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General Considerations

All reactions with air- and/or water-sensitive compounds were carried out under
dry nitrogen using a Braun Labmaster drybox or standard Schlenk line techniques.
Copolymerizations were performed in either a Fischer-Porter bottle or a 100-mL Parr
reactor. Tetrahydrofuran, toluene, hexanes, and dichloromethane were purified over
solvent columns. CDCl; was purchased from Cambridge Isotopes Laboratories and used
as received. All chemicals were purchased from Aldrich, except where noted, and used as
received. CO, (Airgas Research Grade, 4.8 grade) was purified through a moisture trap
loaded with activated 4 A molecular sieves. cis/trans-R-Limonene oxide and cis/trans-S-
limonene oxide were each distilled from calcium hydride following three freeze-pump-
thaw cycles and stored in a Braun Labmaster drybox.

[(BDI)ZnOAc] complexes 2-10 were prepared according to literature
procedures.'?

Gas chromatograms were obtained on a Hewlett-Packard 6890 series gas
chromatograph using a 5% phenylmethylsiloxane capillary column (30.0 m x 320 wm x
0.25 wm nominal), a flame ionization detector, and He carrier gas.

Nuclear magnetic resonance spectra were recorded on a Varian Mercury (‘H, 300
MHz), Varian INOVA-400 (‘H, 400 MHz; "°C, 100 MHz) or Varian Unity (‘H, 500 MHz;
C, 125 MHz) spectrometers and referenced versus residual solvent shifts.

Crystallographic data were collected at 173(2) K using a Siemens SMART CCD
Area Detector System (Mo K, A = 0.71073 A) and frames were integrated with the
Siemens SAINT program.

Gel permeation chromatography analyses were carried out using a Waters
instrument (M510 pump, U6K injector) equipped with Waters UV486 and Waters 2410
differential refractive index detectors, and three 5 mm PL Gel columns (Polymer
Laboratories; 100 A, 500 A, 1000 A, and Mixed C porosities) in series. The GPC
columns were eluted with tetrahydrofuran at 40 °C at 1 ml/min and calibrated using 23
monodisperse polystyrene standards.

Thermogravimetric analysis of polymer samples was performed on a TA
Instruments Q500 instrument equipped with an automated sampler. Typical experiments
were made in an aluminum pan with a nitrogen flow and a heating rate of 15 °C/min from
25 °C to 500 °C.

Differential scanning calorimetry of polymer samples was performed on a TA
Instruments Q1000 instrument equipped with a LNCS and automated sampler. Typical
DSC experiments were made in crimped aluminum pans under nitrogen with a heating

' Moore, D. R.; Cheng, M.; Lobkovsky, E. B.; Coates, G. W. J. Am. Chem. Soc. 2003, 125, 11911-11924.
2 Allen, S. D.; Moore, D.R; Lobkovsky, E. B.; Coates, G. W. J. Am. Chem. Soc. 2002, 124, 14284-14285.
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rate of 10 °C/min from —100 °C to +170 °C. The reported DSC data from the second
heating run was processed with the TA Q series software.

Experimental Section

Copolymerization of cis/trans-R-Limonene Oxide and CO,
Neat reactions at 35 °C or 50 °C in a Parr reactor or Fischer-Porter bottle

Inside a drybox, a 30-ml glass insert for a 100-mL Parr reactor or a Fischer-Porter
bottle was charged with epoxide (4.0 mL, 24.41 mmol), catalyst (0.4 mol%), and a stir
bar. The reactor was sealed and the mixture was equilibrated at the desired temperature
for 10 min. The reactor was then pressurized with 100 psi CO, and allowed to react for
the desired amount of time (2 or 24 hours). The reaction was then vented slowly and
cooled to room temperature. An aliquot of the reaction mixture was taken for "H NMR
analysis to determine conversion. The reaction mixture was dissolved in a small amount
of dichloromethane or toluene and precipitated with methanol. The polymer was washed
with methanol to remove catalyst and unreacted epoxide and dried in vacuo to give a
white powder in 93-99% recovery by weight. 'H NMR" (CDCl,, 400 MHz): § 5.12 (br s,
0.5 H), 5.04 (brs, 0.5 H), 4.72 (br s, 0.66 H), 4.70 (br s, 0.66 H), 4.66 (br s, 0.66 H), 2.39
(brd, 1 H), 2.22 (br m, 1 H), 2.10-2.01 (m, 1 H), 1.9-1.3 (m, 5H), 1.68 (br s, 3 H), 1.50
(br s, 3 H). "C NMR (CDCl,, 125 MHz): 8 153.73, 152.33, 152.02 (0,C=0), 148.70,
148.58 (R,C=CH,), 109.38 (R,C=CH,), 81.93 (0O,COC(Me)), 75.37 (OC(Me)CHOCO,),
37.55 (CH-C(Me)=CH,), 30.93, (CH,CHOCO,), 30.70 (CH,C(Me)OCO,), 25.86 (CH,-
CH,-CHC(Me)=CH,), 21.63 (-O,COC(CH;)CH-), 20.97, 20.82 (CH-C(CH;)=CH,).

Methanol washings of the residual epoxide were combined and concentrated
under reduced pressure. A sample of the liquid was analyzed by gas chromatography in
diethyl ether. The retention times for cis- and trans-R-limonene oxide correspond to the
pure compounds and the GC method is given in the kinetic resolution section.

Neat reactions at 25 °C in a Parr reactor or Fischer-Porter bottle

Inside a drybox, a 30-ml glass insert for a 100-mL Parr reactor or a Fischer-Porter
bottle was charged with epoxide (4.0 mL, 24.41 mmol), catalyst (0.4 mol%), and a stir
bar. The reactor was sealed and the mixture was stirred at 25 °C for 20 minutes to
completely dissolve catalyst. The reactor was then pressurized with CO, (Fischer-Porter
bottle: 50-100 psi; Parr reactor: 100-700 psi) and allowed to react for the desired amount
of time. After slow release of the CO,, an aliquot of the reaction mixture was taken for 'H
NMR analysis to determine conversion. The reaction mixture was dissolved in a small
amount of dichloromethane or toluene and precipitated with methanol. The polymer was
washed with methanol to remove catalyst and unreacted epoxide and dried in vacuo to
give a white powder in 93-99% recovery by weight. 'H NMR (CDCl,, 500 MHz): 6 5.05
(brs, 1 H),4.73 (br s, 1 H), 4.70 (br s, 1 H), 2.39 (br d, 1 H), 2.24 (br t, 1 H), 2.10-1.31
(m, 5 H), 1.70 (br s, 3 H), 1.50 (br s, 3 H). "C NMR (CDCl,, 125 MHz): § 152.05
(0,=0), 148.73 (R,C=CH,), 109.41 (R,C=CH,), 81.95 (0O,COC(Me)), 75.38
(OC(Me)CHOCO,), 37.53 (C H-C(Me)=CH,), 30.94 (C H,CHOCO,), 30.71

" All peaks for 'H and "*C NMR spectra are broad. Multiple peaks are listed consecutively for a given set of carbons.
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(CH,C(Me)OCO,), 25.88 (CH,-CH,-CHC(Me)=CH,), 21.63 (-O,COC(CH;)CH-), 20.81
(CH-C(CH;)=CH,).

Methanol washings of the residual epoxide were combined and concentrated
under reduced pressure. A sample of the liquid was analyzed by gas chromatography in
diethyl ether. The retention times for cis- and frans-R-limonene oxide correspond to the
pure compounds and the GC method is given in the kinetic resolution section.

Reactions run in solvent at 25 °C in a Parr reactor

Inside a drybox, a 30-ml glass insert for a 100-mL Parr reactor was charged with
epoxide (4.0 mL, 24.41 mmol), catalyst (0.04 mol%), dichloromethane (1 mL) and a stir
bar. The reactor was sealed and the mixture was stirred at 25 °C under a pressure of CO,
(100 psi) for four hours. The reactor was then vented slowly and opened. An aliquot of
the reaction mixture was taken for 'H NMR analysis to determine conversion. The
polymer solution was precipitated in methanol and washed several times. Removal of
solvent under vacuum gave a white powder in 93-99% recovery by weight. 'H NMR
(CDCl,, 500 MHz): 8 5.05 (br s, 1 H), 4.73 (br s, 1 H), 4.70 (br s, 1 H), 2.39 (br d, 1 H),
2.24 (br t, 1 H), 2.10-1.31 (m, 5 H), 1.70 (br s, 3 H), 1.50 (br s, 3 H). "C NMR (CDCl,,
125 MHz): 6 152.05 (0,C=0), 148.73 (R,C=CH,), 109.41 (R,C=CH,), 81.95
(0,CO0C(Me)), 75.38 (OC(Me)CHOCO,), 37.53 (C H-C(Me)=CH,), 30.94
(CH,CHOCO,), 30.71 (CH,C(Me)OCO,), 25.88 (CH,-CH,-CHC(Me)=CH,), 21.63
(O,COC(CH;)CH-), 20.81 (CH-C(CH;)=CH,).

Methanol washings of the residual epoxide were combined and concentrated
under reduced pressure. A sample of the liquid was analyzed by gas chromatography in
diethyl ether. The retention times for cis- and frans-R-limonene oxide correspond to the
pure compounds and the GC method is given in the kinetic resolution section.

Alkaline hydrolysis of regioregular poly(4R-limonene carbonate) (11):

To a 100-mL round-bottomed flask was added poly(4R-limonene carbonate)
(0.494 g, 2.52 mmol repeat units), sodium hydroxide (0.408 g, mmol) and 50 mL
methanol. The mixture was stirred at reflux for 24 hours. After cooling to room
temperature, the reaction mixture was neutralized with 1 M HCl,,, and solvent was
removed under reduced pressure. The slightly cloudy oil was dissolved in diethyl ether
(70 mL) and washed with water (30 mL x 2) and saturated NaCl,,,, (30 mL). The organic
layer was dried over magnesium sulfate, filtered, and concentrated under reduced
pressure to give (1S5,25,4R)-4-isopropenyl-1-methyl-1,2-cyclohexanediol (13) as a pale
yellow oil. 'H NMR (CDCl,, 400 MHz):8 4.73 (t, 2 H, °J= 0.97 Hz), 3.64 (m, 1 H), 2.26
(m, 2H), 1.91 (m, 1H), 1.80-1.71 (m, 3H), 1.73 (t, 3 H, *J=1.1 Hz), 1.66 (dt, 1H), 1.59-
1.50 (m, 2H), 1.27 (s, 3H).

Kinetic resolution of cis- and trans-R-limonene oxide

The epoxides were isolated according to literature procedures.” The kinetic
resolution of cis-R-limonene oxide produces (1S,2S,4R)-4-isopropenyl-1-methyl-1,2-
cyclohexanediol as the by-product. This material was re-crystallized from petroleum
ether to give a pure sample of 13 for x-ray crystallography.

3 Steiner, D.; Ivison, L.; Goralski, C. T.; Appell, R. B.; Gojkovic, J. R.; Singaram, B. Tetrahedron: Asymmetry 2002,
13,2359-2363.

S3



trans-R-Limonene oxide (1a). 'H NMR (CDCl,, 500 MHz): § 4.66 (s, 2 H), 2.99 (d, 1 H,
*J=5.5 Hz), 2.03 (m, 2 H), 1.87 (m, 1 H), 1.70 (m, 2 H), 1.67 (s, 3 H), 1.37 (m, 2 H), 1.32
(s, 3 H). Achiral GC analysis (80 °C, 1 °C/min for 15 min, t; = 10.12 min).

cis-R-Limonene oxide (1b). 'H NMR (CDCl,, 400 MHz): 8 4.70 (s, 1 H), 4.64 (m, 1 H),
3.03 (s, 1 H), 2.10 (m, 2 H), 1.82 (m, 2 H), 1.67 (s, 3 H), 1.67 (m, 1 H), 1.51 (m, 1 H),
1.28 (s, 3 H), 1.18 (m, 1 H). Achiral GC analysis (80 °C, 1 °C/min for 15 min, t; = 9.92
min).

(15,2S,4R)-4-Isopropenyl-1-methyl-1,2-cyclohexanediol (13). 'H NMR (CDCl,, 400

MHz): 8 4.73 (t, 2 H, 2J= 0.97 Hz), 3.64 (m, 1 H), 2.26 (m, 2H), 1.91 (m, 1H), 1.80-1.71
(m, 3H), 1.73 (t, 3 H, *J=1.1 Hz), 1.66 (dt, 1H), 1.59-1.50 (m, 2H), 1.27 (s, 3H).

NMR Characterization of Regioregular (11) and Regioirregular (12) Poly(4R-
Limonene Carbonate)

Figure S1. 'H & "C NMR Peak Assignments for Copolymers 11 and 12.
'H & "3C NMR Shifts for Regioregular Poly(1S,2S,4R-limonene carbonate) (11)

Group  'H (3, ppm) '3C (3, ppm)

A 1.70 21.63
B NONE 81.95
Cc 2.37,2.34 30.71
D 1.58,1.31 25.88
E 2.24 37.53
F 1.80,1.65 30.94
G 5.05 75.38
H NONE 152.05
1 NONE 109.41
J 1.50 20.81
J K 4.73,4.70 148.73

"H NMR Shifts for Regioirregular Poly(4R-limonene carbonate) (12)
GI’OUp 1H ({), ppm)

1.70
2.37,2.34
1.58,1.31

2.24
1.80,1.65

5.05

1.50
4.73,4.70

5.12
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Table S1. Crystal data and structure refinement for 13.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 24.71°
Absorption correction

Max. and min. transmission
Refinement method

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

Final R indices [[>2sigma(I)]
R indices (all data)

Absolute structure parameter
Largest diff. peak and hole

cbyl

CI10H18 02

170.24

173(2) K

0.71073 A

Monoclinic

P2(1)

a=10.4788(5) A o=90°.
b=34.3614(17) A p=112.0550(10)°.
¢ =12.0631(6) A v = 90°.
4025.7(3) A3

16

1.124 Mg/m?

0.076 mm"™!

1504

0.40 x 0.40 x 0.30 mm?

1.19 to 24.71°.

-12<=h<=12, -40<=k<=40, -14<=1<=14
34476

13692 [R(int) = 0.0345]

100.0 %

None

0.9776 and 0.8702

Full-matrix least-squares on F?

13692 /1/993

1.011

R1=0.0481, wR2 =0.1102
R1=0.0587, wR2=0.1164

0.7(7)

0.564 and -0.422 e.A-3
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Table S2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (Azx 103)
for 13. U(eq) is defined as one third of the trace of the orthogonalized UY tensor.

X y z U(eq)
0O(1) -392(2) 2571(1) 4935(1) 28(1)
0(2) 106(2) 1534(1) 4610(2) 45(1)
C(1) -321(2) 2168(1) 5313(2) 24(1)
C(2) 152(2) 1944(1) 4428(2) 29(1)
C@3) 1587(2) 2066(1) 4532(2) 27(1)
C4) 2648(2) 2016(1) 5807(2) 27(1)
C(5) 2189(2) 2245(1) 6678(2) 31(1)
C(6) 747(2) 2126(1) 6577(2) 25(1)
C(7) -1741(2) 2037(1) 5221(2) 36(1)
C(®) 4085(3) 2110(1) 5866(2) 34(1)
Cc©) 4805(3) 1807(1) 5527(3) 56(1)
C(10) 4668(3) 2474(1) 6197(3) 46(1)
O(11) 12127(2) -2138(1) 7336(1) 34(1)
0(12) 9654(2) -1968(1) 8801(1) 30(1)
C(11) 11493(2) -1924(1) 8026(2) 28(1)
C(12) 12627(2) -1858(1) 9258(2) 32(1)
C(13) 13177(2) -2235(1) 9922(2) 31(1)
C(14) 12025(2) -2469(1) 10082(2) 28(1)
C(15) 10907(2) -2552(1) 8843(2) 27(1)
C(16) 10356(2) -2177(1) 8166(2) 24(1)
c(17) 10928(3) -1542(1) 7411(2) 43(1)
C(18) 12472(3) -2839(1) 10812(2) 37(1)
C(19) 11507(4) -2975(1) 11379(3) 61(1)
C(110) 13632(3) -3027(1) 10962(3) 50(1)
0O(21) 4895(2) 789(1) 8247(2) 42(1)
0(22) 1345(2) 1025(1) 6428(2) 55(1)
C(21) 3471(2) 860(1) 8049(2) 27(1)
C(22) 2909(3) 531(1) 8565(2) 36(1)
C(23) 2908(3) 138(1) 7968(2) 38(1)
C(24) 2100(2) 156(1) 6635(2) 29(1)
C(25) 2662(3) 484(1) 6086(2) 30(1)
C(26) 2710(2) 878(1) 6689(2) 31(1)
C(27) 3385(3) 1254(1) 8608(2) 36(1)
C(28) 1992(3) -224(1) 5974(2) 35(1)
C(29) 1349(7) -217(1) 4701(4) 148(2)
C(210) 2233(8) -561(1) 6487(4) 137(3)
0O(31) 6634(2) 366(1) 7399(1) 34(1)
0(32) 8951(3) 616(1) 5897(3) 58(1)
C(@31) 7112(2) 612(1) 6657(2) 27(1)
C(32) 5949(2) 668(1) 5450(2) 29(1)
C(33) 5448(3) 283(1) 4797(2) 34(1)
C(34) 6622(3) 62(1) 4616(2) 35(1)
C(35) 7789(3) 0(1) 5833(2) 35(1)
C(36) 8294(2) 380(1) 6502(2) 32(1)
C(37) 7626(3) 997(1) 7282(2) 42(1)
C(38) 6196(3) -318(1) 3937(2) 48(1)
C(39) 6952(4) -431(1) 3206(3) 65(1)
C(310) 5139(4) -541(1) 4005(3) 68(1)
0(41) 7368(2) -1552(1) 7427(1) 29(1)
0(42) 3859(2) -1911(1) 5966(2) 44(1)
C(41) 5905(2) -1560(1) 7211(2) 31(1)
C(42) 5715(2) -1616(1) 8386(2) 34(1)
C(43) 6278(2) -1999(1) 8998(2) 34(1)
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C(44)
C(45)
C(46)
C(47)
C(48)
C(49)
C(410)
o(51)
0(52)
C(51)
C(52)
C(53)
C(54)
C(55)
C(56)
C(57)
C(58)
C(59)
C(510)
0(61)
0(62)
c(61)
C(62)
C(63)
C(64)
C(65)
C(66)
C(67)
C(68)
C(69)
C(610)
o(71)
0(72)
C(71)
C(72)
C(73)
C(74)
C(75)
C(76)
C(77)
C(78)
C(79)
C(710)

5682(2)
5920(2)
5336(2)
5285(3)
6211(3)
5360(4)
7331(4)
8297(2)
8495(2)
8235(2)
9252(2)
10730(2)
11195(2)
10198(2)
8713(2)
6767(2)
12668(2)
13335(3)
13315(3)
-3271(2)
-1497(2)
-2919(2)
-2553(3)
-1244(3)
37(3)
-359(3)
-1680(2)
-4172(2)
1334(3)
2547(3)
1376(4)
1709(2)
60(2)
1506(2)
1196(2)
-94(2)
-1348(2)
-1047(2)
249(2)
2792(2)
-2670(2)
-3923(3)
-2645(3)

-2347(1)
-2295(1)
-1914(1)
-1181(1)
2737(1)
-3077(1)
-2776(1)

90(1)
-958(1)
-318(1)
-381(1)
-288(1)
-525(1)
-457(1)
-546(1)
-423(1)
-446(1)
-753(1)
-105(1)

568(1)
893(1)
840(1)
1224(1)
1221(1)
1068(1)
672(1)
666(1)
854(1)
1044(1)
1035(1)
1022(2)

-1992(1)
-1538(1)
-1679(1)
-1299(1)
-1328(1)
-1445(1)
-1823(1)
-1802(1)
-1634(1)
-1490(1)
-1499(1)
-1535(1)

8186(2)
7010(2)
6401(2)
6587(3)
8755(3)
8175(4)
9754(4)
9668(2)
9123(2)
9920(2)
11202(2)
11369(2)
10515(2)
9228(2)
9050(2)
9772(2)
10634(2)
10222(3)
11070(3)
621(2)
3709(2)
1620(2)
1233(2)
967(3)
1985(2)
2399(2)
2642(2)
1957(2)
1809(2)
2843(3)
691(3)
3810(1)
905(1)
2968(2)
3482(2)
3789(2)
2701(2)
2165(2)
1878(2)
2681(2)
2940(2)
1933(3)
4081(3)

32(1)
32(1)
32(1)
52(1)
44(1)
80(1)
77(1)
31(1)
32(1)
26(1)
28(1)
31(1)
26(1)
27(1)
24(1)
37(1)
34(1)
53(1)
48(1)
51(1)
61(1)
34(1)
43(1)
46(1)
39(1)
38(1)
36(1)
38(1)
42(1)
72(1)
92(2)
28(1)
28(1)
22(1)
28(1)
32(1)
25(1)
21(1)
21(1)
29(1)
32(1)
50(1)
53(1)
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Table S3. Bond lengths [A] and angles [°] for C(41)-C(46) 1.532(3)

13. C(42)-C(43) 1.515(4)
C(43)-C(44) 1.523(3)
O(1)-C(1) 1.451(3) C(44)-C(48) 1.514(4)
0(2)-C(2) 1.431(3) C(44)-C(45) 1.540(3)
C(1)-C(7) 1.519(3) C(45)-C(46) 1.514(3)
C(1)-C(6) 1.521(3) C(48)-C(410) 1.336(4)
C(1)-C(2) 1.540(3) C(48)-C(49) 1.477(4)
C(2)-C(3) 1.521(3) O(51)-C(51) 1.444(3)
C(3)-C(4) 1.532(3) 0(52)-C(56) 1.440(3)
C(4)-C(8) 1.515(3) C(51)-C(57) 1.524(3)
C(4)-C(5) 1.528(3) C(51)-C(52) 1.528(3)
C(5)-C(6) 1.525(3) C(51)-C(56) 1.537(3)
C(8)-C(10) 1.385(4) C(52)-C(53) 1.518(3)
C(8)-C(9) 1.434(4) C(53)-C(54) 1.530(3)
O(11)-C(11) 1.447(3) C(54)-C(58) 1.520(3)
0(12)-C(16) 1.438(3) C(54)-C(55) 1.529(3)
C(11)-C(17) 1.516(4) C(55)-C(56) 1.521(3)
C(11)-C(12) 1.531(3) C(58)-C(510) 1.357(4)
C(11)-C(16) 1.535(3) C(58)-C(59) 1.451(4)
C(12)-C(13) 1.518(3) O(61)-C(61) 1.459(3)
C(13)-C(14) 1.5203) 0(62)-C(66) 1.455(3)
C(14)-C(18) 1.5193) C(61)-C(62) 1.499(4)
C(14)-C(15) 1.540(3) C(61)-C(67) 1.514(4)
C(15)-C(16) 1.5193) C(61)-C(66) 1.536(3)
C(18)-C(110) 1.327(4) C(62)-C(63) 1.521(4)
C(18)-C(19) 1.492(4) C(63)-C(64) 1.489(4)
0O(21)-C(21) 1.440(3) C(64)-C(68) 1.532(4)
0(22)-C(26) 1.437(3) C(64)-C(65) 1.532(4)
C(21)-C(22) 1.515(3) C(65)-C(66) 1.519(4)
C(21)-C(27) 1.529(3) C(68)-C(610) 1.368(4)
C(21)-C(26) 1.533(3) C(68)-C(69) 1.408(4)
C(22)-C(23) 1.529(3) O(71)-C(71) 1.441(3)
C(23)-C(24) 1.511(3) 0(72)-C(76) 1.439(3)
C(24)-C(28) 1.512(3) C(71)-C(77) 1.520(3)
C(24)-C(25) 1.533(3) C(71)-C(72) 1.533(3)
C(25)-C(26) 1.527(3) C(71)-C(76) 1.531(3)
C(28)-C(210) 1.293(5) C(72)-C(73) 1.532(3)
C(28)-C(29) 1.427(5) C(73)-C(74) 1.522(3)
O(31)-C(31) 1.449(3) C(74)-C(78) 1.525(3)
0(32)-C(36) 1.428(4) C(74)-C(75) 1.537(3)
C(31)-C(32) 1.520(3) C(75)-C(76) 1.524(3)
C(31)-C(37) 1.5203) C(78)-C(710) 1.376(4)
C(31)-C(36) 1.541(3) C(78)-C(79) 1.415(4)
C(32)-C(33) 1.529(3)
C(33)-C(34) 1.530(4) O(1)-C(1)-C(7) 109.08(18)
C(34)-C(38) 1.516(4) O(1)-C(1)-C(6) 109.63(17)
C(34)-C(35) 1.532(3) C(7)-C(1)-C(6) 112.16(19)
C(35)-C(36) 1.523(4) O(1)-C(1)-C(2) 104.44(17)
C(38)-C(310) 1.373(5) C(7)-C(1)-C(2) 111.30(19)
C(38)-C(39) 1.442(4) C(6)-C(1)-C(2) 109.93(18)
O(41)-C(41) 1.455(3) 0(2)-C(2)-C(3) 110.44(19)
0(42)-C(46) 1.436(3) 0(2)-C(2)-C(1) 110.26(19)
C(41)-C(42) 1.515(3) C(3)-C(2)-C(1) 111.76(18)
C(41)-C(47) 1.524(4) C(2)-C(3)-C(4) 111.94(18)
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C(8)-C(4)-C(5)
C(8)-C(4)-C(3)
C(5)-C(4)-C(3)
C(6)-C(5)-C(4)
C(1)-C(6)-C(5)
C(10)-C(8)-C(9)
C(10)-C(8)-C(4)
C(9)-C(8)-C(4)
O(11)-C(11)-C(17)
O(11)-C(11)-C(12)
C(17)-C(11)-C(12)
O(11)-C(11)-C(16)
C(17)-C(11)-C(16)
C(12)-C(11)-C(16)
C(13)-C(12)-C(11)
C(12)-C(13)-C(14)
C(18)-C(14)-C(13)
C(18)-C(14)-C(15)
C(13)-C(14)-C(15)
C(16)-C(15)-C(14)
0(12)-C(16)-C(15)
0(12)-C(16)-C(11)
C(15)-C(16)-C(11)
C(110)-C(18)-C(19)
C(110)-C(18)-C(14)
C(19)-C(18)-C(14)
0(21)-C(21)-C(22)
0(21)-C(21)-C(27)
C(22)-C(21)-C(27)
0(21)-C(21)-C(26)
C(22)-C(21)-C(26)
C(27)-C(21)-C(26)
C(21)-C(22)-C(23)
C(24)-C(23)-C(22)
C(28)-C(24)-C(23)
C(28)-C(24)-C(25)
C(23)-C(24)-C(25)
C(26)-C(25)-C(24)
0(22)-C(26)-C(25)
0(22)-C(26)-C(21)
C(25)-C(26)-C(21)
C(210)-C(28)-C(29)
C(210)-C(28)-C(24)
C(29)-C(28)-C(24)
0(31)-C(31)-C(32)
0(31)-C(31)-C(37)
C(32)-C(31)-C(37)
0(31)-C(31)-C(36)
C(32)-C(31)-C(36)
C(37)-C(31)-C(36)
C(31)-C(32)-C(33)
C(34)-C(33)-C(32)
C(38)-C(34)-C(33)
C(38)-C(34)-C(35)
C(33)-C(34)-C(35)
C(36)-C(35)-C(34)

114.9(2)
110.91(19)
109.56(18)
111.48(19)
112.88(18)
121.1(3)
122.0(2)
116.9(2)
109.82(18)
106.11(18)
111.5(2)
108.52(18)
111.59(19)
109.17(18)
112.87(19)
110.81(18)
115.45(19)
111.35(19)
108.99(18)
111.18(18)
107.75(17)
110.47(18)
112.64(18)
121.9(3)
123.6(3)
114.5(2)
109.99(19)
107.91(19)
112.6(2)
105.90(18)
110.01(19)
110.22(19)
113.5(2)
111.5(2)
115.3(2)
111.8(2)
109.67(19)
113.28(19)
110.82(19)
108.8(2)
112.76(19)
117.2(3)
124.0(3)
117.8(3)
109.09(18)
109.96(19)
111.8(2)
104.82(18)
109.93(18)
111.002)
112.33(19)
111.4(2)
114.5(2)
111.4(2)
109.10(19)
112.5(2)
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0(32)-C(36)-C(35)
0(32)-C(36)-C(31)
C(35)-C(36)-C(31)
C(310)-C(38)-C(39)
C(310)-C(38)-C(34)
C(39)-C(38)-C(34)
O(41)-C(41)-C(42)
O(41)-C(41)-C(47)
C(42)-C(41)-C(47)
O(41)-C(41)-C(46)
C(42)-C(41)-C(46)
C(47)-C(41)-C(46)
C(43)-C(42)-C(41)
C(42)-C(43)-C(44)
C(48)-C(44)-C(43)
C(48)-C(44)-C(45)
C(43)-C(44)-C(45)
C(46)-C(45)-C(44)
0(42)-C(46)-C(45)
0(42)-C(46)-C(41)
C(45)-C(46)-C(41)
C(410)-C(48)-C(49)
C(410)-C(48)-C(44)
C(49)-C(48)-C(44)
O(51)-C(51)-C(57)
O(51)-C(51)-C(52)
C(57)-C(51)-C(52)
O(51)-C(51)-C(56)
C(57)-C(51)-C(56)
C(52)-C(51)-C(56)
C(53)-C(52)-C(51)
C(52)-C(53)-C(54)
C(58)-C(54)-C(53)
C(58)-C(54)-C(55)
C(53)-C(54)-C(55)
C(56)-C(55)-C(54)
0(52)-C(56)-C(55)
0(52)-C(56)-C(51)
C(55)-C(56)-C(51)
C(510)-C(58)-C(59)
C(510)-C(58)-C(54)
C(59)-C(58)-C(54)
0(61)-C(61)-C(62)
0(61)-C(61)-C(67)
C(62)-C(61)-C(67)
0(61)-C(61)-C(66)
C(62)-C(61)-C(66)
C(67)-C(61)-C(66)
C(61)-C(62)-C(63)
C(64)-C(63)-C(62)
C(63)-C(64)-C(68)
C(63)-C(64)-C(65)
C(68)-C(64)-C(65)
C(66)-C(65)-C(64)
0(62)-C(66)-C(65)
0(62)-C(66)-C(61)

110.7(2)
109.5(2)
111.84(19)
121.8(3)
121.9(3)
116.3(3)
109.53(18)
107.3(2)
112.9(2)
105.10(18)
109.9(2)
111.7(2)
113.7(2)
112.22(18)
114.4(2)
111.3(2)
109.4(2)
111.8(2)
111.5(2)
109.6(2)
112.71(18)
121.2(3)
123.0(3)
115.6(2)
109.20(18)
106.34(18)
112.02(19)
107.49(18)
111.86(19)
109.68(18)
113.19(18)
111.43(19)
114.29(19)
110.57(19)
109.47(18)
112.69(18)
111.59(18)
111.05(18)
112.22(18)
121.7(2)
122.1(2)
116.2(2)
108.8(2)
105.5(2)
113.9(2)
106.8(2)
110.8(2)
110.7(2)
114.6(2)
112.5(2)
117.1(2)
111.002)
109.3(2)
113.9(2)
109.6(2)
107.0(2)



C(65)-C(66)-C(61)
C(610)-C(68)-C(69)
C(610)-C(68)-C(64)
C(69)-C(68)-C(64)
Oo(71)-C(71)-C(77)
O(71)-C(71)-C(72)
C(77)-C(71)-C(72)
O(71)-C(71)-C(76)
C(77)-C(71)-C(76)
C(72)-C(71)-C(76)
C(73)-C(72)-C(71)

113.4(2)
121.3(3)
121.2(3)
117.4(2)
109.12(17)
110.49(17)
110.36(18)
104.43(16)
112.47(17)
109.82(17)
112.51(18)

C(74)-C(73)-C(72)
C(73)-C(74)-C(78)
C(73)-C(74)-C(75)
C(78)-C(74)-C(75)
C(76)-C(75)-C(74)
0(72)-C(76)-C(75)
0(72)-C(76)-C(71)
C(75)-C(76)-C(71)
C(710)-C(78)-C(79)
C(710)-C(78)-C(74)
C(79)-C(78)-C(74)

Symmetry transformations used to generate equivalent atoms:
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111.30(19)
114.55(19)
109.86(18)
109.76(18)
113.38(17)
110.71(17)
109.63(17)
111.74(17)
121.3(2)

121.5(2)

117.1(2)



Table S4. Anisotropic displacement parameters (Azx 103)for 13. The anisotropic
displacement factor exponent takes the form: -2p2[ h2a*2Ull + 4+ 2hka*b* U2 ]

ull 22 U33 23 ul3 ul2
o(1) 33(1) 23(1) 31(1) 4(1) 15(1) 9(1)
0Q2) 65(1) 22(1) 54(1) 3(1) 30(1) “1(1)
c(1) 25(1) 21(1) 27(1) 1(1) 10(1) 0(1)
CQ2) 33(1) 30(1) 22(1) 0(1) 9(1) A1)
Cc@3) 33(1) 28(1) 25(1) 1(1) 15(1) 4(1)
C(4) 25(1) 26(1) 33(1) 6(1) 12(1) 5(1)
C(5) 30(1) 35(1) 23(1) “1(1) 7(1) 1(1)
C(6) 34(1) 22(1) 23(1) 2(1) 14(1) 0(1)
C(7) 32(1) 39(1) 38(1) 1(1) 15(1) -5(1)
C(8) 30(1) 36(1) 35(1) 6(1) 12(1) 4(1)
C(9) 37(1) 46(2) 94(2) 2(2) 35(2) 1(1)
C(10) 40(1) 47(2) 57(2) 2(1) 24(1) -8(1)
o(11) 31(1) 51(1) 23(1) 7(1) 12(1) 2(1)
0(12) 26(1) 41(1) 24(1) 2(1) 11(1) 8(1)
C(11) 28(1) 33(1) 25(1) 3(1) 14(1) 2(1)
C(12) 32(1) 39(1) 30(1) -8(1) 16(1) -10(1)
C(13) 22(1) 48(2) 19(1) -8(1) 4(1) o(1)
C(14) 28(1) 34(1) 22(1) “1(1) 8(1) 10(1)
C(15) 29(1) 27(1) 25(1) -4(1) 10(1) 3(1)
C(16) 23(1) 30(1) 17(1) -4(1) 4(1) 2(1)
C(17) 52(2) 41(2) 40(1) 7(1) 24(1) “1(1)
C(18) 48(2) 35(1) 26(1) 2(1) 11(1) 13(1)
C(19) 92(2) 52(2) 56(2) 26(1) 48(2) 30(2)
C(110)  57(2) 47(2) 41(2) 6(1) 13(1) 22(2)
oQ21) 22(1) 56(1) 44(1) -6(1) 6(1) 7(1)
0(22) 33(1) 39(1) 66(1) -4(1) -10(1) 11(1)
Cc@1) 25(1) 31(1) 26(1) -1(1) 12(1) 4(1)
C(22) 45(1) 34(1) 29(1) 0(1) 16(1) 2(1)
C(23) 56(2) 28(1) 33(1) A1) 22(1) 1(1)
C(24) 26(1) 25(1) 34(1) 1(1) 8(1) A1)
C(25) 35(1) 33(1) 21(1) “1(1) 10(1) 3(1)
C(26) 27(1) 28(1) 34(1) 4(1) 6(1) 3(1)
C@27) 32(1) 31(1) 40(1) -6(1) 9(1) 0(1)
C(28) 37(1) 27(1) 40(1) 3(1) 14(1) “1(1)
C(29) 337(8) 53(2) 70(3) 32(2) 96(4) 62(4)
C(210)  284(8) 39(2) 43(2) -5(2) 8(3) 40(3)
o@31) 44(1) 35(1) 32(1) 0(1) 24(1) 3(1)
0(32) 54(1) 64(2) 78(2) 8(1) 50(1) “1(1)
Cc@31) 31(1) 29(1) 25(1) 1(1) 13(1) -1(1)
C(32) 30(1) 28(1) 28(1) A1) 10(1) 6(1)
C(33) 38(1) 33(1) 26(1) 2(1) 4(1) 1(1)
C(34) 54(2) 26(1) 26(1) 1(1) 19(1) 1(1)
C(35) 45(1) 34(1) 33(1) 9(1) 21(1) 15(1)
C(36) 26(1) 41(1) 30(1) 5(1) 11(1) 4(1)
C@(37) 45(2) 43(2) 39(1) 9(1) 18(1) -10(1)
C(38) 78(2) 29(1) 39(1) “1(1) 22(1) 1(1)
C(39) 101(2) 41(2) 69(2) “18(2) 50(2) -5(2)
C(310)  110(3) 42(2) 64(2) -14(2) 47(2) 22(2)
0@41) 22(1) 30(1) 32(1) -4(1) 7(1) 3(1)
0(42) 27(1) 70(1) 27(1) 9(1) “1(1) 12(1)
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C(41)
C(42)
C(43)
C(44)
C(45)
C(46)
C(47)
C(48)
C(49)
C(410)
o(51)
0(52)
C(51)
C(52)
C(53)
C(54)
C(55)
C(56)
C(57)
C(58)
C(59)
C(510)
o(61)
0(62)
C(61)
C(62)
C(63)
C(64)
C(65)
C(66)
C(67)
C(68)
C(69)
C(610)
o(71)
0(72)
C(71)
C(72)
C(73)
C(74)
C(75)
C(76)
C(77)
C(78)
C(79)
C(710)

21(1)
24(1)
28(1)
25(1)
35(1)
24(1)
38(2)
42(2)
88(3)
67(2)
35(1)
31(1)
27(1)
35(1)
36(1)
26(1)
30(1)
28(1)
32(1)
27(1)
27(1)
32(1)
49(1)
54(1)
36(1)
40(1)
46(2)
40(1)
35(1)
37(1)
33(1)
42(1)
34(2)
54(2)
21(1)
36(1)
20(1)
25(1)
34(1)
23(1)
16(1)
25(1)
21(1)
30(1)
26(1)
31(1)

33(1)
44(2)
53(2)
41(1)
34(1)
45(2)
42(2)
42(2)
46(2)
61(2)
25(1)
24(1)
22(1)
27(1)
29(1)
23(1)
28(1)
19(1)
32(1)
38(1)
45(2)
512)
61(1)
100(2)
31(1)
52(2)
37(2)
47(2)
32(1)
50(2)
52(2)
46(2)
118(3)
186(5)
34(1)
31(1)
24(1)
28(1)
29(1)
21(1)
23(1)
20(1)
35(1)
22(1)
69(2)
91(2)

35(1)
33(1)
21(1)
28(1)
30(1)
22(1)
62(2)
48(2)
84(3)
79(3)
34(1)
34(1)
30(1)
25(1)
24(1)
29(1)
27(1)
24(1)
48(2)
32(1)
92(2)
59(2)
36(1)
28(1)
37(1)
40(1)
70(2)
33(1)
46(2)
20(1)
29(1)
47(2)
62(2)
46(2)
21(1)
16(1)
19(1)
29(1)
35(1)
34(1)
18(1)
17(1)
31(1)
50(1)
57(2)
46(2)

-2(1)
-10(1)
0(1)
2(1)
-6(1)
4(1)
8(1)
13(1)
15(2)
33(2)
4(1)
-3(1)
2(1)
2(1)
-1(1)
S(1)
3(1)
2(1)
-1(1)
9(1)
6(2)
2(2)
21(1)
-16(1)
1(1)
10(1)
14(1)
-3(1)
1(1)
-1(1)
-3(1)
-13(1)
-10(2)
15(2)
8(1)
4(1)
2(1)
-6(1)
-12(1)
1(1)
-2(1)
-1(1)
3(1)
2(1)
-11(2)
7(2)

S20

7(1)
9(1)
10(1)
7(1)
15(1)
A1)
5(1)
17(1)
6(2)
0(2)
13(1)
5(1)
12(1)
15(1)
7(1)
9(1)
13(1)
8(1)
17(1)
7(1)
30(2)
16(1)
7(1)
15(1)
18(1)
21(1)
37(1)
18(1)
16(1)
8(1)
12(1)
27(1)
17(2)
31(2)
0(1)
10(1)
6(1)
9(1)
18(1)
14(1)
o(1)
7(1)
9(1)
21(1)
20(1)
24(1)

0(1)
-4(1)
-8(1)
-5(1)
-8(1)
-7(1)
3(1)
-6(1)

22(2)

1(2)
5(1)
0(1)
3(1)
2(1)
-2(1)
-1(1)
3()
1(1)
0(1)
1(1)
3(1)

-12(1)

2(1)

-22(1)

4(1)
4(1)
7(1)
-7(1)
1(1)

-17(1)

-5(1)

-10(1)

-3(2)
15(3)
-3(1)
3(1)
-1(1)
-6(1)
-5(1)
0(1)
-1(1)
-2(1)
0(1)
2(1)
0(1)
-1(2)



Table S5. Hydrogen coordinates ( x 104) and isotropic displacement parameters (Azx 103)

for 13.

X y 4 U(eq)
HQ0) 300(60) 1433(16) 5100(50) 140(20)
H(2B) -503 2005 3599 34
H@BA) 1568 2343 4293 33
H(3B) 1869 1908 3976 33
H(4A) 2644 1734 6015 33
H(5A) 2846 2198 7505 37
H(5B) 2198 2526 6508 37
H(6A) 767 1852 6836 30
H(6B) 469 2289 7124 30
H(7A) -2013 2183 5794 54
H(7B) -1720 1758 5402 54
H(7C) -2407 2084 4409 54
H(9C) 5710 1903 5587 84
H(9B) 4274 1727 4702 84
H(9A) 4926 1583 6062 84
H(10B) 5500(30) 2534(8) 6090(20) 50(8)
H(10A) 4360(40) 2636(12) 6600(40) 98(14)
H(110) 11570(30) -2219(9) 6810(30) 49(9)
H(120) 9020(30) -1856(9) 8380(30) 54(10)
H(12B) 13395 -1714 9158 39
H(12C) 12257 -1695 9745 39
H(13A) 13890 -2176 10716 37
H(13B) 13609 -2392 9468 37
H(14A) 11597 -2298 10516 34
H(15A) 11299 -2716 8374 32
H(15B) 10142 -2698 8942 32
H(16A) 9675 -2244 7352 29
H(17A) 11679 -1388 7336 64
H(17B) 10507 -1396 7885 64
H(17C) 10233 -1593 6614 64
H(19A) 11861 -3216 11823 91
H(19B) 10599 -3024 10757 91
H(19C) 11428 -2775 11928 91
H(10D) 14220(30) -2962(8) 10620(20) 43(8)
H(10C) 13820(30) -3288(10) 11450(30) 63(9)
H(210) 5370(60) 697(17) 8960(50) 180(20)
H(220) 820(70) 874(19) 6350(60) 170(30)
H(22B) 1955 594 8478 43
HQ2C) 3469 508 9431 43
H(23A) 3868 60 8119 45
H(23B) 2500 -62 8327 45
H(Q24A) 1139 231 6527 35
H(25A) 3603 414 6147 36
H(25B) 2077 507 5227 36
H(26A) 3208 1065 6360 37
HQ7A) 3864 1239 9478 53
H(Q27B) 2417 1322 8417 53
HQ7C) 3819 1454 8288 53
H(29A) 1357 -480 4386 222
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H(29B)
H(29C)
H(10F)
H(10E)
H(310)
H(320)
H(32B)
H(32C)
H(33A)
H(33B)
H(34A)
H(35A)
H(35B)
H(36A)
H(37A)
H(37B)
H(37C)
H(39A)
H(39B)
H(39C)
H(10H)
H(10G)
H(410)
H(420)
H(42B)
H(42C)
H(43A)
H(43B)
H(44A)
H(45A)
H(45B)
H(46A)
H(47A)
H(47B)
H(47C)
H(49A)
H(49B)
H(49C)
H(101)

H(10J)

H(510)
H(520)
H(52B)
H(52C)
H(53A)
H(53B)
H(54A)
H(55A)
H(55B)
H(56A)
H(57A)
H(57B)
H(57C)
H(59A)
H(59B)
H(59C)

1852
395
2120(40)
2740(30)
6080(30)
8950(50)
6271
5170
5054
4711
6989
7462
8568
8986
6855
8025
8329
6594
7929
6846
4920(50)
4520(40)
7640(30)
3550(30)
6180
4721
6059
7292
4665
6920
5480
5609
5666
4283
5505
5786
5294
4437
7490(40)
7940(50)
7900(30)
8960(40)
8979
9199
11341
10809
11134
10265
10473
8125
6501
6716
6141
14276
12816
13364

-40
“128
~789(13)
-582(8)
469(8)
587(15)
839
800
120
335
234
173
“131
317
1140
1152
949
679
-460
230
-785(15)
~448(11)
1357(9)
1949(9)
1400
1601
2023
1999
2344
2303
2513
1886

2548(14)
102(9)
1048(10)
215
656
346

7
-806
-182
622
461
273
702
363
673
-801
991
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4376
4467
5990(40)
7120(30)
7490(20)
5590(40)
4946
5568
5267
4009
4135
6326
5711
7314
7361
6809
8077
2812
3711
2600
3600(40)
4430(30)
7870(20)
6430(30)
8931
8237
9725
9249
7979
7181
6464
5694
7132
6355
5871
8606
7344
8189
9970(30)

10120(40)
9050(20)
9750(30)

11747

11429

12205

11225

10701
9010
8684
8222

10341
9926
8955

10342
9370

10676

222
222

97(13)

39(8)

29(8)

75(17)

34

34

41

41

40

40

40

38

62

62

62

98

98

98
127(17)

78(11)

46(8)

47(9)

41

41

41

41

38

39

39

38

77

77

77
121
121
121

77(11)
130(16)

39(9)

69(11)

34

34

37

37

31

33

33

29

55

55

55

79

79

79



H(10K)
H(10L)

H(610)
H(620)
H(62B)

H(62C)

H(63A)
H(63B)

H(64A)
H(65A)
H(65B)

H(66A)
H(67A)
H(67B)

H(67C)

H(69A)
H(69B)

H(69C)

H(10N)
H(10M)
H(710)
H(720)
H(72B)

H(72C)

H(73A)
H(73B)

H(74A)
H(75A)
H(75B)

H(76A)
H(77A)
H(77B)

H(77C)

H(79A)
H(79B)

H(79C)

H(10P)

H(100)
H(10)

14240(30)
13030(40)
-2490(70)
2168(19)
2445
3327
-1395
-1043
115
429
416
~1896
4953
3976
4397
3348
2532
2606
750(30)
2280(50)
2400(30)
110(30)
1994
1067
62
268
~1509
947
-1842
430
2976
3577
2651
4693
3912
~4031
~3420(40)
~1960(30)
-650(20)

-77(9)
66(13)
260(20)
1135(5)
1418
1311
1058
1489
1252
476
596
391
962
1019
590
1020
807
1272
1119(9)
991(14)
~1956(9)
“1671(8)
-1230
-1087
-1522
-1073
-1236
2039
-1885
2067
~1879
~1570
-1426
-1529
1718
-1255
~1571(10)
~1443(10)
2695(7)

11090(20)
11420(40)

100(60)
3315(16)
1870
507
252
780
2666
1779
3138
2778
1290
2665
2135
2612
3326
3312
70(30)
580(40)
4370(20)
370(20)
4214
2893
4432
4089
2086
2737
1423
1627
2351
3413
2093
2200
1418
1485
4180(30)
4710(30)
5360(20)

52(8)
95(15)
200(30)
04)
51
51
56
56
47
45
45
44
57
57
57
108
108
108
57(10)
123(17)
45(8)
35(7)
34
34
38
38
30
25
25
25
44
44
44
74
74
74
65(10)
66(10)
23(7)

S23



