


1. Generalinformation

Reactions were monitored by thin layer chromatography using UV light tor visualize the
course of reaction. Purification of reaction products was carried out by flash chromatography on silica
gel or atmosphergacuum distillatio. The MALDI-TOF MS was performed using the Shimadzu
AXIMA Performance MALDI TOF-TOF Mass Spectrometer. The B85 was conducted using
Micromass Qof Micro and Waters Synapt G2i. Chemical yields refer to pure isolated substances.

H, 13C and®'P NMR spetra were obtained using a Bruker DR2RO or 500 spectrometeZhemical
shiftswere reported in ppm from tetramethylsilane with the solvent resonance as the internal standard.
The following abbreviations were used to designate chemical shift multiplicitiessinglet, d =
doublet, t = triplet, g = quartet, h = heptet, m = multiplet, br = broad.

All reactions were carried out und€O, atmasphere unless note@he metalsalen complexes
were prepared according titerature report$ Epoxides 1a, 1d-h andchiral epoxides $-1a, (9-1d
were commercially available angurified via distillation before usingEpoxideslb-c and 1i-l were
prepared following literaturenethods’ Aziridines 5 were preparedaccordingliterature repod?

Chiral aziridine R)-5a wassynthesized from chiral epoxide§la via Mitsunobu reaction according

literature method.

List of abbreviation:

Entry Chemicalname Abbreviation
1 Petroleum ether PE
2 N,N-dimethylformamide DMF
3 Tetrahydrofuran THF

(1) (@ M. S. SigmarandE. N. Jacobsen]. Am. Chem. Sqcl998 120, 53155316 (b) A. BerkesselndM. BrandenburgQrg. Lett,
2006 8, 44014404 (c) S. JainX. Zheng,C. W.JonesM. WeckandR. J. Davis, Inorg. Chem.2007, 46, 88878896 (d) M. North, S.
C. Z.Quek N. E. Pridmore,A. C. Whitwood andX. Wu, ACS Catal. 2015 5, 33983402 (e) X. Xi, J. ShaoX. Hu andY. Wu, RSC
Adv, 2015 5, 8077280778 (f) J. J. ChapmarC. S.Day andM. E. Welker,Organometallics200Q 19, 16151618 (g) C. T. CohenT.
ChuandG. W. Coates,J. Am. Chem. Sq&005 127, 1086910878.

(2) (@) S. J. Jungkd. A.MooreandR. D.GandourJ. Org. Chem.1983 48, 1116112Q (b) R. L. SahanandR.-S. Liu, Chem. Commun.
2016 52, 74827485 (c) C. E. PaulD. Tischler,A. Riedel,T. Heine,N. Itoh andF. Hollmann,ACS Catal.2015 5, 29612965.

(3) Z.-Z. Yang,L.-N. He,S-Y. PengandA.-H. Liu, Green Chem201Q 12, 18501854.

(4) R. Luisi, A. GiovineandS. Florio,Chem. Eur. J201Q 16, 26832687
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2. Condition optimization

2.1 Evaluation of ligand effects in the coupling reaction of C&and epoxide la

To evaluate the influence difie ligand structureon the catalytic properties,seres of (salen)Cb
complexes3g- with differentbackbone wereprepaed?! and triedin thereaction of CQand epoxide
la. As shownin Scheme Sithe ligand had agreatinfluence on the performanceof the resulting
cobaltcomplexes The best result was obtained by usihg tombination o8g and4d (1.0 mol%,
each)to medate the reaction, which affordede desirectyclic carbonat&a in 88% vyield after 24
hours.Unfortunately,all the other (salen)Col complexe8i-l afforded inferior resultsFor example,
ethanel,2-diaminederived (salen)CoBi promoted the reactiolessefficiently to provide2a in an
obviousy lower 60% yield. The use of @anplex 3] derived froma salophen ligandesulted inless
than 10% conversiother twocomplexes,3k and3l, showedalmost no catalytic activity, and only
trace amount o2a could bedetected.

SchemeS1.The nfluence ofligandstructureon the catalytic properties.

(o]
Salen-Co Cat Phap\)J\ o
o) H O//<
Ph/Q + co, 3 (1.0 mol%) 4d (1.0 mol%) /K/O
Ph
1a (2 mmol) neat, 25 °C, 24 h 2a

88% conv. 88% yield 68% conv. 60% yield <10% conv.

{g@}u ::? ?::

Trace Trace



2.2 Evaluation of different phosphoranes in the coupling reaction of CO; with epoxide laor
aziridine 5a.

We also triedthe activaton of (salen)Col3g by usingdifferent phosphoranest turned out that
the substuents of the phosphoranémd anobvious influenceon the catalytic properties of the
resulting phosphoran@alen)Col complexThe optimization of a suitable phosphorangvator was
important to improve the outcome thie coupling of C@with epoxidela or aziridine5a, as shownin
Table S1For the coupling of C@with epoxidela, phosphorandd proved to behe best cacatalyst,
which could activatésalen)Col3gto afford productain 96% yield, althougiphosphorandb with a
phenylsubstituent was also an efficient activaiemtry 4 vs 2, lefcolumn).

However,in the case ofziridine 5a, the mergerof (salen)Col3g with phosphorandb showed
higher catalytic activit, allowingthe reaction to give the-&ubstituted oxazolidinongain 63% yield
after 24 hourslf prolongng the reaction time to 48 hours, 96% converbmziridine5a could be
detected, along witen improved 84% yield groduct6a (entry 2, right olumn)

Table S1 The influence of phosphoranesth the combination of (salen)Cab.

_Ni\ N= o
Co
0 t-Ethéio/ | \Oj%}*t-Bu o /Ok//(o
Ph” ' LN Ph 2a

1a CO, t-Bu t-Bu
o ' (ballon) 39 (2.5 mol%) 4 (2.5 mol%) N
N 0//<
o neat, 25 °C, 24 h L Nme
5a Ph 6a
Entr Ylide Conv.of la  Yieldof2a Conv.of 5a  Yield of 6a
Y (%)’ (%)° (%)° (%)
1 4a R = CQEt 76 71 70 60
2 4pR=Ph 100 94 81 (0F) 63 (84)
3 4c. R = Me 91 85 77 58
4 4d:R=H 100 96 77 59

2.0n a 20 mmol scale? Determined byH NMR using mesitylene as internal stand&ridolated yield.
d48hours.



3. Mechanistic studies
3-1. Electrical conductivity experiments

General mformation for the electrical conductivity experiments: all the electrical conductivity
experiments were conducted using the SevenComh&@30 conductivity meter from METTLER
TOLEDO and its InLaB 741-ISM, 2-electrode steel conductivity sensor in anhydr€HCl; at 25
°C. A general procedure was as follows: to an amber bottle was added anhydsGls &itér testing
the background electrical conductivity, the corresponding compound was added in small potions. Each
data was collected for three times aflee compound was fully dissolved and the system reached a
balance, the average of which was used for the graphic drawing.

The electrical conductivity of eagsalen)CoXcomplex(3e-h) and phosphonangd in CH.Cl>at a
concentration of 0.00mol/L all proved to beweak The conductivityof (salen)Cd@lll) complexes
rangdfrom0.1to 3. 8 € S/ ¢ m , andthatl of ghosphorianndyg was 22 ¢ S/ dlawever,
with portionwise addition ofsolid 4d, the conductivity othe CHCI, solution ofall the complexs
(3e-h) increased dramaticallas shown in Figure SWhen 1.0 equiv o#d wasadded to the C{Cl»
solution of complex3e 3f, 3g and 3h, the conductivity was increased to &637.8, 52.2 and 52.4
e S/ ,cenpectivelyThese observations strongly supported that ionization process took place to form
a halide or a sulfonate after thetigation of (salen)CoX complexes by phosphordderia the Lewis
acid-base interaction.

120 ~

Q 100 +
_N\\\j N= 80
~_ /7
/Co\ i
t-Bu o" | o t-Bu
X 60

Salen-Co (0.002 mol/L) + 4d (0.002+X mol/L) 107.7
(102.5)

electrical conductivity G (uS/cm)
(in anhydrous CH,Cl,)

t-Bu t-Bu
3e: X=ClI 40 -
3f: X=Br
3g: X=1
3h: X = OTs 207
3.8
09 (.2

Figure S1.Influence of phosphorane on the conductivity of (salem¥Co



Theelectrical conductivity eggerimentgor the combinatiorof phosphoane 4b with (salen)ColBg
was also studiecas shown irFigure S2 Although he electrical conductivity of phosphonadie in
CH.CH>was muchlower than that o#id (0.2vs2.2¢ S/ atmconcentration 00.002 mol/l), the
conductivity of CHCI> solution of (salen)CoBg increasedrom 1.2to 5.74¢ S/ when 1.0equiv of
4b was added. These results illustrated thatonizationprocessalso took place fothe combination
of 4b to 3g. However under the same conditions, takectrical conductivity of complex4b/3g is
muchlower than that of4d/3g, which might be due to theslatively weak coordination of sterically
hindered4b to 3g.

Apart from electrical conductivity experimemMlALDI -TOF MS analysis and NMR study were
also performed to investigated theordinationof 4b to 3g, but we tried in vain to get more useful

informationfor their interaction.

o | (Salen)Col 3 (0.002 mol/L) + 4b (0.002+X mollL) 6 60
’/0
s{ E >~
2= 703 o
o
7 2 = ’/0
2z n ’/
6 - § 3 5.74 o~
23 pg i
PhsP
5 Sg 0/’ TN e 0.42
se J 0.4l 4b(0.002+X mollL) "
"g’ ‘ /l/
41 = / 0.3 027w
] L 4 "
020
3 - / 0.21 -
./
® 1.2 0.1 .
2 0 1 2 3 4
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Figure S2.Influence ofphosphorandb onthe conductivity of (salen)Cdg.



3-2. GC-MS analysis of the halogenoalcohol intermediate

Previously, the groups of ChisholmandRen& Lu® confirmed the role of halide, the nucleophilic
co-catalyst in the metatatalyzedreaction of epoxide and GQOwas to facilitate the ringpening of
epoxides, bysuccessfukrappingof the halogenoalcohahtermediate Therefore we tried GC-MS
analysis to detect the presencetttd halogenoalcohoin a mixture of (salen)CoXphosphoranend
epoxidela, because thiormation ofa halogenoalcohatould be a proof to support the generation of
a halide (X) via the activation ofa (salen)CoX complex by a phosphoramdich wastheninvolved
in the ringopening stef epoxide As the iodoalcohols were nstable enouglto be detectedye
finally chose(salen)CoB3f instead of (salen)Cdg for this investigation.

A general procedure was as followsalen)CoBr3f (0.1 mmo] 682 mg) and phosphonanéd
(0.1 mmo] 30.4 mg weredissolved in 0.5 mL styrene oxide (4.2 nmmol). Themixturewas allowed
to stirat room temperaturor 5 days underan atmosphere dfl.. Thenthe reaction was quenched
with acetic acigd and he solution was poured into-hexanefollowed bythe GC-MS analysis of the
sample ofsupernatantMass gectrum ofthe peak at retention time 10.745 min shaiws clean
formation ofbromoalcohalm/z200, 202 (1/1),The double peaks due to bronme isotopes in their
natural abundance®Br:®1Br = 1:1) (Figure S31). However as the reaction proceeded velywdy
and was accompanied by theverehydrolysis of epoxidd a, the reaction system was in a mess,
we tried in vain to isolate @analyzethe structure of bromoalcohbly NMR analysis.

To furtherinvestigateits structure Z-bromo-1-phenylethanol7 or 2-bromao2-phenylethanoB),
both 7 and8 weresynthesized andpplied toGC-MS analysisunder the same conditigfigure S32
to S34). It was found thaboth 7 and8 were all stable enough to be detected by @&, but totally
different MS spectrwere oltained, which wereonsistent with literature repotS.A 1:1 mixture of
7 and 8 was alsoanalyzed byGC-MS, andit turned out that both compoundsuld beseparatd
clearly By compaing the standardMS specta of 7' and 88 with our results ofGC-MS andysis
shownbelow it was believedhatonly 2-bromao 1-phenylethano¥V wasformedduringthe reactionof
styrene oxidela with the complex of(salen)CoBr3f and 4d. This resultsuggestedhat the in situ
generated halide facilitated the ringening of epride by nucleophilic attack at the less substituted

methylene carbon @poxide.

(5) N. D. Harrold,Y. Li andM. H. Chisholm,Macromolecules2013 46, 692698.

(6) W.-M. Ren,Y. Liu andX.-B. Lu, J. Org. Chem.2014 79, 97719777.

(7) (@) L. H. Andradeal-. P.RebeloaC. G.C.M.NettoandH. E. Tomab,J. Mol. Catal. B: Enzym201Q 66, 55-62; (b) Y. Wang,J.
Wang,Y. Xiong andZ.-Q. Liu, Tetrahedron Lett.2014 55, 27342737.

(8) V. S. C.AndradeandM. C. S.Mattos,Synthesis2016 48, 13811388.
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Figure S3-1. GC-MS analysis of the reaction mixture.

(e}
0 Hj\ OH Br
0,
Ph/g * Fl’Ph oo« (salen)CoBr neat, 25°C,5d Ph)\/Br 7 ph)\/OH

3 8

1a 4d 3f then AcOH miz: 200, 202 (1/1)
not detected
(0.5 mL) (0.1 mmol) (0.1 mmol) GC-MS detected

GC-MS chromatogranof thereaction mixture

46,056,880 TIC
O OH

OH OH
Br
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miz: 138 \
\ / m/z: 200/202 (1/1)
(Rt: 10.745 min)
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90 R.Time:10.745(Scan#:1150)
79
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70 OH
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30 m/z: 200/202 (1/1)
20 (Rt: 10.745 min)
51
10 ) 9 200
65 121 163
40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
m/'z
Mass Table
m'z Rel. Int. m/z Rel. Int. m/z Rel. Int. m/z Rel. Int.
50.00 4.49 74.95 1.80 92.95 1.15 118.95 0.52
51.05 11.87 76.05 2.44 94.85 0.95 119.90 227
52.05 2.82 77.00 48.48 101.95 2.23 120.90 2.58
53.10 1.41 78.00 11.96 102.95 10.34 121.85 0.66
57.05 0.78 79.00 83.54 103.95 6.46 122.80 0.83
62.00 0.99 80.00 6.32 104.90 9.92 162.90 1.21
62.95 2.52 88.95 1.97 105.95 1.98 199.70 7.87
64.00 0.57 90.05 0.77 106.95 100.00 200.75 0.89
65.00 4.05 90.95 9.19 107.85 31.45 201.70 7.54
73.95 2.14 92.00 1.37 108.95 0.96 202.65 0.74



Figure S32. GC-MS analysis of zbromo1-phenylethanof.

GC-MS chromatogranof compound?
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50.00 8.18 72.95 0.63 90.95 16.58 108.95 3.56
51.05 21.95 73.95 3.94 91.95 2.84 118.90 0.96
52,05 5.29 74.95 3.00 92,95 1.91 119.90 3.62
53.05 231 76.05 448 93.85 0.33 120.85 467
54.05 0.21 77.00 76.14 94.85 1.54 121.85 0.60
55.00 0.42 78.00 22.93 97.90 0.28 122.75 1.54
59.00 0.21 79.00 91.44 100.95 0.50 124.75 0.24
60.05 0.24 79.95 14.13 101.95 3.85 182.70 0.87
60.95 0.57 80.95 0.72 102.95 19.78 184.75 0.76
61.95 1.83 81.85 0.42 103.95 13.97 198.75 0.31
63.00 483 85.90 0.36 104.90 17.52 199.70 17.06
64.00 1.05 86.90 0.43 106.05 6.12 200.75 2.01
65.00 6.94 88.95 3.52 107.00 100.00 201.70 17.03
66.00 0.79 89.95 1.39 107.95 71.01 202.65 1.71



Figure S33. GC-MS analysis of zbromo2-phenylethano8.

GC-MS chromatogranof 2-bromao-2-phenylethano8
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Figure S34. GC-MS analysis of 1:1 mixture afand8.

GC-MS chromatogranof 1:1 mixture ofcompound/ and8

30,342,502

OH

Br Br

©)\/OH
_ 8

(Rt: 104720 min) (Rt: 10.910 min)
| /

\ h

7

‘ \\JJ\J&L

TIC

T
12.0 13.0 14.0

El massspectrum of the peak Rt 10.720min

T T
15.0 18.0 19.0 20

min

1005 .

Q[F_ R.Time: 10.720(Scan#:1145)

803

70~

60

50

40-
30

20~
10- "
3 11,

79

91

121
L

OH

©)\/Br
7

(Rt: 10.720 min)

N R L B LR R L AR LR L) SR AR LARAL A AARR ARRRE A
40 110 120 130 140

El massspectrum of the peak Rt 10.910min

aaans
150 160

100 107

904 R.Time:10.910(Scan#:1183)

80

70—

60—

504

404

304

20+
3 51
10-

121

79

91

Br

8

(Rt: 10.910 min)

200

154
T

LA AR LA BARRLAREAE MM B BN I
110 120 130 140

11

150

AL LA R SRR LA T T
160 170 180 190 200 210



3-3. MALDI -TOF MS and ESIMS analysis

The MALDI-TOF MS analysis undoubtedly suggested the formation of phosph{sale)Col
complex. When a C#Ll2 solution of 1:1 mixture of phosphona#ad and (salen)CoBg was subjected
to the MALDI-TOF MS analysis, a signal at/z907.38 was observed, whictag/consistent with the
1/1 complex3g/4d cation [3g/4d - I]*.

%Int. 105 mV[sum= 3564 mV] Profiles 1-34 Smooth Gauss 1 @

. 603.26 : 2
100 | ; A
90| Q ® 5111 Fau o | e
0.
& t+Bu | t-Bu
7 Se ol
80 ,‘C? e PhaP N
t-Bu 07 O t-Bu \\\\\ \Q\\ 907.38
60425 NN
70 N4

2
t-Bu t-Bu , |
Exact Mass: 603.3361
60 1
50- . }
] Pres, 592.11
40 Exact Mass: 3041017
| N 908.43
30
20: L 909.37
] 305.05 6bs. Lk
10 i . 7.00 701.31
0 —_—— b e h b g L l.. ™ l TP TR N el o oy
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m/z

Figure 4. MALDI-TOF massspectrumof 1:1 mixture of Salébo-I 3g andphosphorandd.

According to our previous analysis of the binding of phosphorane to (salen)Al cdmiblex
binding of a second molecule 4fl to phosphoranésalen)Col comple8g/4d is possible. Irorder to
detect the 1/2 complex dBg/(4d). and to analyze its stability, the electrospray ionization mass
spectrometry (ESMS) study of a 1:3 mixture 08g to 4d was performed. The sigoordinated
complex cation3g/(4d). - 1]* corresponding to the bimtj of two molecules gbhosphorandd to 3g
could be detected, with the detection of fo@ordinated complex catio®d/4d - I]* under the same
condition (Figure S5). The existence of both complexes were further confirmed lighhesolution
mass specbmeter HRMS) as shown in Figure S6

These results strongly supported that the formation ofdbgedinated 1/1 comple8g/4d and
six-coordinated 1/2 comple3g/(4d). were all possible, depending on the amount of phosphdi@ne
relative to3g. For thel:3 mixture, the binding of a second moleculetdfwas possible, leading to the

formation of sixcoordinated 1/2 comple3g/(4d)..

©® X.-P. Zeng, ZY. Cao, X. Wang, LChen, F. Zhou, F. Zhu, &. Wang and J. Zhoud, Am. Chem. Sq016,138 416425.
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These resultalsogave a good explanation as for why the utilization of 3.0 equivsl oélative to
3g almost terminatedhe reaction, as shown in Table 3. The-adordinated 1/2 complex had no

catalytic activity as the phosphorane occupied all the empty coordinating sites of cobalt center.

17062901 18 (0.177) Cm (9:35) TOF MS ES+
100+ 1211.56 677
Q 1212 52 [3g/(4d); - 1)
=N N=
{g s i: /
+Bu 0”0 tBu
0.
= o ﬁ | teu
[3g/ad - 1] 1213.54
\ 121363
W) 121452
907.44
121550
T T T T T T T T T T T m/z
200 400 600 800 1000 1200 1400 1600

Figure S5. ESImassspectrum analysis of 1:3 mixture of Saléo-1 3gand4d.

2017063008 (0.037) Is (1.00,1.00) C56HE9CON203P 2017063008 (0.037) Is (1.00,1.00) C76H86CON204P2
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Figure 5. ESFHRMS of 1/1 and 1/2 complexuf: theoretical isotopipattern,dowrn experimental

isotopic pattern)

Inspired by the work of Zhang & LY, the stability ofthe complexes formed were studied by
collisionrinduced dissociation (CID) experiments thie basis of the interaction with the collision gas
(Figure S¥S8). It was found that with the increase of the collision voltage, the peak intensity of the
six-coordinated complex catior3¢/(4d). - 1]* decreased, meanwhile the peak intensity of the
five-coordinated complex catiorBd/4d - I]* increased in proportion. This result demonstrated that
six-coordinated complex catiorB¢/(4d)> - 1]* with two molecules ofphosphoranetd exhibited
relatively lower stability, and the second moleculgbbsphoranén [3g/(4d). - I]* could easily lost
to form the more stable3fy4d - 1]* complex.The determination of theoordination of epoxidda
with the phosphorangsalen)Col compledg/4d was also attempted, but in vain, probably duo to the

(19 D.-Y. Raq B. Li, R. Zhang, H. Wang and »8. Lu, Inorg. Chem.2009, 48, 28302836
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weak coordinating abty of the epoxide.
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Figure S7. Plots of{3g/(4d). - I]* abundance versus CID voltage in the CID chamber under 0.0827 MPa Helium.
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Figure S8. CID spectrum of th¢3g/(4d)2-1]" ion, m/z 1211. (left column: collision voltagieom 3 to

21 V; right columncollision voltage fron23 to 41 V).



3-4. NMR study

The NMR studies were conducted to investigate coordination fashion of the phosphondde
to (salen)ColBg. Phosphoranemight form C-coordinated (l)or O-coordinated (Il)metal complexes
(eq 1,SchemeS2).!! Previoudy, we confirmedthe binding of phosphonare to (salen)AICI3a was
in an O-coordination fashioy NMR studiest? In the case of phosphona#d, the NMR analysis
was more difficult, becauge study of Kayseand Halt°® showed thaphosphonandd existed in a

stable enolate ion formatioasa mixture of isometric formdd-cis (Z) and4d-trans(E) (eq 2)

Scheme 2. Coordination fashion of phosphonane to metal salen complex.

M
® O 0 o O
PP Il ~—— PhoP I+ mx, ——= PhsP A (eq 1)
Mo I

® |2 o) @
PhsRY H PhsR~ 00O
— PhsP. = eq2
11 2 - 3 VJ\H — 1>—<22 (eq 2)
H (]S 4d H H
trans-4d cis-4d
C)
® C
PhsR, 0 PR 01
f oo 4d/3g (1/1) - o N=—=2 (eq 3)
[Co] : H I~y H2
upfield-shift cis O-coordination

The general procedufer NMR analysiswas as followsto a 5 mm NMR tube containing 0.5
mL of CDCls were added(salen)Col3g and phosphonanéd. The mixture wadully dissolved and
balanced at room temperature b6 h andthensubjected ttNMR studies(500 MHz for *H, 125
MHz for 3C and %2 MHz for 3!P) at room temperaturédsPQ: was used as an external standard
the3'P NMR studes Thechemical shifts (ppm) and coupling constants (Ha)hafracteristic peaksf
phosphonanédd and the 1:1 mixturefald and3gwere summarized ifiableS3.

In theH NMR spectrum of free phosphonaég the signalof the H(1) protorpresenteds two
sharp quartets at 3.68 and 4.10 pimmcis andtrans, respectivelyso didthe peakfor H(2) proton at
8.97 ppm(cis) and 8.22 ppm(trans). After 1.0 equivof (salen)Col was added, the quaternary H{$)
signal slightly changed from 3.68J{n =24.5 Hz)to 3.63 ppm JpH =23.0 Hz) but the signals of

(11) (a) M. M. KayserandK. L. Hatt,Can. J. Chem1991, 69, 19291939 (b) P.A. Byrne,K. KaraghiosoffandH. Mayr, J. Am. Chem.
Soc, 2016 138 1127211282 (c) L. R. Falvello,S. Fernadez,R. Navarro,l. PascuabndE. P. Urriolabeitia]). Chem. Soc. Dalton
Trans, 1997 763771.

(12) X.-P.Zeng,Z.-Y. Cao,X. Wang,L. Chen,F. Zhou,F. Zhu, C.-H. WangandJ. Zhou,J. Am. Chem. Sq016 138 416425.
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H(1)-trans and H(2)almostdisappeared. For the 2:1 mixture of phospherdhand (salen)Co8g,
there was almost no further changes for the Hd{dsignal but the weak signalsof H(1)-trans and
H(2) corresponding to the free phosphonddecould be detectedndicaing the binding of a second

molecule ofdd to phsophoranésalen)Colcomdex 4d/3g shauld be in a balance

Table S3. Characteristic peaks dfd and the 1:1 mixtte of4d/3g.

H(1 H(2 Cc(1 C(2 P
Compound 1(1) 1(2) >(1) >(2) 5
(G, pp (o, pp (a, pp (g, pp (4, p
4.10 8.22
56.56 181.57
trans-4d Jun 10.5 Jnn 11.0 152109 6 3oe6.2 19.%
Jpn19.5 Jpn3.5 PC e PCo-
3.68 8.97
. 54.87 181.50
cis-4d Jun 3.0 Juu 2.5 3599 4 3oe7.9 15.22
Jpn24.5 Jpn38.0 PCo: pc i
3.63
63.43 182.36
?gﬁ? I -5 pc99.6 Jpc2.5 14.38
Jpu23.0
R M/ m’l PheP A~ e e Ph®  0© !
1. phosphonane 4d 'ﬂ \ trans H(1) N My eis J
_ }J. _M\_ __ (. o N I
00 HE) 3825 8
LN P4 , s8sg E
cis trans Il‘ L‘ﬁ '#/J
T
2 ddllsalemiCol (1) ___A'lrg Ul "»"v'ld‘ - B o gl_
7 g2z | TP Wre 7
3. 4di(salen)Col (2:1 “ r N
(salen)Col 2:1) Py ufl | " |
9.‘6 QiS 9‘.4 912 QiU 8.’8 812 BiU TI.E TjE TI.4 T.‘2 Tf[] sia EjG ﬂS.(:FlmeS)I.Z 4.3 4{8 4.‘4 4i2 4‘.0 3.‘8 3[5 3{4 3.‘2 3TU 0‘.4 []‘.2 Uf[]
LI Eoas
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Figure S9 *H and'3C NMR sudies.
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The®*C NMR spectra of fredd also showed the existencedai-cis and4d-transisomers. Again,
when 1.0 equiv of (salen)C8b was added to the solution 4 in CDCls, the characteristic signal of
doublet C(1)cis carbon shifted downfield from 58/ Jrc = 99.4 Hz) to 63.43 ppnikc = 99.6 Hz),
and the C(Ljrans carbon signal at 56.56 pprdr€ = 109.6 Hz) disappeared. Further increasing the
amount o#d did not bring abouturther changes.

According to literature report& the C-coordination ofphosphorane to metal complex would
result in the hybridization of the ylidic carbon (C1 4d) changing from spto sg, and thus the
upfield-shift of the C1 carbon signal would be observed. However, the current studies detected an
obvious downfielgshift from 54.87ppmto 63.43ppmof C(1) carbon, which suggested @bonding
mode ofphosphonandd to 3g.1°¢ In addition, the coupling constady for H(1) andJec for C(1) of
the coordinated phosphonane were very similar to that observed for thédfoeeisomer which
implied that the binding of theisisomeric form of phosphorar to (salen)CoBg was favored, and
thetransisomeric form of4d readily balanced to the correspondaigiform for coordination.

The P NMR studiesalsosupportedhe cis O-coordination fashiomf 4d to 3g. The signas of
free4d-cis and4d-transwas at 15.2ppmand 19.26pm respectively. The 1:1 mixture dtd and3g
showed geak at 188 ppm,which was consistent with O-coordinationfashion If C-coordination
the davnfield shift of thephosphinesignalshouldbe observed due to tlehange in the hybridization
of the ylidic carbon (spto sp).1° The presence obnly one sjnal shoud be attributed to the
cis-O-coordinatedphosphonaneand further illustrated the lzadce of4d-trans to 4d-cis. Further
addition of phosph@ane4d, resultedin an obviously upfield shiftwhich suggested the formation of
the new complex composed of two molecules of phosphodahand one molecue of 3g, and the
binding of a second moleaubf4d to phsophoranésalen)Col complexd-3g shouldbe in a balance
which was in accordance with our mass spectroscopy anelysast 33. The spectra of a 4:1 mixture
of 4d and 3g showedthe signals corresponding tfsee phosphonandd, indicaing the saturated
coordination o#d to 3g.

Thespectra of 4:1:1 mixture ofdd, 3gandlawas similar to that athe 1:1 complex ofid and
3g. Only the major peak was shifted upfield from 14.3pMmto 14.309ppm This slight differernce
might be caused by éhfurther coordination dfato the central Co metal.

Based on the above NMR studies, we believed that phosphddareordinated to (salen)Col

3gin acis O-coordination fashion, as depicted in eq 3 of Scheme S2.
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4. Reaction of CQ with terminal epoxides.

N N
_Co
t-Bu o” | o t-Bu o} o
' PhsP.
O 3 \)J\H )k

AN L co, t-Bu t-Bu o o
0,
3g (1.0 mol%) 4d (1.0 mol%)

(ballon) R
1(5.0 mmol) neat, 25 °C, 24-36 h 2

R

A 10 mL Schlenk tube equipped with a €kalloon was bubbled with GQo evacuate air. Then
(salen)Col3g (0.05 mmol), phosphoranetd (0.05 mmol) andepoxidel (5 mmol) were adced
successively. Thmixture wasstirred at25 € for 24to 36 hours For lowboiling-point epoxideg1d,
1e), an internal condenser was equippedvoid the volatilization of the epoxidéss shown above)
After TLC analysis indicatethe almostfull consumption ofl, mesitylenewas added as anternal
standard for thetH NMR analysis to estimate the reaction conversion and to detect whether
polycarbonates were generatdthe 'H NMR spectraof the corresponding crude mixture of each
reaction washownwith that of the each compound (ssxtion7 of the S), to demonstrate that no
polycarbonates are produced in each coupling reactidn some cases, GBl> was addedo fully
dissolve the solidyclic carbonatesAfter NMR analysisthe sample foanalyss and the rest mixture
werecombined for column chromatograppuwrification, toafford the desiregure cyclic carbonates
All of the cyclic carbonates are known compounds, and the spectrosed@af *H and*3C NMR

were consistent with literaturepots.!?

ji IH NMR (400 MHz, CDCY)  U5-723 (th, 3H), 7.377.36 (m, 2H), 5.8 (t, J = 8.0 Hz,
LO 1H), 4.80 (tJ = 8.4 Hz, 1H), 4.34 () = 8.2 Hz, 1H)*C NMR (100 MHz, CDCJ)
PW  2a 154,90, 135.81, 129.77, 129.26, 125.92, 78.04, 71.22.

j\ IH NMR (400 MHz, CDCY) U -72L (12, 3H), 5.62 (t,J = 8.0 Hz, 1H), 4.75 () =
Q" "0 8.4 Hz, 1H), 4.3-4.29 (m, 1H), 2.3 (s, H). 2%C NMR (100MHz, CDCk) & 155. O
4-MeCeHy  2b 139.83, 132.82, 129.85, 126.06, 78.16, 71.20, 21.21.

(13) (a) H. Zhou,G-X. Wang,W.-Z. ZhangandX.-B. Lu, ACS Catal 2015 5, 67736779 (b) J. A. Castré@DsmaK. J. LambandM.
North, ACS Catal.2016 6, 50125025 (c) W. Cleqy, R. W. Harrington,M. NorthandR. PasqualeChem-Eur. J, 201Q 16, 68286843
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14 NMR (400 MHz, CDC}) @0 (&7 J = 8.4 Hz, 2H), 7.31d, J = 8.4 Hz, M), 5.68
070 (t,J=8.0Hz, 1H), 4.2 (t, J = 8.4 Hz, 1H), 4.8 (t, J = 8.2 Hz, 1H)1C NMR (100MHz,
4CICgH, 2¢ CDCk) U 154.74, 135.61, 134.39, 129.43, 12

IH NMR (400 MHz, CDC§)  02-483 (19, 1H), 4.5 (t, J = 8.0 Hz, 1H), 4.0 (t, J =
Q" "0 7.8 Hz, 1H), 150 (d, J = 60 Hz, 3H).13C NMR (100MHz, CDCk)  5.271 7382,
Me  2d 7076, 1921

IH NMR (400 MHz, CDCY) U -4®4 (M, dH), 4.53(t, J = 8.0Hz, 1H),4.09(t, J =
Q"0 7.6 Hz,1H), 1.8-1.70(m, 2H), 1.0k (t, J = 7.4 Hz, 3H)1C NMR (100MHz, CDCk) @
e 155.22, 7812, 69.05, 26.69, 8.27.

'H NMR (400 MHz, CDCY)  U3-447 (W, 1H), 4.3 (t, J= 8.2Hz, 1H), 4.0 (t, J =
340 7.8 Hz,1H), 1.8-1.79 (m, 1H), 1.721.66(m, 1H), 1.8-1.35(m, 4H), 093(t, J = 6.8 Hz,
2 3H).°C NMR (100MHz, CDCk) U 179.%6, 6D.82,338, 26.34, 22.14, 13.66.

O 4 NMR (400 MHz, CDCY) & -725 (18, 8H), 7.227.20 (m, 2H), 490 (p, J = 6.8Hz,
0”0 1H), 4.40(t, J = 8.2 Hz, 1H), 4.3 (t, J = 7.6 Hz, 1H), 3.9, 2.96(ABd, J = 14.4, 6.2Hz,
Ph 29 2H). 3C NMR (100MHz, CDCk) U 154 . 9 £.40, 1PR95,. 127751, 76198,
68.57, 39.51.

IH NMR (400 MHz, CDCY) i -4%5 (19, LH), 4.6Qt, J = 8.4Hz, 1H), 4.42 (dd) =

(0]
o)ko 8.9, 5.6 Hz, 1H), B0, 3.74(ABd, J = 12.0, 5.6Hz, 2H).23C NMR (100MHz, CDCk) U
canh 154.62 74.62, 67.00, 44.28.

)CL IH NMR (400 MHz, CDCk)  U2-446 (B, 1H), 4.49t, J = 8.2 Hz, 1H), 4.349dd, J =
0”0 8.4, 6.0 Hz, 1H), $8-3.59(m, 3H), 1.17 (dd,J = 6.4, 1.4 Hz, B). 3C NMR (100MHz,
i-PrO\)_/Zi CDCk) U 155.24, 75.51, 72.53, 67.04, 66.23

IH NMR (400 MHz, CDC§) U -730 (18, SH), 4.8-4.78 (m, 1H), 4.624.57 (ABd, J

0”0 =22.0,12.0 Hz, M), 4.48 (t, J = 8.4 Hz, 1H), 4.3§dd, J = 8.4, 6.0Hz, 1H), 3.2, 3.62

2j (ABd, J = 10.8, 4.0 Hz, B). 13C NMR (100MHz, CDCk) U 155. 3456, 13 7.
127.97, 127.71, 75.44, 73.,489.09 66.29

o

BnO
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o  HNMR (400 MHz, CDCY) i -5%3 (8, AH), 5.2-5.22 (m, 2H), 4.854.80 (m,
\ o)ko 1H), 4.5 (t, J = 8.4 Hz, 1H), 4.4 (dd, J = 8.0, 6.4 Hz, 1H), 89-4.04 (m, 2H),

o ok 370, 3.63 (ABd, J = 11.2 4.0 Hz, 2). 2%C NMR (100MHz, CDCk) U 155 .

133.78, 11A8, 75.30, 72.41, 68.89, 66.25.

i IH NMR (400 MHz, CDC4) 0 -443 (18, 8H), 4.2 (t, J = 8.4 Hz, 1H), 4.4 (dd,

JOJO J=8.4, 6.0Hz, 1H), 4.3, 4.21 (ABd, J = 16.0, 2.4 Hz, 2H), 80, 3.7 (ABd, J =
O 21

= ) 10.8, 4.0Hz, 2H), 250 (t, J = 2.4 Hz, 1H)13C NMR (100MHz,CDCk) U 155 .

78.82,75.67, 75.12, 68.57, 66.17, 58.64.

o
o
o Salen-Co-I PhsF\)J\H L
Et/ﬁ +  COp 39 (0.1 mol%)  4d (0.1 mol%) o ©
Te neat, 25 °C, 15 d Et 2e
(50.0 mmol) (ballon)

94% conv. 79% yield

A 100 mL Schlenk tube equipped with a &alloon was bubbled with GQo evacuate air. Then
(salen)Col3g (0.05 mmol), phosphoranéd (0.05 mmol) and epoge 1 (50 mmol) were added

1 ¢

1 ¢

successively. An internal condenser was equipped to avoid the volatilization of the epoxides. After the

mixture was stirred at 25 € for 15 days, GBf> was added as an internal standardférNMR
analysis, which indicated tha#4% conversion was obtained. Then vacuum distillation gave the
desiredcyclic carbonatein 79% yield.
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5. Reactionof CO2 with aziridine s.

o]
R Salen-Co-| Phﬁ\)LPh o)
I L}
N 3g (2.5 mol%) 4b (2.5 mol%) o)LN/R
/Q + CO, .
R F
neat, 25 °C, 48 h R
5 (2.0 mmol) (ballon) 6

A 10 mL Schlenk tube equipped with a €kalloon was bubbled with @; to evacuate air. Then
(salen)Col3g (0.05 mmol), phosphorandb (0.05 mmol) andaziridine 5 (2.0 mmol) were added
successively. The mixture was stirred at 25 € #& h.After TLC analysis indicated the almost full
consumption ob, mesitylene was addeas an internal standard for thé NMR analysis, to estimate
the reaction conversion and to detect whethsulgstituted oxazolidinones were generafiue *H
NMR spectra of the corresponding crude mixture of each reaction was shown with eaahptire
compound gee section 7 of the S), to demonstrate that onlg-substituted oxazolidinone was
produced in each coupling reactidn.some cases, GRBl> was added to the system to fully dissolve
the solidoxazolidnones. The products were purified by colorohromatography and characterized by
14 and'*C NMR. Apart from6g and6h, al of the othercyclic carbonates are known compounds, and

the spectroscopic data were consistent with those reported in the litéfature.

o IH NMR (400 MHz, CDC}) U -775 (m,3H), 5.9 (t, J = 8.0Hz, 1H), 3.92 (tJ =
-M
Q" N 86 Hz, 1H), 3.45 (tJ = 80 Hz, 1H), 2.93 (s, 3H)13C NMR (L00MHz, CDCk) i
PN 6a 15817, 138.79, 128.82, 128.73, 125.61, 74.17, 58281.

)OL IH NMR (400 MHz, CDC4): *H NMR (400 MHz, CDG)) 7.43-7.34 (m, &), 5.49(t, J
0" "N =80 Hz, 1H), 3.9 (t, J = 8.8 Hz, 1H), 3.6-3.33(m, 3H), 1.18 (t,J = 7.2 Hz, H). 1°C
P’ e NMR (100MHz,CDCk) G 157.60, 138.93, 128.81, 128
12.51.

0 IH NMR (400 MHz, CDC{)  18-7B4 (18, 5H), 7.2-7.28 (m, 5H), 5.47 () = 8.2Hz,
o B 1H), 4.55 4.40(AB, J = 60.0, 14.8 Hz, B)), 3.77 (t, J = 8.8 Hz, 1H), 3.3 (dd, J = 8.4,
P’ e 7.8 Hz, 1H)13C NMR (100MHz, CDCk) & 158. 02, 138.62, 135
128.19, 128.07, 125.57, 74.57, 51.57, 48.42.

(14) (&) Y. Du, Y. Wu, A.-H. Liu andL.-N. He, J. Org. Chem.2008 73, 47094712 (b) Y. Tsujimoto, A. Kosaka M. Hayashj T.
MiyamotoandY. Odairag Bull. Chem. Soc. Jpnl979 52, 27292730
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i IH NMR (400 MHz, CDC}) U -776 (M, 8H), 5.688-5.62 (m, 2H), 3.99 (t,J = 8.8Hz,
~-H

%N 1H), 3.55 (t,J = 8.0Hz, 1H)*C NMR (100MHz, CDCk) & 160. 33, 138.
PY’  ed 125.75, 77.97, 48.39.

o 'H NMR (400 MHz, CDCY) U -72Q(8,&H), 5.5 (t, J= 8.0Hz, 1H), 3.8 (t,
-Me
TN J = 8.6 Hz, 1H), 3.43 (dd, = 8.8, 7.6 Hz, 1H), 23 (s, 3H), 2.36s, H). *C
4-MeCeH;  6e  NMR (10O0MHz,CDCk) & 158.28, 138.62, 135.71,

31.02, 21.15.

JOL . IH NMR (400 MHz, CDCd) U -737. (18, 2H), 7.3-7.26 (m, M), 546 (t,J =
N 8.0 Hz, 1H), 3.92t, J = 8.6 Hz, 1H), 3.40(dd,J = 8.8, 7.2 Hz, 1H), 2.98, H).
4-ClCeHs  of  13C NMR (100MHz, CDCk) & 157.89, 137.35, 134.37
54.14, 31.00.

o

)OkN/Me IH NMR (400 MHz, CDCY)  1i8-782 (81, 4H), 5.46t, J = 8.0 Hz,1H), 4.45
(s, 2H), 3.91 (t, J = 8.8Hz, 1H), 3.433.38 (m, 4H), 2.9@s, 3H)X3C NMR (100

6g MHz, CDCk) a 158. 17, 138. 97, 138. 07, 128
MeO 54.36, 31.05.HRMS (ESI): Exact mass calcd fori1£16NOs [M+H]™:

222.1125Found:222.1124.

O

o IH NMR (400 MHz, CDCY) U -783 (81,94H), 7.52.50 (m, 2H), 7.41dd,
O)kN,Me J=8.4, 1.6Hz, 1H), 5.8} (t, J = 8.0 Hz,, 1H), 3.3 (t, J = 8.8 Hz, 1H), 3.5
(dd,J = 8.4 7.4 Hz, 1H), 2.94 (s, 3HfC NMR (100MHz, CDCk) 188.27,
QO 6h 13597, 133.33, 133.04, 1P8, 128.10, 127.79, 126.72, 186, 124.89,
122.76 74.29, 54.41, 31.1HRMS (ESI): Exact mass calcd ford81aNO»
[M+H] *: 228.1018, Found: 228.1019.
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6. Absolute configuration determination

The absolute configuration of chiral produ2ts 2d and6a for the reaction ofS-1a, (S-1d and
(R)-5a with CO, were determined via the comparisoinoptical rotation or HPLC spectrum with the

literature reportd+16

o Chiral HPLC analysis (ChiralpalD-H, 'PrOH/hexane =30/70, 1.0 mL/min, 25 nm;

o)ko tr (minor) =10.387min, t (major) =11.680min) gave the isomeric composition of the

~ product:93% ee] W= +87.3(c = 0.9, CHCE). The absolute configuration chiral
PR .
(5)-2a product2a for the reaction of §-1a was assigned to b8 by comparing its HPLC

performancavith the literature report

o Chiral GC analysis [Agilent, Chirasil

o)ko temp = 65°C, Injector temp = 208C, Detector temp = 25, Inlet pressure = 70 kPa),

y \—/ tr (major) =14.263 min.] gave the isomeric compositiortiad product: >99% ee {*'U ]
€ (S)2d

= -96.7 (c = 1.0, CHChk). The absolute configuration ahiral product2d for the
reaction of §-1d was assigned to &by comparing it®ptical rotatiorwith the literature repo~®

o Chiral HPLC analysis (Chiralpak GB, 'PrOH/hexane = 10/90, 1.0 mL/min, 205 nm; t
o)LNM (major) =35.712min) gave the isomeric composition of the prode@%® ee,|[ G1=
e
)—/ -35.2(c =1.10 CHCKk). The absolute configuration @roduct6a for the reaction of
-6

Ph
(R)-6a (S-5awas assigned to Beby comparimg its optical rotatiorwith the literature repoft.

(15) D. Zhao X.-H. Liu, Z.-Z. Shi,C.-D. Zhu,Y. Zhao,P. Wang and WY. Sun,Dalton Trans, 2016 45, 1418414190
(16) H. Kisch, R. Millini andlI.-J. Wang Chem. Berl986 119 10961094
(17) T. Ohkuma, DIshii, H. Takeno and R. Nayi, J. Am. Chem. So200Q 122 65166511
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7.NMR and HPLC spectra

The 'H and *C NMR spectra were obtained using a Bruker B0 spectrometer. Chemical
shifts were reported in ppm from tetramethylsilane with the solvent resonanceardasrited standard.
The following abbreviations were used to designate chemical shift multiplicities: s = singlet, d =
doublet, t = triplet, g = quartet, h = heptet, m = multiplet, br = broad.

Note:

1. TheH NMR analysis of the corresponding crude mixturesath reaction with mesitylene as
internal standard was performed as shown below, to estimate the conversion and the selectivity of
the reaction.

2. For the coupling reaction of epoxide and £@o polycarbonate formation was detected by NMR
analysis. For insince, according the study of Lu & Darensbotirdor the *H NMR spectrum of
the polycarbonat@ ai® CDCl, the resonance of methine CH in styrene carbonate unit should be
found at 5.87 ppm as a broad peak, but which was unobserved in our system.

e}
H Cco,
oln Ph™ 1a PRl o
l 2a' (unobserved) ¢
5.87 ppm, br 5.68 ppm

3. For the coupling reaction of the coupling of aziridines with C@nly 5substituted
oxazolidinones were formed. For example, the signal of the methine CHsobsfituted
oxazolidinone6a should be presented at 4.65 ppm, butolvhivas not observed in thel NMR
spectrum of the crude mixture.

o] O
Me
MeN/Z<O N OJ(NM
/’\/ - + COZ /*\/ ©
Ph7) Ph™ o Ph7 e
* 6a' (unobserved) + a
4.65 ppm 5.49 ppm

18 G-P.Wu, S-H. Wei, X.-B. Lu, W.-M. RenandD. J.DarensbourgMacromolecules201Q 43, 92029204.
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2001 zhf-zs-117B-asy-ODH-70/30-215-1.0

2002 zhf-zs-117-0-rac-ODH-70/30-215-1.0

Sample Name: zhf-zs-117B-asy-ODH-70/30-215-1.0 Injection Volume: 20.0 Sample Narme: zhf-z5-117-D-rac-0DH-TO/30-215-1.0 Injection Volume: 20.0
Vial Number: 999 Channel: uUv_vis_1 Vial Nurmber 999 Channel- Uv_wIS_1
Sample Type: unknown Wavelength: 215 Sample Typa: unknown Wavelangth: 215
Control Program:  zhf Bandwidth: n.a. Cantrol Program: — zhf Bandwidth: n.a.
Quantif. Method: zhf Dilution Factor: 1.0000 Cuantif. Method- zhf Dilution Factor: 1.0000
Recording Time: 2016-8-30 16:06 Sample Weight: 1.0000 Recording Time: 2016-8-30 16:22 Sample Weight: 1.0000
Run Time (min): 14.67 Sample Amount: 1.0000 Run Time (min): 16.64 Sample Amouri: 1.0000
700-2hi-zf #2001 [modified by dell] Uv_Vis 1 10—Zht-21 #2002 zhi-z5-117-0-rac-ODH-TON30-215-1.0 Uy WIS 1
JmAU WWL:215 nm JmAll WWL-215 nm
] 2-11.680 ]
1 1« 10207
q 2 = 11.567
] o) 125-: 0
- )J\
1 o O 100-] o ©°
375 o \
] Ph (S)-2a 7e ] Ph 2a
250-] ]
] 50
125 ]
] o8]
1 1-103 ]
0 AN —— — I/\_ T 1 ! _' 1 } .
om0 -20 . , . . . : . Lt
0.0 20 4.0 6.0 8.0 10.0 12.0 147 0.0 20 40 6.0 80 10.0 12.0 14.0 16.6
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type Ho. | Ret.Time Peak Mame Height Area  RelArea Amount Type
min mAU _ mAU*min %o min mAL  mALU*min %
1 10.39 n.a. 29.172 8.152 3.44 n.a. BMB* 1 10.21 na 140.543 40316 48.86 na. BM
2 11.68 n.a. 648.089  228.969  96.56 na. BMB* 2 11.57 n.a 134083 42204 5114 n.a. MB
Total: B677.260 237.122 100.00 0.000 Total: 274 626 82.520 100.00 0.000
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SHIMADZU

i LabSolutions Analysis Report

<Sample Information>

Sample Name : zfh-zt-075-1

Sample ID :

Data Filename : zfh-zt-075-1-NMe-asy-ODH-90-10-207 .lcd
Method Filename : zry.lem

<Chromatogram>
mV

™ Detector A Channel 1 205nm)|
=

w3
oy

\
] !

50 |

" | \
L

R |

T T T T
0 10 20 30 40

min
<Peak Table>
Detector A Channel 1 205nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 35.712 6918606 83688 100.000 M

Total 6918606 83688
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