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Ring expansion
Copper catalyst

1. Introduction 3-Acyl-5,6-dihydro-1,4-oxathiines have been syniheds

5,6-Dihydro-1,4-oxathiines and 1,4-dioxines are onant mainly  through .the displacement of ~ethyl - 2-chlofo-3
andindispensablestructural units in medicinal and agricultural OXOF’“t"’}”OGate , V‘,"th 2-mercaptoethanol  and subsgquent
chemistry® 5,6-Dihydro-1,4-oxathiine-3-carboxanilides are ¢Yclization.” This is a general method for the preparation of
commercial fungicides and active anti-HIV agefitd\-Aryl-  Vitavax. Alternative method is the cyclization of/Z)-2-
3-methyl-5,6-dihydro-1,4-dioxine-2-carboxamides ~arthe  chloro-2-(2-hydroxyethylthio)outenamides ~ under  the
oxygen analogues of effective fungicide 5,6-dihy@ro treatment of LIHMDS to afford 3-acyl-5,6-dihydro4t,
methylN-phenyl-1,4-oxathiine-3-carboxamide (Vitavax) and oxathiines in low yield$. Hetero-Diels-Alder cycloadditions
have the fungicidal activity against bean rust,gandisease of 2,4-dioxopentane-3-thione and electron-rich enethers
of cereal crop8. Meanwhile, 2-[(4-methylphenyl)amino]-2- hayve also been applied in the synthesis of 3-a@/t8ydro-
oxoethyl 5,6-dihydro-1,4-dioxine-2-carboxylate ipatential 1 4_gxathiine$.
cruzain inhibitor to treat American trypanosomiasighus, ,Previously reported synthesis of 5,6-dihydro-1 dxifie-2-
such compounds are a kind of valuable fungicidelickates. carboxylic acid derivatives generally required rstep

cl reactions or under harsh conditions. For examplé&efzer and
0 /@ Q his coworkers prepared 5,6-dihydro-1,4-dioxine-Zoaylic
S N s N Oj/ acid derivatives from glycol and 3-chloroprop-1-ytheough five
[ | H [ | H o) steps in 1998. Two years later, Hahn and his coworkers
o 0 developed a method for their synthesis from 3-efhbg,1-
trifluoropropan-2-one via six stepsvioreover, Blanchot and his
0 | \_R o H coworkers realized a two-step synthetic route, bey tised Buli
0 ¥ 0 0/\er and organotin reagents in their reactiGh§he aforementioned
[ | H [ | 0 \©\ methods hardly realized highly efficient prepamatiof 5,6-
0 0 dihydro-1,4-dioxine-2-carboxylic acid derivativas high yields.
oxygen analogs of Vitavax cruzain inhibitor Recently, Achard and his coworkers reported a tpegparation
of 5,6-dihydro-1,4-dioxine-2-carboxylic acid derives from
epoxides and diazo compounds under the catalysis of

[CPRU(CHCN):][BArF].*! But the Ru catalyst is expensive and
the diazo substrates are limited to diazoketoesiahg. In our

Vitavax anti-HIV agent

Figure 1. Biologically active molecules containing 1,4-oxaths and
1,4-dioxines
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continuing interest in the synthesis of heterocydhlrough ring Table :L_.Synth(_esis of 3-acyl-5,6-dihydro-1,4-oxathiiregom thiiranesl
expansion of small heterocycls,we realized inexpensive ando-diazof-dicarbonyl compounds®
copper-catalyzed synthesis of 3-acyl-5,6-dihydeb-dxathiines

and 2-acyl-5,6-dihydro-1,4-dioxines from thiiraresd oxiranes, s o 0 2 equiv CuSO4e5H,0 R g i .
respectively, witha-diazof-dicarbonyl compounds, including /u\ + RsWLR‘t o orowave \[ ﬁR
both diazoketoesters and diazodiketones. 1,2-Digutest cis- R R? N, 100°C20 min DCE ~ R?" ~07 "R®
thiiranes and oxiranes show completely oppositeessaiectivity 1 2 ©

in the ring expansions (Scheme 1). Herein, we presamntesults.

9} o} o] o
Cu Salts, DCE R‘l/o R4 s ‘ o~ s ‘ o s ‘ o~ s
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Scheme 1Synthesis of 5,6-dihydro-1,4-oxathiines and Jigkites through (\[ jij <\[ ﬁ (\[ fk (\[ fLo
the ring expansion of thiiranes and oxiranes witliazof$-dicarbonyl w g o TS0 Ph 0TS
compounds. ®) (*) )
3e 43% 3f trace 3g trace 3h 0%

. . o o o o
2. Results and Discussion (\[srLO/\ s J\iLO/\ s ﬁo/ MistO/\

2.1.Synthesis of 3-acyl-5,6-dihydro-1,4-oxathiines thragh
the ring expansion of thiiranes anda-diazo-§-dicarbonyl 3i 0% 3 50% 3k 42%
compounds

e} o 0 o
S S S o~ S _
Initially, 7-thiabicyclo[4.1.0]heptane 16) and ethyl 2- Mioﬁ Mioﬁ ﬁﬁoﬁ Mﬂoﬁo

diazo-3-oxobutanoate2§) were employed as the model
substrates to optimize reaction conditions. Both(BGAc),,
Pd(OAc), Zn(OAc), Cu(hfacacyxH,O, Cu(CHCN)PF;, s 0 s 1 s 1 s X
(CR:S0;),Cu, and CuS@5H,0 salt catalysts and BFOEL, \vf[ ﬁT U ﬁo/\ U ﬁo U ﬁ
FeCk, and AICkt Lewis acid catalysts were attempted. 7% © o o °
Different solvents 1,2-dichloroethane (DCE), tolegn Van 3 S0 3 27 3 2%
dioxane, and acetonitrile were screenftk optimum reaction 0 0
conditions were finally identified as followda:2a = 2:1 in the qsﬁo/\ Ph SﬁO/\
presence of 2 equiv. of Cug®H,0 in DCE as solvent at 16C “No K/Fo

for 20 min microwave irradiatioH. 3u_0% 3v_trace

L . .. p 3 Reaction conditions: Diazo compoun?0.3 mmol) and thiirane$ (0.6
Under the optimized reaction conditions, the rescicope  mmol) were added in DCE (1.0 mL) in a 10 mL micreeaube, then

was evaluated (Table 1). The reactions of 7-CuSQ-5H0 (0.6 mmol) was added, and the reaction mixture stared at
thiabicyclo[4.1.0]heptane (cyclohexene sulfide)a)( and 100 °C for 20 mins under microwave irradiation isemled vessel. All yields
different o-diazo$-dicarbonyl compounds indicated that 2'€ isolated yields.

diazoketoesters (alky2-diazo-3-oxobutanoates and 2-diazo-3-
0xo-3-phenylpropanoate and cyclic diazodiketones 2
diazocyclohexane-1,3-dionesggenerated the corresponding

d_eT(ljred Tﬁrqdu<its3a-et in ttrans-confgl{[rano_n Ljn bm(:tderlate thiirane 1a and diazo compounga is selected as an example to
YIelas. eir stereostructure was determined by dimgle present the mechanism (Scheme 2). Diazo comp@an€rst

crystal X-ray diffraction analysis of the represdive -

13 . 7 . ) reacts with CuSQ5H,0 to generate a metal carbene
comtpougch H%wg\agr, I|n§arhd|azlofll?<’ett)o?es ggzazﬁ'lz’d"intermediate A by loss of nitrogen. Thiirafia nucleophilically
Fz)ec;};zr:)emggﬁa?: an-d IZIZ:c-tr-opn grgi(;ie,nt_ :tr?;llezl-difléli attacks the intermediat® and further forms a metal sulfonium

T y N, ; o ylide intermediateB. Accompanied by the departure of the
wgﬁeor(?};?éﬁqxeo dbl:rga'r[}(;itee ;i;lggnltg t;r? d re?gg%gﬂxgseg’ggt copper complex, the original ketonic carbonyl isd@es into an
b e i and k P | b enolate, which nucleophilically attacks the thiirafrem the
(i_ée_};xgth |-2§O72§Z3I 8aan-tefr(;vr\1,0(;r(eb:§)prr§xlc?[l553¥ Sy SIS backside of the C-S bond, leading to the cleavagth® C-S
b][1 4]oxa¥hiiné—é-);l)ethan—l}/one by)// the Hetero-Di@lIder bond_to generate the ring e>_<pans_ion prodacuring the ring-
reaétion of 2 4-dioxonentane-3-thione and dihvdrane® opening reaction, the configuration of the attaclkedbon is
' P ydrapg. inverted as the enolate anion attacks from the lofi¢ke three-

Currently, we synthesized ethyfans3-acyl-4a,5,6,7,8,8a- membered ring, resulting in the formation todins-product 3a

hexahydrobenzdj[1,4]oxathiines. Both diazoketoesters _and from cis-thiirane 1a. For monosubstituted thiiranes, since the

f[:ﬁ'.‘.:l'c d'at‘ZOdf'fkego?ﬁs were rea(\theddwqh dmonogg:ﬁ;d thiirane ring in the intermediat&sis partially positively charged,
liranes to aftor e corresponding desired potaiB-t in the enolate anion is more nucleophilic to attack ¢erbon atom

low to moderate yields. However, no reaction ocedirior 6- : : 15 ) . Ny
thiabicyclo[3.1.0]hexane (cyclopentene sulfide) aibyl 2- \évglr?eg?ég substituents;” and 6-substituted producgj-3t are

diazo-3-oxobutanoate. For 1,1-disubstituted 1-meth{p-
phenylethyl)thiirane, only a trace amount of prad8e was
obtained possibly due to the steric hindrance of- 1,
disubstituted thiirane.

3l 33%

3m 38% 3n 35% 30 42% 3p 40%

On the basis of the stereostructure of prodBase we
proposed the following mechanism for reactions dfghes 1
and a-diazo-dicarbonyl compound@. The reaction of cyclic
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Scheme 2Mechanistic rationale on the stereospecific ringassion
of 7-thiabicyclo[4.1.0]heptand.§) and differeni-diazo-
dicarbonyl compound® in the presence of copper sulfate
pentahydrate.

2.2.Synthesis of 2-acyl-5,6-dihydro-1,4-dioxines througthe
ring expansion of oxiranes andr-diazo{-dicarbonyl
compounds

After success in the synthesis of 3-acyl-5,6-dihyti
oxathiines 3 from thiiranes 1 with a-diazo$-dicarbonyl
compounds2 through the ring expansion reactionsye turned
our attention to the synthesis of 2-acyl-5,6-ditoydr4-dioxines
from oxiranes andu-diazo-dicarbonyl compounds. We first
chose the reaction of 2-benzyloxirarg)(and ethyl 2-diazo-3-

and fast, having no opportunity to react with epexd@. Thus,
we attempted to use a syringe pump to ingectropwiseinto a
solution of4a and a catalyst. Gratifyingly, we isolated the dekire
product ethyl 3-methyl-5-phenylmethyl-5,6-dihydrg-dioxine-
2-carboxylate §a) in a low yield. After a series of optimizations,
we still did not get a satisfied yield (detailed ués not shown
here), so we tried to use microwave to assist outiceabecause
microwave can selectively heat polar reactahts.

With the assistance of microwave irradiation, we ecesl
various inexpensive copper catalysts, such as @adfac
Cu(hfacac) xH,0O, CuSQ-5H,0, and Cu(OTf) (Table 2, entries
1-10). Cu(hfacag)xH,O was discovered as the best catalyst
(Table 2, entry 7). The encouraging results prochptis to
optimize the reaction conditions further. The vyieldo varied
with temperature, reaction time, and solvents. Thddywas
improved when the reaction temperature was raised fr100°C
to 150°C (Table 2, entries 2, 4, 6, and 7). Shortening¢agtion
time from 60 min to 40 min, 30 min, or 20 min hagasitive
influence on the yield o8a (Table 2, entries 7, 11, 12 and 13).
However, further shortening time to 15 min to 10 maused
decrease of the yield due to unfinished reactiorh Vdts of
reagents remained (Table 2, entries 14 and 15).tlBatyield
decreased for the 20 min. reaction when the temperatas
further increased to 166C (Table 2, entry 16). For solvent
optimization,  1,2-dichloroethane  (DCE), toluene, and
dichloromethane (DCM) were screened (Table 2, entri@& and

oxobutanoate@) as a model reaction to optimize the reaction17). Toluene caused a mussy system after reactioth a

conditions. Because many reactions between smatdwiclic
rings and diazo compounds share the feature ofsekaediazo

dichloromethane could not reach the best reac&onpérature
due to its low boiling point. Adjusting the equivaleof oxirane

compounds®!’ we decided to use 1.5 equiv of diazo compound4a and diazo compounga did not produce a good effect to the

2a. We started our optimization by simply mixing ttheo
reactants and a metal catalyst together at roorpdeature, but
after 3 h, no reaction occurred. Then we mixed lloghreagents
and different metal catalysts together in variowluking
solvents, but we did not get any new products. Adfiérthese
attempts, we found that diazo compoWaldecomposed easily

yield of 5a (Table 2, entries 18 and 19). Finally, after akgé
optimizations, we selected to use 1.5 equiv. of &zah3-
oxobutanoate 2@) to react with one equivalent of 2-
benzyloxirane 4a) under the catalysis of 10 mol%
Cu(hfacac) xH,O at 150°C in DCE with the assistance of
microwave irradiation for 20 min. (Table 2, entry)13

Table 2.Optimization for the reaction of 2-benzyloxiraf#®) and ethyl 2-diazo-3-oxobutanoaga) under microwave irradiatich

O O .
e Lo UL
4a N, 0" "CO.Et
2a 5a
Entry Catalyst (10 mol%) Time/Min Solvent TemperaturéC Yield/%°
1 Cu(acag) 60 DCE 100 10
2 Cu(hfacacy xH,O 60 DCE 100 8
3 Cu(acac) 60 DCE 120 8
4 Cu(hfacacy xH,O 60 DCE 120 20
5 Cu(acag) 60 DCE 135 11
6 Cu(hfacacy xH,O 60 DCE 130 21
7 Cu(hfacacy xH,O 60 DCE 150 26
8 Cu(hfacacy xH,O 60 Toluene 150 8
9 CuSQ-5H,0 60 DCE 150 8
10 Cu(OTf) 60 DCE 150 13
11 Cu(hfacacy xH,O 40 DCE 150 24
12 Cu(hfacacy xH,O 30 DCE 150 32




13 Cu(hfacacy xH,O 20
14 Cu(hfacacy xH,O 15
15 Cu(hfacacy xH,O 10
16 Cu(hfacacy xH,O 20
17 Cu(hfacacy xH,O 20
18° Cu(hfacac) xH0 40
19° Cu(hfacac) xH0 20

DCE 150 49 (45°)
DCE 150 31
DCE 150 28
DCE 160 27
DCM 70 10
DCE 150 35
DCE 150 23

AWithout special notes, reaction conditions: diasmpound2a (1.5 equiv)."The yield is determined b{H NMR with 4-iodonitrobenzene as an internal

standard®3 equiv of2a. “Isolated yield.

With the optimal conditions for the preparation ethyl 5-
benzyl-3-methyl-5,6-dihydro-1,4-dioxine-2-carboxga3a), we
evaluated the scopes of oxirarkand diazo compounds The
results are present in Table 3. The reactivity eetwvaries of
oxiranes4 and diazo compounds suggested that both 2-alkyl
and 2-aryloxirane<l can react with diazoketoesteiza( d, 9,
except for ones with strong electron-withdrawing gsoupe),
and linear diazodiketone2l,f), affording the corresponding 5,6-
dihydro-1,4-dioxine-2-carboxylateésa, d, f, g, i, k, nand 5,6-
dihydro-1,4-dioxin-2-yl ketonesbb, e, j, m respectively.
Comparison with the reactions of different oxiradewith ethyl
2-diazo-3-oxobutanoate2d) and 3-diazopentane-2,4-dion2b)
indicated that the more electron-withdrawing

compounds are, the lower yields obtained (Tablen8ies 1, 2, 4,
5, 9, and 10). The reaction of 2-phenyloxirase) @nd ethyl 2-
diazo-4,4,4-trifluoro-3-oxobutanoate2d) further supports this
conclusion (Table 3, entry  8). However, 2-
(phenoxymethyl)oxiranel€) did not produce the corresponding
product5l (Table 3, entry 12). We supposed that it was becaus
there were two different oxygen atoms in oxirdfiso that there
might exist a competitive coordination with coppethe catalyst
between them, resulting in no desired prodild@eneratedn the
reaction. Furthermore, a cyclic diazodiketone coomgb 2-
diazocyclohexane-1,3-diond) was attempted, but it failed to
undergo the reaction (Table 3, entry 3).

the diaz

Table 3.Synthesis of 2-acyl-5,6-dihydro-1,4-dioxing@&om oxiranest anda-diazo$-dicarbonyl compound®

0]

10 mol% Cu(hfacac),*xH,O RO
A .
SR N
0 R R .
N DCE, MW, 150 °C, 20 min 0
2 R3
4 2 5
. . Isolated
Entry Oxirane 4  Diazocompound 2 Product 5 vield/%
i 0
1 m 4a )J\”)J\C)Et 2a o OEt 5a 45
N> o)
O O ©/\[O|
2 ©/\g 4a )kﬂ/\k 2b ojin/ 5b 31
N2
3 ©/\g 4a Oﬁo 2¢ - 5¢ NR
o} o o ©\/\[o
4 4b )J\H/U\ 2a | 5d 42
w I OEt oj;(o\/
2 0
0] O (0] o
5 (j/\/u 4b )J\”/U\ 2b | 5e 24
0]




O
(0]
O O
o}
7 4c )J\”/U\O/ 2d \ 59 18
(0] N
(6]
4c 3C 2e - 5h NR

& 8 LKLY
L

Cl
(0] (0]
(6]
0
9 4d )J\ﬂ/u\ OEt 24 | 5i 27
N OEt
cl 2 (6]
(0]
cl
(0] (0]
0 o
10 4d 2b | 5i 20
cl N, 0
o}
Br
O 0O O o
1 4e 2a | 5k 27
Br N, o)
0] O O
12 ©/O\/A af )J\”/U\O/ 2d : 5| NR
N2
0 o
13 Oo 4g of O: jiﬂ/© 5m 10
N>
(0] (0]
14 O}o an w OEt 2g Q :[H/OEt 5n 33
2

To identify the regioselectivity and structures mfoducts €l ~ o‘
5a,b,d-g,i-k in the reactions, we performed 2D HMBC NMR o = ol2——o j;(oa
spectrum of the representative prodbigtof which the structure \©\[ X(OE‘ E10,C7 \;@:m /Q/E 0 I
is 5iA or 5iB (Figure 2). The spectrum showed that a weak o cl
interaction between the GHyroup (2.26 ppm) and the benzylic i © 5iB
carbon (75.05 ppm) and *d coupling between the methylene
group (4.20 ppm) in 1,4-dioxine and Clsmttached to the
carboxylate group, indicating that prod#gtshould possess the For 1,2-disubstituted cis-oxiranes, 7-
structure of 5iA. The results suggest that produ&swere  oxabicyclo[4.1.0]heptane (cyclohexene oxidéy)(afforded the
generated through the enolate attacking on the mwbstituted correspondingcis-product 5m, of which cis-configuration was
carbon atom of oxirane4 because the oxirane ring possessesietermined from the coupling constarx £ 2.9 Hz) of the
positive charge, similar to protonated or Lewis amdrdinated protons on the carbon atoms next to the oxygen {@usitions
oxiranes, after the oxygen in the oxirane ring eaphilically  4a and 8a irbm) by comparison with previously reported data
attacks the metallocarbenes generated from diamgpaonds2 (Table 3, entry 13)*° To further verify the stereosturcture of
and copper catalystifle posiScheme 3). product 5m, the reaction of 9-oxabicyclo[6.1.0]Jnonane

(cyclooctene oxide) 4h) and ethyl 2-diazo-3-oxo-3-
phenylpropanoate2() was performed under the catalysis of
Cu(hfacacy xH,0O, affording the desired produén (Table 3,

Figure 2. Two possible structures of prodiit



entry 14). Productn shows the identicalH NMR data to the
previously reportedis-product5n obtained in the same reaction
under the catalysis of [CPRU(GEN)][BArF]. ™

The results in the ring expansion of 1,2-disub&iducis-
oxiranes 4 are obviously different from those in the ring
expansion of thiiranes."® For the reactions of thiiranes the
ring expansion undergoes an intramolecularly bimdkr
substitution ({2), generating transproducts 3 from 1,2-
disubstitutedcis-thiiranes1. However, in the current reactions,
1,2-disubstitutectis-oxiranes4 afforded the correspondings-
productsb. The results suggests that the reaction shouldrgod
an intimate ion-pair mechanism rather than th2 @echanism.
To explain the ring expansion reaction between oeis@ and
diazo compound®2, we proposed the mechanism shown in
Scheme 3. First of all, diazo compoun#@scoordinate with
Cu(hfacagjxH,O and discharge a molecule of nitrogen,
generating metallocarbenes Then, oxiranes4 attack the
electron-deficient metallocarbenésto produce metal oxonium
ylide intermediatedl . The intermediated undergo the cleavage
of the more substituted C-O bond of the oxirane kiagause the
substituents can stabilize the positive chargethazations and
simultaneous release of the copper catalyst to fenolate
anions. That is, intimate ion-paitd are generated and further
combine the enolates and carbocations to afforangimbered
ring products through the intimate ion-pair process.

o O
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o}
"L

R2™ 07 YR!
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o}
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2 O - R1
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CUHLZ
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N2
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chﬁmﬁ\ R®
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|
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R' 4

o
_+'
R H

intimate ion-pair

R1

Scheme 3Mechanistic rationale on the stereospecific ring
expansion of oxirangsanda-diazofi-dicarbonyl compound®
under the catalysis of Cu(hfacaaH,O.

To further verify the intimate ion-pair process, tested the
reaction of enantiopure substra®-phenyloxirane [R)-4c] and
ethyl 2-diazo-3-oxobutanoate 2d) and obtained the
corresponding productRy-5f with 88% e.e., supporting the
intimate ion-pair mechanism (Scheme 4). On the bekisis-
selectivity in the reaction of cyclohexene oxiddg)( and
cyclooctene oxide4h) and the intimate ion-pair mechanism, the
optical producBf can be assumed as the R configuration.

o] o O Phy_©O
10 mol% Cu(hfacac)y*xH,0 \[ ‘
+ OEt OEt
(0]
2a )

DCE, MW, 150 °C, 20 min
(R-4c

(R)-5¢
40% yield, 88% ee

Scheme 4Ring expansion with enantiopure epoxi&-4c.

When thiiranela was used as starting material under the
conditions for oxiranes (Cu(hfacagH,0, 150°C, DCE), the
thiirane 1a decomposed completely without observation of the
correspondingis-oxathiine. Even the reaction was conducted at
100 °C. No desired product was observed as well, but some
thiiranelaremained.

Finally, we hoped to extend the strategy into thectiens of
aziridines andx-diazo$-dicarbonyl compoundg, attempting to
synthesize 3-acyl-5,6-dihydro-1,4-oxazines throwsghilar ring
expansion reactions. However, after many attempwifferent
solvents under the catalysis of various transitizetal catalysts,
applied in the reactions of thiiranes and oxiranes, desired
product was observed.

3. Conclusion

In conclusion, we successfully provided a conveniand
economic synthetic preparation of important 3-&&-dihydro-
1,4-oxathiine and 2-acyl-5,6-dihydro-1,4-dioxine ridatives
from readily available thiiranes and oxiranes wittdiazof-
dicarbonyl compounds under the catalysis of comiakrc
available and inexpensive copper catalysts. Théstasse of
microwave irradiation shortens the reaction timeresxely to
only 20 min. In addition, the substrate scope egpdnto not
only diazoketoesters, but also diazodiketones. e ring
expansion reactions showed completely different
stereoselectivities for 1,2-disubstitutedis-three-membered
heterocycles because thiiranes underwent the bimlalec
nucleophilic substitution mechanism, while oxiratesk place
the intimate ion-pair process. However, aziridine®dpced
complex mixtures under similar conditions. Althouthie yields
are from low to moderate, the current methods pewdirect
and simple strategy in efficient preparation of c3ieb,6-
dihydro-1,4-oxathiines and 2-acyl-5,6-dihydro-1jéxihes.

4. Experimental Section
4.1 General Information

Unless otherwise noted, all materials were purchaseah f
commercial suppliers. DCE was refluxed over gaHd freshly
distiled prior to use. Flash column chromatograptwas
performed using silica gel (normal phase, 28@0 mesh) from
Branch of Qingdao Haiyang Chemical. Petroleum ett) (
used for column chromatography is-80 °C fraction, and the
removal of residue solvent was accomplished undéovap.
Reactions were monitored by thin-layer chromatogyafiiiLC)
on silica gel GF254 coated 0.2 mm plates from tuigtiof Yantai
Chemical Industry. The plates were visualized uhdiéilight, as
well as other TLC stains (10% phosphomolybdic agidthanol;
1% potassium permanganate in water; 10 g of iodiiserded on
30 g of silica gel)'H and**C NMR spectra were recorded on a
Bruker 400 MHz spectrometer in CDQIr DMSOds with TMS
as an internal standard, and the chemical shiftaré reported in
parts per million (ppm). All coupling constant® {n ‘HNMR are
absolute values given in hertz (Hz) with peaks labele single
(s), broad singlet (brs), doublet (d), triplet (@uartet (q), and
multiplet (m). The IR spectra (KBr pellets[cm]) were taken
on a Nicolet 5700 FTIR spectrometer. HRMS measuresnent
were carried out on an Agilent LC/MSD TOF mass speuiter.
Melting points were obtained on a Yanaco MP-500 meglpoint
apparatus and are uncorrected. Specific rotationdetermined
on an Anton Paar MCP200 polarimeter. All microwavectieas
were conducted in CEM Discover SP micromave system
equipped with an infrared temperature detector. ef@tiomeric



excess was determined by chiral HPLC analysis usinggilent
1260 LC instrument with Daicel Chiralpak AD-H columnthwva
mixture of hexane and isopropanol (90:10) as eluent at a flow
rate of 1.0 mL/min. at 254 nm.

All analytic data of thiiraned and 3-acyl-5,6-dihydro-1,4-
oxatiines 3 were reported previously in our previous
communications. Analytic data of oxirane$é and diazo
compoundg are provided in electronic supporting information.

4.2 General procedure for the synthesis of 2-acyl&-dihydro-
1,4-dioxines 5

In a 10 mL reaction tube, oxirade(0.2 mmol), diazo compouril
(0.3 mmol) and Cu(hfacacjH,0O (9.54 mg, 0.02 mmol) were
dissolved in 2 mL of dries DCE. The reaction mixtwas stirred
and irridated in a microwave reactor at 2680for 20 min. After the
solution was concentrated under reduced presshee,resulting
residue was purified by silica gel column chromaaphy with a
mixture of petroleum ether/EtOAc (15:1 to 504ly) as eluent to
give pure produch.

4.2.1 Ethyl 5-benzyl-3-methyl-5,6-dihydro-1,4-dioxie-2-
carboxylate (5a)

Yellow oil. Yield, 45%.'H NMR (400 MHz, CDCJ) § 7.34-7.20 (m, 5H,
ArH), 4.30-4.22 (m, 3H, Ck& CH), 4.05 (ddJ = 11.0, 2.4 Hz, 1H in C},
3.71 (ddJ =11.0, 6.3 Hz, 1H in C}j, 3.00 (ddJ = 14.0, 6.6 Hz, 1H in C}),
2.84 (dd,J = 14.0, 6.9 Hz, 1H in CH, 2.24 (s, 3H, CH), 1.33 (t,J = 6.9 Hz,
3H, CHy). C NMR (101 MHz, CDGJ) § 164.0, 147.0, 136.2, 129.3, 128.6,
126.8, 124.8, 74.7, 66.0, 60.5, 37.2, 17.8, 14R4(KBr) 1711, 1635 cmh
HRMS (ESI) m/z calcd. for GsHigNaQ;* [M+Na]": 285.1103; found:
285.1102

4.2.2 1-(5-Benzyl-3-methyl-5,6-dihydro-1,4-dioxin-¥l)ethan-1-
one (5b)

Yellow oil. Yield, 30.4%."H NMR (400 MHz, CDCJ) § 7.38-7.19 (m, 5H,
ArH), 4.24 (ddddJ = 6.9, 6.7, 2.2, 2.2 Hz, 1H, CH), 4.02 (dds 11.1, 2.3
Hz, 1H in CH), 3.67 (ddJ = 11.1, 6.4 Hz, 1H in C¥, 3.02 (dd,J = 13.9,
6.3 Hz, 1H in CH)), 2.82 (ddJ = 13.9, 7.3 Hz, 1H in C}), 2.22 (s, 3H, CH},
2.21 (s, 3H, CH.™C NMR (101 MHz, CDGJ) § 195.5, 145.6, 136.2, 132.5,
129.3, 128.6, 126.9, 74.8, 65.5, 37.3, 27.5, IRTKBr) 1735 cnt. HRMS
(ESI)m/z calcd. for GsH1705 [M+H]*: 233.1178; found: 233.1189

4.2.3 Ethyl 3-methyl-5-phenethyl-5,6-dihydro-1,4-digine-2-
carboxylate (5d)

Yellow oil. Yield, 42%.'H NMR (400 MHz, CDGCJ) § 7.33-7.16 (m, 5H,
ArH), 4.30-4.21 (m, 2H, C§), 4.08 (ddJ = 11.0, 2.3 Hz, 1H in CH, 4.04—
3.97 (m, 1H, CH), 3.67 (dd,= 11.0, 6.9 Hz, 1H in C§), 2.88—2.69 (m, 1H

in CH,), 2.25 (s, 3H, CH), 1.96 (dddd,) = 14.2, 8.6, 8.6, 5.8 Hz, 1H, in GH
1.82 (ddddJ = 14.0, 9.1, 7.3, 5.0 Hz, 1H in GH1.33 (t,J = 7.1 Hz, 3H).
3C NMR (101 MHz, CDGJ)) & 163.9, 147.1, 140.8, 128.5, 128.4, 126.1,
124.6, 73.2, 66.8, 60.5, 32.2, 31.0, 17.8, 14.4(KRr) 1731, 1682 cm
HRMS (ESI)m/z calcd. for CigH2104" [M+H] *: 277.1440; found: 277.1434

4.2.4 1-(3-Methyl-5-phenethyl-5,6-dihydro-1,4-dioxi-2-yl)ethan-
1-one (5e)

Yellow oil. Yield, 24%.'H NMR (400 MHz, CDCJ)) § 7.31-7.03 (m, 5H,
ArH), 3.98 (dd,J = 10.9, 2.4 Hz, 1H in C}), 3.92 (ddtJ = 8.7, 4.8, 2.3 Hz,
1H, CH), 3.58 (ddJ = 10.9, 6.8 Hz, 1H in C§), 2.82-2.63 (m, 2H, CHi
2.16 (s, 3H, Ch), 2.13 (s, 3H, Ch), 1.88 (dddd,) = 14.2, 8.6, 8.6, 5.7 Hz,
1H, CH), 1.74 (ddddJ = 13.9, 9.0, 7.4, 4.7 Hz, 1H, CHC NMR (101
MHz, CDCE) é 195.6, 145.6, 140.9, 132.4, 128.5, 128.4, 126323,766.4,
32.2,31.0, 27.5, 17.8. IR (KBr) 1689, 1597 triIRMS (ESI)m/z calcd. for
CisH1905" [M+H] *: 247.1334; found: 247.1325

4.2.5 Ethyl 3-methyl-5-phenyl-5,6-dihydro-1,4-dioxie-2-
carboxylate (5f)

Yellow oil. Yield, 40%.'H NMR (400 MHz, CDCJ) § 7.47-7.33 (m, 5H,
ArH), 5.03 (dd,J = 8.4, 2.4 Hz, 1H, CH), 4.38-4.26 (m, 3H, 1H in CH
CH,), 3.79 (ddJ = 11.3, 8.4 Hz, 1H, CH}, 2.37 (s, 3H, Ch), 1.38 (tJ= 7.1
Hz, 3H, CH). *C NMR (101 MHz, CDGJ) & 163.8, 147.7, 135.8, 128.8,
128.8, 126.3, 125.0, 76.0, 68.5, 60.6, 17.8, IR4KBr) 1738 cnt. HRMS
(ESI)m/z calcd. for GH170," [M+H]*: 249.1127; found: 249.1120

4.2.6 Ethyl R)-3-methyl-5-phenyl-5,6-dihydro-1,4-dioxine-2-
carboxylate ((R)-5f)

Yellow oil. Yield, 41%. p]*% = -24.3 (c, 1.10, CHCl,). 88% ee (Daicel
Chiralpak AD-H column with a mixture of hexane aisdpropanol (90:10,
vIV) as eluent at a flow rate of 1.0 mL/min. at 254)ntH NMR (400 MHz,
CDCL) § 7.47-7.33 (m, 5H, ArH), 5.03 (dd,= 8.4, 2.4 Hz, 1H, CH), 4.38—
4.26 (m, 3H, 1H in CKH& CHy), 3.79 (ddJ = 11.3, 8.4 Hz, 1H, C}), 2.37 (s,
3H, CH), 1.38 (t,J = 7.1 Hz, 3H, CH).**C NMR (101 MHz, CDGJ) 5 163.8,
147.7, 135.8, 128.8, 128.8, 126.3, 125.0, 76.05,680.6, 17.8, 14.4. IR
(KBr) 1738 cm'. HRMS (ESI)m/z calcd. for GsH1704" [M+H]*: 249.1127;
found: 249.1122

4.2.7 Methyl 3-methyl-5-phenyl-5,6-dihydro-1,4-dioime-2-
carboxylate (5g}*

Yellow oil. Yield, 18%.'H NMR (400 MHz, CDC)) & 7.35-7.24 (m, 5H,
ArH), 4.94 (d,J = 8.0 Hz, 1H, CH), 4.23 (d,= 11.2 Hz, 1H in Ch), 3.75 (s,
3H, CH), 3.70 (dd,J =11.2, 8.0 1H in Ch), 2.28 (s, 3H, Ch. *C NMR
(101 MHz, CDC})) 6 164.1, 148.0, 135.7, 128.8, 128.8, 126.3, 125%M,7
68.4,51.7,17.7

4.2.8 Ethyl 5-(4-chlorophenyl)-3-methyl-5,6-dihydroi,4-dioxine-
2-carboxylate (5i)

Yellow oil. Yield, 26.6%."H NMR (400 MHz, CDCJ) & 7.31 (d,J = 8.0 Hz,
2H, ArH), 7.20 (dJ = 7.7 Hz, 2H, ArH), 4.91 (dd] = 8.0, 1.6 Hz, 1H, CH),
4.29-4.14 (m, 3H, Ck& CHy), 3.65 (ddJ = 11.2, 8.4 Hz, 1H in C}, 2.26
(s, 3H, CH), 1.28 (t,J = 7.1 Hz, 3H, CH).®™C NMR (101 MHz, CDGJ) &
163.7, 147.4, 134.7, 134.3, 129.0, 127.6, 125.12,%8.3, 60.7, 17.8, 14.4.
IR (KBr): 1736, cmt. HRMS (ESI)m/z calcd. for C14H:6ClIOs" [M+H]":
283.0737; found: 283.0761

4.2.9 1-(5-(4-Chlorophenyl)-3-methyl-5,6-dihydro- 4-dioxin-2-
yl)ethan-1-one (5j)

Yellow oil. Yield, 20%.'H NMR (400 MHz, CDCJ) § 7.38 (d,J = 7.2 Hz,
2H, ArH), 7.26 (dJ = 8.8 Hz, 2H, ArH), 4.97 (dd] = 8.0, 1.6 Hz, 1H, CH),
4.24 (dJ=11.2 Hz, 1H in Ch), 3.80-3.63 (dd) = 12.1, 3.9 Hz, 1H in C}),
2.30 (s, 3H, Ch), 2.24 (s, 3H, Ch."C NMR (101 MHz, CDGJ) § 196.4,
195.5, 145.9, 132.6, 130.9, 129.0, 128.5, 127.63,767.9, 27.6, 17.6. IR
(KBr) 1724, 1690 cm. HRMS (ESI)m/z calcd. for C;sH1,ClIOs" [M+H]*:
253.0631; found: 253.0617

4.2.10 Ethyl 5-(4-bromophenyl)-3-methyl-5,6-dihydrot,4-
dioxine-2-carboxylate (5k)

Yellow oil. Yield, 27%.'H NMR (400 MHz, CDCJ)) § 7.57—7.07 (m, 5H,
ArH), 4.90 (dd,J = 8.2, 2.4 Hz, 1H, CH), 4.28-4.16 (m, 3H, 1H in CH
CH,), 3.65 (dd,J = 11.2, 8.2 Hz, 1H in C#), 2.26 (s, 3H, Ch), 1.28 (t,J =
7.1 Hz, 3H, CH).**C NMR (101 MHz, CDGJ) § 163.7, 147.4, 134.9, 131.9,
127.9, 125.1, 122.8, 75.3, 68.2, 60.7, 17.8, IR4KBr) 1735 cnt. HRMS
(ESI)ym/z calcd. for GsH1¢BrO," [M+H]*: 327.0232; found: 277.0228

4.2.11rel(4aR,8a5)-(3-Methyl-4a,5,6,7,8,8a-
hexahydrobenzop][1,4]dioxin-2-yl)(phenyl)methanone (5m)
Yellow oil. Yield, 10%."H NMR (400 MHz, DMSO¢;) & 7.78-7.69 (m, 2H,
ArH), 7.51-7.48 (m, 3H, ArH). 4.19 (ddd= 7.6, 2.9, 2.4 Hz, 1H, CH), 4.09
(ddd,J = 6.4, 3.0, 2.9 Hz, 1H, CH), 2.17 (s, 3H, §H.82-1.34 (m, 8H,



4CH,). ®C NMR (101 MHz, DMSQ#ds) 3 189.3, 144.3, 137.9, 131.2, 129.7,

128.3, 127.4, 72.4, 69.1, 26.7, 26.4, 20.9, 19893.1IR (KBr) 1734, 1665
cm®. HRMS (ESI) m/z calcd. for GeHigOs' [M+H]": 259.1134; found:
259.1135.

4.2.12 Ethylrel(4aR,10a5)-3-phenyl-4a,5,6,7,8,9,10,10a-
octahydrocyclooctap][1,4]dioxine-2-carboxylate (5n}*

Yellow oil, yield 33%."H NMR (400 MHz, Acetonek) § 7.34 (s, 5H), 4.42
(dt,J=9.0 and 2.8 Hz, 1H), 4.21 (dt= 9.0 and 2.8 Hz, 1H), 3.93 @= 7.1
Hz, 2H), 2.18 — 1.89 (m, 3H), 1.97 — 1.42 (m, 98194 (t,J = 7.1 Hz, 3H).

3¢ NMR (101 MHz, Acetonep 163.6, 145.9, 135.8, 129.8, 129.1, 128.0, 1°-

125.8,76.4,74.1, 60.2, 28.2, 28.0, 26.1, 25.8,233.1, 13.8
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