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Screening of other solvents in the title reaction

Some other, especially, aprotic solvents were examined in the title reaction given in Table
S1. All reactions were performed on a GC-scale with mesitylene as internal standard ac-
cording to following procedure: CeCl; - 7 H,O (5 mol%, 19 mg, 50 umol) was added to a
mixture of B-oxoester 1la (156 mg, 1.0 mmol, 1 equiv.), mesitylene (72 mg, 0.60 mmol, 0.6
equiv.) and enol ether 3a (405 mg, 2.0 mmol, 2 equiv.) in solvent (1 L mol™ B-oxoester),
and the reaction mixture was stirred at 50°C for 18 h under an atmosphere of air. Table S1

gives relative GC integrals of the product mixtures after 18 h.

Table S1. Results of solvent screening; given are relative GC-integrals of the reaction de-

picted in Scheme S1 after 18 h relative to mesitylene as internal standard.

TMSO

X _CO,Et EtO,C Me
O I\/Ie)\/ 2 o) 2 —

RO
é/COZEt 3a - OH N 0
O, (air) CO,Et CO,Et

5 mol% CeCly - 7 H,O
la 50°C, 18 h 8 6a, R = H
7a, R = CH,CF4

solvent
Solvent 8 7a 6a
THF 0.18 0.04 0.19
CH.Cl, 0.15 0.00 0.01
toluene 0.49 0.00 0.00
EtOH 0.06 0.00 0.19
TFE 0.00 0.13 0.87
TFE® 0.09 0.14 0.11

[linstead of ether 3a, ethyl 3-oxobutanoate was applied.
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NMR Spectra

Me

EtO,C,

HO.

CO,Et

compound 6a

Foov

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

f1 (ppm)

00T
8T'PT
co.E\

TPeEc—

SH'9E—
S0°0b—

£9°65~
1919

1€e6—
SLL6—

£€6'S0T—

88'P9T~
96891~
6L°0L1—

Me

EtO,C,

HO

CO,Et

compound 6a

170 160 150 140 130 120 110 100 90 80 70 50 50 40 30 20 10
f1 (ppm)

180

S3



HMBC 2-Me 6a-CO2Et
3-CO2Et

6a-CO2Et 6.
I\, ,3-CO2Et 6-H 4-H 4-H 5.4 5-H

10
,zj W | { [ ] " |

20
— — 0 ™ i . " _

EtO , Me 30

——————— p— l.' W ' L
— HOSGa &1 I il By [ 40

CO,Et 50

— compound 6a m 60

c3a— | W I i _
C-6a — ilby [ L] Hi - M 100

C-3 Wi 10 l. . I

;110
;120
;130
;140
;150

3-CO2Et ! Mg [160
6a-CO2Et |
21— e i -170

44 42 40 3.8 3.6 34 32 30 2.8 26 24 22 20 1.8 1.6 14 12 1.0
f2 (ppm)

S4

f1 (ppm)



T
87T
87T
0€'T
0£'T
1€
75T
5T
€51
5T
mm.L
oIy
DM.Q
95T
58T
58T
08T
(8T
88T
614

£6°T
v6'T
56'T

96°T1
96°T1
96°T1
L6°TH
L6
507
90 C4
30Cy
6071
0T°Z4
1T
SECH
1871
€5
[ N4
€5'C]
€577
€577
5T
¥ST
5571
S5
S5
1974
€9
£9°C1
97
5971
5971
9974
£97TH
08¢

98°¢-

Me
(0]
CO,Et

EtO,C,
o)

compound 7a

F86'1T

Fsew

4.0 3.5 3.0 2.5 2.0 1.5 1.0 05 0.0
f1 (ppm)

4.5

6.0 5.5 5.0

6.5

70

T6°€T
mﬁ.ﬁw
6C°ST

PEEC—

£6°SE~
€418

68°6S
.va.mm/
mm.mm#
05°€9
mm.mm%ﬁ
S0%9

Lyie~
ST66~
£8°20T—

SH'0ZT~,
99°2ZT~
98'bTT—
Loz

89491
98'891—
PSELTA

mewmm o A R i o

N
]
[Ys]
mm.mm\- | ng
05'€9" 828
BLE9~, _ A
S0'%9
AR
M
()
O ®
=_o0 0 R
()~ B
o
g I 8
I\ ]
[&]

170 160 150 140 130 120 110 100 90 80
f1 (ppm)

180

S5



SC'TH
9C' 1

=00°€
=== 80T

= F60°T
kere

YTy

Me

MeOC

HO

CO,Et

compound 6b

=80L

% Foot

"

—= Fss80

"ﬁ TDO-N

0.0

0.5

1.0

1.5

2.0

2.5

3.0

4.0

4.5

5.0

5.5

6.5

7.0

f1 (ppm)

SOPT~
69'ST"

tvsz/
et
ST'9€~
95°0b

LLT9—

Liah

08°¢6—
8L16—

LE9TT—

£6'89T~
89°0L1

9T'S6T—

Me

MeOC

HO

CO,Et

Al

compound 6b

i

50

T
100 90 80
f1 (ppm)

T
110

T
120

T T
190 180

T
200

S6



06°0
06°01
16°01
Z6°07
11
¥5'T1
8T
€8'T
€8T
BT
8T
581+
58T+
S8'TH

CERR

981
81
(81
88'T
881
881

161
102
vz
Taa
57
977
9271
rara
7
(a2
827
627
75
€577
P67
5571
957
9571
L5
857
05°¢
€6

-

S6°¢-

\% Fz6s
Feot
00T
Foog
Fezo

Me

MeOC,

HO

CO,iBu

compound 6¢

HM F20'T

Foso

l [

Fest

0.0

£9°ST<
76817
95°£7
8577
gz67/
ET9E~
7000~

0.5

1.0

1.5

2.0

2.5

98 TL—

3.0

\n 08€6—
m 1086—

1 (ppm)

4.0

85'GIT—

4.5

5.0

5.5

6.0

88'89T~
L5041

6.5

70

TTS6T—

7.5

3
@
[} N
o)
=_0 O
_
%)
3¢
=

compound 6¢

T T
100 90

f1 (ppm)

T
110

T
140

T T
190 180

T
200

S7



0€' T
1€ T
ZE'T
65T
69T
ST
16T
16T
6T
Nm.:ﬁ
€614
€61
£6'TY
#6'TA
6T
56T
56T
se'1
9614
am.ﬁw
L6'T

0z
607
62
0€°C
0€'2
1€
1€
1€°7
zET
e
€€
€67
€€
PET
£9'7
97
97
59'7
§9°7
99°7
£9°T
89°71
691
5T
1€°%
6

T

T

9TL
H.v._m/
e
15%Z
PSL~

L5L

Me

PhOC

HO

CO,Et

compound 6d

B

68T
TL0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

35

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

f1 (ppm)

PTHT~
08'sT"

S0¥C—

L59E—

6C°0F—

ELT9—

PR

M

LTS6~
LL16—

LTSTT—

Nm.mﬁ
?.mﬁv.
z0zeT

S6'6ET—

88'89T~,
65697~

£8P61—

ey

Me

PhOC,

HO

CO,Et

compound 6d

hl

) Awdh —— T Leold .ﬂ‘i i‘ - . " I ” | “ Jh -

90

T
100
f1 (ppm)

T T T
160 140 110

T
180

T
190

T
200

S8



HMBC

3-C—

phenyl-group

10

20

100
;110
;120
;130
;140
;150
;160
170

180

8] pm
N A
O | II
Ll
3 Me 0 b
HO 01 W .
CO,Et
compound 6d
] il
i
"»
q T '| I
(]
i
O
e T T T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0
f2 (ppm)

S9

190

f1 (ppm)



ZETT
PET
5E°T
$9'1
59°T1
99°T
99T
L9
69°T1
E.:ﬁ
67

pd
96'T
96'T
96'1
6T
6T
86T
86'1
¥0'Z
50z
L0z
80°Z
60°Z1
60°Z]
60°Z1
0Tz
0r°Z]
A
BETT
0T
oreff
W'z
W]
W]
T
T
7]
b7

e

€971
977
591
99°C1
£97T]
£97C1
8974
0L
8T7q
6271
TEY
[A% o
S¥L

Hm.hW
[AyA

95" S

Ph

MeOC

HO

CO,Et

compound 6e

Wil

]

E80°E
Fss1
LT
90T
Forz

=80T
01

Fsco

Feoe

00°E
e

0.(

0.5

6T ¥l —

1.0

00vz
ze67
07'9E~.
£9'Th

1.5

2.0

18 19—

2.5

3.0

3.5

S9%6—
80"86—

f1 (ppm)

0T"8IT—

¥S'8TT
96°8CT
S¥0ET
86°0ET

4.5

5.0

5.5

6.0

TL89T~,
01691~

6.5

7.0

S0'86T—

7.5

immemeMmm

Ph

MeOC,

HO

CO,Et

compound 6e

N

30

40

50

70

T T T T
130 120 110 100 90

T
140

T T
190 180

T
200

f1 (ppm)

S10



HMBC 3-COMe

phenyl-group
hh__| A —

CO,Et

compound 6e

-—11{]
-—12{]
n '. L} __130
_—14{]
-—15{]

160

| Jli | J,| HH

' ’ " 170
180

L 190
3-C—, 0 200

4.0 35 3.0 25 2.0 1.5

7.5 7.0 6.5 6.0 5.5 5.0 4.5
f2 (ppm)

S11

f1 (ppm)



LTT—

1§€—F
¢m.m.\.
18€—

BTt~
12y

0T°'S—

9T
6L~
o

o

Me

MeOC

HO.

COzMe

N

/
Cbz

compound 6f

-

Foo9

Hvfuo.ﬁ
F1oe
£€6'T

ico.m

Froz

wmm..v

35 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)

4.5

7.0 6.5 6.0 5.5 5.0

7.5

0E6C—

Ly 91T —

LELTT
Nﬁ.mmﬁW
S¥"8¢T
£T9LT—

LTHST
Nm..vmﬁuv.

06°99T~_
£6°69T~,
8e0/17

¥8¥6T—

Me

MeOC

HO.

CO,Me

N

/

Cbz

compound 6f

N

T T
100 90
f1 (ppm)

T
110

T
120

T
140

T T
190 180

T
200

S12



9Tt
9Tt

—

(0]
=3
[0]
o
=_0 O
_
%)
g
s

compound 6g

MUML_JL\M N

H0E
80°E

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)

6.5 6.0 5.5 5.0 4.5

70

PLOST—

61T°6C—

16'25—

259/

£T8L

8G'E6—

596—

TToTT—

T£99T—
SL0LT—

8%6T—

Me
(0]
CO,Me

MeOC,
HO.

compound 6g

o A AT A I N o A MWMMWWMMM

30

40

50

T
100 90 80

f1 (ppm)

T
110

T
140

T T
190 180

T
200

S13



Brief text description of the crystal structure determination: Single crystal X-ray data of
6g were measured at 100 K on a Bruker AXS Apex Il diffractometer (Mo-Ka radiation, A =
0.71073 A, Kappa 4 circle goniometer, Bruker Apex Il detector). A semi-empirical absorp-
tion correction was performed based on symmetry-related measurements with the program
SADABS (L. Krause, R. Herbst-Irmer, G. M. Sheldrick, D. Stalke, J. Appl. Cryst. 2015, 48,
3-10). The structure was solved with the program SHELXS and refined with SHELXL (G.
M. Sheldrick, Acta Crystallogr. Sect. C 2015, 71, 3-8). Non H atoms were refined anisotrop-
ically, H atoms were located from the difference Fourier maps, but subsequently fixed to
geometric positions using appropriate riding models with the exception of the hydroxyl H
which was refined freely. CCDC 1559311 contains the supplementary crystallographic data
for this paper. These data can be obtained free of charge via www.ccdc.cam.ac.uk, or by
emailing data_request@ccdc.cam.ac.uk, or by contacting The Cambridge Crystallographic
Data Centre, 12, Union Road, Cambridge CB2 1EZ, UK; fax: +44 1223 336033.

Figure S1. ORTEP-representation of the X-ray structure of dihydrofurane 6g, ellipsoids at
the 50% probability level, H atoms omitted for clarity; locants were used as at-

om labels.
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Table S2. Crystal data and structure refinement for methyl 3-acetyl-3a-hydroxy-2-methyl-
3a,4,6,6a-tetrahydrofuro[3,4-b]furan-6a-carboxylate (69).

Empirical formula C11H1406
Formula weight 242.22
Temperature 100(2) K
Wavelength 0.71073 A
Crystal system triclinic
Space group P-1

a=7.7439(3) A
b =7.8264(3) A
c=9.1707(3) A

Unit cell dimensions a =76.9720(13)°.
B =81.6747(14)°.

y = 83.9592(14)°.

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Observed reflections [l > 2(1)]
Completeness to theta = 36.317°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(l)]

R indices (all data)

Extinction coefficient

Largest diff. peak and hole

534.27(3) A3

2

1.506 Mg/m?

0.124 mm™

256

0.320 x 0.240 x 0.120 mm?®
2.297 t0 36.317°
-12<h<12,-13<k<13,-14<1<15
27838

5181 [R(int) = 0.0196]

4819

100.0%

semi-empirical from equivalents
1.0000 and 0.9776

full-matrix least-squares on F?
5181/0/161

1.059

R1 =0.0296, wR2 = 0.0863
R1 =0.0316, wR2 =0.0879
n/a

0.581 and —0.231 e A~
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