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A transition metal-free, diastereospecific @t betwee
substituted 4)-1,2-dibromo-3-phenyl-2-propenes anc
substituted catechols using2C€s as a base at 140 °C for
hours delivers exclusively substituted)--arylidene-2,3-
dihydrobenzd][1,4]dioxines in yields up to 84.
Experiments as well as quantum chemical calculatguppol
the assumption that the one pot transformationgads as ¢
intermoleculaiO-allylation/intramolecula©-vinylation.
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Benzo[1,4]dioxines and 2,3-dihydro[1,4]benzodiosinare important oxygen containing
heterocycles since they exhibit a wide range ofogical and pharmaceutical properties [1].
Among the most prominent examples are the mesylftdoxazosin (CARDURR) (A),
which is used as an antihypertensive agent [2]erpixan B) being a potenti-adrenergic
blocking agen{3] and fluparoxan @) with antidepressant effects [4] (Fig. 1). A numbé
2,3-dihydro[1,4]benzodioxines like, which are derived from isovanillin, are known their
strong sweetening properties [5]. In addition, ¢hex also a number of naturally occurring
2,3-dihydro[1,4]benzodioxines [6]. The most popudae the diastereomeric flavolignans
silybin A (E) and silybin B F), isolated fromsilybum marianumwhich are known for their
antihepatotoxic activities [7].
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Fig. 1. Examples of biologically active benzo[1,4]dioxineridatives.

Due to the marked interest in biological active #wfh,4]-dioxines and 2,3-

dihydrobenzo[1,4]dioxines, a number of syntheticthmds for their preparation has been

developed [1,8]. In contrast, the number of symthetpproaches to 2-(ylidene)-2,3-

dihydrobenza|[1,4]dioxines is rather limited (Scheme 1) [9]. Moof them are based on

transition  metal-catalyzed @xodig-type cyclizations of  2-[(3-arylprop-2-yn-1-
3
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mercury [9e] compounds have found application. Mafsthem deliver the corresponding
cyclization products withZ)-configuration around the newly formed exocyclmulle bond.
The 2-[(3-arylprop-2-yn-1-yl)oxy]phenols can be #hesized either by Sonogashira coupling
using monoprop-2-ynylated catechols and aryl halides substrates [9a,e] or by
propargylation of a catechol with the correspondang-substituted propargyl halide under
basic conditions [9b,d,e]. In addition, the palladicatalyzed reaction between substituted
propargyl carbonates and catechols has also bestoged for the synthesis of 2-(ylidene)-
2,3-dihydrobenzd{][1,4]dioxines [9f] (Scheme 1).
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Scheme 1. Different approaches for the synthesis of 2-ylel@r3-dihydrobenzdj[1,4]dioxines.
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valuable for the synthesis of a plethora of hetgelic as well as carbocyclic systems [10].
We could successfully demonstrate that Cu(l)-caedyreactions of aromatic biselectrophiles
such as 1,2-dihalobenzenes amntho-halobenzyl halides with bisnucleophiles allow asct®
several carbo- and heterocyclic skeletons [11]. eleew, Cu(l)-catalyzed cross-couplings are
not restricted to reactions with aryl halides bab @lso be performed with vinyl halides as
electrophilic substrates [12]. As an example, wported the Cu(l)-catalyzed reaction
between 1,2-dihalo-2-propenes and 1,3-dicarbonyiistwproduces trisubstituted furans in a
highly selective and efficient way [13]. Againstghbackground, it was planned to develop a
new approach for the efficient synthesis of 2-bédeye-2,3-dihydrobenzb][1,4]dioxines3
based on a Cu(l)-catalyzed intermoleculaallylation/O-vinylation process using 1,2-dihalo-
2-propenesl and catechols2 as substrates. Herein, we disclose our resultsthen
diastereospecific synthesis af){2-benzylidene-2,3-dihydrobenij[1,4]dioxines ¢)-3 by
reaction of £)-1,2-dibromo-3-aryl-2-propeneg)¢1 with substituted catecholk

2. Results and discussion
2.1. Synthesis

As a model reaction, the transformation betwe&rl(2-dibromo-3-phenyl-2-propeneZ)¢
1a] [14] and catecholZa) was chosen. In a first attempZ){la and2a were reacted under
conditions that have been proven successful in @-Catalyzed domino intermolecul&-
allylation/O-vinylation reaction established in our laborat{@]. Accordingly, 1 equiv 4)-
1,2-dibromo-3-phenyl-2-propeneZ)¢lal] and 6 equiv of catecholg) were reacted in the
presence of 10 mol% Cul under basic conditionsgigiveof CsCQOs) in DMF at 120 °C for
2.5 h (Table 1, entry 1).

Tablel

Initial experiments for the formation of benzodioxiZ)-3aunder different condition’.

N Br HOD Cs,CO4 ©/\(\O
Br HO DMF, 2.5 h 0\©

(21a 2a (2)-3a

Entry  2a(equiv) Catalyst GE£G0; (equiv) T (°C) Yield ©)-3a
(%)

1 6 Cul (10 mol9g) 4° 120 50

2 6 - 4 120 67

3 6 - 4 100 29

4 6 - 4 75 7

5 6 - 4° 50 -

6 6 - 2° 120 67

7 6 - 2" 120 36

2All reactions were performed with 1 mmdl){l1a in 10 mL DMF under argon.
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¢ The purity of CsCO; was 99%.
4 The purity of CSCO; was 99.99%.

To our delight, Z)-2-benzylidene-2,3-dihydrobenaij[1,4]dioxine [(Z)-3a] was formed
exclusively in 50% vyield under these conditions.cémaged by this finding the model
reaction was optimized. To verify the role of thel @s a catalyst, the reaction was run in the
absence of Cu(l) salt. Surprisingly){3a was also formed as the sole product and with an
even better yield (67%) (Table 1, entry 2). Neltg impact of the temperature on the yield of
(2)-3a was studied. For this purpose, the copper-fregtimawas run at 100 °C, 75 °C and 50
°C (Table 1, entries -%). It could be established that the yields d)-3a decrease
dramatically with decreasing temperatures: at 50th@ formation of Z)-3a could not be
observed. The experiment given in Table 1, entgle@rly demonstrated that the excess of
CsCO;s could be reduced from 4 equiv to 2 equiv withofiéaing the yield. To identify
possible effects of transition metal impurities the CsCO; (99% purity) used, the
transformation was repeated with,C&s of 99.99% purity (Table 1, entry 7). Since theldie
of (Z)-3a dropped to 36%, it was decided to run the modattien in the presence of 10
mol% of several transition metal reagents usingj@iveof CsCO; of 99.99% purity as a
base. The results are given in Table 2.

Table2
The influence of different transition metal catadysn the yield ofZ)-3a.?

10 mol% catalyst

N e, HOD Cs,CO;3 WO
Br HO DMF, 120 °C, 2.5 h 0\©

(2)1a 2a (2)-3a
Entry Catalyst YieldZ)-3a (%)
1 Cul 35
2 CuBr 36
3 Cu(acag) 53
4 Cu(OAc) 37
5 CrCk x 6 H,O 35
6 Cr(NG;)3x 9 HO 25
7 Cr0Os 49
8 CoChLx 6 HO 35
9 CoCkx 6 HO 29
10 Co(acac) traces
11 Fe 39
12 FeCix 4 H,0 31
13 FeCix 6 H,O 4
14 Fe(GOy) x 2 HO 9
15 FeSQx 7 HO 30
16 NiCl 30
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18 Pd(PP§)4 38 a

All  reactions

were performed with 1 mmokEj-1a, 6 mmol2a and 2 mmol C£0; (99.99%) in

10 mL DMF under argon.

In a first set, the reaction was run in the presesicsome other Cu(l) and Cu(ll) reagents
(Table 2, entries-4). Interestingly, the best yield was obtained wtiemreaction was done
in the presence of 10 mol% Cu(acad)ith this Cu(ll) reagent,Z)-3a was isolated in 53%
(Table 2, entry 3). Apart from Cu-based reagehis,hodel reaction was also performed with
a number of Cr(lll) reagents (Table 2, entrieg)5 Co(ll) and Co(lll) reagents (Table 2,
entries 810) as well as with elemental iron, Fe(ll) and He(leagents (Table 2, entries
11-15). In addition, NiC] (Table 2, entry 16), Pd(OAcand Pd(PP{), (Table 2, entries 17
18) were tried as catalysts. However, under naupistances the yield of the model reaction
under transition metal-free conditions could be nowed by running the reaction in the
presence of 10 mol% of a transition metal catalyst.

Table3

Impact of different bases on the outcome of theehoehction under catalyst-free conditiéns.

I HOD base . WO
Br HO DMF, 120 °C, 2.5 h O\©

(2)-1a 2a (2)-3a
Entry Base z;)e)ld (2)-3a
1 CsCO; 67°
2 K,COs 3¢
3 NaCO; 12
4 K3POy trace$
5 KOH '

2All reactions were performed with 1 mmd){1a, 2 mmol base and 6 mm2h in 10 mL DMF under argon.
®The purity of CSCO; was 99%.

¢ The purity of KCO; was 99%.

4 The purity of NaCO; was 99.5%.

€ The purity of KPO, was 99.5%.

" The purity of KOH was 85%.

In a next step, the influence of different baseshsas KCO;, NaCO;, KsPO, and KOH, on
the outcome of the model reaction under metal-b@editions was figured out (Table 3). It
was established that £&30; is by far the best base to facilitate this reac(ibable 3, entry 1,
see also Table 1, entry 2). Finally, the influent¢éhe molar ratio betweeZ)-1a and?2a, the
amount of CgC0Os and the reaction conditions like reaction time terdperature on the yield
of the model reaction was addressed. First, 1 eglu{¥)-1a was reacted with 2 equiv @a

and 2 equiv G£O; at different reaction times and reaction tempeestuWWhen the reaction
7
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of reaction time and reaction temperature resuhean improvement of the yield (Table 4,
entries +4). The highest yield (77%) was obtained when taesformation was done at 140
°C for 18 h (Table 4, entry 4). The same yield wmabieved when the amounts 24 and
CsCO; were doubled (Table 4, entry 5). Next, we perfatraeme reactions between 1 equiv
(2)-1a, 3 equiv2a and 2 equiv of the base at different reaction &maures and reaction
times. It was established that the yields Bf-3a dramatically decreased with decreasing
temperatures and increasing reaction time (Tablendries 610). In a final attempt, the
model reaction was run with 2 equta and 4 equiv GE£0s; at 140 °C for 18 h. Under these
conditions, Z)-3a was isolated in 89% as a single product in diastaerically pure form.
(Table 4, entry 11).

Table4

Influence of the molar ratio between){la and2a, the amount of GE€O; and the reaction
conditions on the model reactidn.

N Br HOD Cs,CO4 ©/\(\O
Br HO DMF O\©

(2)-1a 2a (2)-3a
Entry 2a (equiv) CsCO; (equiv) Time (h) T (°C) z;)e)ld (2)-3a
1 2 2 2.5 120 59
2 2 2 2.5 140 65
3 2 2 6 140 74
4 2 2 18 140 77
5 4 4 18 140 77
6 3 2 2.5 140 66
7 3 2 2.5 120 62
8 3 2 4 100 71
9 3 2 6 90 43
10 3 2 7 70 21
11 2 4 18 140 89

2All reactions were performed with 1 mma@){lain 10 mL DMF under argon. The purity of £&0; was 99%.

Encouraged by this result, we embarked on studsoge and limitations of the new method
for the diastereospecific synthesis dj-2-arylidene-2,3-dihydrobenzg[1,4]dioxines g)-3.
For this purpose, a number of differed)-(,2-dibromo-3-aryl-2-propene)¢1 were reacted
with catechols2. While the catechola—d were commercially available, the&){1,2-
dibromo-3-aryl-2-propene<)-1a—i had to be synthesized. The preparation of theodibr
compounds 4)-1a-i was achieved by a three-step sequence starting thhe commercially
available, corresponding aldehyd&s-i (Scheme 2). Reaction of the aldehydasi with the
phosphoran® [15a,b] according to Thiemaret al. [15c] delivered the corresponding Wittig

8
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the a-bromoarylacrylates withZ)-configuration Z:E > 4:1). The Z)- and E)-diastereomers
can easily be distinguished by NMR spectroscopy. For th&fcompounds, 3-H resonates
at chemical shift$ >8 ppm, while for the H)-compounds the resonance signal for 3-H is
found at chemical shift8 <8 ppm [15c]. The diastereomers also differ wigspect to the
values of their®Jec-o 3.4 coupling constants which could be determined by MB8Q
experiments. For theZf-compounds the coupling constants range betweerd® Hz and for
the E)-isomers the coupling constants are between 7 &BdHz [16]. Then, the
diastereomeric mixtures of thebromoarylacrylate$a—i were subjected to reduction to the
corresponding 3-substituted 2-bromopropen-17ais using DIBAL-H as reductant [15d]. At
this stage, minor amounts of teisomers of7a-i were removed by repeated column
chromatography on SO Finally, the diastereomerically pur&){alcohols Z)-7a—i were
converted into theZ)-1,2-dibromo-3-aryl-2-propeneg)tla—i with yields up to 91% by using
PPh/Br, as reagents [14].

o CHCl; N
O)J\ 3 %‘,)J\OE'[ 100 °C, 45-60 min | XX OEt

S Br
R
6a-i
1. DIBAL-H .
n-hexane, — 78 °C 1. PPhs/Bry, CH,CI,, 0 °C
2. -78°C—=>0°C.15h | YT OH 2.0°C,3h | NN Br
— B _— Br
3. Rochelle-Salt N r e
(2)-Ta-i (2)-1a-i

Scheme 2. Synthesis of the substituted 1,2-dibromo-3-arpir8penes®)-la—i.

With the substrates in handZ){lb-i were reacted with catechol® under optimized
conditions. The reaction of thealkylaryl substituted 4)-1,2-dibromo-2-propene<)-1b—d
with catechol 2a) delivered the corresponding 2)¢2-(4-alkylbenzylidene)-2,3-
dihydrobenzd][1,4]dioxines ¥)-3b—d in diastereomerically pure form. Best yields were
obtained with Z)-1,2-dibromo-®-tolyl-2-propene [£)-1b] (88%) (Table 5, entry 1), followed
by (2)-1,2-dibromo-3-(4-ethylphenyl)-2-propeneZ]{lc] (77%) (Table 5, entry 2) and)-
1,2-dibromo-3-(4-isopropylphenyl)-2-propen@&)fld] (68%) (Table 5, entry 3) as substrates.
It seems that the size of tpealkyl substituent has an influence on the yieléxt\the 3-(4-
haloaryl)-substituted 1,2-dibromo-2-propen&$-1e-g were reacted to deliver th&){2-(4-
halobenzylidene)-2,3-dihydrobenbiffL,4]benzodioxines 4)-3e-g with yields between 53
and 63% (Table 5, entries-@). When the 3r(rbromophenyl)-substituted compound)-Lh
was employed as substrate, the prodd&3h was isolated in comparable yield (55%) than
(2)-3g (Table 5, entries 6 and 7). The r8fnethoxyphenyl)-substituted derivat&)li
delivered the corresponding produ#)-@i in 65% yield (Table 5, entry 8). FinallyZ)¢1la
was reacted successfully with 3,4-dichlorocated@b), 3,4-dibromocatechol2¢) and 2,3-
dihydroxynaphthalene2¢l) to provide the 6,7-dihalo-2,3-dihydrobenjp],4]dioxines @)-
3j,k and the 2,3-dihydronaptho[2i8f1,4]dioxine [(£)-3l]. It was demonstrated that a range
of (2)-1,2-dibromo-3-aryl-substituted-2-propen&$-1a—i could be reacted with catech@hj
and some catechol derivativé&2b{d) under basic, transition metal-free conditiongitee the

9
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between 49 and 89%. WheB){la was treated with 1,2-ethanediol as bisnucleopinider
standard conditions, no transformation could beenled.

Table5

Substrate scope of the reaction Hf-{a—i with 2a—d to the correspondingj)-2-benzylidene-
2,3-dihydrobenzdj][1,4]dioxines £)-3b-I under optimized, transition metal-free conditiéns.

HO R? Cs,CO4
17 Br R1 A 0]
R M * ]i:[ DMF, 140 °C, 18 h M

Br HO R2 ©
(2)-1a-i 2a-d (2)-3b-1 R2
R2
Entry R! 2 Yield 2)-3 (%)
o0 O
1 Me HO Me 0
(2)1b 2a (2)-3b (88%)
@1{ HOD ~ o
2 Et HO Et%
(2)1¢ 2a (2)-3¢ (77%)
JORNBORN SRS
3 Pr HO iPr O\©
(2)1d 2a (2)-3d (68%)
‘e HOD ~r "o
(21e 2a (2)-3e (63%)
oF 0 Oy
5 Cl HO Cl O\©
(2)-1f 2a (2)-3f (54%)

[ j‘l&/ HOD mo
6 Br HO Br O\©
2a (2)-39 (53%)

10
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(2)-1h 2a 2)-3h (55%
HO
Me0\©@{ D MeO\E>/\ﬁO
8 N O
(2)-1i 2a (2)-3i (65%)°
_ Ho cl N o
@‘a j@ m
9 HO cl
o]
(2)-1a 2b (2)-3j (51%)  Cl
X" "o
~ HO B
@2 j@[r m
10 HO Br
Br
(2)1a 2c (2)-3k (49%) Br

X
©E/ HO m
11 " O
(2-1a 2d (2)-31 (61%) O

2 All reactions were performed with 1 mmda)¢1, 2 mmol 2 and 4 mmol C£0; (99%) in 10 ml DMF under
argon.

P Reaction was performed with 0.89 mm#)-(i, 1.78 mmol2a and 3.56 mmol GEO; (99%) in 10 ml DMF
under argon.

2.2. Structure elucidation

144.77
7.71(d) 5.11 (s) / 4.02(s)
H H(H H

65.88
3N 10

O/>
4 ——— > 3/ HMBC correlations

———  2J HMBC correlations

7.71 (d)

143.80

Fig. 2. Some importantH- and**C NMR chemical shifts [ppmf,J- andJ HMBC correlations from
1-H, and 3-Hof (2)-3a.
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characterized by IR-*H- and **C NMR spectroscopy as well as mass spectrometrg. Th
structure elucidation ofZ)-3a-l is mainly based on NMR experiments, including COSY
HMBC-, HSQC-, HSQMBC- andD NOESY experiments. As an example, signal$ at
65.88, 144.77, 142.96 and 143.80 ppm in tf@ NMR spectrum of Z)-3a, which are
assigned unambiguously to C-1, C-2, C-1" and G-@&'spectively, are in accordance with a
2,3-dihydrobenzdd][1,4]dioxine structure with an exocyclic doublenabat C-2 (Fig. 2). This

is supported by the chemical shifts for the allypiotons attached to C-1 and the vinylic
proton at C-3, which resonate as singletat4.02 ppm and at=5.11 ppm, respectively. In
case of a 2-benzylbenai[l,4]dioxine with an endocyclic double bond andbanzyl
substituent the protons would be expected to rée@raund = 5.6 ppm (vinylic proton) and

0 = 3.2 ppm (benzylic protons) [8f]. Unambiguous ewide for the Z)-configuration of the
exocyclic double bond was provided Hy NOESY experiments (Figs. 3 and 4). Selective
excitation of the proton attached to C-3at 5.11 ppm results in an intensity increase of the
signals ab = 4.02 ppm (1-B) andé = 7.71 ppm (2’-H, 6’-H). As expected, excitatiohte
two protons attached to C-1 &t 4.02 ppm resulted in a strong enhancement ositeal
intensity ato = 5.11 ppm (3-H). In case of ak){configuration no NOE effect between the
protons attached to C-1 and the proton at C-3 wbaldxpected. Strong evidence for thg (
geometry of the exocyclic double bonds came alsm fihe size of the coupling constahis.

1, 3-n For double bonds witlzZf-configuration the values of this coupling constare smaller
than 5 Hz while for the corresponding){isomer the values exceed 7 Hz [17]. In &)-2-
arylidene-2,3-dihydrobenzbof[1,4]dioxines ¥)-3a-l, the size of the coupling constarfs.,

3.1 Was in the range between 3.5 and 4.5 Hz, whichrlglgoroves the 4)-geometry of all
products.

13
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ray crystal structure analysis.

Unequivocal evidence for the structure 8f-2-benzylidene-2,3-dihydrobenij[1,4]dioxine
[(2)-3a] came from single crystal X-ray diffraction (Fig). The title compound crystallizes
with two independent molecules in the asymmetrit oihthe acentric space group PBoth
conformers show &-isomer. The C1-C9 double bond could be clearlyntified in both
molecules characterized by distances of 1.325(@hd 1.324(4) A, respectively.

2.3. Reaction mechanism

a) Alkene Pathway

intermolecular

Ar/\/\Br D _ CsC0 r/\/dgr . © | N O-allylation
Br Br

HO %

(21 anion of 2

(21
/Q /@ intramolecular
ngCO3 2 O-vinylation
Ar /\/\ Ar/\/\o AN o
e N

B 0 N
(2)-8 anion of (2)-8 23 | %
R
b) Alkyne Pathway
_ Cs,CO; Cs,CO RN
X B At BN
AF/Y\BF 7HBr /\ D /\Br + | )
Br Ar HO X
R R
(21 2 9 anion of 2
intermolecular
O-propargylation /Q 6-exo-dig Ar/\/\o
O
—HBr |
X
anion of 10 (2-3 R

Scheme 3. Two possible reaction mechanisms: a) the alkettenagy and b) the alkyne pathway.

With regard to the reaction mechanism it is assynied the reaction sequence starts with an
intermolecularO-allylation between a 3-aryl-substituted 1,2-dibm&ipropene 4)-1 and a
catechol2 to deliver the corresponding allyl aryl ethe®)-8 (Scheme 3a). After a second
deprotonation an intramoleculdD-vinylation takes place, which results in the highl
diastereospecific formation of the cyclization oy a g)-2-arylidene-2,3-
dihydrobenzdj][1,4]dioxine &)-3. This requires, that the cyclization proceeds watention

of the configuration of the double bond iA)-l. It is also conceivable that under basic
reaction conditions the reaction sequence statts @imination of HBr from Z)-1 to form
the aryl propargyl bromid® as an intermediate (Scheme 3b). This is followgdah
intermolecularO-propargylation betweefl and a deprotonated catecllAfter subsequent
deprotonation, the resulting anionic aryl proparggher anion of 10 undergoes an
intramolecular 6Gexodig cyclization  which  delivers the Z)-2-arylidene-2,3-
dihydrobenzd][1,4]dioxine 3 with (Z)-configuration around the exocyclic double bond][1

14



FZ Br 4 equiv Cs,C0O3

©/ . HOD DMF, 140 °C,18 h, Ar xr o

HO 89% O\©
9a 2a (2)-3a

Scheme 4. Preparation of4)-3a by reaction of (3-bromoprop-1-yn-1-yl)benzerga)(with catechol
(2a) under optimized conditions.

The reaction mechanism via the alkyhécheme 3b) cannot be excluded a priori, which was
demonstrated by the outcome of the reaction betvpdemyl propargyl bromide94) and
catechol 2a). When the transformation was run under the c@t optimized for the
reaction betweenZj-la and 2a, the cyclization productZ)-3a was isolated as pur&)¢
diastereomer in 89% vyield (Scheme 4). It needsetbighlighted that this experiment clearly
proves that the cyclization of 2-[(3-arylprop-2-¥nay)oxy]phenols can easily be achieved
under transition metal-free conditions (for traiesitmetal-catalyzed cyclizations, see Scheme
1). To decide, whether the reaction proceeds wadlkene pathway (Scheme 3a) or the
alkyne pathway (Scheme 3b) a number of experimeets performed.

15



d) UldsSIlelcUSPeUIlIU LyllZdUuUll Ul d TTHAWIE Ul (4 )= dliu ()~ 1a

2 equiv 2a,

4 equiv Cs,COs3, S
W DMF, 140 °C, 18 h, Ar WO .\ 0

89% 0\©
(2)-1a (E)-1a (2)-3a (E)-3a
90 : 10 92 8
b) Diastereospecific cyclization of pure (
2 equiv 2a,
4 equiv Cs,COs3, S
DMF, 140 °C, 18 h, Ar 0 + 0]
(2)1a (E)1a (Z2)-3a (E)-3a
1 : 99 0 : 100

c) Isomerization experiment of pure (Z)-3a and a mixture of (2)- and (E)-3a

1 4 equiv Cs,CO3, 1
i i DMF.,140 °C, 18 h, Ar \© \©

93 %
(2)-3a (2)-3a
100 : 0 100 : 0
92 8 92 8

Scheme 5. a) Diastereospecific cyclization of a mixture @)-(and €)-la; b) diastereospecific
cyclization of pure E)-1a; ¢) isomerization experiment of purg){3a and a mixture of4)- and E)-
3a.

First, a 9:1 mixture of4)- and E)-1,2-dibromo-3-phenyl-2-propeneZ)¢la and €)-1a] [19]
was reacted under standard conditions (Schemd bis) experiment delivered 89% of a 92:8
mixture of ¢)- and E)- 2-benzylidene-2,3-dihydrobenddf1,4]dioxine [(£)-3a and E)-3a].
This outcome supports that the cyclization of thbssrates with 4)-configuration proceeds
diastereospecifically via the alkene pathway (Sah@&a) with retention of the configuration
of the double bond. Obviously, this result offerisoathe opportunity to synthesize
diastereoselective pur&)2-arylidene-2,3-dihydrobenzg[1,4]dioxines E)-3 by employing
the corresponding substratéswith (E)-configuration. To prove this hypothesis, it was
decided to synthesize diastereomerically pt)elé and to react it under standard conditions.
For this purpose, pur&)-la was subjected to an iodine-catalyzed double bsohérization
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diastereomerically pure fornZ:E = 1:99). The structure was proven by NMR spectrpgco
[21]. Then, E)-1a was reacted witl2a using our optimized protocol. It was found thag th
reaction of diastereomerically purg&){la delivers diastereomerically pu@a exclusively.
The structure oBa has unequivocally been determined by NMR speabmscDue to the
deshielding effect of one of the ring oxygens iae benzodioxine the vinylic proton dE)-3a

is expected to resonate at lower fiedd=6.42 ppm) than the vinylic proton af)¢3a (6 =
5.11 ppm). This is in full accordance with the rhitieire [9a]. To exclude a subsequent
isomerization of the products wit@)¢ and E)-configuration, pure4)-3a as well as a 92:8
mixture of ¢)-3a and(E)-3a were subjected to reaction conditions (Schemelbajler these
conditions no isomerization occurred. It can bectased that the reaction betweéf)-(a
and?2 proceeds diastereospecifically via the alkenevpayhas depicted in Scheme 3a.

2.4. DFT-calculations

Further studies concerning the exclusive formatidnproducts3 with (Z)-configuration
included quantum chemical calculations which weaeried out at the B3LYP/6-31+G(d)
level of theory. The reaction betweed)-lg and 2a was taken as an example. The
calculations reveal that the overall product foloratis endergonic in nature by 21.37
kcal/mol (11.15 + 9.77) (Scheme 6a) fd)-Bg and 23.78 kcal/mol (11.15 + 12.63) fd){
3g. The endergonic character supports the neceskityash reaction conditions for the
product formation on a relative scale. TEgicomer3g is more stable by 2.41 kcal/mol, and
hence, theK)-isomer3g is expected to be formed in minor amounts.
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£
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N0 _©%C0: | Br 10 |
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PES diagram ( Blue-neutral and Purple-lonic) depicting product formation.
Energies are given in kcal/mol and distances in Angstrom (A).

c) The alkyne pathway (neutral)

e e
- 3 -8,
0y
° (x4
Alkyne_Pathway
BN o e ®
int A AG=39.26 _Cyclization O 4120 2% Tsaa
e AG =—29.49 (2)3g
E,=74.76 100 +
—HBr
80
int.cU 99 =]
£
=| 60
]
21 a0
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9.77
int A AG 39.26 _CsC03 0 - 0.00 .
nt. AG = -29.49 Z) 39 . Cyclisation (deprotonation
E, =55.62 followed by C-O bond formation)
Base catalysed PES diagram ( Blue-neutral and Purple-lonic) depicting product formation.
deprotonation Energies are given in kcal/mol and distances in Angstrom (A).

int.c 99 followed by cyclization

Scheme 6. a) The overall energetics of the reaction betw@grlg and2a to form ¢)- and €)-3g; b)
the alkene pathway:; c) the alkyne pathway. All giesr are given in kcal/mol and distances in A.
Corresponding pathways involving intermediateiBt.(B) are depicted in ESI (Scheme S1). The
potential energy diagram is included.

It is assumed that the reaction starts with the &dHBr in the presence of a base |likgCKs,

leading to F)-8g. This step is endergonic by 11.15 kcal/maf)-8g can adopt two

conformational statesnt. A andint. B. There is no energy difference between these two

states, one conformer produces Zhisomer 0f3g and the other results in tikeisomer of3g.

The rotational barrier between the two conformar®uants to 1.95 kcal/mol which is less
18
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between the two isomers of the key intermediateer®, it was concluded that the product
formation is largely governed by steric factors. Toderstand the mechanism of the
cyclization step, two pathways have been considdfrex alkene and the alkyne pathways.
Along the alkene pathway (Scheme @b}, A can undergo an intramolecular cyclization by
nucleophilic addition. The cyclization may starther from the neutral or the anionic form of
int. A. Starting fromint. A in the neutral form the Hor the cyclization, which proceeds via
TS-1, has been found to be 46.67 kcal/mol. On the dihad, the Efor the anionic pathway
starting from the anion ofnt. A and proceeding vidS-2 amounts to 11.38 kcal/mol.
Remarkably, the activation barrier for the anigpéth is considerably lower than that for the
pathway starting with the neutraht. A. The activation barrier values suggest that the
cyclization process can be considered as a baabroad cyclization. In the alkyne pathway
(Scheme 6¢)nt. A initially undergoes a base-catalyzed abstractfddBr to form the alkyne
int. C. The formation ofnt. C is endergonic by 39.26 kcal/mol. Like in the alkgrathway,
the cyclization can also start either from the redunt. C or the anion ofnt. C. In case of
the neutralint. C, the cyclization proceeds viaS-3a with an activation barrier of 74.76
kcal/mol. Starting from the anionic form ait. C, the activation barrier amounts to 55.62
kcal/mol viaTS-3b. As a result, the alkyne pathway is also accongzhniith a reduction of
the activation barrier in the presence of a baseisTin the cyclization starting fromt. A
(alkene pathway) as well as the cyclization stgrfmom int. C (alkyne pathway) the base
could function as a catalytic agent. However, it ba concluded, that the alkene pathway is
preferred over the alkyne pathway.

3. Conclusions

To summarize, a new and efficient one pot procédbe synthesis ofZ)-2-arylidene-2,3-
dihydrobenza][1,4]dioxines £)-3 with yields up to 89% has been established. Reacti a
range of diastereomerically purg){1,2-dibromo-2-propenesZ)-1 with catechols2 under
transition metal-free conditions using,C&; as a base delivers the diastereomerically pure
(2)-2-benzylidene-2,3-dihydrobendj[1,4]dioxines §)-3. It is assumed that the reaction
starts with an intermolecula®-allylation, which is followed by an intramoleculdd-
vinylation. The reaction mechanism is supported dxperiments as well as by DFT
calculations. Our study has also revealed thateahetion of E)-1,2-dibromo-2-propenes)-

la with catechol 2a) delivers E)-2-benzylidene-2,3-dihydrobenaij[1,4]dioxine [(E)-3a]
and that the reaction between (3-bromoprop-1-ymienzene $a) and catechol2gq) yields
the @)-2-benzylidene-2,3-dihydrobenaij[1,4] dioxine [(£)-3a] under transition metal-free
conditions. The structures of all products were cielated unequivocally by NMR
spectroscopy.
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4. Experimental section
4.1 General

All commercially available reagents were used withfoirther purification. CatechoR§) was
recrystallized from toluene prior to use. DMF usedeactions was distilled prior to use and
stored under argon over molecular sieves 4 A. Qshbrents used in reactions and solvents
used for extraction and purification were distillpdor to use. Reaction temperatures are
reported as bath temperatures. Thin-layer chromapby (TLC) was performed on precoated
aluminum plates (silica gel Macherey-Nagel ALUGRAMtra SIL G/UVss,) and visualized
by UV light (254 nm) and/or by immersion in an etbkc vanillin solution followed by
heating. Products were purified by flash chromaipgy on silica gel (MN 60, 0.04—-0.063
mm; Marcherey-Nagel or by preparative thin layemoamatography (Merck PLC Silica gel 60
FO1O0, 2 mm). Melting points were determined on a Bucllting point apparatus B-545
and are uncorrected. IR spectra were measured Bmiker Alpha FT-IR spectrometetH
and *C NMR spectra were recorded at 300 MHz and 500 M#HzVarian Unity Inova
spectrometers and at 600 MHz on a Bruker AvancelDl spectrometer using CD£ICsDe

or pyridine-@ as the solvent. Th&H and**C chemical shifts were referenced to residual
solvent signals atd H/C 7.26/77.02 (CDG), o6 H/C 7.16/128.39 (€Ds) and o H/C
8.74/150.35 (pyridined) relative to TMS as internal standard. COSY-, HSQE@MVBC-,
HSQMBC- and'D NOESY-spectra were recorded on Bruker AvancéiDl spectrometer at
600 MHz. Coupling constantd [Hz] were directly taken from the spectra and ac¢ n
averaged. Splitting patterns are designated asngldy, bs (broad singlet), d (doublet), t
(triplet), g (quartet), sep (septet), m (multiplet)d ovl (overlapped). Low-resolution electron
impact mass spectra [MS (El)] and high-resolutiasselectron impact mass spectra [HRMS
(EI] were obtained at 70 eV using a double focgsiactor field mass spectrometer Finnigan
MAT 95. High resolution spectra [HRMS (APCI)] wearecorded in the solvent system 0.2 %
formic acid in water (solvent A) and acetonitrileO+2 % formic acid in water (solvent B)
using Agilent 1290-APCI (Q Exactive plus, ThermaHhar Scientific, APCI, pos) with the
following gradient program: 0.00 (min), 0.30 (mLfji A:B = 90:10; 10.00 (min), 0.30
(mL/min), A:B = 30:70; 15.00 (min), 0.30 (mL/minA:B = 10:90; 20.00 (min), 0.30
(mL/min), A:B = 90:10; 25.00 (min), 0.30 (mL/min:B = 90:10. Intensities are reported as
percentages relative to the base peaki00%).

4.2 Synthesis and characterization of starting mai [(Z)-1a—i]
General procedure | for the synthesis of startirgjerials ¢)-1a—i [14]

A solution of bromine (1.09 equiv) in dichlorometiga(1.63 mL/mmol bromine) was added
dropwise to a stirred solution of a 2-bromo-2-pmfieol £)-7 (1.0 equiv) and
triphenylphosphine (1.10 equiv) in dichloromethgBemL/mmol alcohol) at 0 °C. After
stirring for 3 h at 0 °C the reaction mixture wilsvaed to warm to room temperature and the
mixture was applied to reduced pressure until allsmsidue of solvent was lefe & mL/20
mmol alcohol). The residue was subjected to pretipn with n-pentane (60 mL) and was
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filter cake was washed thoroughly witlkpentane (3 x 100 mL). The filtrate was dried over
MgSQ,, filtered and the solvents were removed underagedyressure. The crude product
was purified by column chromatography over siliehgsingn-pentane as eluent to afford the
corresponding 1,2-dibromo-3-aryl-2-propei$-{ in analytically pure form.

4.2.1 ¢)-1,2-Dibromo-3-phenyl-2-propened)-1a] [21]

3 A 1 3\2 1 Br

4 e Br

z

According to general procedure |, 2-bromo-3-phemgp-2-en-1-ol [£)-7a] (2.01 g, 9.43
mmol), triphenylphosphine (2.72 g, 10.38 mmol) iohtbromethane (28 mL) and a solution
of bromine (0.53 mL, 1.66 g, 10.38 mmol) in dicldiorethane (17 mL) were reacted for 3 h
at 0 °C. After work-up and purificationZ)-1,2-dibromo-3-phenyl-2-propenez)tla] was
obtained as a pale yellow oil in 91% yield (2.388¢60 mmol,ZE > 95:5); R 0.41 {-
pentane)H NMR (300 MHz, CDGJ) 6 4.44 (s, 2H, 1-H), 7.13 (s, 1H, 3-H), 7-3638 (m,
3H, arom. H), 7.667.64 (m, 2H, arom. H)**C NMR (75 MHz, CDC}) § 40.65 (C-1), 120.75
(C-3), 128.25 (arom. C), 128.70 (arom. C), 129.86orf. C), 132.20 (arom. C), 134.58
(arom. C); MS (El, 70 eVm/z (%) 275 (9) [M] 2 [CoHgBr,]*, 195 (30) [M-Br]" 2
[CoHgBI]", 115 (100) [M-2 x Br" 2 [CoHg]".

4.2.2 ¢)-1,2-Dibromo-3p-tolyl-2-propene [Z)-1b] [21]
3 2 1 3\2 ! Br
o & Br
5

According to general procedure |, 2-bromop3tdlyl)prop-2-en-1-ol [£)-7b] (4.74 g, 20.00
mmol), triphenylphosphine (5.77 g, 22.00 mmol) iohibromethane (60 mL) and a solution
of bromine (1.12 mL, 3.52 g, 22.00 mmol) in dicldiorethane (36 mL) were stirred for 3 h at
0 °C. After work-up and purification,Z}J-1,2-dibromo-3p-tolyl-2-propene [Z)-1b] was
obtained as a pale yellow oil in 30% vyield (1.715¢88 mmol,ZE > 95:5 ); R 0.43 -
pentane)*H NMR (600 MHz, CDGY) § 2.36 (s, 3H, 1”-H), 4.44 (s, 2H, 1-H), 7.09 ($4,13-
H), 7.19 (d like,2J(3'-H, 2’-H) = 3J(5"-H, 6'-H) = 7.5 Hz, 2H, 3'-H and 5'-H), 7.55 (like,
3)(2"-H, 3'-H) = 3)(6'-H, 5'-H) = 7.6 Hz, 2H, 2'-H and 6’-H}’C NMR (125 MHz, CDGJ) §
21.38 (C-1"), 41.04 (C-1), 119.80 (C-2), 128.97-ZCand C-6"), 129.03 (C-3' and C-5"),
131.67 (C-1), 132.20 (C-3), 138.96 (C-4’); MS (Ei0 eV) m/z (%) 289 (9) [M] 2
[CloHllBr2]+, 210 (31) [I\A—Br]+ == [CloHllBr]+, 130 (100) [M—Z X BI’]Jr == [C10H11]+, 115 (49),
64 (10).

4.2.3 ¢)-1,2-Dibromo-3-(4-ethylphenyl)-2-propen&)fic]
3 N 3\2 : Br
NG ¢ Br
"E
According to general procedure Z){2-bromo-3-(4-ethylphenyl)prop-2-en-1-oF)¢7c] (4.82
g, 20.00 mmol), triphenylphosphine (5.77 g, 22.0@0t) in dichloromethane (60mL) and a
solution of bromine (1.12 mL, 3.52 g, 22.00 mmal)dichloromethane (36 mL) were stirred

21



IVUI oll At U u. AILCI vvu”\-up allu pulIII\.;GLIUIL,.}(J.,L'UIUIUIIIU'O'\'—I-'CI.II_yllJIICII_yI)‘L‘lJIU[JCIIC
[(2)-1c] was obtained as a pale yellow oil in 57% yieldd#8g, 11.32 mmolZE > 95:5); R
0.46 f-pentane); IR (ATR) 2962, 2929, 2870, 1607, 1509, 1454, 1413, 12886,12184,
1131, 1071, 1019, 899, 870, 819, 619, 533" clH NMR (600 MHz, CDC}) 6 1.27 (t,2J(2"-
H, 1”-H) = 7.5 Hz, 3H, 2"-H), 2.68 (q>J(1"-H, 2”-H) = 7.5 Hz, 2H, 1"-H), 4.46 (s, 2H, 41
H), 7.12 (s, 1H, 3-H), 7.24 (d lik&)(3'-H, 2'-H) = 3J(5'-H, 6'-H) = 8.0 Hz, 2H, 3-H and 5'-
H), 7.62 (d like®J(2"-H, 3'-H) = 3J(6'-H, 5'-H) = 8.0 Hz, 2H, 2’-H and 6’-H)**C NMR (125
MHz, CDCk) § 15.27 (C-2"), 28.70 (C-1"), 41.08 (C-1), 119.16-2), 127.75 (C-3' and C-
57, 129.11 (C-2’ and C-6), 131.86 (C-1"), 132.10-3), 145.24 (C-4’); MS (El, 70 eMp/z
(%) 303 (11) [M]L = [C11H138r2]+, 223 (41) [l\A—BI’]+ e [CllngBr]+, 144 (100) [M-2 x BI’]+
2 [CyHig*, 129 (92), 115 (38), 105 (15), 79 (29); HRMS (B calculated for
[C11H12Brs] " 303.9286 found 303.9347.

4.2.4 ¢)-1,2-Dibromo-3-(4-isopropylphenyl)-2-propen&J{1d]

According to general procedure E){2-bromo-3-(4-isopropylphenyl)prop-2-en-1-oFZJ{7d]
(5.10 g, 20.00 mmol), triphenylphosphine (5.77 202 mmol) in dichloromethane (60 mL)
and a solution of bromine (1.12 mL, 3.52 g, 22.0fdat) in dichloromethane (36 mL) were
stimed for 3 h at 0 °C. After work-up and purifitan, (£)-1,2-dibromo-3-(4-
isopropylphenyl)-2-propenej-1d] was obtained as a light yellow oil in 47% yieRiq1 g,
9.45 mmol,ZE > 95:5); Ry 0.50 f-pentane); IR (ATR) 2958, 2867, 1607, 1508, 1458,
1414, 1278, 1206, 1052, 1017, 899, 870, 818, 626, 599, 431 ci ‘*H NMR (600 MHz,
CDCly) 6 1.25 (d,3(1"-H, 2"-H) = 3)(3"-H, 2"-H) = 6.9 Hz, 6H, 1"-H and 3"-H), 2.91
(sep,2J(2"-H, 17-H) = 3J(2"-H, 3"-H) = 6.9 Hz, 1H, 2"-H), 4.44 (s, 2H, H), 7.09 (s, 1H,
3-H), 7.23 (d like2J(3"-H, 2’-H) = 3J(5"-H, 6’-H) = 8.2 Hz, 2H, 3'-H and 5'-H), 7.61 (iike,
3)(2"-H, 3-H) = 3J(6"-H, 5'-H) = 8.2 Hz, 2H, 2'-H and 6’-H)}*C NMR (125 MHz, CDGJ) ¢
23.77 (C-1” and C-3"), 33.99 (C-2"), 41.13 (C-1119.72 (C-2), 126.35 (C-3’ and C-5"),
129.15 (C-2’ and C-6’), 131.99 (C-1"), 132.18 (G-3%9.87 (C-4'); MS (ElI, 70 eVin/z (%)
317 (14) [MT e [C12H158r2]+, 237 (27) [I\A—Br]+ = [C12H158r]+, 194 (43), 157 (71) [M2 x
Br]® 2 [CiHig", 143 (100), 128 (80), 115 (68), 91 (14) [C;H7]"; HRMS (EI, M)
calculated for [GH14Br5] " 317.9442 found 317.9468.

4.2.5 ¢)-1,2-Dibromo-3-(4-fluorophenyl)-2-propeneZlf-1¢] [21]

N

()
us]
=

According to general procedure [2){2-bromo-3-(4-fluorophenyl)prop-2-en-1-olZ)7¢€]
(1.16 g, 5 mmol), triphenylphosphine (1.58 g, 6n0@ol) in dichloromethane (15 mL) and a
solution of bromine (0.31 mL, 0.96 g, 6.00 mmol)dichloromethane (10 mL) were stirred
for 3 h at 0 °C. After work-up and purificationZ)¢1,2-dibromo-3-(4-fluorophenyl)-2-
propene [{)-1€] was obtained as a light yellow oil in 77% yieli13 g, 3.82 mmolZE >
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6.70 (d like 23(3"-H, 2-H) = 3J(5"-H, 6'-H) = 8.0 Hz, 2H, 3'-H and 5'-H), 7.19 (ike, 3J(2'-
H, 3'-H) =3)(6'-H, 5'-H) = 8.5 Hz, 2H, 2’-H and 6'-H)**C NMR (125 MHz, GDs) J 40.10
(C-1), 115.0 (d2)(4'-F, C-3) = 2)(4-F, C-5') = 21.9 Hz, C-3' and C-5'), 120.77 (Q;2
130.62 (dJ(4'-F, C-1') = 3.3 Hz, C-1"), 130.73 (C-3), 130.90, °J(4'-F, C-2) =3J(4'-F, C-
6') = 8.7 Hz, C-2’ and C-6"), 162.64 (4)(4'-F, C-4’) = 250.1 Hz, C-4’); MS (El, 70 e\fji/z
(%) 293(14) [M] 2 [CeH/BroF]*, 212 (47) [M-Br]* 2 [CoH;BrF]*, 134 (100) [M-2 x Br] 2
[CoHF]".

4.2.6 ¢)-1,2-Dibromo-3-(4-chlorophenyl)-2-propene&)¢if] [21]

2 3,1
3 ~ Br

4 .+ Br
6
cI Y

According to general procedure [2){2-bromo-3-(4-chlorophenyl)prop-2-en-1-olZ){7f]
(4.95 g, 20 mmol), triphenylphosphine (5.77 g, P2omol) in dichloromethane (60 mL) and
a solution of bromine (0.31 mL, 3.52 g, 22.00 mmolichloromethane (36 mL) were stirred
for 3 h at 0 °C. After work-up and purificationZ)¢1,2-dibromo-3-(4-chlorophenyl)-2-
propene [£)-1f] was obtained as a light yellow oil in 61% yieRl{6 g, 12.12 mmolZ.E >
95:5);R; 0.44 f-pentane)*H NMR (600 MHz, CDC}) 6 4.42 (s, 2H, 1-H), 7.08 (s, 1H, 3-H),
7.34 (d like,2J(3"-H, 2'-H) = J(5"-H, 6'-H) = 8.0 Hz, 2H, 3'-H and 5'-H), 7.57 (ike, 3J(2"-

H, 3'-H) =3J(6’-H, 5'-H) = 8.5 Hz, 2H, 2’-H and 6’-H)**C NMR (125 MHz, CDCJ) § 40.26
(C-1), 121.49 (C-2), 128.50 (C-3’ and C-5’), 130&1-2’' and C-6"), 130.94 (C-3), 132.98
(C-1)), 134.59 (C-4); MS (El, 70 eVin/z (%) 309 (12) [M] 2 [CoH/Br.Cl]*, 230 (44)
[M-Br]" 2 [CoH;BrCI]*, 150 (69) [M-2 x Br]" 2 [CoH-CI]", 115 (100)2 [CoH]".

4.2.7 ¢)-1,2-Dibromo-3-(4-bromophenyl)-2-propen&j{1g]

2 3,1
3 N Br

4 1

Br : e Br
According to general procedure [Z){2-bromo-3-(4-bromophenyl)prop-2-en-1-olZJ{7g]
(5.84 g, 20 mmol), triphenylphosphine (5.77 g, B2x¥@mol) in dichloromethane (60 mL) and
a solution of bromine (0.31 mL, 3.52 g, 22.00 mmollichloromethane (36 mL) were stirred
for 3 h at 0 °C. After work-up and purificationZ){1,2-dibromo-3-(4-bromophenyl)-2-
propene [{)-1g] was obtained as a light yellow oil in 47% yiell36 g, 9.46 mmolZE >
95:5); R 0.50 f-pentane); IR (ATR) 2921, 2851, 1615, 1584, 1484, 1398, 1275, 1199,
1123, 1071, 1006, 902, 880, 809, 674, 636, 611, 554, 498, 429 cihy *H NMR (600 MHz,
pyridine-d;) § 6.81 (s, 1H, 1-H), 7.49 (d liké)(2'-H, 3'-H) = 3J(6’-H, 5'-H) = 8.5 Hz, 2H,
2'-H and 6’-H), 7.70 (d like?J(3'-H, 2’-H) = *J(5"-H, 6'-H) = 8.0 Hz, 2H, 3'-H and 5'-H),
8.82 (s, 1H, 3-H)**C NMR (125 MHz, pyridine-g) 6 68.48 (C-1), 117.59 (C-2), 131.28 (C-
2" and C-6'), 131.58 (C-3’ and C-5’), 133.47 (C-11)35.63 (C-3), 136.84 (C-4"); MS (ElI, 70
eV) m/z (%) 353 (13) [M] 2 [CoH/Br3]*, 274 (34) [M-Br]" 2 [CoH;Br,]", 193 (71) [M-2 x

Br]* 2 [CeH/Br]*, 115 (100) [M-3 x Br]" 2 [CeH7]*, 69 (11); HRMS (APCI, 5 kV, [M+H)
calculated for [GH-Br3]* 352.8171 found 352.8170.
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According to general procedure [){2-bromo-3-(3-bromophenyl)prop-2-en-1-olZJ{7h]
(5.84 g, 20.00 mmol), triphenylphosphine (5.77 202 mmol) in dichloromethane (60 mL)
and a solution of bromine (0.31 mL, 3.52 g, 22.0fdat) in dichloromethane (36 mL) were
stirred for 3 h at 0 °C. After work-up and purifiimam, (2)-1,2-dibromo-3-(3-bromophenyl)-2-
propene [Z)-1h] was obtained as a light yellow oil in 45% yieBlX9 g, 8.98 mmolZE >
95:5); R 0.50 f-pentane); IR (ATR) 2956, 2925, 1589, 1558, 1470, 1405, 1276, 1204,
1070, 995, 912, 885, 777, 679, 623, 562, 475, 488 ¢H NMR (600 MHz, CDCJ) & 4.60
(s, 2H, 1-H), 7.26 (s, 1H, 3-H), 7.44 (t liK8(5"-H, 4’-H) = 3)(5'-H, 6'-H) = 7.9 Hz, 1H, 5'-
H), 7.66 (d like2J(6'-H, 5'-H) = 7.9 Hz, 1H, 6’-H), 7.73 (d like}J(4’-H, 5'-H) = 7.9 Hz, 1H,
4'-H), 7.98 (s, 1H, 2’-H)*C NMR (125 MHz, CDGCJ) ¢ 39.91 (C-1), 122.31 (C-2), 122.39
(C-1), 127.64 (C-6"), 129.77 (C-5), 130.67 (C-3)31.66 (C-4"), 131.79 (C-2’), 136.66 (C-
3); MS (El, 70 eV)m/z (%) 353 (12) [M] 2 [CgH;Br3]*, 274 (29) [M-Br]* 2 [CoH-Brs]",
243 (10), 193 (64) [M2 x BIT" 2 [CgH,Br]*, 115 (100) [M3 x BIT" 2 [CoH;]*, 57 (12);
HRMS (EI, M") calculated for [GH;Br3]* 353.8049 found 353.8072.

4.2.9 ¢)-1,2-Dibromo-3-(3-methoxyphenyl)-2-propeng)li]

1"/0 IA g 3\2 : Br

:

According to general procedure F){2-bromo-3-(3-methoxyphenyl) prop-2-en-1-oZ){7i]
(0.73 g, 3.00 mmol), triphenylphosphine (0.87 §03nmol) in dichloromethane (9 mL) and
a solution of bromine (0.17 mL, 0.53 g, 3.30 mmolylichloromethane (5.5 mL) were stirred
for 3 h at 0 °C. After work-up and purificationZ){1,2-dibromo-3-(3-methoxyphenyl)-2-
propene [£)-1i] was obtained as a light yellow oil in 47% yieldlX5 g, 1.41 mmolZE >
95:5); R 0.35 f-pentane); IR (ATRy 3000, 2956, 2935, 2832, 1596, 1575, 1485,14541,142
1320, 1260, 1208, 1039, 940, 865, 778, 688, 624, 496 cn1; 'H NMR (600 MHz, CDG})
6 3.83 (s, 3H, 1"-H), 4.43 (s, 2H, 1-H), 6.89 (#di3J(4’-H, 5'-H) = 7.6 Hz, 1H, 4-H), 7.11
(s, 1H, 3-H), 7.17 (d like}J(6"-H, 5'-H) = 7.6 Hz, 1H, 6"-H), 7.25 (s, 1H, 2'H7.28 (t like,
3)(5"-H, 4'-H) = 3J (5'-H, 6'-H) = 7.6 Hz, 1H, 5-H):"*C NMR (125 MHz, CDG)) J 40.61
(C-1), 55.29 (C-1"), 114.13 (C-2'), 114.67 (C-4)20.91 (C-2), 121.77 (C-6"), 129.26 (C-
5, 132.09 (C-3), 135.82 (C-1’), 159.35 (C-3’); M&I, 70 eV)m/z (%) 305 (14) [M] 2
[C10H10Br20]", 224 (36) [M-Br]" 2 [C1gH10BrO]", 146 (100) [M-2 x Br]" 2 [C1oH100]", 131
(31) 2 [CoH;Q]", 103 (40)2 [CgH;]", 77 (14) [GHs]"; HRMS (EI, M") calculated for
[CoH/Brs]" 305.9046 found 305.9073.

4.3 Synthesis and characterization of producfy-fa—I]
General procedure Il for the synthesis 8f-Ga

A two-necked round-bottom flask was charged with zdibromo-3-aryl-2-propen&)-1 (1
mmol, 1 equiv), a catech@l(2 mmol, 2 equiv), GEO; (4 mmol, 4 equiv) and DMF (10 mL)
under argon. The reaction mixture was vigoroustyest for 18 h at 140 °C. After cooling to
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to room temperature. The reaction mixture was e@duwvith HO (25 mL) and extracted with
Et,O (3 x 20 mL). The combined organic layers werehgdswith brine (3 x 15 mL), dried
over MgSQ, filtered and concentrated under reduced presstie. crude product was
purified by column chromatography on silica gelngsmixtures oh-hexane and ethyl acetate
as eluents to afford the corresponding 2-benzyikd&B-dihydrobenzdj[1,4]dioxine &)-3

in pure form.

4.3.1 ¢)-2-Benzylidene-2,3-dihydrobenbii[l,4]dioxine [(Z)-3a] [9a-d,f]

2 3 1

According to general procedure IE){1,2-dibromo-3-phenyl-2-propeneZ)tla] (276 mg, 1
mmol), catechol4a) (221 mg, 2 mmol) and @80; (1.31 g, 4.00 mmol) were reacted for 18
h at 140 °C in DMF. After work-up and purificatidsy column chromatography (SiOn-
hexane:ethyl acetate = 49:7){2-benzylidene-2,3-dihydrobendj[1,4]dioxine [(Z)-3a] was
obtained as a white solid in 89% vyield (199 mg,90r@mol, Z.E > 95:5); R 0.40 f-
hexane:ethyl acetate = 49:14 NMR (600 MHz, GD¢) 6 4.02 (s, 2H, 1-H), 5.11 (s, 1H, 3-
H), 6.676.69 (m, 1H, 3"-H), 6.696.71 (m, 1H, 4"-H), 6.946.92 (m, 1H, 2"-H), 6.926.93
(m, 1H, 5”-H), 7.09 (t like3J(4'-H, 3'-H) = 3J(4'-H, 5'-H) = 7.4 Hz, 1H, 4"-H), 7.25 (t like,
3)(3-H, 2"-H) = 3J(3"-H, 4’-H) = 3J(5"-H, 4'-H) = 3)(5-H, 6'-H) = 7.4 Hz, 2H, 3-H and 5'-
H), 7.71 (d like2J(2-H, 3'-H) = 3)(6'-H, 5'-H) = 7.4 Hz, 2H, 2'-H and 6'-H**C NMR (125
MHz, CsDg) 6 65.88 (C-1), 107.30 (C-3), 116.99 (C-2"), 117.7@-5"), 122.46 (C-3"),
122.86 (C-4"), 127.12 (C-4’), 128.61 (C-3’ and Q;58.29.32 (C-2’ and C-6), 134.88 (C-1"),
142.96 (C-1"), 143.80 (C-6"), 144.77 (C-2); HRM@PCI, 5 kV, [M+H]") calculated for
[C15H130,] " 225.0917 found 225.0916.

4.3.2 E)-2-Benzylidene-2,3-dihydrobenbii[L,4]dioxine [(E)-3a] [9¢€]

2' 3 2"

4 e 1 N 4"

5' O"e 5"
According to general procedure IE){1,2-dibromo-3-phenyl-2-propenel)-1a] (25 mg, 90
pmol), catecholda) (20 mg, 180 pumol) and 805 (117 mg, 360 pumol) were reacted for 18
h at 140 °C in DMF. After work-up and purificatidmy preparative thin layer chromatography
(SiO,, n-hexane:ethyl acetate = 49:1k){2-benzylidene-2,3-dihydrobenzij[1,4]dioxine
[(E)-3a] was obtained as a white solid in 35% yield (7 8jumol,Z:E = 0:100);R: 0.42 -
hexane:ethyl acetate = 49:14 NMR (600 MHz, GD¢) 6 4.44 (s, 2H, 1-H), 6.42 (s, 1H, 3-
H), 6.676.69 (m, 1H, arom. H), 6.68.71 (m, 1H, arom. H), 6.88.86 (m, 2H, arom. H),
6.90-6.94 (m, 1H, arom. H), 6.97.06 (m, 4H, arom. H)-*C NMR (125 MHz, GDs) 6 59.67
(C-1), 108.54 (C-3), 115.58 (arom. C), 116.44 (ar@) 121.28 (arom. C), 121.44 (arom. C),

125.78 (arom. C), 127.54 (arom. C), 127.98 (arom.133.35 (arom. C), 142.22 (arom. C),
25
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[C15H1302] " 225.0917 found 225.0916.

4.3.3 ¢)-2-(4-Methylbenzylidene)-2,3-dihydrobenal] ,4]dioxine [(Z)-3b] [9a,c,d]

2 38 1

According to general procedure IE){1,2-dibromo-3p-tolyl-2-propene [£)-1b] (290 mg, 1
mmol), catechol4a) (221 mg, 2 mmol) and @80; (1.31 g, 4.00 mmol) were reacted for 18
h at 140 °C in DMF. After work-up and purificatidsy column chromatography (SiOn-
hexane: ethyl acetate = 49:1)2-(4-methylbenzylidene)-2,3-dihydrobenbfjlL,4]dioxine
[(2)-3b] was obtained as a white solid in 88% yield (218 ;89 mmolZ.E > 95:5);Rs 0.42
(n-hexane:ethyl acetate = 49:14 NMR (600 MHz, GDg) 6 2.16 (s, 3H, 1™-H), 4.05 (s,
2H, 1-H), 5.15 (s, 1H, 3-H), 6.68.68 (m, 1H, 3”-H), 6.686.69 (m, 1H, 4”-H), 6.936.94
(m, 1H, 2"-H), 6.946.95 (m, 1H, 5"-H), 7.10 (d like*J(3'-H, 2"-H) = 3)(5"-H, 6"-H) = 7.5
Hz, 2H, 3-H and 5'-H), 7.67 (d likeé})(2"-H, 3'-H) = 3)(6'-H, 5"-H) = 7.6 Hz, 2H, 2'-H and
6'-H); *C NMR (125 MHz, GD¢) 6 20.07 (C-1"), 64.82 (C-1), 106.26 (C-3), 115.88-(
3"), 116.62 (C-4"), 121.28 (C-2"), 121.62 (C-5, 128.20 (C-2’' and C-6’), 128.22 (C-3’ and
C-5"), 130.98 (C-1’), 135.57 (C-4’), 141.93 (C-2%2.04 (C-6"), 143.68 (C-1"); MS (EI, 70
eV) m/z (%) 238 (100) [M] e= [C16H1402]+, 223 (22) [M—CH3]+ &= [C15H1202]+, 129 (98)2
[CeHsO]", 105 (58), 91 (15), 79 (10).

4.3.4 ¢)-2-(4-Ethylbenzylidene)-2,3-dihydrobenglpl,4]dioxine [(Z)-3c]

According to general procedure 11Z)¢1,2-dibromo-3-(4-ethylphenyl)-2-propeneZj{lc]
(304 mg, 1 mmol), catechod) (221 mg, 2 mmol) and @S0O; (1.31 g, 4.00 mmol) were
reacted for 18 h at 140 °C in DMF. After work-up darpurification by column
chromatography (Si§) n-hexane:ethyl acetate = 49:1)){2-(4-ethylbenzylidene)-2,3-
dihydrobenzd][1,4]dioxine [(£)-3c] was obtained as a white solid in 77% yield (19¢, m
0.77 mmol,Z.E > 95:5); mp 97-98 °CR 0.46 (-hexane:ethyl acetate = 49:1); IR (ATR)
2962, 1678, 1593, 1490, 1460, 1374, 1347, 1258311804, 1027, 995, 925, 853, 768, 744,
571, 528, 474 cifi 'H NMR (600 MHz, GDg) ¢ 1.11 (t,3J(2""-H, 1""-H) = 8.0 Hz, 3H,
2"-H), 2.48 (q,°J(1""-H, 2""-H) = 8.0 Hz, 2H, 1""-H), 4.06 (s, 2H 1-H), 5.17 (s, 1H, 3-H),
6.67-6.69 (m, 1H, 3"-H), 6.696.71 (m, 1H, 4”-H), 6.926.95 (m, 1H, 2”-H), 6.966.99 (m,
1H, 5"-H), 7.13 (d like 2J(3'-H, 2’-H) = 3)(5'-H, 6'-H) = 8.2 Hz, 2H, 3'-H and 5’-H), 7.70 (d
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CeDg) 6 15.73 (C-2""), 28.96 (C-1""), 65.96 (C-1), 10734(C-3), 116.97 (C-2"), 117.77 (C-
57), 122.43 (C-3"), 122.78 (C-4"), 128.16 (C-3ind C-5'), 129.44 (C-2’ and C-6'), 132.37
(C-1"), 143.22 (C-4"), 144.10 (C-6"), 143.10 (C;2)43.08 (C-1"); MS (EI, 70 eVjn/z (%)
252 (100) [M] 2 [CiH160]", 205 (14), 151 (10), 144 (65), 129 (78)[CsHsO]", 97 (37),
95 (40), 85 (51), 83 (54), 71 (78), 57 (88); HRMBI,(M") calculated for [GH1602]*
252.1150 found 252.1152.

4.3.5 ¢)-2-(4-isopropylbenzylidene)-2,3-dihydrobenzfl,4]dioxine [(Z)-3d]

According to general procedure IE){1,2-dibromo-3-(4-isopropylphenyl)-2-propen&)Kld]
(304 mg, 1 mmol), catechod) (221 mg, 2 mmol) and @80O; (1.31 g, 4.00 mmol) were
reacted for 18 h at 140 °C in DMF. After work-up darpurification by column
chromatography (Si§) n-hexane:ethyl acetate = 49:1)){2-(4-isopropylbenzylidene)-2,3-
dihydrobenzd][1,4]dioxine [(Z)-1d] was obtained as a white solid in 68% vyield (194, m
0.77 mmol,Z:E > 95:5); mp 96-97 °CR 0.49 (-hexane:ethyl acetate = 49:1); IR (ATR)
[cm™] 2957, 2865, 1680, 1593, 1489, 1461, 1346, 1307811256, 1169, 1104, 1053, 1028,
992, 925, 854, 767, 745, 574, 486, 482NMR (600 MHz, GDg) 6 1.17 (d,2J(1"-H, 2”-H)
=3)(3"-H, 2-H) = 6.9 Hz, 6H, 1""-H and 3"-H), 2.75 (sepJ(2'"-H, 1™"-H) = 3J(2"-

H, 3"-H) = 6.9 Hz, 1H, 2""-H), 4.06 (s, 2H, 1-H)5.17 (s, 1H, 3-H), 6.6%.71 (m, 1H, 3"-
H), 6.716.73 (m, 1H, 4”-H), 6.926.95 (m, 1H, 5"-H), 6.967.01 (m, 1H, 2"-H), 7.13 (d
like, 3J(3'-H, 2’-H) = 3J(5"-H, 6'-H) = 8.2 Hz, 2H, 3'-H and 5™-H), 7.70 (tike, 3J(2-H, 3"
H) =3J(6'-H, 5'-H) = 8.2 Hz, 2H, 2’-H and 6’-H)}*C NMR (125 MHz, GDg) J 24.05 (C-
1™ and C-3"), 34.21 (C-2"), 65.95 (C-1), 1042 (C-3), 116.96 (C-3"”), 117.99 (C-4"),
122.43 (C-2"), 122.78 (C-5"), 126.70 (C-3' and &), 129.46 (C-2’ and C-6’), 132.50 (C-
1), 143.09 (C-1"), 143.23 (C-2), 144.82 (C-6')47.72 (C-4'); MS (El, 70 eVin/z(%) 266
(100) [M]" 2 [C1gH1805]", 251 (72), 223 (14), 158 (27), 143 (73), 128 (33% (38), 91 (51)
2 [C7H7]"; HRMS (El, M) calculated for [GsH1805]" 266.1306, found 266.1307.

4.3.6 ¢)-2-(4-Fluorobenzylidene)-2,3-dihydrobenkfjlL,4]dioxine [(Z)-3€]

2, 3 _ 1

According to general procedure 11Z){1,2-dibromo-3-(4-fluorophenyl)-2-propeneZj{le]
(294 mg, 1 mmol), catechod) (221 mg, 2 mmol) and @S0O; (1.31 g, 4.00 mmol) were
reacted for 18 h at 140 °C in DMF. After work-up darpurification by column
chromatography (Si§ n-hexane:ethyl acetate = 29:1)){2-(4-fluorobenzylidene)-2,3-
dihydrobenzd][1,4]dioxine [(£)-3€] was obtained as a pale yellow oil in 63% yiel83Ing,
0.63 mmol,Z.E > 95:5); Rr 0.51 f-hexane:ethyl acetate = 29:1); IR (ATR)3042, 2852,
1682, 1599, 1490, 1463, 1347, 1306, 1258, 12259,11806, 1029, 997, 928, 842, 746, 572,
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6.68-6.69 (m, 1H, 3"-H), 6.696.70 (m, 1H, 4"-H), 6.866.90 (ovl, m, 1H, 5"-H), 6.866.90
(ovl, m, 2H, 3-H and 5'-H), 6.9%6.93 (m, 1H, 2"-H), 7.457.49 (m, 2H, 2'-H and 6™-H);
13C NMR (125 MHz, GDg) J 65.79 (C-1), 106.05 (C-3), 115.44 {d(4'-F, C-3") =2J(4'-F,
C-5') = 21.2 Hz, C-3' and C-5'), 116.92 (C-5"), 1779 (C-2"), 122.50 (C-3"), 122.97 (C-
4"), 130.89 (d,3)(4'-F, C-2) = 3)(4'-F, C-6") = 7.8 Hz, C-2' and C-6'), 130.95 (C)}’
142.84 (C-6"), 143.40 (FJ(4-F’, C-2) = 2.0 Hz, C-2), 144.73 (C-1"), 162.4@,*J(4"-F, C-
4') = 246.5 Hz, C-4"); MS (El, 70 eMn/z(%) 242 (100) [M] 2 [C1sH1:0.F]", 134 (68), 121
(10); HRMS (EI, M) calculated for [@sH110.F]" 242.0738 found 242.0725.

4.3.7 £)-2-(4-Chlorobenzylidene)-2,3-dihydrobeniapl 4] dioxine [(Z)-3f] [9c,d]

2 03 1

According to general procedure 11Z){1,2-dibromo-3-(4-chlorophenyl)-2-propeneZ){1f]
(310 mg, 1 mmol), catechodq) (221 mg, 2 mmol) and @S0O; (1.31 g, 4.00 mmol) were
reacted for 18 h at 140 °C in DMF. After work-up darpurification by column
chromatography (Si§) n-hexane:ethyl acetate = 29:1Y){2-(4-chlorobenzylidene)-2,3-
dihydrobenzad][1,4]dioxine [(Z)-3f] was obtained as a white solid in 54% yield (144, m
0.54 mmol Z:E > 95:5):R; 0.53 f-hexane:ethyl acetate = 19:1§ NMR (600 MHz, GD¢) &
3.96 (s, 2H, 1-H), 4.90 (s, 1H, 3-H), 66779 (m, 1H, 3"-H), 6.696.71 (m, 1H, 4”-H),
6.86-6.88 (m, 1H, 2"-H), 6.936.93 (m, 1H, 5"-H), 7.20 (d like3J(3"-H, 2-H) = 3J(5"-H,
6'-H) = 8.2 Hz, 2H, 3'-H and 5'-H), 7.41 (d liké)(2"-H, 3'-H) = %J(6’-H, 5-H) = 8.2 Hz,
2H, 2'-H and 6'-H);**C NMR (125 MHz, GDg) 6 65.72 (C-1), 105.90 (C-3), 116.92 (C-2"),
117.77 (C-57), 122.55 (C-4"), 123.07 (C-3"”), 128 (C-3’ and C-5’), 130.47 (C-2" and C-
6’), 132.68 (C-4’). 133.27 (C-1"), 142.74 (C-6"144.23 (C-2), 144.68 (C-1"); MS (El, 70
eV) m/z (%) 258 (100) [M] e [C15H1102C|]+, 223 [M—C|]+ = [C15H1102C|]+ (14), 150 (60),
129 (15), 115 (89), 97 (11), 63 (10).

4.3.8 ¢)-2-(4-Bromobenzylidene)-2,3-dihydrobena@f,4]dioxine [(Z)-3g]

2' 3 1

According to general procedure 1Z){1,2-dibromo-3-(4-bromophenyl)-2-propene&)Klg]
(355 mg, 1 mmol), catechod) (221 mg, 2 mmol) and @S0O; (1.31 g, 4.00 mmol) were
reacted for 18 h at 140 °C in DMF. After work-up darpurification by column
chromatography (Si§) n-hexane:ethyl acetate = 29:1Y){2-(4-bromobenzylidene)-2,3-
dihydrobenzd][1,4]dioxine [(£)-3g] was obtained as a white solid in 53% yield (164, m
0.53 mmol,Z:E > 95:5); mp 90-91 °CR; 0.56 (-hexane:ethyl acetate = 29:1); IR (ATR)
3056, 2839, 1672, 1594, 1482, 1401, 1343, 13049,127262, 1189, 1106, 1068, 995, 867,
853, 824, 766, 741, 657, 568, 509, 469'chid NMR (600 MHz, pyridine-g) J 4.64 (s, 2H,
1-H), 5.65 (s, 1H, 3-H), 6.96.99 (m, 1H, 3”-H), 6.997.02 (m, 1H, 4”-H), 7.087.11 (m,
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1M, £ -M), (.£x1(.£0 \lll, 1r1, O -r), (.09 \U IKE,J(O -, £-r) — JO-r, o-r) — 0.0 rig,
2H, 3'-H and 5'-H), 7.71 (d like*J(2'-H, 3'-H) = 3)(6'-H, 5"-H) = 8.5 Hz, 2H, 2"-H and 6'-
H); C NMR (125 MHz, pyridine-g) 6 65.99 (C-1), 106.00 (C-3), 117.18 (C-2"), 117 (@2
6"), 120.78 (C-1’), 122.82 (C-3"), 123.82 (C-4"131.09 (C-3’ and C-5’), 131.89 (C-2’ and
C-6'), 134.10 (C-4"). 142.78 (C-6"), 142.89 (C-2)44.89 (C-1"); MS (El, 70 eV)n/z (%)
301 (100) [M] 2 [CisH110-Br]*, 223 [M-Br]* & [CisH1:0-Br]* (19), 193 (34), 115 (66);
HRMS (EI, M") calculated for [GsH1:0,Br]* 301.9937 found 301.9924.

4.3.9 ¢)-2-(3-Bromobenzylidene)-2,3-dihydrobena@],4]dioxine [(Z)-3h]

2 3 1
Bria Aaul

According to general procedure 1Z){1,2-dibromo-3-(3-bromophenyl)-2-propen&)lh]
(355 mg, 1 mmol), catechod) (221 mg, 2 mmol) and @80O; (1.31 g, 4.00 mmol) were
reacted for 18 h at 140 °C in DMF. After work-up darpurification by column
chromatography (Si§) n-hexane:ethyl acetate = 29:1Y){2-(3-bromobenzylidene)-2,3-
dihydrobenzd][1,4]dioxine [(Z)-3h] was obtained as a white solid in 55% vyield (168§, m
0.55 mmol,Z:E > 95:5); mp 90-91 °CR 0.56 (-hexane:ethyl acetate = 29:1); IR (ATR)
3001, 2857, 1673, 1585, 1492, 1461, 1417, 13539,12671, 1105, 1073, 1029, 994, 937,
878, 839, 824, 779, 748, 717, 675, 581, 500, 4584, 411 crit; *H NMR (600 MHz, GDs) &
3.93 (s, 2H, 1-H), 4.83 (s, 1H, 3-H), 6-8467 (m, 1H, 3"-H), 6.6%6.69 (m, 1H, 4"-H), 6.84
(t like *J(5-H, 4'-H) = 3J(5'-H, 6'-H) = 7.8 Hz, 1H, 5'-H), 6.856.87 (m, 1H, 2"-H),
6.89-6.91 (m, 1H, 5"-H), 7.19 (d likeJ(4’-H, 5'-H) = 7.8 Hz, 1H, 4'-H), 7.44 (d like})(2'-
H, 3-H) = 7.8 Hz, 1H, 6'-H), 7.87 (s, 1H, 2"-H}’*C NMR (125 MHz, GDs) J 65.32 (C-1),
105.24 (C-3), 116.69 (C-2"), 117.38 (C-5"), 122.3C-3"), 122.54 (C-1’), 122.78 (C-4"),
127.25 (C-6"), 129.61 (C-5’), 129.70 (C-4"), 131.78-2"), 136.65 (C-3’), 142.33 (C-6"),
144.30 (C-1"), 144.57 (C-2); MS (EI, 70 eW/z (%) 301 (100) [M] 2 [C1sH110.Br]", 223
[M-Br]* 2 [C1sH1105]" (14), 194 (34), 147 (10), 115 (68); HRMS (El,")Mcalculated for
[C15H11028r]+ 301.9937 found 301.9913.

4.3.10 i)-2-(3-Methoxybenzylidene)-2,3-dihydrobertfl,4]dioxine [(Z)-3i]

2' 3 1

O] 1! \2 o
4 e O Q o

5 6"
5" 3
e

According to general procedure Z){1,2-dibromo-3-(3-methoxyphenyl)-2-propen@)gli]
(355 mg, 1 mmol), catechod) (221 mg, 2 mmol) and @S0O; (1.31 g, 4.00 mmol) were
reacted for 18 h at 140 °C in DMF. After work-up darpurification by column
chromatography (Si§) n-hexane:ethyl acetate = 49:1)){2-(3-methoxybenzylidene)-2,3-
dihydrobenzd][1,4]dioxine [(£)-3i] was obtained as a white solid in 65% yield (14d, m
0.55 mmol,Z:E > 95:5); mp 85-86 °CR 0.54 (-hexane:ethyl acetate = 49:1); IR (ATR)
2997, 2910, 1674, 1594, 1488, 1459, 1349, 13004,12806, 1170, 1103, 1037, 998, 949,
906, 863, 784, 772, 746, 688, 627, 507, 456, 416; ¢k NMR (600 MHz, GDs) d 3.41 (s,
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ort, L -M), 4.UZ \d, £, 1-M1), O.11 \d, 1M, 9-ry,0u-0.0Y (11, LM, O M), V.OY0./ L (III, L1,
4"-H), 6.75 (d like,3J(4"-H, 5'-H) = 7.6 Hz, 1H, 4'-H), 6.986.92 (m, 1H, 2"-H), 6.926.94
(m, 1H, 5"-H), 7.19 ( t like3J(5-H, 4-H) = 3J(5'-H, 6-H) = 7.6 Hz, 1H, 5"-H), 7.31 (d like,
3)(2-H, 3-H) = 7.6 Hz, 1H, 6"-H), 7.49 (s, 1H, 2'}*C NMR (125 MHz, GD¢) 6 54.66
(C-1™), 65.88 (C-1), 107.33 (C-3), 112.91 (C-4114.98 (C-2'), 116.96 (C-3"), 117.73 (C-
4™), 121.97 (C-6'), 122.47 (C-2"), 122.88 (C-57)129.51 (C-5), 136.14 (C-1'), 142.92 (C-
67), 143.93 (C-2), 144.74 (C-1"), 160.19 (C-3HRMS (APCI, 5 kV, [M+H]) calculated
for [C16H1503]+ 255.1016 found 255.1013.

4.3.11 Z)-2-Benzylidene-6,7-dichloro-2,3-dihydrobenap] ,4]dioxine [(Z)-3j]

2 3

According to general procedure IE){1,2-dibromo-3-phenyl-2-propeneZ)tla] (276 mg, 1
mmol), 4,5-dichlorocatechoR) (358 mg, 2 mmol) and @SO; (1.31 g, 4.00 mmol) were
reacted for 18 h at 140 °C in DMF. After work-up darpurification by column
chromatography (Si§) n-hexane:ethyl acetate = 29:1J){2-benzylidene-6,7-dichloro-2,3-
dihydrobenzad][1,4]dioxine [(Z)-3]] was obtained as a white solid in 51% yield (148, m
0.55 mmol,Z:E > 95:5); mp 99-100 °CR 0.51 @-hexane:ethyl acetate = 29:1); IR (ATR)
2997, 2920, 1681, 1579, 1486, 1470, 1389, 13691,18515, 1281, 1180, 1165, 1110, 1018,
999, 957, 902, 871, 853, 809, 744, 685, 670, 638, 547, 517, 462, 444, 385 ¢imH NMR
(600 MHz, GDg) ¢ 3.80 (s, 2H, 1-H), 5.06 (s, 1H, 3-H), 6.82 (s, PHH), 6.83 (s, 1H, 5”-
H), 7.11 ( t likeJ(4"-H, 3'-H) = 3J(4"-H, 5'-H) = 7.4 Hz, 1H, 4’-H), 7.26 ( t like’J(3"-H, 2"
H) =3J(3-H, 4’-H) = 3)(5'-H, 4’-H) = %J(5"-H, 6'-H) = 7.4 Hz, 2H, 3'-H and 5"-H), 7.58 ( d
like, 3J(2’-H, 3'-H) = 3J(6'-H, 5-H) = 7.4 Hz, 2H, 2’-H and 6’-H)*C NMR (125 MHz,
CsDe) 0 65.64 (C-1), 108.50 (C-3), 118.24 (C-2"), 118(@55"), 125.32 (C-3"), 125.73 (C-
4"), 127.62 (C-4"), 128.69 (C-3' and C-5"), 129.3€-2' and C-6’), 134.15 (C-1'), 142.61
(C-6”), 143.63 (C-2), 144.44 (C-1"); MS (El, 70M@ m/z (%) 292 (50) [M] 2
[C1sH10Cl20O2]", 272 (10), 193 (11), 178 (20), 116 (100), 57 (HRMS (EIl, M) calculated
for [C15H10C|202]+ 292.0052 found 292.0049.

4.3.12 )-2-Benzylidene-6,7-dibromo-2,3-dihydrobergf,4]dioxine [(Z)-3K]
»

3
2 1

According to general procedure IE){1,2-dibromo-3-phenyl-2-propeneZ)tla] (276 mg, 1
mmol), 4,5-dibromocatechoR¢) (536 mg, 2 mmol) and @S0O; (1.31 g, 4.00 mmol) were
reacted for 18 h at 140 °C in DMF. After work-up darpurification by column
chromatography (Si§) n-hexane:ethyl acetate = 29:1)){2-benzylidene-6,7-dibromo-2,3-
dihydrobenzd][1,4]dioxine [(Z)-3k] was obtained as a white solid in 49% vyield (18§, m
0.55 mmol,Z.E > 95:5); mp 100-101 °G% 0.55 f-hexane:ethyl acetate = 29:1); IR (ATR)
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)
OULY, £I4144, LU0, LIl 44, L4144, LO4T, L0144, LU, lUUVL, LUI I, LULY, JIV, I49, JVO, O £,

851, 803, 747, 686, 630, 590, 541, 483, 461, 44%; ¢k NMR (600 MHz, GDs) 6 3.78 (s,
2H, 1-H), 5.05 (s, 1H, 3-H), 7.03 (s, 1H, 2"-H),04 (s, 1H, 5"-H), 7.10 ( t like®J(4"-H, 3'-
H) =3J(4"-H, 5'-H) = 7.4 Hz, 1H, 4'-H), 7.25 (t likeJ(3'-H, 2’-H) = 3J(3"-H, 4'-H) = 3J(5"-

H, 4'-H) =3)(5"-H, 6’-H) = 7.4 Hz, 2H, 3'-H and 5’-H), 7.56 (iike, %J(2’-H, 3'-H) = 3J(6"-
H, 5-H) = 7.4 Hz, 2H, 2’-H and 6’-H**C NMR (125 MHz, GD¢) J 65.29 (C-1), 108.24 (C-
3), 116.19 (C-3"), 116.69 (C-4"), 120.99 (C-2"),21.77 (C-5"), 127.30 (C-4’), 128.39 (C-
3’ and C-5'), 129.08 (C-2’ and C-6'), 133.82 (C-1141.88 (C-1"), 141.97 (C-2), 143.92 (C-
6"); MS (El, 70 eV)m/z= 381 (63) [M]L = [C15HloBr202]+, 303 (12), 116 (100); HRMS (El,
M™) calculated for [GsH10Br.0,]" 381.9022 found 381.0009.

4.3.13 Z)-2-Benzylidene-2,3-dihydronaphtho[2)H4,4]dioxine [(Z)-3l] [9a]

2 3 1

According to general procedure IE){1,2-dibromo-3-phenyl-2-propeneZ)tla] (276 mg, 1
mmol), 2,3-dihydroxynaphthalen@d) (321 mg, 2 mmol) and @0; (1.31 g, 4.00 mmol)
were reacted for 18 h at 140 °C in DMF. After wank-and purification by column
chromatography (Si§ n-hexane:ethyl acetate = 49:1) 2){2-benzylidene-2,3-
dihydronaphtho[2,3][1,4]dioxine [(Z)-3l] was obtained as a white solid in 61% vyield (181
mg, 0.66 mmolZ:E > 95:5); R 0.51 fr-hexane:ethyl acetate = 49:1H4 NMR (600 MHz,
pyridine-a) 6 4.72 (s, 2H, 1-H), 5.77 (s, 1H, 3-H), 7.29 (t liR&4'-H, 3'-H) = 3J(4-H, 5

H) = 7.4 Hz, 1H, 4’-H), 7.367.39 (m, 1H, 2""-H), 7.397.42 (m, 1H, 3"-H), 7.45 (t like,
3)(3-H, 2"-H) = 3J(3"-H, 4’-H) = 3)(5"-H, 4'-H) = 3)(5"-H, 6'-H) = 7.4 Hz, 2H, 3-H and 5'-
H), 7.51 (s, 1H, 2"-H), 7.65 (s, 1H, 5"-H), 7.7d like, 3J(2""-H, 3""-H) = 8.0 Hz, 1H, 2"

H), 7.84 (d like 2J(5™-H, 4"-H) = 8.0 Hz, 1H, 5™-H), 7.90 (d like, 3J(2’-H, 3'-H) = 3J(6'-

H, 5-H) = 7.4 Hz, 2H, 2’-H and 6-H)}*C NMR (125 MHz, pyridine-g) 6 66.08 (C-1),
107.15 (C-3), 112.75 (C-5"), 113.27 (C-2"), 128.qC-4""), 125.19 (C-3™), 126.92 (C-
2'), 127.02 (C-5™), 127.19 (C-4’), 128.69 (C-3and C-5), 129.27 (C-2’ and C-6’), 130.14
(C-6""), 130.30 (C-1"), 134.71 (C-1), 142.68 (®"), 144.05 (C-2), 144.67 (C-1"); MS
(El, 70 eV)m/z(%) 274 (100) [M], 115 (53).

4.4 Synthesis of}-1,2-Dibromo-3-phenyl-2-propeneH]-1a] [20,21]

2 3

3 T2 Br

4 6' 1
5'

Br

lodine (25 mg, 100 pumol) was added to a solutiorffZpfl,2-dibromo-3-phenyl-2-propene
[(2)-1a] (276 mg, 1 mmol) in 3 mL CHGI The mixture obtained was stirred until a lightlpi
homogeneous solution was formed and then exposeddiylight lamp. The isomerization
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wasd HIVIHTWITU Wy 1LV (oR/IFpTlilalic). AICE £ 11, a £.4 1THAWITC uLjtiq] aliu |\—)"1qj
had been formed (NMR). The solvent was removed unelguced pressure and the crude
product was purified by preparative thin layer chadography (Si@ n-pentane) to afford
(E)-1,2-dibromo-3-phenyl-2-propeneB)-1a] as a colorless oil in 27% yield (75 mg, 270
pmol, Z:E = 1:99).R; 0.45 g-pentane)’H NMR (300 MHz, CDC}) 6 4.40 (s, 2H, 1-H), 7.12
(s, 1H, 3-H), 7.337.36 (m, 3H, arom. H), 7.39.43 (m, 2H, arom. H)}*C NMR (75 MHz,
CDCl) ¢ 35.20 (C-1), 122.63 (C-3), 127.99 (arom. C), 128&om. C), 128.92 (arom. C),
135.28 (arom. C), 136.78 (arom. C); MS (El, 70 @V} (%) 275 (9) [M] 2 [CoHgBr,]", 195
(30) [M-Br]" 2 [CgHgBI]", 115 (100) [M-2 x BIT" 2 [CoHg]".

4.5 Synthesis of (3-bromoprop-1-yn-1-yl) benz8ag[R2]

A stirred solution of triphenylphosphine (2.89 @.d0 mmol) in dichloromethane (34 mL)
was cooled to 0 °C. Bromine (0.56 mL, 1.74 g, 1080ol) was added dropwise at 0 °C until
a yellow suspension was formed. A solution of 3ipgrop-2-yn-1-ol in dichloromethane
(17 mL) was added slowly to the suspension. Theltrag yellow solution was stirred for 1 h
at 0 °C. The solution was allowed to warm to ro@mperature and-hexane (68 mL) was
added. A white precipitate was formed and the rmeaatixture was stirred for 30 min at
room temperature. The white solid was filtered aikca and the filter cake was washed with
n-hexane (3 x 100 mL). The organic phases were atelleand the volatiles were removed
under reduced pressure. The crude product wascsetdjeo column chromatography (SjO
n-hexane/ethyl acetate = 29:1) to afford (3-bromppteyn-1-yl)benzene9g) as a colorless
oil in 70% yield (1.37 g, 7.00 mmolfH NMR (300 MHz, CDC}) d 4.16 (s, 2H, 1-H),
7.28-7.35 (m, 3H, arom. H), 7.42.48 (m, 2H, arom. H)**C NMR (75 MHz, CDCY)) ¢
15.27 (C-1), 84.19 (acetylenic C), 86.71 (acetydd), 122.12 (arom. C), 128.31 (arom. C),
128.85 (arom. C), 131.86 (arom. C); HRMS (APCI\g fM+H]™) calculated for [GHgBr]"
194.9803 found 194.9805.

4.6 Synthesis o¥}-2-benzylidene-2,3-dihydrobenbL,4]dioxine [(Z)-3a] [9a-d,f]
starting from(3-bromoprop-1-yn-1-yl) benzen@aj [22]

According to general procedure Il, (3-bromopropritiyyl) benzene9a) (195 mg, 1 mmol),
catechol 2a) (221 mg, 2 mmol) and @503 (1.31 g, 4.00 mmol) were reacted for 18 h at 140
°C in DMF. After work-up and purification by colunamromatography (Si§)n-hexane:ethyl
acetate = 49:1)/)-2-benzylidene-2,3-dihydrobenzij[1,4]dioxine [(£)-3a] was obtained as a
white solid in 89% vyield (197 mg, 0.88 mmalE > 95:5).
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Transition metal-free diastereospecific synthesis o f (2)-2-arylidene-2,3-
dihydrobenzo[ b][1,4]dioxines by reaction of (  Z)-1,2-dibromo-3-aryl-2-propenes with

catechols

Szymon P. Rekowski, Aabid A. Wani, Jurgen Conrad, Prasad V. Bharatam, Wolfgang Frey, Uwe

Beifuss

Significance of the work presented

Heterocycles are not only important skeletons in organic synthesis, they also play a decisive role in
the fields of life and material sciences. Therefore the interest in the development of new and
efficient approaches for the synthesis of heterocycles is unabated. This holds particularly true if
new methods are widely applicable and expand the arsenal of the known synthetic methodology.

In this context transition metal-free cross-couplings which allow the efficient construction of
C,heteroatom bonds play a particularly important role. Their combination with other reactions to
new domino processes allows the synthesis of numerous heterocyclic systems in one-pot.
Benzo[b][1,4]dioxines and related heterocyclic systems are important as natural products and in
medicinal chemistry. This is why the development of new approaches for the selective and efficient
construction of these class of compounds is of great interest.

In this contribution we report on the first transition metal-free method for the efficient and
diastereospecific preparation of (Z)-2-arylidene-2,3-dihydrobenzo[b][1,4]dioxines in a single

synthetic step from easily accessible starting materials. Treatment of (Z)-1,2-dibromo-3-aryl-2-

112
UNIVERSITAT HOHENHEIM INFORMATIONEN ANFAHRT
Institut fir Chemie (130) www.uni-hohenheim.de Stadtbahn
Fachgebiet Bioorganische Chemie www.bioorganische-chemie.uni- U3, Plieningen (Universitat Hohenheim)
GarbenstraRe 30 hohenheim.de Bus
70599 Stuttgart 65, 70, 73,74, 76

www.uni-hohenheim.de



propenes with substituted catechols delivers substituted 2-arylidene-2,3-dihydrobenzo[b][1,4]
dioxines with (Z)-configuration across the exocyclic double bond with yields up to 89%. It is
assumed that the transformation starts with an intermolecular O-allylation, which is followed by an
intramolecular O-vinylation. The reaction mechanism proposed is supported by experiments as
well as by DFT calculations. Our study has also revealed that the reaction of (E)-1,2-dibromo-3-
aryl-2-propenes with catechol produces (E)-2-arylidene-2,3-dihydrobenzo[b][1,4]dioxines and that
the reaction between (3-bromoprop-1-yn-1-yl)benzene and catechol gives the (Z)-2-benzylidene-
2,3-dihydrobenzo[b][1,4]dioxine under transition metal-free conditions.

The advantages of our method include a) easily available substrates, b) simple experimental setup,
c) simple work-up, d) product formation in a single synthetic step and e) diastereospecific formation
of the 2-arylidene-2,3-dihydrobenzo[b][1,4]dioxines with (Z)-configuration across the exocyclic
double bond.

We are sure that this contribution will arouse great interest among organic chemists involved in the
development of new synthetic methods, in biologically active compounds as well as in heterocyclic
chemistry. This is why we believe that this manuscript is suitable for publication in Tetrahedron as
a paper.

| assure that the present manuscript is not under consideration for publication and has not been
published elsewhere in any medium including electronic journals and computer databases of a

public nature.

I hope that this contribution will receive your attention and remain

Yours sincerely,

Uwe Beifuss
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