Supplemental Materials S1

Notable and Obvious Ketene
Substituent-Dependent Effect of
Temperature on the Stereoselectivity in the
Staudinger Reaction

Bonan Li, Yikai Wang, Da-Ming Du, and Jiaxi Xu*

Beijing National Laboratory for Molecular Sciences (BNLMS), Key Laboratory of Bioorganic Chemistry
and Molecular Engineering of Ministry of Education, College of Chemistry and Molecular Engineering,
Peking University, Beijing 100871, People’s Republic of China

jxxu@pku.edu.cn

Supplemental Materials

L O1) 111 1 PP PP ORPRPR Sl
EXPerimental DELAIlS. ......cccoiiiiiie et S2
Copies of *H and *C NMR Spectra of the Unknown ProduCtS..............coeeeereereeeeeeressseeenees S5

Copies of the Representative *H NMR Spectra for Determination of Cis/Trans Ratios........ Si1



Supplemental Materials 2

Experimental Details

General. SPhenyl 2-diazoethanethioate 1* and imines 2a-¢*** were prepared according to published
procedures. Toluene, xylene, and 1,3,5-mesitylene were refluxed with sodium and freshly distilled prior to
use. All reactions were performed under a nitrogen atmosphere. The reaction temperature was controlled
carefully with a fine temperature controller in a big water-bath with a large amount of water, covered with
paraffin oil, and a thick asbestos coating outside the bath within less than + 0.5 °C, in the temperature
region of 40 — 90 °C, in a big oil-bath with a large amount of oil and a thick asbestos coating outside the
bath within less than + 2~3 °C in the temperature region of 100 — 150 °C. *H and *C NMR spectra were
recorded in CDCl3 with TMS as an internal standard. All known products 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,
14, 15, 16, 19, 20, 23, and 24 show the identical analytic data to reported datain the literatures.*>%’

Determination of the cis/trans Ratios of the Crude f#Lactam Products.

1. For the reaction of propionyl chloride (1a) with imine 2a, the cigltrans ratios were obtained by the
integrals of the corresponding C(4) protons of Alactams 3 and 4 in *H NMR spectra (the proton of
cis-isomer 3 appears at about 4.87 ppm, while the proton of trans-isomer 4 appears at 4.22 ppm) of the

crude reaction mixture. (Propionyl chloride and propionic acid have peaks at 2.93 and 2.38 ppm,

respectively.)

2. For the reaction of phenylacetyl chloride (1b) and imine 2a, the cig/trans ratios were obtained by the
integrals of the corresponding C(3) and/or C(4) protons of Alactams 5 and 6 in *H NMR spectra (the
protons of cis-isomer 5 appear at 5.17 and 4.88 ppm, while the protons of trans-isomer 6 appear at 4.61
and 4.07 ppm) of the crude reaction mixture after washing with saturated sodium bicarbanate to remove
unreacted phenylacetyl chloride and phenylacetic acid. (Phenylacetyl chloride and phenylacetic acid
have peaks at 4.08 and 3.64 ppm, respectively.)

3. For the reaction of phenoxyacetyl chloride (1¢) and imine 2b, the cis/trans ratios were obtained by the
integrals of the C(3) proton of A-lactams 7 and the C(4) proton of A-lactam 8 in *H NMR spectra (the
C(3) proton of cis-isomer 7 appears at 5.32 ppm, while the C(4) proton of trans-isomer 8 appears at
4.49 ppm, while the peaks of the C(4) proton of f-lactams 7 and the C(4) proton of S-lactam 8 appear
near 4.89 ppm, unseparable) of the crude reaction mixture after washing with saturated sodium
bicarbanate to remove unreacted phenoxyacetyl chloride and phenoxyacetic acid, which have peaks at

4.88 and 4.67 ppm, respectively, affecting the accurate determination.

! Danheiser, R. L.; Okamoto, |.; Lawlor, M. D.; Lee, T. W. Org. Synth. Vol. 80, 160-171.

2 Linder, M. R.; Frey, W. U.; Podlech, J. J. Chem. Soc., Perkin Trans. 1 2001, 2566-2577.

3 Jiao, L.; Liang, Y.; Xu, J. X. J. Am. Chem. Soc. 2006, 128, 6060-6069.

4 Ohmori, H.; Maeda, H.; Kikuoka, M.; Maki, T.; Masui, M. Tetrahedron 1991, 47, 767-776.
® Ejaegher, Y.; Denalf, B.; Stevens, C. V.; De Kimpe, N. Synthesis 2005, 193-198.

® Abd-Elzaher, M. M.; Fischer, H. J. Organomet. Chem. 1999, 588, 235-241.

" Wang, Y. K.; Liang, Y.; Jiao, L.; Du, D. M.; Xu, J. X. J. Org. Chem. 2006, 71, 6983-6990.
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. For the reaction of chloroacetyl chloride (1d) and imine 2a, the cis/trans ratios were obtained by the
integrals of the corresponding C(3) and C(4) protons of Slactams 9 and 10 in '"H NMR spectra (the
protons of cis-isomer 9 appear at 5.07 and 5.10 ppm, while the protons of trans-isomer 10 appear at
4.45 and 4.63 ppm) of the crude reaction mixture. (Chloroacetyl chloride and chloroacetic acid have

peaks at 4.52 and 4.15 ppm, respectively.)

. For the reaction of phthalimidoacetyl chloride (1e) and imine 2b, the cis/trans ratios were obtained by
the integrals of the corresponding C(3) and C(4) protons of Slactams 11 and 12 in 'H NMR spectra (the
protons of cis-isomer 11 appear at 5.03 and 5.36 ppm, while the protons of trans-isomer 12 appear at
4.92 and 5.09 ppm) of the crude reaction mixture after washing with saturated sodium bicarbanate to
remove unreacted phthalimidoacetyl chloride and phthalimidoacetic acid. (Phthalimidoacetyl chloride

and phthalimidoacetic acid have peaks at 4.84 and 4.35 ppm, respectively.)

. For the reactions of phenylthioacetyl chloride (1f) and S-phenyl 2-diazoethanethioate (1g) with imine 2a,
the cis/trans ratios were obtained by the integrals of the corresponding C(3) and C(4) protons of
[lactams 13 and 14 in "H NMR spectra (the protons of cis-isomer 13 appear at 4.91 and 5.17 ppm,
while the protons of trans-isomer 14 appear at 4.02 and 4.45 ppm) of the crude reaction mixture.
(S-Phenyl 2-diazoethanethioate has a peak at 5.26 ppm. Phenylthioacetyl chloride and phenylthioacetic
acid have peaks at 3.62 and 3.69 ppm, respectively.)

. For the reaction of phenylthioacetyl chloride (1f) with imine 2b, the cis/trans ratios were obtained by
the integrals of the corresponding C(3) and C(4) protons of f-lactams 15 and 16 in 'H NMR spectra (the
protons of cis-isomer 15 appear at 4.95 and 5.71 ppm, while the protons of trans-isomer 16 appear at
4.28 and 4.02 ppm) of the crude reaction mixture. (Phenylthioacetyl chloride and phenylthioacetic acid

have peaks at 3.62 and 3.69 ppm, respectively.)

. For the reaction of 4-methoxyphenylacetyl chloride (1h) with imine 2b, the cis/trans ratios were
obtained by the integrals of the corresponding C(3) and C(4) protons of Alactams 17 and 18 in "H NMR
spectra (the protons of cis-isomer 17 appear at 4.95 and 4.67 ppm, while the protons of trans-isomer 18
appear at 4.39 and 4.01 ppm) of the crude reaction mixture after washing with saturated sodium
bicarbanate to remove unreacted 4-methoxyphenylacetyl chloride and 4-methoxyphenylacetic acid.
(4-Methoxyphenylacetyl chloride and 4-methoxyphenylacetic acid have peaks at 4.02 and 3.68 ppm,
respectively, for CH, group, 3.83 and 3.80 ppm for MeO group.)

. For the reaction of phenylacetyl chloride (1b) and imine 2b, the cis/trans ratios were obtained by the
integrals of the corresponding C(3) and/or C(4) protons of Alactams 19 and 20 in 'H NMR spectra (the
protons of cis-isomer 19 appear at 5.00 and 4.74 ppm, while the protons of trans-isomer 20 appear at

4.45 and 4.07 ppm) of the crude reaction mixture after washing with saturated sodium bicarbanate to
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remove unreacted phenylacetyl chloride and phenylacetic acid. (Phenylacetyl chloride and phenylacetic

acid have peaks at 4.08 and 3.64 ppm, respectively.)

10.For the reaction of 4-nitrophenylacetyl chloride (1i) with imine 2b, the cis/trans ratios were obtained by

1.

the integrals of the corresponding C(3) and C(4) protons of flactams 21 and 22 in 'H NMR spectra (the
protons of cis-isomer 21 appear at 5.05 and 4.78 ppm, while the protons of trans-isomer 22 appear at
4.47 and 4.17 ppm) of the crude reaction mixture. (4-nitrophenylacetyl chloride and 4-nitrophenylacetic

acid have peaks at 4.30 and 3.75 ppm, respectively.)

For the reaction of 4-nitrophenylacetyl chloride (1i) with imine 2a, the cis/trans ratios were obtained by
the integrals of the corresponding C(3) and C(4) protons of Slactams 23 and 24 in 'H NMR spectra (the
protons of cis-isomer 23 appear at 5.24 and 4.95 ppm, while the protons of trans-isomer 24 appear at
4.65 and 4.20 ppm) of the crude reaction mixture after washing with saturated sodium bicarbanate to
remove unreacted 4-nitrophenylacetyl chloride and 4-nitrophenylacetic acid. (4-nitrophenylacetyl

chloride and 4-nitrophenylacetic acid have peaks at 4.30 and 3.75 ppm, respectively.)
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Copies of 'H and C NMR Spectra of the Unknown Products
(£)—cis—1-Isopropyl-3—(4—methoxyphenyl)—4—(4-methoxyphenyl)azetidin—2—one (17)
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(£)—trans—1-Isopropyl-3—(4—methoxyphenyl)—4—(4-methoxyphenyl)azetidin—2—one (18)
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(£)—trans—1-Isopropyl—4—(4—methoxyphenyl)—-3—(4—nitrophenyl)azetidin—2—one (22)
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+)—trans—2—Methyl—4—nitro—azeto[1,2—d]dibenzo[b,fl]oxazepin—1—one (25a)
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LBN1S2c Me-cImine-NO2 1500C

expl  s2pul

SAMPLE SPECIAL
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file exp spin not used
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(£)—trans—2—Chloro—4—nitro—azeto[1,2—d]dibenzo|[b,floxazepin—1—one (25b)
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LBN241 Cl-seven-membered ring derivative
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+)—trans—4—Nitro—2—phthimido—azeto[1,2—d]dibenzo|[b,floxazepin—1—one (25¢)

(+

LBN153 PhthN-cImine-NO2 1500C
expl  s2pul

SAMPLE SPECIAL
date Aug 15 2006 temp not used
solvent coci3 gain not used
ite exp spin not used
ACQUISITION hst 0.008
sw 4570.4  pwi0 9500
at 1.998 aifa 202000
np 18262 FLAGS
b 2600 11 n
bs in n
d1 1.000 dp
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n DISPLAY
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tof §45.7 wp 31218
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Copies of the Representative '"H NMR Spectra for Determination of Cis/Trans Ratios

expl s2pul
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N02 NOZ

(x)-trans - 4

SAMPLE
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OMe
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OMe

HH
PhthN

N
0" pd
(£)-cis—11 (x)-trans — 12

LBN147 PhthN-MeO 800C

expl  s2pul
SAMPLE SPECTAL
date Aug 9 2006 temp not used
solvent €DCI3 gain not used
file exp spin not_used
ACQUISITION hst 0.008
sw 4570.4  pwso 3500
at 1.938 aifa 202000
np 1826; FL,
b 2600 11 n
bs. n
d1 1.000 dp
nt 16 hs
ct 16 PROCESSING
TRANSMITTER fn 65536
n H1 DISPLAY
sfrq 300.067 sp 1487.2
tof 645.7 wp 302.8
tpwr 60 rf1 10409
4.750 rfp 0
DECOUPLER o 11.2
c13 1p -87.0
dof 0 PLOT
dm nnn - we 250
dmm c 0
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ACQUISITION 50 3500
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expl  s2pul

SAMPLE
date 0ct 16 2006
solvent cbc13
e exp
ACQUISITION
sw 4570.4
at 1.998
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b 2600
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d1 1.000
nt
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TRANSMITTER
n 1
sfrg 300.067
tof 645.7
tpwr
4.750
DECOUPLER
dof 0
dm nnn
dnm c
dpwr a2
dmf 19400
b4
H

MeO

SPECIAL
temp not used
gain not used
spin not used
st 0.00
pwa0 9.500
alfa 20000
FLAGS
11 n
I n
p
he nh
PROCESSING
b 0.
fn 65536
DISPLAY
sp 1141.9
wp 415
rfl 227.3
rfp 0
rp 42.9
W -82.7
PLOT
we 250
sc ]
vs 8365
th 8
ai  ph
2
28
-
J <
‘l' I
o 4.8 4.8

o)

HH

N
“prf

(x)-cis —17

LBN248d MeO-MeO 1300C

expl s2pul

solve 1
11 exp
ACQUISITION
w 4570.4
at 1.9
np 18262
b 2600
bs
di 1.000
nt 32
32
TRANSHITTER
n 1
sfrq 300.067
tof 645.7
tpwr 50
v 4.750
DECOUPLER
dn c1s
dof 0
dm nnn
dmm ©
dpwr az
dmf 19400

SPECIAL
temp not used
gain not used
spin not used
nst 0.0
pw30 950
alfa 20.000
FLAGS
1 n
in n
dp y
hs nn
PROCESSING
n 65536
DISPLAY
sp 1176.9
wp 3829
rf1 1287
rfp 0
o 38.1
3 -82.3
pLOT
we 250
sc 0
vs 1272
th
ai ph

)

OMe

4680

4.662

AN .
Pr
(x)-trans —16

—4.598

@
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OMe

(x)-trans —18

4.239

41711

4.147
4.123

4.099

—4.014
7007
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HH

N
0" pd
(x)-cis-19

LBN250b H-MeO 1500C

Pl e2put

sPECTAL

S — T
— L 4657

3
H1  fn 65536
tof 645,; sp l;::;‘
o 4.750 1 21417
In c13 r|'n :3;

im nnn P PLOT
ai ph
5
38
5:i1 5.0

\ .

0]
(x)-cis—21

LBN250c NO2-MeO 1500C

expl s2pul
SAMPLE SPECIAL
date Oct 16 2006 tem) not used
solvent €DC13 gain not used
file exp spin not used
ACQUISITION hst 0.008
sw 4570.4 pwS0 9.500
at 1.998 ailfa 20.000
np 18262
fb 2600 i1 n
bs 4 in n
a1 1.000 dp
nt 32
ct PROCESSING
TRANSMITTER 0.
n 65536
sfrq 300.067 DISPLAY
tof 645.7 P 3.1
tpwr P 6.3
W 4.750 rf1 200.3
DECOUPLER rfp 0
dn €13 rp 44.5
dof 1p -87.7
dm nnn PLOT
dmm Ic 250
dpwr 42 <
dmf 19400 vs 9084
th 3
ai ph
23
- <

\
A
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e

—4.406

4.118

4.084

(x)-trans —22

o
$3
2
<<

4,560

4524

. 4.498

4,251

4,158

04,158
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O,N O,N

NO,
4 )
+
N
o pd
(x)-cis — 23 (x)-trans -24

k p
“hs
1 32 PROCESSING
TRANSHITTER 1 0.
th H1fn 65536
sfrq 300,067 DIsPLAY.
tof BA5:7 ep 122004
towr 50 wp 480.4
W 4,750 £l 1538.3
DECOUPLER iy 1395.3 .
an 113 it 27.0
dof B ~69.9 o
dm PLOT ®
iy we 250 <
dpwr sC 2 2
dnf ¥s 16165 4
h 5 o 2
L&l o ph ] &
<
3
i |
g8 ’
wn -
| } |
!

el iai18a

il 8 188
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