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Although molecular bromine (Bris a useful brominating reagent, it is not easyhandle.
Herein, we describe the preparation of a novebtible bromine complex prepared from 1,3-
dimethylimidazolidinone (DMI) and By which was identified to be (DMi#Br; by spectral
and X-ray techniques. This complex was then usdatdminate olefins, carbonyl compounds,
and aromatics, as well as in the Hofmann rearraergényields of reaction products using this
complex were almost the same or superior to thesgywther bromine alternatives.
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1. Introduction

Molecular bromine (Bj), which is a simple diatomic
substance composed of two bromine atoms, is higlagtive and
has primarily been employed in bromination reacionorganic
synthesis [1]. Since bromination reactions of olgfias well as
carbonyl and aromatic compounds using, Bre traditional
transformations in organic chemistry, ,Bs widely used as a
brominating reagent. Some examples of its use hosvrs in
Scheme 1 [2].

@ Br, (1.0 equiv.) ©)\/Bf @
AcOH, 25 °C o
Br
NH,  Br, (2.0 equiv.) /@ENHQ
O ACOH, 65 °C, 4 h (b)
O,N O,N Br
95%

TMSO o

Br, (1.0 equiv.)
Br
99%

CH,Cl,, -70 °C, 0.5 h
Scheme 1. Bromination with Bs.

some significant issues in connection with its useehbeen
raised. By is a toxic and corrosive liquid with a low boilingipt
(58.8 °C) that evaporates readily to form a dangergas [1].

However, By is known to be a 'non-user-friendly' reagent, and©/\

Accordingly, many By alternatives have been developed to

overcome the drawbacks associated with the applicafi®r, in
organic synthesis [3]; some of these alternatives shown in
Scheme 2.

O
O
[ j * Br, N—Br BuyN* e Brg ~
O
o}
DDB (1a) NBS (1b) TBATB (1¢)

Scheme 2. Br, alternatives.

1,4-Dioxane dibromide (DDBla) [4] is a 1:1 complex between
Br, and 1,4-dioxanela is a mild brominating reagent and can
be used to brominate aromatics, such as coumaunder
solvent-free conditionsStheme 3) [5]. DDB is not robust at
ambient temperature, which prevents the wide usehf t
reagent.

1L
MeO ()] (@]

Scheme 3. Bromination withla.

1a (1.2 equiv.)
neat, r.t., 3 h

MeO (@] (@]

79%

N-Bromosuccinimide (NBS1b) [6] is a useful brominating
reagent that facilitates the Wohl-Ziegler react{@f namely
brominations at allylic and benzylic positions lre tpresence of a
radical initiator, such as benzoyl peroxide (BPO) aR’-
azobis(isobutyronitrile) (AIBN). A typical allylic ftomination
procedure usingb is shown inScheme 4 [8].

1b (0.66 equiv.)
DN
CCly, BPO

ST
B 649

Scheme 4. Bromination withlb.

Although 1b is highly reactive, it gradually decomposes even
at room temperature, and excess amounts of thgenéare often
required in some reactions. Tetrabutylammonium raritide
(TBATB, 1c) [9] has been used t-brominate acetophenone in
a 5:2 mixture of dichloromethane and methanol abiamt
temperature, to afforda-bromoacetophenone in good yield
(Scheme 5a) [10].

0] )

1c (1.1 equiv.) Br
CHyCl, / MeOH = 5/ 2 e
rt.,1h 78%
Br
1c (1.0 equiv.) Br
CHCl; 20 °C, 0.5 h (b)
90%

Scheme 5. Bromination withlc.

In addition, olefins, such as styrene, have beembrated with
equimolar amounts dfc to afford the corresponding dibromides
in good vyields $cheme 5b) [11]. While this reagent is highly
stable, its solubility is generally low in proticlgents such as
water, methanol, and ethanol.

Since bromination with Bris an important transformation in
organic synthesis, and the organobromide produsefull as
synthetic intermediates as well as functional nialtgr the
development of Bralternatives that overcome the drawbacks
associated with the use of ,Bs quite important. In particular,
highly reactive and robust Bralternatives are still strongly
required. In this study, we prepared a novel bronaitbernative
based on 1,3-dimethylimidazolidinone (DMI) and ewhd its
brominating ability in several reactions.

2. Results and Discussion
2.1. Synthesis of a new bromine complex

To develop a novel bromine complex, we focusedlan
which was initially reported in 1952 [12]a is a charge-transfer
complex that acts as a Bequivalent owing to interactions
between 1,4-dioxane and JB(Scheme 6). Specifically, the 1,4-
dioxane and Br molecules act as donors and acceptors [13],
respectively.

O-..
%Br“_O%O"“Bf/Br‘*o% Br)f



Scheme 6. Crystal structure ofa. [13]

Unfortunately, the interactions ita are very weak, rendering
the complex unstable. Hence, in order to prepareoee ratable
Br, complex, we examined several solvents by followihg t
procedure used for the preparationlaf 1,4-Dioxane (20 mL)
was cooled to 0 °C, Br(1.0 mmol) was then added to the
solvent, and the reaction mixture was stirred a€dct 1 h. The
addition of diethyl ether (100 mL) to the mixture°C led to
the formation ofla as a yellow crystalline solidréble 1, entry
1).

3
The conditions for the preparation fda were then

optimised Table 2). When DMI Qa) was selected as both the
solvent and the substra®g was obtained in 83% yield (entry 1).
Shielding the reaction from light resulted in abktly lower yield
of 3a (entry 2), while reducing the amount of DMI from 2@ m
to 4.3 mL (4 equiv.) lowered the yield to 57% (entsy.
However, the yield of3a was dramatically improved when
diethyl ether was added as the solvent (entry 4).tf@nother
hand, the target complex was obtained in 65% yielénvthe
reaction conditions reported for the preparatior8imf14] were
employed (entry 5). In known methods, the prepanatd an
HBr; complex requires an HBr source such as HBr/AcOH, while
methanol is used to quench the excess acetic dted the

Table1 letion of the reaction. Sin@a dissol Il in methanol
Formation of bromine complex. completion of the reaction. Sin issolves well in methanol,
Entry _ Solvent Formationof  the use of this solvent was found to decrease telel yif the
Br, complex product (entry 5).
1 1,4-dioxane + By comparing entries 4 and 5, we conclude that thequlure
developed in this study (entry 4) is superior tattpreviously
2 Tetrahydrofuran (THF) B reported (entry 5), since our method does not reqan HBr
3 1,2-Dimethyxyethane (DME) - source and provides a higher yield of the desireduyrct.
4 1,3-Dimethylimidazolidinone +
(DMI, 23) Table?2
5 N-methylpyrrolidone (NMP2b) + Optimization of the reaction conditions.
Thioanisole - Q Br, (10 mmol) Q
o o \N)J\N/ \N/U\N/ HBrg
Solvent (20 mL)
)L -/ 0°C, 1h -/,
Entr Solvent  2a (equi Additive o gab (g
DMI (2a) NMP (2b) y v €UV (equivy  YeldT ()
Reaction conditions: Bi(1.0 mmol), solvent (20 mL), 0 °C, 1 h. 1 oa ~ ~ 83
1,3-Dimethyl-2-imidazolidinone  (DMI, 2a) and N- A 2a - - 75
methylpyrrolidone (NMP,2b) both afforded orange crystalline
solids (entries 4 and 5) whereas tetrahydrofuran HjTtdr - 4.0 - 57
dimethoxyethane (DME) did not form a complex; ratahdsrown EtO 4.0 _ 89
liquid was obtained instead (entries 2 and 3), wifileanisole
reacted with By to generate hydrogen bromide (entry 6). The 5 MeOH 30 HBr/AcOH 65
prepared orange crystalline solids were identifigddalometric ' (1.6)

and acid-base titrations. As a result, these ciystate found not
to be Bp complexes, but rather hydrogen tribromide (EJBr
complexes consisting of HBr and Br

j)\ O

~N” ON— HBr3 N— HBr;
-/ » \ / )
DITB (3a) MPHT (3b)

Scheme 7. Prepared HBrcomplexes.

The molecular formulas of the two HBromplexes were
determined by NMR spectroscopy and elemental aisalifhe
HBr; complexes of2a and 2b were identified to be bis(1,3-
dimethyl-2-imidazolidinone) hydrotribromide (DITB3a) and
di(N-methylpyrrolidone) hydrotribromidéMPHT, 3b) (Scheme

7). While 3b is a known compound that has been prepared b

another method [14Ba is a novel complex.

3solated yield"Based on bromine atonfén the dark.

2.2. Investigation of the reaction mechanismin the preparation
of DITB (3a)

A novel attractive procedure for the preparation HBBr;
complexes in the absence of an HBr source was deacidfe
presumed that HBr was generated in this processeqaestly,
we next investigated how HBr is formed under thesaitmns.
Initially, the NMR spectra of the reaction mixtuaad the filtrate
were acquired during each phase of the preparafia.oThe
reaction mixture immediately exhibited a broad patk0.5 ppm
in its '"H NMR spectrum after the addition of Bio DMI (2a),
which was assigned to the proton of HBr. ThHid NMR
spectrum reveals that Breacted wittRa or moisture in the air to
generate HBr. In addition, the GCMS spectrdfig( S1 in the
Supplementary Data) shows that the reaction?afwith Br,

rovided 1,3-dimethylparabanic acil (Scheme 8), while no
rominated2a was observed.



4
0 0
\N)J\N Br, (10 mmol) \N)J\N/
/ 0°C,1h H

2a (4.0 equiv.)
4 (Detected by GCMS)

Scheme 8. Control experiments for formation 8&.

On the basis of these results, a plausible reaatiechanism
for the generation of HBr was proposestieme 9). The C-H
bonds of the methylene groups2afare more easily cleaved than
the C-H bonds of the methyl groups. Theref@a,reacts with

Tetrahedron

6 CH,CI, ++ + +
(0.5 M)

7 CH,CI, ++ + +
(2.0 M)

8 MeOH ++ ++ +

9 EtOH ++ + +

10 DMF ++ ++ ++

11 Benzene * - -

12 Toluene * - -

Br, to give brominated produch and HBr. Subsequently,
bromide5 is transformed to 1,3-dimethyl-2,4-imidazolidinedé
(6) upon exposure to aerobic oxygen or moisture. $higes of
reactions is repeated, to afford 1,3-dimethylpamabacid 4,
whichwas detected by GCMS.

®Conditions: 0.1 M at 20 °C++: completely soluble, +: partially
soluble, +: slightly soluble, —: insoluble.

The physical properties & are summarised iable 4. As
mentioned above, the molecular formulaBafwas determined to
be GH»0,NBr; by 'H and *C NMR spectroscopies and
elemental analysis. Compl&a is an orange crystalline solid, as

o 0 0 shown inFig. 1. The B content of3a is approximately 34 wt%
- )k _ Br, - )L _ 0OporH,O )L _ (determined by iodometric titration), while its e point is
H N; éN H -HBr H N; éN Br  -HBr H N; gN 117-118 °C. In addition3a was found to be robust in air, but
H H H H H o corrosive towards metals.
2a 5 6
o
. Table4
—,. N N Physical properties a.
O)/ QO Name Bis(1,3-
4 Detected by GCMS. dimethylimidazolidinone)hydrotribromide
Scheme 9. Plausible reaction mechanism for the generation oMolecular formula  GH2N,O.Br3
hydrogen bromide. Colour and shape Orange prisms
. . Br, contents 34 wit%
2.3. Physical properties of DITB (3a) 2 °
. _ _ Mp 117-118 °C
We next examined the physical properties of DIT&)( )
Firstly, we tested the solubility o8a along with the other Density 1.73 g/crh

hydrotribromide complexe3b andi1c (Table 3). Complexes3a,
3b, and 1c did not dissolve in hexane or diethyl ether,(Bt

Other properties Stable in air, corrosive

(entries 1 and 4). While ethyl acetate (AcOEt) wasar golvent
(entry 2), these complexes dissolved well in chionof (CHCE),
dichloromethane (C}l,), and DMF (entries 3, 5 and 10).
Complex3a was completely soluble in GBI, to give 0.5 0r 1 M
solutions, while 3b and 1c were partly soluble at these
concentrations (entries 6 and 7). In addition, gsbkibility of 3a

in methanol or ethanol was superior to thaBlfandi1c (entries
8 and 9). Although3b and 1c were completely insoluble in

benzene and toluenga was only slightly soluble (entries 11 and

12). Based on these results, we conclude that thbikty of 3a
in organic solvents is generally higher than tHatoor 1c.

Table3

Solubility test” of HBr; complexes.

Entry Solvent 3a 3b 1c
1 Hexane - - -
2 AcOEt + + +
3 CHCk ++ ++ ++
4 EtO - - -
5 CHXCl, ++ ++ ++

Fig. 1. Colour and crystal shape 8.

2.4. X-ray crystal structure analysis of DITB (3a) [15]

The X-ray crystal structure oda was determined at room
temperature on an orange prismatic single crysalystallised
from methanol. The crystal structure 2d was found to belong
to the monoclinicP2,/c space group. As shown Fig. 2, H11
and Brl are located at the inversion centre ofuthié cell, with
half of them in a crystallographically independantit. The
distance between the bridging hydrogen and the ogtlmxygen
is 1.202(5) A, suggesting that the two oxygen atofmadjacent



DMI units are linked by strong hydrogen bonds (Ole&HdO1
= 2.404 A). This hydrogen bonding distance is alnbstsame
as that of complegb (2.415(5) A) [16]. Because the Bunit is
located at the inversion centre, it is completilgar, with a Brl-
Br2 bond length of 2.5386(9) A that is almost ideaitto that of
complex3b (2.531(1) A). Each BF unit is surrounded by four
DMI units in thebc-plane of the unit cell that are located in
parallel with the By unit, as shown irFig. 3a. Furthermore,
such a Bf unit is blocked by other DMI units in thedirection
(Fig. 3b). Therefore, the Br unit is highly stable in the
crystalline solid, which is why soliga is so robust in air.

Br2

H7
{

el

W He

Br2

“Ho SoHs

Fig. 2. ORTEP drawing of molecular structure3at

Fig. 3. Crystal structures dfa projected onto the (djc-plane and (bjac-plane.

2.5. Bromination ability of DITB (3a)

Since it is important for Bralternatives to be highly reactive
in organic syntheses, we investigated the reactdfiBa. For this
purpose, we examined four reactions: (1) olefiniontination,

(2) the a-bromination of carbonyl compounds, (3) aromatic

bromination, and (4) the Hofmann rearrangement.

Table5

Bromination of olefins wit8a.?

2.5.1. Bromination of olefins with 3a

Initially, we brominated a variety of olefing-h (2.0 mmol)
by reacting them witf3a (1.1 equiv.) in CHCI, at 20 °C for 1 h,
which afforded vicinal dibromidesa-h (Table 5) [17]. 1-
Tetradecene7@) and olefins bearing carboxyflf) and hydroxyl
(7c) groups gave the corresponding dibromifles in excellent

; Br
3a (1.1 .
R/\ a( eqUIV) )\/B
CHCl, (05M) g r
7a-h  20°C.1h
8a-h
(2.0 mmol)
Br HO.C Br 5 HO Br Br
B r B "
N Br 2C B Br
8a 92% 8b 94% 8c 97% 8d 88%
Br Br Br
EtO,C
LB F
8e 99% 8f 91% 89 87% 8h 79%

yields. The bromination of unsaturated esteralso proceeded
without any decomposition of the ester group, toraffBe in
quantitative yield.

%solated yield.

Indene {d) reacted wittBa to furnish 1,2-dibromoindan8&d)
in 88% yield, while styrene derivatives, such a®slbstituted
styrenes {f-g) and 4-methylstyrene’li), were also dibrominated
to provide the corresponding dibromid8sh in yields of 79-
91%. Based on these resul8s is as an efficient brominating
reagent for olefins.
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We subsequently evaluated the reactivities of tligero (0] 0
bromine complexes for comparison; to that ehtetradecene ©) Br Br
(7a) was also brominated with MPHT3l), DDB (1a), and %&Br /@
TBATB (1c) (Scheme 10). As shown inScheme 10, bromination FaC Cl
with these bromine complexes gave the desired 1,2-10e 429 10f 69% 10g 73%
dibromotetradecanésg) in similarly high yields to that obtained solated yields’Determined byH NMR.

using 3a, which reveals that DITB is about as reactive as th
other bromine alternativedb, 1a, andlc.

Propiophenone 9a was brominated with3b, 1a, Ic,
pyrrolidone hydrotribromide (PHT,11a), and pyridinium
tribromide (PYTB,11b), in order to compare the reactivities of
B these five alternative reagents with thaB3af(Scheme 11); 10a

\9)\/ was obtained in excellent yields whaa, 1a, 1c , and11lb were
Br
1

Br, source (1.1 equiv.) . - - )
\Hﬁ\ used to brominat@a. Interestingly, the reaction did not proceed
CH,Cl; (0.5 M) well in the presence @b or 11a due to their poor solubilities in

(2.07n"11mol) 20°C,1h 8a CH,Cly; hence,3a is superior to3b and1la for a-brominating
DITB (3a): 92% carbonyl compounds in this solvent.
MPHT (3b): 89% o
DDB (1a): 96% X
TBATB (1¢): 95% -
(1c) NH HBr3 |+ _ Br3
Scheme 10. Evaluation of the bromination of 1-tetradecene \ / » H
with 3a.
PHT (11a) PYTB (11b)
2.5.2. a-Bromination of carbonyl compounds with 3 2
la Br, source (1.1 equiv.)
We next focused on-brominating carbonyl compounds [18] CH,Cl, (0.5 M)
with 3a. As shown inTable 6, when acetophenone derivatives 20°C,1h Br
9a-g (2.0 mmol) were reacted wiBa (1.1 equiv.) in CECI, (0.5 @ O“?namol) e
M) at 20 °C for 1 h, the correspondingbrominated products ’ DITB (3a): 94%
10a-g were obtained in moderate-to-good yields. The MPHT (3b): < 1%
bromination  of  propiophenone 94) afforded 2- DDB (1a)29?%°
bromopropiophenonelQa) in 94% yield together with trace ;ﬁﬂ?f;ﬁtilﬁ
amounts of 2,2-dibromopropiophenone. 1-Bromoacetophe PYTB (115):93:/0

(10b) was obtained in 73% yield when acetophend®ig (vas

used as the substrate, while 2-methoxyacetopherfmheufd 4-  Scheme 11. Evaluation of thex—bromination of propiophenone
methoxyacetophenon@d), bearing electron-donating groups at with 3a.

their ortho- and para-positions, respectively, &hed 10c and

10d in 77 and 56% yield, respectively, when reacted BéhThe

acetophenon@d also provided the dibrominated product in 27%2 5.3. Bromination of aromatic compounds with 3a

yi_eld together Wit.h the d(_asired monobromited, while steri_c A typical application of Bris represented by the electrophilic
hindrance associated with the ortho-methoxy group9®  pomination of aromatic compounds [19]. This reatiis a

presumably prevented overbromination, to affd@t in 77% i, nifi P : : :

. . gnificant transformation in organic synthesisd anyl bromides
yield. Methyl te”'bmy' ketone %e) afforded the .corresp(_)ndlng have widely been used as useful building blocks liass
a-bromoketonelOe in lower yield (42%) due to high volatility of coupling reactions or through the formation of Gaghreagents.
the bromide. Acetophenone derivatives with electrony once “we examined the brominations of aromatsg (2.0
withdrawing groups, such as 4-(trifluoromethyl)acétepone mmol) with 3a in acetic acid (0.5 M) at 50 °C for 6 h, which

(9f) and 4-chloroacetophenon@gj, were reacted witlBa to fforded th di | bromides-q (Table 7
provide 10f and 10g in 69 and 73% yield, respectively. Thesea ordec the corresponding aryl brom! g (Table?).

results are consistent with previously reported dgebf a-
brominated carbonyl compounds.

Table7
Bromination of aromatic compounds wih.?
R R
Table6 _
a—bromination of carbonyl compounds wizh. 3a (1.0 equiv.) o
O 3a(1.1 equiv) L ACOH (0.5 M)
Br 12a-g ' 13a-g
R gglggla(?\ﬁ M R (2.0 mmol)
o 1029 OMe OMe NMe,

(2.0 mmol) Br

o G owe
9 0 2 2 t (I
Br Br Br MeO Bu Br
(D)V 13a 72(79%%  13b 95%  13c 93% 13d 99%
Br OMe MeO

10a 94% 10b 73% 10c 77% 10d 56%



Bu O,N  OMe Me
Q er ar
Br Mé O,N
13e n.r. (< 2 %) 13f n.r. 13g n.r. (n.r.§

solated yield."Determined by GCUsing Fe (12 mol%) in
AcOH at 80 °C.“Using HSQO, as the solverddt 80 °C.

When 1,4-dimethoxybenzenel2g), a highly electron-rich
aromatic compound, was reacted wila (1.0 equiv.), the
brominated productl3a was produced in 72% yield. tért-
Butylanisole did not afford 3-bromo+ért-butylanisole, rather 2-

bromo-4tert-butylanisole {3b) was exclusively obtained in 95%

yield. Aromatics bearing electron-donating groupsshsasN,N-
dimethylaniline {2c) and 2-methoxynaphthalend?2fl), were
brominated at the expected positions, to affordrakimN,N-
dimethylaniline {3c) and 3-bromo-2-methoxynaphthalerd8d)
in excellent yields, respectiveliert-Butylbenzene 12¢€) did not

produce 4-bromdert-butylbenzene 13e), presumably because

the tert-butyl group is an insufficiently strong electroordhting

group to effect bromination wittBa. Moreover, even in the

presence of an iron (12 mol%) [2@g hardly brominated 2e to

furnish 13e. Aromatic compounds bearing strong electron-
withdrawing groups, such d&f and13g, were not brominated at

all. In addition, the reaction df2g with 3a in sulfuric acid at 80
°C returned starting material, with none of the @Ekiproduct
13g formed.

1,4-Dimethoxybenzenel2a) was brominated witl3b, 1a, 1c,
11a, and11b under the same conditions used to bromirdate
the results of which are summarisedseiheme 12. When3a, 3b,
andlla were employed, the desired prodida was obtained in
yields of 79, 71, and 70%, respectively;

1c does not dissolve well in acetic acid. On the ottaard, when

7
Initially, we examined the rearrangement of hexylidem
(14a) under the variety of conditions listed Trable S1 in the
Supplementary Data; the following optimised reactonditions
were determined: substrate (2.0 mma@8, (1.2 equiv.), sodium
methoxide (4.5 equiv.), methanol (0.2 M), reflux).4

Table8

Hofmann rearrangement wiga.?

10 3a (1.2 equiv.) H
I NeOMe@Sequv) g N \H/O'V'e
R NH, MeOH (0.2 M)
reflux, 4 h o
14a-i r
(2.0 mmol) 15a-i
H OM H OM H OMe
e e
CsHy™ Y CioHat™ Y © hig
(¢} (o) o
15a 91% 15b 95% 15¢ 92%
H E H OM H OoM
e
ORSO>S i
% MeO Br
15d 759%° 15e 98% 15f 82%
H OM H OoM H OEt
e
IO oy %
F3C Q 02N o OZN ©
159 71% 15h 57% 15i 2298°¢

howeverg th
bromination ofl2a with 1c gavel3a in 52% yield. It seems that

3solated yield "Determined byH NMR. ‘Using EtOH/DMSO =
2:1 (0.2 M) and NaOEt (4.5 equiv.).

The substrate scope of the Hofmann rearrangemen Bsiis
summarised imable 8. Aliphatic amidesl4a,b furnished15a,b

la was used, some 1,4-dioxane-decomposition products weln excellent yields. While the Hofmann rearrangemerit

detected by GCMS, and a 62% yield I8a was obtained. In

benzamide(14c) proceeded well to afford the corresponding

addition, complex1b afforded13a in 65% vield. Based on these CarbamatelSc in 92% yield; the rearrangement in EtOH/DMSO

results, we conclude that the reactivity3afis similar to those of
3b and11a, but superior to those df, 1c, and11b.

OMe OMe
Br, source (1.0 equiv.)
AcOH (0.5 M) Br
50°C, 6 h
MeO MeO
12a
(2.0 mmol) 13a

DITB (3a): 79%
MPHT (3b): 71%
DDB (1a): 62%
TBATB (1c): 52%
PHT (11a): 70%
PYTB (11b): 65%

Scheme 12. Evaluation of the bromination of 1,4-
dimethoxybenzene witBa (Yields were determined by GC).

2.5.4. Hofmann rearrangement with 3a

The Hofmann rearrangement is a degradation reaoted to
convert a primary amide into a primary amine [2f]this work,
we carried out this reaction with sodium methoxide 108-
diazabicyclo[5.4.0Jundec-7-ene (DBU) in methanol, chhi
afforded carbamates instead of amines.

(2/1 vlv) instead of methanol gave the correspandathyl
carbamate 15d in 75% yield. Methyl (4-methoxyphenyl)
carbamatel’e) was obtained almost quantitatively. The reaction
of benzamides bearing electron-withdrawing substigjesuch as
4-bromobenzamide 14f), and 4-(trifluoromethyl)benzamide
(14g), afforded the corresponding carbamat&sand 15g in 82,
and 71% vyield, respectively. In addition, 4-nitrabamidel3h,
with its strong electron-withdrawing group, providée tdesired
products15h and 15i in 57 and 22% yield, respectively, when
reacted under the two reaction conditions. It shaeldhoted that
the Hofmann rearrangement of4h with NBS (b) or
tribromoisocyanuric acid1g) has previously been reported to
give a poor yield [22a] or require a long reactiione [22b].

Br
(@) 0]
Br Br
(0]
16

As shown inScheme 13, the Hofmann rearrangement bfc
was conducted witt8b, 1a, and 1c under the same reaction
conditions as those used wifla. Methyl carbamatel5c was
obtained in excellent yields in the presence3af 3b, and 1c,
while the reaction usindd led to a lower yield. These results
clearly show thaBa is as reactive as bromine alternati3esand
1c, but is superior tda.
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0 Br, source (1.2 equiv.) H
NH, NaOMe (4.5 equiv) N\n/OMe
MeOH (0.2 M) O
reflux, 4 h
14c 15
(2.0 mmol) ¢

DITB (3a): 92%

MPHT (3b): 94%

DDB (1a): 85%

TBATB (1c): 95%
Scheme 13. Evaluation of the Hofmann rearrangement of
benzamide witt3a.

3. Conclusion

We developed bis(1,3-dimethyl-2-imidazolidinone) dror
tribromide (DITB, 3a) as novel bromine alternative. In addition,
a novel procedure for the preparation of EHBomplexes was
established. Our procedure is significant since sésulower
amounts of reagents and provides higher yieldsredyxts than
previous methods. Specifically, since,Bitso produces HBr, no
HBr source is required in this new method. The plasic
properties of3a reveal that this complex is robust in air. In
addition,3a is more soluble in a variety of organic solvefhznt
MPHT (3b) and TBATB (c). X-ray crystallography revealed
that the Bg unit is surrounded by four DMI units, which
indicates that Bf is highly stable within the crystal. Olefins,
carbonyl compounds, and aromatics were brominated 3et
which also facilitated the Hofmann rearrangementyiging the
desired products in good-to-excellent yields. Taleate the

Tetrahedron

To a solution of 1-tetradecen&a( 408 mg, 2.08 mmol) in
CH,CI, (4 mL) was addeda (990 mg, 2.11 mmol), and the
mixture was stirred at 20 °C for 1 h. The reactioxtore was
then diluted with hexane (50 mL) and washed with wgérmL
x 2). The organic layer was dried over,8@, (15 g) and
concentrated in vacuo. The crude residue (690 mg)puaified
using silica gel column chromatography (eluent: dm) to
afford 1,2-dibromotetradecan®a( 683 mg, 92 %) [23] as a
colourless liquid;H NMR (400 MHz, CDCJ) 5 0.88 (t,J = 6.9
Hz, 3H), 1.27-1.45 (m, 20H), 1.73-1.82 (m, 1H), 2.11B2Am,
1H), 3.62 (ddJ = 9.7 Hz,J = 10.1 Hz, 1H), 3.84 (dd,= 4.1 Hz,
J=10.1 Hz, 1H), 4.17 (ddf = 9.7 Hz,J = 4.1 Hz,J = 5.5 Hz,
1H); *C NMR (100 MHz, CDCJ) 5 14.21, 22.78, 26.82, 28.91,
29.45, 29.49, 29.63, 29.74 (3C), 32.01, 36.07,36:3.09.

4.3. Typical procedure for the a-bromination of carbonyl
compounds with 3a (Table 6, 10a)

To a solution of propiophenon®g, 285 mg, 2.15 mmol) in
CH.CIl, (4 mL) was addeda (1.23 g, 2.62 mmol), and the
mixture was stirred at 20 °C for 1 h. The reactiotore was
guenched with saturated NaHg@queous solution and then
extracted with diethyl ether (15 mL x 3). The cormagirorganic
layers were washed with water (20 mL x 2), dried ovesSHg
and concentrated in vacuo. The resulting crudeduesiwas
purified using silica gel column chromatography uésit:
hexane/chloroform = 1:2) to afford bromid@a (433 mg, 94 %)
[24] as a white crystalline solidd NMR (400 MHz, CDCJ)
61.90 (d,J = 6.7 Hz, 3H), 5.30 (¢] = 6.7 Hz, 1H), 7.48 (J =
8.1 Hz, 2H), 7.59 (t, J = 8.1 Hz, 1H), 8.02 {d= 8.1 Hz, 2H);
¥*C NMR (100 MHz, CDG)) & 20.25, 41.60, 128.87, 129.04,
133.81, 134.14, 193.46.

reactivity of 3a, the above four reactions were also carried ouy 4 Typical procedure for the bromination of aromatic

with 3b, 1c, and DDB {a). The reactivity of3a was observed to
be almost identical to that of alternativ@ls, 1a, and1c during
the bromination of olefins and in the Hofmann reagement.
On the other hand, the use 8& for the a-bromination of
carbonyl compounds yielded the desired productauoh higher
yields than3b owing to its superior solubility. Similarly, when
brominating aromatics, 1c afforded 2-bromo-1,4-
dimethoxybenzene in moderate yield due to its podubility in
acetic acid, while3a provided the product in higher yield. In

conclusion, DITB 8a) is a simple to prepare, air stable, andpurified using silica gel
manyhexane/benzene = 1:1) to afford bromida (310 mg, 71%) [25]

convenient alternative to molecular bromine in

bromination reactions.

4, Experimental section

4.1. Preparation of Bis (1,3-dimethyl-2-imidazolidinone)
hydrotribromide (DITB, 3a)

To a 50 mL round-bottom-flask equipped with a dryinge
containing calcium chloride, was added 1,3-dimethyl-
imidazolidinone (2.54 g, 22.2 mmol) in diethyl etlf20 mL) at 0
°C. Molecular bromine (809 mg, 5.06 mmol) was sloatided
to the flask at the temperature, and the mixturestia®d at 0 °C
for 1 h. Diethyl ether (30 mL) was added to the nmigfu
separating an orange precipitation, which was thiteréd and
washed with ether (10 mL x 3) to afford an orangestatiine
solid (1.41 g, 89%). Mp: 117-118 °@;., (KBr) 1625 cm®; 'H
NMR (400 MHz, CDC}) & 2.98 (s, 12H, NCkJ, 3.63 (s, 8H,
CH,), 10.5 (bs, 1H, HBr)**C NMR (100 MHz, CDG)) 5 32.15,
46.30, 161.76. Found: C, 25.58; H, 4.50; N, 11.99; Br.13.
C,0H21N,04Br; requires C, 25.61; H, 4.51; N, 11.95, Br, 51.11%.

4.2 Typical procedure for the bromination of olefins with 3a
(Table 5, 8a)

compounds with 3a (Table 7, 13a)

To a mixture of 1,4-dimethoxybenzen#24, 277 mg, 2.01
mmol) in acetic acid (4 mL), was addad (1.02 g, 2.17 mmol)
and the mixture was stirred at 50 °C for 6 h. Theetien mixture
was quenched with saturated NaHC@ueous solution and then
extracted with diethyl ether (15 mL x 3). The comgdgirorganic
layers were washed with water (20 mL x 2), dried oveiSHa
and concentrated in vacuo. The resulting crudeduesiwas
column chromatography uésit:

as a pale brown crystalline solfti NMR (400 MHz, CDC)) &
3.72 (s, 3H), 3.81 (s, 3H), 6.77-6.82 (m, 2H), 7.10&2.3 Hz,
1H); *C NMR (100 MHz, CDGCJ) & 55.81, 56.74, 111.84,
112.98, 113.53, 118.96, 150.19, 153.95.

4.5, Typical procedure for the Hofmann rearrangement with 3a
(Table 8, 15c¢)

To a mixture of benzamidel4c, 244 mg, 2.01 mmol) in
methanol (2 mL), was added NaOMe (498 mg, 9.21 mmmol) i
methanol (6 mL) and the mixture was stirred at 2061CL5 min.
Complex3a (1.18 g, 2.52 mmol) and methanol (2 mL) were
added to the mixture and stirred at reflux for 4The reaction
mixture was then cooled to room temperature, diluvath
diethyl ether (20 mL) and quenched with a saturdtd¢,Cl
aqueous solution (40 mL). After separation of thgaaic layer,
the aqueous layer was further extracted with diegtyér (15 mL
x 3). The combined organic layers were washed with m@@
mL x 2), dried over N&O, and concentrated in vacuo. The
resulting crude residue was purified using silicd gelumn
chromatography (eluent: hexane/chloroform 1:1) afiford
methyl phenylcarbamatelfc, 289 mg, 95 %) [26] as a white
crystalline solid;*H NMR (400 MHz, CDCJ) & 3.77 (s, 3H),



6.68 (bs, 1H), 7.06 (] = 7.8 Hz, 1H), 7.30 (t = 7.8 Hz, 2H),
7.40 (d,J = 7.8 Hz, 2H)®C NMR (100 MHz, CDCJ) & 52.34,
118.83, 123.45, 129.02, 137.97, 154.33.
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