulfide as co-catalyst facilitates the reaction in
good yield and selectivity within reasonable reaction time (24 h).'"" We envisaged
that if we could install the acid and sulfide in the same molecule that can react in a
cooperative fashion might be more efficient in terms of both in reactivity and
selectivity.

. LD
Z S NH, NaNOa/HS0, | 'Buli
oo e

46% yield

"BuLi (1.0 equw

RSSA (2.0 equiv)

71% vyield R = Me; 91% yield
R = Cy; 74% yield

"BuLi (1.0 equiv) oo 00, Goi  TMSCHLCH:OH COOCHZCHEWS
dry ice SCY Et3N SCY

12a R = Me; 75% yield 74% over two steps

12b R = Cy,; 64% yield
TBAF g ‘ CO,H
THF, 60 °C CO SCy
92% yield

13b

Br
1) (TMP),Mg.LiCI OO el
ks COOCH,CH,TMS  PA(OAS),

2) Bry SCy KCO;
DMF, 90 °C
80% yield i

80% yield

Scheme 4 Synthesis of new bifunctional catalyst



Carboxylic acid; a very weak Brensted acid at 2-position and a methyl sulfide at 2’
position of a chiral binaphthyl core was synthesized and employed as a catalyst for
bromoetherification reaction of a cis-5-phenyl pent 4-ene-1-ol. Synthesis of the
catalyst 12a was started from chiral binaphthyl amine (scheme 4). The catalysis
reaction proceeded smoothly at -78 °C and 5-exo-trig cyclization product was
selectively formed in 75% yield and 65% ee. The modification of catalyst showed that
substituents at 3-position has strong influence on selectivity. However, the catalyst
with 3,3” disphenyl substituents resulted lower selectivity. Substituents at 3-position
and as well at sulfur were then varied. Further modification of the catalyst is
demonstrated in scheme 4. A 3,5-dimethyl phenyl group at 3-position and a
cyclohexyl substituent at sulfur turned out to be the best catalyst 13b to deliver the
bromoetherification product in 79% yield and with 80% ee. Scope of this reaction is
currently under investigation.

Table 4 Optimization for bromoetherification reaction

OH catalyst (10 mol%) Br
= NBP (1.1 equiv)
toluene/CH,Cly (1/1 viv) o
80 °C, 24 h

Modification of catalyst:

90 90
CO.H COH

NBS

CXyT

R=Me; 54% yield, 55% ee
="Pr; 62% yield, 51% ee
= Bu; 71% yield, 53% ee
= cy; 37% yield, 60% ee

COZH

OO S“R

R=Cy, X= H; 65% ee
=Cp, X=H; 66% yield, 60% ee
=cycloheptyl, X=H; 50% vyield, 60% ee
=Cy, X=Br; 67.5% ee
=Cy, X=l; 76.6% ee

O AW

75% vyield, 75% ee

| 80% yield, B0% ee |  B2% yield, 5% ee
1

e0d
CO,H

e
Ph

79% yield, 43% ee

s +Bu

71% yield, 62% ee

@?@ Yo A, <8

Screening of Br* source:

d\_f

Br* source

@iN—Br

e}
65% ee

Conclusion:

We have successfully developed the first catalytic asymmetric bromopolyene
cyclization using a chiral binol derived thiophosphoramide catalyst and 1,3-dibromo-

I | CO.H
O

71% yield, 56% ee 71% yield, 45% ee

toluene/CHRCl, (1:1)

+  Br* source

10 mol% 1.1 equiv
Br oL
o] N\F F5C i
O [}
;\/N Br
Br CFs
62% ee 66% ee

75% vyield, 50.4% ee

5% yield, 79% ee

Br

25% ee
opposite enantiomer
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5,5-dimethylhydantoin (DBDMH) as electrophilic bromine source. Homogeranyl
benzene derivatives and geranyl phenols were cyclized in good yields and with good
selectivities. The reaction could be scaled up to 1 mmol scale without significant loss
of yield or selectivities. We believe that this method will have high impact in natural
product synthesis. A truly bifunctional catalyst has been developed and showed good
catalytic activity for bromoetherification reaction. Expansion of substrate scope and
application for other transformations is currently ongoing.
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