Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers.
This journal is © the Partner Organisations 2015

ESI M. A. Hama Salih, et al.
Electronic Supporting Information

v-Lactams and furan bispyrrolidines via iodine mediated cyclisation of homoallylamines

Mariwan A. Hama Salih, Louise Male, Neil Spencer and John S. Fossey
School of Chemistry, University of Birmingham, Edgbaston, Birmingham, West Midlands, B15 2TT, United Kingdom

j.s.fossey@bham.ac.uk

GENEIAl EXPEIIMENTAL. ..o i it rr e e e e e e e e e e e e e e eeeeeeeeeeeeeeeee e e se e s s s s b s bbb s e aaseseseaeaeasasaesesesssesesnnens 1
GENETAL PTOCEAUIES ....coutiiiiiieiieiie et ettt et e b et et e s bt e bt e s bt e s bt e b e e s bt e sbeesabeenbeesaeeennees 1
General procedure for the preparation of methyl-substituted homoallylamines (a) ........ccceeveveeincrieiniirincieeennnenn 1
General procedure for synthesis of Y-1actams (D) ......cueeercieiiriiiiiiieiriee et e s s 2
321 1 4 =T PP 2
SV IY=Ye R d g oY ol [TololeT ] o Yo U] o Lo F- TP 14
INIMR SPECIIA. ettt r et e s sttt e e s bt e e e e s ab bt e e e s e aabeeeessanbaeeessnbbeeesesanbeeeessnbaeesesnabeeas 17
X-Ray Crystallography DAta .......c.cceiiiiiiiiiiiiiiieiiie sttt ste e e st e e s e e s sabe e e sabeessabeeesabeessabaessabeeensseesnasenenns 75
RETETEIICES ...ttt ettt h e et b et et e bt ea bt e b et s bt e bt e sab e e b e e sat e e b e e sae e et e e nbeeenbeenneeeareenes 79

General Experimental

Reagents and solvents used as commercially obtained from Sigma-Aldrich or Fisher. 'HNMR spectroscopy was
performed at 300 MHz on a Bruker AVIII300 NMR spectrometer or at 400 MHz on an AV400 NMR
spectrometer. Proton decoupled C NMR spectra were recorded at 100 MHz on a Bruker AVIII400 NMR
spectrometer at room temperature. Chemical shifts (8) are recorded in ppm relative to TMS (8 0.00) for 'HNMR
or residual solvent and to chloroform (8 77.0) for the ?C NMR measurements, coupling constant J are expressed
in Hertz, the PENDANT technique was used to aid ?C NMR assignment in some cases, representative spectra
are provided. Designation cis and trans refers to the relative orientation of carbon substituents on lactam rings
synthesised herein. Mass spectrometry was performed using an Electrospray MS Waters LCT Time of flight
Mass Spectrometer and with EI (GC/MS) Waters GCT Premier Time of Flight Mass Spectrometer. IR
spectroscopy was recorded using a PerkinElmer 100FT-IR Spectrometer at room temperature. Melting points

were measured using Stuart' ™ digital melting point apparatus (SMP10).

General Procedures

General procedure for the preparation of methyl-substituted homoallylamines (a)
Under nitrogen, activated zinc powder (2 equiv.) was mixed with3-bromo-2-methylprop-1-ene (1.5 equiv.) in

dry THF (10 mL) and stirred for 30 minutes. The appropriate imine (1 equiv.) in dry THF (2 mL) was added to

the reaction vessel. After the reaction was complete, as judged by TLC ethyl acetate/hexane 10%, it was
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quenched with saturated sodium bicarbonate solution (5 mL) and extracted with ethyl acetate (3x 20 mL), dried

over MgSO,, concentrated in vacuo and purified by column chromatography.

General procedure for synthesis of y-lactams (b)
To one equivalent of homoallylamine derivatives (5a-q) in ethyl acetate (25 mL) five equivalents of sodium

bicarbonate and three equivalents of iodine were added, and the mixture stirred at room temperature for 24
hours. After the reaction was complete, as judged by TLC ethyl acetate/hexane, it was quenched with sodium
thiosulfate (5 mL) and extracted with ethyl acetate. The organic layers were combined, concentrated in vacuo
and purified by column chromatography. Where achieved, separation of diastereomers was performed by further

column chromatography, with the trans isomer being typically more challenging to isolate.

Synthesis

N-Benzyl-3-methyl-1-phenylbut-3-en-1-amine (5a)
General procedure (a) was used. N-Benzylidene-1-phenylmethanamine (1.00 g, 5.0
mmol), 3-bromo-2-methylprop-2-ene (1.00 g, 10.0 mmol) and zinc powder (838 mg,

H 2933, 1492. 'H NMR (3; 300 MHz, CDCls);1.72 (3H, s, CHs), 1.85 (1H, s, NH), 2.37
(1H, dd, J,, 14.0, J,. 4.7, CHCHH), 2.45 (1H, dd, J, 14.0, J,. 9.5, CHCHH), 3.56 (ABq, 1H, J43 13.5, ArCHH),
3.78 (ABq, 1H, J43 13.5, ArCHH), 3.84 (1H, dd, J,. 4.7, J,. 9.5, CHCHH), 4.84 (1H, app s, Olefin CHH), 4.88
(1H, app s, OlefinCHH),7.25-7.50 (10H, m, ArCH)."””C NMR (8; 100MHz , CDCls); 22.1 (CH3), 47.6 (CH), 51.5
(CH,), 59.3 (CH), 113.4 (CH,), 126.8 (ArCH), 127.0 (ArCH), 127.3 (ArCH),128.1 (ArCH), 128.3 (ArCH),
128.4 (ArCH), 140.6 (ArC), 142.7 (ArC), 144.3 (C). HRMS [M+H] calculated for the formula C;sH»N"
252.1762; found 252.1752.!

©/\ 10.0 mmol) in dry THF (10 mL), pale yellow oil, 1.3 g, 99% yield. IR 3450, 3026,

cis-N-Benzyl-3-hydroxy-3-methyl-5-phenylpyrrolidin-2-one (cis-6a)
General procedure (b) was used. N-Benzyl-3-methyl-1-phenylbut-3-en-1-amine Sa (156

mg, 0.60 mmol), iodine (460 mg, 1.80 mmol), sodium bicarbonate (254 mg, 3.03
mmol), ethyl acetate/petroleum ether 40%, Rf = 0.23, white crystal (mpt 155-156 °C),
63 mg, 37% yield. IR 3286, 3030, 2933, 1671 (s), 1576. '"H NMR (3; 300 MHz, CDCl5);
1.55 (3H, s, CH3;), 1.92 (1H, dd, J,, 13.0, J,. 8.5, CHCHH), 2.59 (1H, dd, J,» 13.0, J,.
6.8, CHCHH), 3.57 (ABq, 1H, J4 14.6, ArCHH), 4.53 (1H, dd, J,. 8.5, J,. 6.8, CHCHH), 5.09 (ABq, 1H, Jz
14.6, ArCHH), 7.04-7.43 (10H, m, ArCH). °C NMR (8; 100 MHz, CDCl); 24.5 (CHs), 44.0 (CH,), 44.5 (CH,),
57.8 (CH), 74.0 (COH), 126.9 (ArCH), 127.6 (ArCH), 127.9 (ArCH), 128.4 (ArCH), 128.6 (ArCH), 129.0
(ArCH), 135.8 (ArC), 139.0 (ArC), 177.1 (CO). HRMS [M+H]" calculated for the formula C;sH;oNO,"
282.3519; found 282.3514.

trans-N-Benzyl-3-hydroxy-3-methyl-5-phenylpyrrolidin-2-one (trans-6a)
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General procedure (b) was used. N-Benzyl-3-methyl-1-phenylbut-3-en-1-amine Sa (156

mg, 0.60 mmol), iodine (460 mg, 1.80 mmol), sodium bicarbonate (254 mg, 3.03

N mmol), ethyl acetate/ petroleum ether 40%, Rf = 0.25, white crystal (mpt 161-162 °C),

\\Q 78 mg, 46% yield. IR 3286, 3030, 2933, 1671, 1576."H NMR (8; 300 MHz, CDCl);

1.44 (3H, s, CH3), 2.14 (1H, dd, J, 13.1, J,. 8.4, CHCHH), 2.46 (1H, dd, J, 13.1, J.

6.0, CHCHH), 3.47 (ABq, 1H, J4 14.6, ArCHH), 4.16 (1H, dd, J,. 8.4, J,. 6.0, CHCHH), 5.06 (ABq, 1H, Jz

14.6, ArCHH), 7.01-7.42 (10H, m, ArCH). °C NMR (8; 100 MHz, CDCls); 25.2 (CHs), 43.9 (CH,), 44.5 (CH,),

58.1 (CH), 74.3 (COH), 126.9 (ArCH), 127.6 (ArCH), 127.9 (ArCH), 128.2 (ArCH), 128.3 (ArCH), 128.6

(ArCH),129.0 (ArCH), 135.5 (ArC), 139.7 (ArC), 176.9 (CO). HRMS [M+H]" calculated for the formula
CisH9NO," 282.3519; found 282.3514.

cis/trans-N-(3-Pyridyl)-3-hydroxy-3-methyl-5-phenyl-pyrrolidin-2-one (cis/trans-6b)
(Mixture of diastereoisomers maj/min) General procedure (b) was used. 3-Methyl-1-

phenyl-N-(pyridin-3-ylmethyl)butan-1-amine Sb (255 mg,1.01 mmol), iodine (769 mg,
3.03 mmol), sodium bicarbonate (424 mg, 5.05 mmol), ethyl acetate 100%. Rf = 0.2,
K@ yellow oil (gum), 0.25 g, 91% yield. IR 3323, 2927, 1668(s).' H NMR (5; 300 MHz,

\N CDCL); 1.43 (3H, s, CH3 min), 1.56 (3H, s, CHj maj), 1.94 (1H, dd, J 4 13.8, J 4 7.1,
CHCHHyyj), 2.19 (1H, dd, Jop 13.1, Jo 7.7, CHCHHin), 2.49 (1H, dd, J 13.1, Jp 6.8, CHCHH i), 2.59 (1H,
dd, Ju» 13.8, Ji. 7.4, CHCHH ), 3.64 (ABq, 1H, J45 17.1, PyrCHH ), 4.18 (1H, dd, J,.. 7.7, Ji 6.8, CHCHHin),
4.50 (1H, dd, Ju. 7.1, Jy. 7.4, CHCHH,ny), 4.97 (ABq, 1H, J5 15.4, PyrCHHyin) 7.06-7.46 (12H, m, ArCH), 7.49
(2H, dt, J 1.9, 7.9, PyrCH), 8.17 (1H, d, J 2.0, PyrCH), 8.24 (1H, d, J 2.0, PyrCH), 8.52 (2H, m, overlapping,
PyrCH). >C NMR (8; 100 MHz, CDCl;); 24.5 (CH;), 25.0 (CH;), 42.1 (CH,), 42.1 (CH,), 43.9 (CH,), 44.0
(CHy), 58.2 (CH), 58.5 (CH), 73.9 (COH), 74.2 (COH), 123.6 (ArCH), 127.0 (ArCH), 127.7 (ArCH), 128.5
(ArCH), 128.8 (ArCH), 129.2 (ArCH), 131.5 (PyrC), 135.4 (ArCH), 136.1(ArCH), 136.2 (ArC), 138.5 (ArC),
139.2 (ArCH), 139.2 (ArCH), 149.1 (PyrCH), 149.1 (PyrCH), 149.2 (PyrCH), 149.2 (PyrCH), 149.7 (PyrCH),
149.7 (PyrCH), 149.9 (PyrCH), 149.9 (PyrCH), 150.7 (CO), 152.9 (CO). HRMS [M+H]" calculated for the
formula C;7H9N,0," 283.1450; found 283.1447.

cis-N-Propyl-3-hydroxy-3-methyl-5-phenylpyrrolidin-2-one (cis-6¢)
General procedure (b) was used. N-Propyl-3-methyl-1-phenylbut-3-en-1-amine 5¢ (800 mg,

.OH
' 3.9 mmol), iodine (300 mg, 11.8 mmol), sodium bicarbonate (1650 mg, 19.6mmol), ethyl

N O acetate/ hexane 50%, Rf = 0.25, yellow solid (mpt 95-96 °C),200 mg,22% yield. IR 3348,
\\\ 2965, 1673 (s), 1457, 1366. '"H NMR (3; 300 MHz, CDCl3); 0.84 (3H, t, J 7.2, CH,CH5),

1.39-1.48 (2H, m, CH,CH3;), 1.49 (3H, s, CH3), 1.88 (1H, dd, J,,13.7, J,.6.6, CHCHH),
2.55-2.70 (2H, m, NCH,), 3.63 (1H, dt, J,13.7, J,:6.6, CHCHH), 4.76 (1H, dd, J,.6.6, J,.6.6, CHCHH), 7.14-

7.43 (5H, m, ArCH).>C NMR (§; 100 MHz, CDCly); 11.1 (CHs), 19.9 (CH,), 25.1 (CH3), 42.4 (CH,), 44.2
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(CH,), 58.8 (CH), 74.2 (C-OH), 126.7 (ArCH), 128.1 (ArCH), 129.0 (ArCH), 140.2 (ArC), 176.8 (CO). HRMS
[MJrNa]+ calculated for the formula CsH;sNO,Na' 256.1318; found 256.1313.

trans-N-Propyl-3-hydroxy-3-methyl-5-phenylpyrrolidin-2-one (trans-6c¢)
General procedure (b) was used. N-Propyl-3-methyl-1-phenylbut-3-en-1-amine 5S¢ (800 mg,

3.9 mmol), iodine (300 mg, 11.8 mmol), sodium bicarbonate (1.65 g, 19.6 mmol), ethyl
acetate/hexane 50%. Rf = 0.27, yellow solid (mpt 84-85 °C), 120 mg, 13% yield. IR 3348,

2965, 1673 (s), 1457, 1366. '"H NMR (3; 300 MHz, CDCls); 0.84 (3H, t, J 7.4, CH,CH5), 1.38-
1.48 (2H, m, CH,CHs), 1.49 (3H, s, CH3), 1.88 (1H, dd, J,, 13.0, J,. 7.0, CHCHH), 2.55-2.70 (2H, m, NCH,),
3.55-3.65 (1H, m, CHCHH), 4.46 (1H, t, J 7.0, CHCHH), 7.24-7.45 (5H, m, ArCH). "C NMR (8; 100 MHz,
CDCl3); 11.2 (CH;), 20.0 (CH,), 24.9 (CH;), 42.2 (CH,), 44.5 (CH,), 58.7 (CH), 74.0 (COH), 127.4 (ArCH),
128.5 (ArCH), 129.0 (ArCH), 139.4 (ArC), 176.8 (CO). HRMS [M+Na]  calculated for the formula
C14sHoNO,Na" 256.1318; found 256.1313.

cis-N-(2-Methylbenzyl)-3-hydroxy-3-methyl-5-phenylpyrrolidin-2-one (cis-6d)
General procedure (b) was used. N-(2-Methylbenzyl)-3-methyl-1-phenylbut-3-en-1-

amine 5d (245 mg, 0.92 mmol), iodine (703mg, 2.77 mmol), sodium bicarbonate (388
mg, 4.60 mmol), ethyl acetate/petroleum ether 30%, Rf = 0.27, white solid (mpt 161-162
°C), 68mg, 25% yield. IR 3370, 2928, 1675(s), 1456. 'H NMR (§; 300 MHz, CDCl5);

1.55 (3H, s, CHs), 1.91 (1H, dd, J,, 13.8, J,. 6.0, CHCHH), 2.09 (3H, s, ArCH3), 2.60
(1H, dd, J,, 13.8, Js 8.1, CHCHH), 3.69 (ABq, 1H, J4 14.8, ArCHH), 4.44 (1H, dd, J,. 6.0, J,. 8.1, CHCHH),
5.10 (ABq, 1H, J,5 14.8, ArCHH), 6.80 (1H, d, J 7.4, ArCH), 6.94-7.41 (8H, m, ArCH). >C NMR (&; 100 MHz,
CDCls); 19.0 (CHs), 25.4 (CHs), 42.5 (CH,), 43.8 (CH,), 58.0 (CH), 74.4 (COH), 125.8 (ArCH), 126.7 (ArCH),
127.7 (ArCH), 128.0 (ArCH), 129.0 (ArCH), 129.1(ArCH), 130.4 (ArCH),133.0 (ArC),136.9 (ArC), 140.0
(ArC), 176.2 (CO). HRMS [M+Na]+ calculated for the formula CoH,NO,Na" 318.1469; found 318.1470.

trans-N-(2-Methylbenzyl)-3-hydroxy-3-methyl-5-phenylpyrrolidin-2-one (trans-6d)
General procedure (b) was used. N-(2-Methylbenzyl)-3-methyl-1-phenylbut-3-en-1-

: OH
X amine 5d (245 mg, 0.92 mmol), iodine (703 mg, 2.77 mmol), sodium bicarbonate (388

N o mg, 4.60 mmol), ethyl acetate/petroleum ether 30%, Rf = 0.27, colourless crystals (mpt

\@ 132-133 °C), 50 mg, 18% yield. IR 3370, 2926, 1675(s), 1456."H NMR (§; 300 MHz,

CDCls); 1.49 (3H, s, CH3), 1.96 (1H, dd, J,, 13.8, J,.6.1, CHCHH), 2.14 (3H, s, ArCHs),
2.48 (1H, dd, J., 13.8, Jy 8.0, CHCHH), 3.69 (ABq, 1H, J4s 14.8, ArCHH), 4.13 (1H, dd, J,. 6.1, Jy. 8.0,
CHCHH), 4.44 (ABq, 1H, J,3 14.8, ArCHH), 6.79 (1H, d, J 7.4, ArCH), 6.94-7.41 (8H, m, ArCH). °C NMR (§;
100 MHz, CDCLy); 18.9 (CHj), 25.0 (CHs), 42.1 (CH,), 44.2 (CH,), 58.0 (CH), 74.2 (COH), 125.8 (ArCH),
127.6 (ArCH), 127.8 (ArCH), 128.4 (ArCH), 128.9 (ArCH), 129.5 (ArCH), 130.5 (ArCH), 133.2 (ArC), 136.8
(ArC), 139.4 (ArC), 176.9 (CO). HRMS [M+Na]" calculated for the formula C,;oH;NO,Na" 318.1469; found
318.1470.
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cis-N-Benzyl-5-(furan-3-yl)-3-hydroxy-3-methylpyrrolidin-2-one (cis-6e€)

o General procedure (b) was used. N-Benzyl-3-methyl-1-(furan-3-yl) but-3-en-1-amine Se

(300 mg, 1.24 mmol), iodine (950 mg, 3.70 mmol), sodium bicarbonate (520 mg,

132 °C), 60 mg, 40% yield. IR 3356, 2932, 1663(s). '"H NMR (8; 300 MHz, CDCl;); 1.55
(3H, s, CH3), 1.95 (1H, dd, J,, 13.2, J,. 8.1, CHCHH), 2.50 (1H, dd, J,, 13.2, J,. 6.9, CHCHH), 3.68 (ABq, 1H,
Jus 14.8, ArCHH), 4.55 (1H, J,. 8.1, Jy,. 6.9, CHCHH), 5.03 (ABq, 1H, J; 14.8, ArCHH), 6.23 (1H, dd, J 0.6,
1.5, FurCH), 7.08-7.48 (5H, overlapping m, ArCH & FurCH). >C NMR (8; 100 MHz, CDCls); 25.1 (CHs), 42.3
(CH,), 44.4 (CH,), 49.6 (CH), 74.2 (COH), 108.3 (FurCH), 124.3 (FurC), 127.6 (ArCH), 128.2 (ArCH), 128.7
(ArCH), 135.8(ArC), 140.8 (FurCH), 144.3(FurCH), 176.3 (CO). HRMS [M+Na]" calculated for the formula
C16HsNO3Na" 294.1105; found 294.1106.

o}
\ 6.20mmol), ethyl acetate/petroleum ether 30%, Rf = 0.27, light yellow crystals (mpt 131-

trans-N-Benzyl-5-(furan-3-yl)-3-hydroxy-3-methylpyrrolidin-2-one (trans-6e)

: OH General procedure (b) was used. N-Benzyl-3-methyl-1-(furan-3-yl) but-3-en-1-amine 5e

(300 mg, 1.24 mmol), iodine (950 mg, 3.70 mmol), sodium bicarbonate (520 mg,
6.20mmol), ethyl acetate/petroleum ether 30%, Rf = 0.25, white crystals (mpt 120-121
o) \\© °C), 40 mg, 35% yield. IR 3356, 2932, 1663(s).'H NMR (8; 300 MHz, CDCls); 1.44
(3H, s, CH3), 2.17 (1H, dd, J,13.2, J,8.1, CHCHH), 2.38 (1H, dd, J,12.9, J,:6.9,
CHCHH), 3.61 (ABq, 1H, Jys 14.6, ArCHH), 4.25 (1H, dd, J,8.1, Jp6.9, CHCHH), 5.02 (ABq, 1H, J,314.6,
ArCHH), 6.39 (1H, dd, J 0.6, 1.5, FurCH), 7.02-7.35 (5H, m, ArCH), 7.44 (2H, t, J 1.5, FurCH). °C NMR (;
100 MHz, CDCl;); 24.4 (CH3), 42.4 (CH,), 44.3 (CH,), 48.9 (CH), 73.9 (COH), 108.8 (FurCH), 123.7 (FurC),
127.7 (ArCH), 128.3 (ArCH), 128.7 (ArCH), 136.1 (ArC), 141.3 (FurCH), 144.3 (FurCH), 176.8 (CO). HRMS
[M+Na]" calculated for the formula C;sH,;NO3Na" 294.1105; found 294.1106.

cis/trans-N-Benzyl-5-(tert-butyl)-3-hydroxy-3-methylpyrrolidin-2-one (cis/trans-6f)
(Mixture of diastereoisomers maj/min) General procedure (b) was used. N-Benzyl-2,2,5-

OH
N trimethylhex-5-en-3-amine 5f (100 mg, 0.68 mmol), iodine (520 mg, 2.06 mmol), sodium

N bicarbonate (288 mg, 3.43 mmol), ethyl acetate/petroleum ether 80%, Rf = 0.65, pale
\—© yellow crystal, 120 mg, 67% yield. IR 3352, 2902, 1662(s). '"HNMR (5; 300 MHz,
CDCL); 0.89 (9H, s, CH3 min), 0.93 (9H, s, CH3 myj), 1.45 BH, s, CH3 min), 1.56 (3H, s, CHs
maj)s 1.77 (1H, dd, J 14.1, J,. 7.3, CHCHHpin), 2.03 (1H, dd, J ;4.8 J 8.2, CHCHHnin), 2.45 (1H, dd, J,; 13.1,
Juc 6.9, CHCHHyoj), 2.59 (1H, dd, J, 13.1, J,.7.8, CHCHH ), 3.21 (1H, dd, Jue 7.3, Jpe 8.2, CHCHH i), 4.17
(1H, t, J 7.3, CHCHHyj), 5.06 (ABq, 2H, J45 14.4, ArCHH ), 5.30 (ABq, 2H, J4315.7, AtCHH i), 6.87-7.44
(10H, m, ArCH). >C NMR (3; 100 MHz, CDCls); 22.1 (CHs), 22.6 (CH3), 26.9 (CH;), 27.1 (CH3), 36.6 (CH),
37.1 (CH), 44.3 (CHp), 44.4 (CH,), 62.3 (CH), 63.0 (CH), 74.1 (COH), 74.3 (COH), 127.0 (ArCH), 127.4
(ArCH), 127.7 (ArCH), 128.3 (ArCH), 128.5 (ArCH), 128.7 (ArCH), 129.0 (2ArCH), 139.1 (ArC), 139.8 (ArC),
177.0 (CO), 177.5 (CO). MS(ES+) [M+Na]" formula C;¢H,3sNO,Na" found 284.15.
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cis/trans-N-Benzyl-5-(3,4-dimethoxyphenyl)-3-hydroxy-3-methylpyrrolidin-2-one (cis/trans-6g)
(Mixture of diastereoisomers maj/min) General procedure (b) was used.N-benzyl-
1-(3,4-dimethoxyphenyl)-3-methylbut-3-en-1-amine 5g (155 mg, 0.49 mmol),
MeO iodine (379 mg, 1.49 mmol), sodium bicarbonate (209 mg, 2.48 mmol),
methanol/dichloromethane 5%, pale yellow precipitate, 110 mg, 65% yield. IR
3380, 1680(s), 1682(s).'H NMR (3; 300 MHz, CDCls); 1.45 (3H, s, CH; min), 1.58
(3H, s, CH3 maj.), 1.92 (1H, dd, J,513.8, J,6.8, CHCHH,yy), 2.18 (1H, dd, J,13.0,
JIpe 8.2, CHCHH gy ), 2.45 (1H, dd, J, 13.8, J,c 6.8, CHCHHpin), 2.58 (1H, dd, Jz 13.8, Jj. 7.5, CHCHH yin), 3.53
(ABq, 1H, J,314.8, PhACHH i), 3.64 (ABq, 1H, J;314.8, PA\CHH ), 3.83 (6H, s, OCHj min), 3.92 (6H, s, OCH;
maj)> 4.14 (1H, dd, J,6.8, J;.7.5, CHCHH i), 4.49 (1H, t, J6.8, CHCHH .,5), 5.02 (1H, t, J 13.8, ArCHH p3j:min),
6.54 (2H, d, J 1.6, ArCH), 6.65-6.76 (2H, m, ArCH), 6.86 (2H, dd, J,3.0, J,.8.2, ArCH), 6.98-7.03 (2H, m,
ArCH), 7.05-7.11 (2H, m, ArCH), 7.28 (6H, d, J 3.7, ArCH).”C NMR (§; 100 MHz, CDCls); 24.4 (CH3), 25.2
(CHs3), 29.7 (CH,), 43.8 (CH,), 43.9 (CH,), 44.6 (CH), 44.7 (CH), 55.9 (20CH3;), 57.9 (CH), 58.2 (CH), 74.1
(COH), 74.4 (COH), 109.6 (ArCH), 110.0 (ArCH), 110.8 (ArCH), 111.0 (ArCH), 111.3 (ArCH), 119.5 (ArCH),
120.5 (ArCH), 127.6 (ArCH), 128.0 (2ArCH), 128.4 (ArCH), 128.5 (ArC), 128.6 (ArCH), 128.9 (ArCH), 129.0
(ArC), 148.9 (ArCOCHj3), 149.1(ArC), 149.5 (ArCOCH3;), 176.6 (CO), 177.1 (CO). HRMS [M+Na]" calculated
for the formula C,0H.sNOsNa' 364.1519; found 364.1519.

MeO

cis-N-(4-Methoxybenzyl)-3-hydroxy-3-methyl-5-phenylpyrrolidin-2-one (cis-6h)
General procedure (b) was used. N-(4-Methoxylbenzyl)-3-methyl-1-phenylbut-3-

en-1-amine 5h (280 mg, 0.99 mmol), iodine (758 mg, 2.98 mmol), sodium

bicarbonate (417 mg, 4.97 mmol), ethyl acetate/petroleum ether 40%, Rf = 0.23,

K@\ colorless crystal (mpt 141-142 °C), 70 mg, 35% yield.. IR 3377, 2929, 1680(s).'H
OCHsz  NMR (5; 300 MHz, CDCls); 1.55 (3H, s, CH;), 1.90 (1H, dd, J. 13.7, J.. 6.6,
CHCHH), 2.57 (1H, dd, J,» 13.8, J,. 7.8, CHCHH), 3.51 (ABq, 1H, Jy3 14.5, ArCHH), 3.77 (3H, s, OCH;), 4.51
(1H, t,J 7.2, CHCHH), 5.04 (ABq, 1H, J,5 14.5, ArCHH), 6.78 (2H, d, J 8.6, ArCH), 6.98 (2H, d, J 8.6, ArCH),
7.06-7.17 (2H, m, ArCH), 7.29-7.43 (3H, m, ArCH). °C NMR (8; 100 MHz, CDCls); 25.2(CHjs), 44.0 (CH,),
55.2 (CH), 58.1 (CH), 74.3 (COH), 114.0 (ArCH), 127.0 (ArCH), 127.7 (ArC), 128.2 (ArCH), 129.0 (ArCH),
129.8 (ArCH), 140.0 (ArC), 159.0 (ArC), 176.8 (CO). HRMS [M+Na]" calculated for the formula

C1oH2NOsNa' 334.1421; found 334.1419.

trans-N-(4-Methoxybenzyl)-3-hydroxy-3-methyl-5-phenylpyrrolidin-2-one (trans-6h)
General procedure (b) was used. N-(4-Methoxylbenzyl)-3-methyl-1-phenylbut-3-

LT}

o) . L .
H en-1-amine Sh (280 mg, 0.99 mmol), iodine (758 mg, 2.98 mmol), sodium

N bicarbonate (417 mg, 4.97 mmol), ethyl acetate/ petroleum ether 40%, Rf = 0.25,
K@\ colorless crystal (mpt 159-160 °C), 51 mg, 45% yield. IR 3377, 2929, 1680(s). 'H
ocH; NMR (6; 300 MHz, CDCl;); 1.43 (3H, s, CH3), 2.13 (1H, dd, J, 13.0, J,. 6.6,
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CHCHH), 2.45 (1H, dd, J,; 13.0, J,. 6.8, CHCHH), 3.41 (ABq, 1H, J,5 14.4, ArCHH), 3.78 (3H, s, OCHs), 4.14
(1H, dd, J,. 6.6, Jy. 6.8, CHCHH), 5.01 (ABq, 1H, J5 14.4, ArCHH), 6.79 (2H, d, J 8.7, ArCH), 6.90 (2H, d, J
8.6, ArCH), 7.17-7.24 (2H, m, ArCH), 7.29-7.37 (3H, m, ArCH). >C NMR (5; 100 MHz, CDCls); 24.4 (CH;),
43.9 (CH,), 44.2 (CH,), 55.2(CH3), 74.1 (COH), 114.0 (ArCH), 127.7 (ArCH), 128.0 (ArC), 128.4 (ArCH),
129.0 (ArCH), 129.8 (ArCH), 139.2 (ArC), 159.1 (ArC), 177.30 (CO). HRMS [M+Na]" calculated for the
formula C;oH,NOsNa' 334.1421; found 334.1419.

cis/trans-N-(Adamantan-1-yl)-3-hydroxy-3-methyl-5-phenylpyrrolidin-2-one (cis/trans-6i)
(Mixture of diasterecoisomers maj/min) General procedure (b) was used. N-(Admantan-1-

.OH

yl) phenylbut-3-ene 5i (237 mg, 0.80 mmol), iodine (610 mg, 2.40 mmol), sodium
bicarbonate (337 mg, 4.00 mmol), ethyl acetate (50 mL), ethylacetate/hexane 50%, white
precipitate, 150 mg, 57% yield. IR 2904, 2849, 1657(s). '"H NMR (5; 300 MHz, CDCls);
1.20-2.30 (24H, overlapping m, AdmantCH,), 2.44 (1H, dd, Ju 13.4, J,. 8.3, CHCHH,;),
2.63 (1H, dd, J,512.9, J,. 10.0, CHCHHnin), 2.73 (1H, dd, J, 13.4, J». 8.3, CHCHH ), 4.19 (1H, dd, J, 12.9, Jp,
9.8, CHCHHin), 4.47-4.55 (1H, m, CH), 4.63-4.71 (1H, m, CH), 4.74 (1H, dd, J,. 8.3, J 8.3, CHCHHny), 4.77
(1H, d, J,. 10.0, Jy. 9.8, CHCHH i), 5.04 (3H, d, J 9.6, CH), 7.08-7.53 (10H, m, ArCH). °C NMR (8; 100
MHz, CDCl;); 19.9 (CH3), 26.5 (CH3;), 29.5 (CH), 29.7 (CH), 29.9 (CH), 36.2 (CH), 36.7 (CH), 41.8 (2CH,),
42.2 (2CH,), 49.5 (CH,), 49.6 (CH,), 54.6 (CH,), 57.3 (CH), 59.3(CH), 77.8 (CH,), 87.0 (CH), 88.7 (CH), 125.4
(ArCH), 126.1 (ArCH), 126.2 (ArCH), 126.6 (ArCH), 127.1 (ArCH), 127.2 (ArCH), 127.4 (ArCH), 127.8
(ArCH), 127.9 (ArCH), 128.0 (ArCH), 128.2 (ArCH), 128.7 (ArCH), 144.9 (ArC), 149.0 (ArC), 177.3 (CO),
177.8 (CO). HRMS [M+H]" calculated for the formula C5,H,sNO," 326.2122; found 326.2120.

cis-N-Benzyl-3-hydroxy-3-methyl-5-(thiophen-2-yl) pyrrolidin-2-one (cis-6j)
General procedure (b) was use. N-Benzyl-3-methyl-1-(thiophen-2-yl) but-3-en-1-amine

5j (156 mg, 0.6mmol), iodine (460 mg, 1.80 mmol), sodium bicarbonate (254 mg, 3.03
mmol), ethyl acetate/ petroleum ether 40%, Rf = 0.35, white crystal (mpt 142-143 °C),

27 mg, 36% yield. IR 3292, 2940, 1671 (s)."H NMR (8; 300 MHz, CDCl;); 1.45 (3H, s,

CHs), 2.31 (1H, dd, J,, 13.0, J,.. 8.6, CHCHH), 2.53 (1H, dd, J,; 13.0, J,. 6.7, CHCHH),
3.59 (ABq, 1H, J,5 14.7, ArCHH), 4.52 (1H, dd, J,. 8.6, J,. 6.7, CHCHH), 5.05 (ABq, 1H, J,5 14.7, ArCHH),
6.88-7.12 (3H, m, ThioCH), 7.22-7.39 (5H, m, ArCH). °C NMR (3; 100 MHz, CDCls); 24.2 (CH3), 44.4 (CH,),
44.9 (CH,), 53.1 (CH), 73.8 (COH), 126.4 (ArCH), 126.8 (ArCH), 127.5 (ArCH), 127.7 (ArCH), 128.4
(ThioCH), 128.7 (ThioCH), 129.0 (ThioCH), 136.0 (ThioC), 142.7 (ArC), 176.9 (CO). HRMS [M+Na]"
calculated for the formula C;¢H;7NO,NaS" 310.0876; found 310.0878.

trans- N-Benzyl -3-hydroxy-3-methyl-5-(thiophen-2-yl) pyrrolidin-2-one (trans-6j)
 OH General procedure (b) was used. N-Benzyl-3-methyl-1-(thiophen-2-yl) but-3-en-1-amine 5j

o (156 mg, 0.60 mmol), iodine (460 mg, 1.80mmol), sodium bicarbonate (254 mg, 3.03 mmol),

N N

\_s
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ethyl acetate/ petroleum ether 40%, Rf = 0.25, white crystal (mpt 134-135 °C), 23 mg 30% yield. IR 3292, 2940,
1671 (s). "H NMR (8; 300 MHz, CDCls); 1.62 (3H, s, CH3), 2.09 (1H, dd, J,,13.1, J,.6.3, CHCHH), 2.65 (1H,
dd, J, 13.1, Jp.7.7, CHCHH), 3.63 (ABq, 1H, J,3 14.7, ArCHH), 4.86 (1H, t, J 7.1, CHCHH), 5.20 (ABq, 1H,
Jus 14.7, ArCHH), 6.80-7.36 (3H, m, ThioCH), 7.36-7.38 (5H, m, ArCH). °C NMR (§; 100 MHz, CDCl;); 24.0
(CHs3), 44.2 (CH,), 44.7 (CHp), 53.0 (CH), 73.9 (COH), 126.9 (ArCH), 127.0 (ArCH), 127.3 (ArCH), 127.9
(2ArCH), 128.5 (ThioCH), 128.6 (ThioCH), 129.0(ThioCH), 136.4 (ThioC), 142.9 (ArC), 177.1 (CO). HRMS
[MJrNa]+ calculated for the formula C;¢H;;NO,NaS" 310.0876; found 310.0878.

cis-N-Benzyl-5-(2-bromophenyl)-3-hydroxy-3-methylpyrrolidin-2-one (cis-6K)
OH General procedure (b) was used. N-Benzyl-3-methyl-1-(2-bromophenyl)but-3-en-1-

amine 5k (200 mg, 0.60 mmol), iodine (460 mg, 1.8 mmol), sodium bicarbonate (250
mg, 3.0 mmol), ethyl acetate/petroleum ether 40%, Rf = 0.18,white crystal (mpt 125-
\\© 126 °C), 74 mg, 34% yield. IR 3327, 2926, 1679(s). "H NMR (3; 300 MHz, CDCl;);

1.45 (3H, s, CH;), 1.89 (1H, dd, J,13.5, J,3.7, CHCHH), 2.66 (1H, dd, J,»13.5, Js.
8.9, CHCHH), 3.67 (ABq, 1H, Jy3 14.5, ArCHH), 4.91 (1H, dd, J,. 3.7, J». 8.9, CHCHH), 5.16 (ABq, 1H, Jz
14.5, ArCHH), 7.01-7.42 (8H, m, ArCH), 7.59 (1H, dd, J 8.0, 1.0, ArCH). °C NMR (3; 100 MHz, CDCls); 24.8
(CHs3), 42.6 (CH,), 45.0 (CH,), 56.3 (COH), 123.4 (ArC), 127.8 (ArCH), 128.0 (ArCH), 128.3 (ArCH), 128.6
(ArCH), 128.7 (ArCH), 129.4 (ArCH), 133.1 (ArCH), 135.3 (ArC), 147.0 (ArC), 176.5 (CO). HRMS [M+Na]"
calculated for the formula C,sH;sNO,BrNa" 282.0410; found 282.0419.

trans-N-Benzyl-5-(2-bromophenyl)-3-hydroxy-3-methylpyrrolidin-2-one (trans-6Kk)

: OH General procedure (b) was used. N-Benzyl-3-methyl-1-(2-bromophenyl)but-3-en-1-

Br amine 5k (200 mg, 0.60 mmol), iodine (460 mg, 1.8 mmol), sodium bicarbonate (250

o)
N mg, 3.0 mmol), ethyl acetate/petroleum ether 40%, Rf = 0.25, white crystal (mpt 112-

\\© 113 °C), 48 mg, 21% yield. IR 3327, 2926, 1679(s). '"H NMR (&; 300 MHz, CDCls);

1.43 (3H, s, CHs), 1.94 (1H, dd, J,, 13.2, J,. 7.3, CHCHH), 2.52 (1H, dd, J,, 13.2, J,. 7.3,

CHCHH), 3.58 (ABq, 1H, J, 14.4, ArCHH), 4.73 (1H, t, J 7.2, CHCHH), 5.09 (ABq, 1H, J,z 14.4, ArCHH),

6.99 (2H, dd, J 6.5, 2.8, ArCH), 7.15-7.45 (5H, m, ArCH), 7.55 (1H, d, J 7.3, ArCH). °C NMR (§; 100 MHz,

CDCls); 24.8 (CHs), 42.6 (CH,), 45.0 (CH,), 56.3 (COH), 123.4 (ArC), 127.8 (ArCH), 128.0 (ArCH), 128.3

(ArCH), 128.6 (ArCH), 128.7 (ArCH), 129.4 (ArCH), 133.1 (ArCH), 135.3 (ArC), 147.0 (ArC), 176.5 (CO).
HRMS [M+Na]+ calculated for the formula C,sH;sNO,BrNa' 282.0410; found 282.0419.

cis-N-(4-Chlorobenzyl)-3-hydroxy-3-methyl-5-phenylpyrrolidin-2-one (cis-61)
(Mixture of diastercoisomers maj/min) General procedure (b) was used. N-(4-

Chlorobenzyl)-3-methyl-1-phenylbut-3-en-1-amine 51 (160 mg, 0.56 mmol), iodine (426
mg, 1.68 mmol), sodium bicarbonate (235 mg, 2.79 mmol), ethyl acetate/hexane 50%,
white precipitate,113 mg, 64% yield. IR 3286, 1681(s). 'H NMR (§; 300 MHz, CDCl;);
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1.43 3H, s, CH; min), 1.58 (3H, s, CHj mnyj), 1.94 (1H, dd, Ju 13.8, Jue 7.0, CHCHHypny), 2.16 (1H, dd, Ju5 13.1, Je
8.5, CHCHH,y,), 2.48 (1H, dd, J413.1, Jj. 8.3, CHCHHpi), 2.61 (1H, dd, Ju 13.8, Jie 7.5, CHCHH,y),
3.47(ABq, 1H, J 14.5, AtCHH,i), 3.57 (ABq, 1H, J14.7, ArtCHHy,), 4.14 (1H, dd, J,S8.5, J8.3,
CHCHH,,;,), 4.54 (1H, dd, J,.7.0, J,.7.5, CHCHH ), 4.97 (ABq, 1H, J4z 9.6, AtCHH i), 5.02 (ABq, 1H, Jy3
9.8, ArCHH,,), 6.91 (2H, d, J 8.5, ArCH), 7.00 (2H, d, J 8.5, ArCH), 7.10 (2H, d, J 8.1, ArCH), 7.12-7.38
(12H, m, ArCH). °C NMR (3; 100 MHz, CDCls); 24.5 (CHs), 25.1 (CH3), 43.9 (CH,), 44.1 (CH,), 58.0 (CH),
58.3 (CH), 74.0 (COH), 74.3 (COH), 127.0 (ArCH), 127.7 (ArCH), 128.4 (ArCH), 128.6 (ArCH), 128.8
(ArCH), 129.1 (ArCH), 129.7 (ArCH), 129.9 (ArCH), 133.5 (ArC), 133.6 (ArC), 134.2 (ArC), 134.4 (ArC),
138.7 (ArC), 139.4 (ArC), 176.7 (CO), 176.8 (CO).HRMS [M+H]" calculated for the formula C,sH;oCINO,"
316.1110; found 316.1104.

cis-N-Benzyl-3-hydroxy-3-methyl-5-(4-nitrophenyl) pyrrolidin-2-one (cis-6m)
General procedure (b) was used. N-Benzyl-3-methyl-1-(4-nitrophenyl)but-3-en-1-amine

5m (300 mg, 1.0 mmol), iodine (770 mg, 3.0 mmol), sodium bicarbonate (425 mg, 5.0
mmol), ethyl acetate/petroleum ether 60%, Rf = 0.25, light brown precipitate (mpt 238-
239 °C), 88 mg, 25% yield. IR 3386, 2928, 1681(s), 1527, 1349, 698. 'H NMR (3; 300
MHz, CDCls); 1.57 (3H, s, CH;), 1.88 (1H, dd, J, 13.8, J,. 6.7, CHCHH), 2.65 (1H, dd, J,, 13.8, J,. 7.8,
CHCHH), 3.60 (ABq, 1H, J3 14.7, ArCHH), 4.63 (1H, t, J 7.2, CHCHH), 5.16 (ABq, 1H, Js 14.7, ArCHH),
6.99-7.09 (2H, m, ArCH), 7.24- 7.37 (5H, m, ArCH), 8.26 (2H, d, J 8.7, ArCH). "C NMR (5; 100 MHz,
CDCl;); 25.2 (CH3), 43.7 (CH,), 45.0 (CHp), 57.6 (CH), 74.1 (COH), 124.4 (2ArCH), 127.7 (2ArCH), 127.9
(2ArCH), 128.2 (2ArCH), 128.8 (ArCH), 134.9 (ArC), 147.4 (ArC), 147.8 (ArCNQO,), 176.7 (CO). HRMS
[MJrNa]+ calculated for the formula C,sH;sN,OsNa" 349.1166; found 349.1164.

O.N

trans-N-Benzyl-3-hydroxy-3-methyl-5-(4-nitrophenyl) pyrrolidin-2-one (trans-6m)
General procedure (b) was used. N-benzyl-3-methyl-1-(4-nitrophenyl)but-3-en-1-amine

5m (300 mg, 1.0 mmol), iodine (770 mg, 3.0 mmol), sodium bicarbonate (425 mg, 5.0
mmol), ethyl acetate/ petroleum ether 60%, yellow oil, 100 mg, 30% yield. IR 3386,
2928, 1681(s), 1527, 1349, 698. 'H NMR (8; 300 MHz, CDCls); 1.47 (3H, s, CHs), 2.10
(1H, dd, J,, 13.2, J,. 7.6, CHCHH), 2.50 (1H, dd, J, 13.3, J,. 7.3, CHCHH), 3.54 (ABq, 1H, J43 14.6, ArCHH),
4.28 (1H, t, J 7.4, CHCHH), 5.16 (ABq, 1H, Jy3 14.6, ArCHH), 7.17- 7.50 (2H, m, ArCH), 7.35-7.15 (5H, m,
ArCH), 8.24 (2H, d, J 6.9, ArCH). °C NMR (8; 100 MHz, CDCls); 25.2 (CH3), 43.6 (CH,), 44.9 (CH,), 57.6
(CH), 74.0 (COH), 124.3 (2ArCH), 127.7 (2ArCH), 127.9 (2ArCH), 128.2 (2ArCH), 128.8 (ArCH), 134.9
(ArC), 147.4 (ArC), 147.8 (ArC), 176.7 (CO). HRMS [M+Na]" calculated for the formula C;sH;sN,O,Na"
349.1166; found 349.1164.

O.N

cis/trans-N-Benzyl-3-hydroxy-3-methyl-5-(naphthalen-1-yl)pyrrolidin-2-one (cis/trans-6n)

O OH (Mixture of diastereoisomers maj/min) General procedure (b) was used. N-benzyl-3-

oa's:
O

methyl-1-(naphthalen-1-yl)but-3-en-1-amine Sn (126 mg, 0.418 mmol), iodine (318
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mg, 1.2 mmol), sodium bicarbonate (175 mg, 2.09 mmol), ethyl acetate/hexane 50%, white precipitate,100 mg,
72% yield. IR 3355, 2985, 1676(s). "H NMR (8; 300 MHz, CDCls); 1.53 (3H, s, CHj mqj), 1.95 (3H, s, CHj min),
2.17 (1H, dd, J,»13.4, J,.7.2, CHCHH .4), 2.50 (1H, dd, J,513.1, J,.7.1, CHCHHyin), 2.64 (1H, dd, Jg 13.4, Jp,
7.4, CHCHH ), 2.82 (1H, dd, J,13.1, Jpe 9.9, CHCHHmin), 3.35 (1H, dd, J 14.4, ArCHHy,in), 3.70 (2H, d, J
14.4, ArCHHy), 4.61 (1H, dd, Jo7.1, Jp9.9, CHCHHpin), 5.41 (1H, dd, J.7.2, Jy.7.4, CHCHH,,), 5.23 (2H, d,
J14.5, AtCHH ), 5.34 (2H, d, J 14.5, AtCHH,yin), 6.93 (4H, t, J 7.5, NaphCH), 7.06- 8.24 (20H, m, ArCH). °C
NMR (8; 100 MHz, CDCly); 24.9 (CH3), 25.0 (CH3), 41.4 (CH,), 44.0 (CHy), 44.9 (CHy), 45.0 (CHp), 45.3
(CHy), 52.3 (CH), 60.5 (CH), 74.3 (COH), 121.7 (ArCH), 123.1 (ArCH), 123.8 (ArCH), 124.9 (ArCH), 125.8
(ArCH), 126.4 (ArCH), 126.6 (ArCH), 127.0 (ArCH), 127.7 (ArCH), 128.4 (ArCH), 128.5 (ArCH), 128.6
(ArCH), 128.7 (ArCH), 129.0 (ArCH), 129.5 (ArCH), 130.1 (ArC), 131.0 (ArC), 133.9 (ArC), 135.6 (ArC),
135.9 (ArC), 177.4 (2CO). HRMS [I\/[JrH]+ calculated for the formula C»,H»,NO," 332.4150; found 332.41314.

cis-3-Hydroxy-1,3-dimethyl-5-phenylpyrrolidin-2-one (cis-60)
oOH General procedure (b) was used. N, 3-dimethyl-1-phenylbut-3-en-1-amine So (500 mg,

2.80 mmol), iodine (2.15 mg, 8.5 mmol), sodium bicarbonate (1.18 g, 14.1 mmol), ethyl
acetate/petroleum ether 70%, Rf = 2.28, white crystal (mpt 159-160 °C). 135 mg, 24%
yield. IR 3306, 2928, 1668, 1454, 1256. "H NMR (3; 300 MHz, CDCl3); 1.48 (3H, s, CHj),
2.13 (1H, dd, J, 13.2, J,. 8.1, CHCHH), 2.54 (1H, dd, J, 13.2, Jp. 6.9, CHCHH), 2.65 (3H, s, NCH;), 4.34 (1H,
dd, J,. 8.1, J, 6.9, CHCHH), 7.22-7.43 (5H, m, ArCH). °C NMR (3; 100 MHz, CDCl3); 25.3 (CH3), 28.7 (CH3),
443 (CH,), 61.4 (CH), 74.1 (COH), 126.5 (ArCH), 128.1 (ArCH), 129.1 (ArCH), 140.3 (ArC), 177.0 (CO).
HRMS [M+Na]+ calculated for the formula C,H;sNO,Na" 228.0996; found 228.1000.

0]

trans-3-Hydroxy-1,3-dimethyl-5-phenylpyrrolidin-2-one (trans-6o)
: OH General procedure (b) was used. N, 3-dimethyl-1-phenylbut-3-en-1-amine So (500 mg, 2.80
0 mmol), iodine (2150 mg, 8.47 mmol), sodium bicarbonate (1180 mg, 14.10 mmol), ethyl
’\{ acetate/petroleum ether 70%, Rf = 0.29, white crystal (mpt 168-169 °C), 118 mg, 19%
yield. IR 3306, 2928, 1668, 1454, 1256. "H NMR (8; 300 MHz, CDCl;); 1.51 (3H, s, CH5),
1.90 (1H, dd, J, 13.2, J,. 7.0, CHCHH), 2.66 (1H, dd, J,, 13.8, Jp. 7.7, CHCHH), 2.72 (3H, s, NCHj3), 4.65 (1H,
dd, J,.7.0, J,.7.7, CHCHH), 7.12-7.44 (5H, m, ArCH). °C NMR (8; 100 MHz, CDCls); 24.8 (CH3), 28.4 (CH3),
44.4 (CHp), 61.0 (CH), 74.1 (COH), 127.3 (ArCH), 128.5 (ArCH), 129.0 (2ArCH), 139.6 (ArC), 177.3 (CO).

HRMS [M+Na]+ calculated for the formula C,H;sNO,Na" 228.0996; found 228.1000.

cis-N-(4-Methoxybenzyl)-3-hydroxy-3-methyl-5-(pyridin-3-yl)pyrrolidin-2-one (cis-6p)
.OH General procedure (b) was used. N-benzyl-3-methyl-1-phenylbut-3-en-1-amine Sp

o (350 mg, 1.24 mmol), iodine (940 mg, 3.70 mmol), sodium bicarbonate (520 mg, 6.19
N \\©\ mmol), the product was separated with crystalisation from dichloromethane/petroleum
OCH3  ether 50%, white crystal (mpt 172-173 °C), 150 mg, 51% yield. IR 2934, 1689 (s),

1611, 1512, 1431, 1245. '"H NMR (8; 300 MHz, CDCl); 1.39 (3H, s, CH;), 2.08 (1H, dd, J,, 13.8, J.. 6.9,
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CHCHH), 2.41 (1H, dd, J, 13.8, J,. 7.6, CHCHH), 3.35 (ABq, 1H, Jy3 14.5, ArCHH), 3.71 (3H, s, OCH;), 4.13
(1H, t, J 7.5, CHCHH), 4.96 (ABq, 1H, J,3 14.5, ArCHH), 6.77 (4H, dt, J 1.9, 1.9, ArCH), 7.38 (2H, dt, J 1.9
,1.9, PyrCH), 8.38(1H, d, J 1.9, PyrCH), 8.55 (1H, dd, J 4.7, 1.6, PyrCH). C NMR (§; 100 MHz, CDCI3); 24.9
(CH3), 43.9 (CH,), 44.1 (CH,), 55.2 (CHj3), 55.9 (OCH;), 74.0 (COH), 114.1 (ArCH), 123.9 (ArCH), 127.1
(ArC), 129.6 (ArCH), 134.6 (ArCH), 135.4 (ArC), 149.0 (ArCH), 149.7 (ArCH), 159.1 (ArC), 176.8 (CO).
HRMS [M+H]+ calculated for the formula C;sH,N,O5" 313.1541; found 313.1552.

trans-N-(4- Methoxybenzyl) -3-hydroxy-3-methyl-5-(pyridin-3-yl)pyrrolidin-2-one (trans-6p)
General procedure (b) was used. N-(4-methoxybenzyl)-3-methyl-1-3-pyridylbut-

3-en-1-amine 5p (350 mg, 1.24 mmol), iodine (940 mg, 3.70 mmol), sodium

bicarbonate (520 mg, 6.19 mmol), dichloromethane/petroleum ether 50%,

yellow oil, 140 mg, 48% yield. IR 2934, 1689 (s), 1611, 1512, 1431, 1245. 'H
OCHs NMR (; 300 MHz, CDCl;); 1.55 (3H, s, CH3), 1.88 (1H, dd, J,, 13.7, J,. 6.9,
CHCHH), 2.58 (1H, dd, J,, 13.7, J,. 7.0, CHCHH), 3.51 (ABq, 1H, Jy3 14.5, ArCHH), 3.78 (1H, s, OCH;), 4.53
(1H, t, J 7.3, CHCHH), 5.04 (ABq, 1H, J45 14.5, ArCHH), 6.83 (4H, dt, J 1.9, 1.9, ArCH), 7.39 (1H, dt, J 1.9,
1.9, PyrCH), 8.38 (1H, d, J 1.9, PyrCH), 8.61 (1H, dd, J 1.6, 4.7, PyrCH). °C NMR (3; 100 MHz, CDCl;); 24.9
(CHs3), 43.9 (CHp), 44.1 (CH,), 55.2 (CH), 55.9 (CH), 74.0 (COH), 114.1 (ArCH), 123.9 (ArCH), 127.1 (ArC),
129.6 (ArCH), 134.4 (ArCH), 135.4 (ArC), 149.0 (ArCH), 149.7 (ArCH), 159.1 (ArC), 176.8 (CO). HRMS
[M+H]+ calculated for the formula C;sH,;N,O;" 313.1541; found 313.1552.

3-Hydroxy-1,3-dimethyl-5-(pyridin-3-yl)pyrrolidin-2-one (6q)
OH General procedure (b) was used. N,3-dimethyl-1-(pyridin-3-yl)but-3-en-1-amine 5q (400

mg, 2.27 mmol), iodine (1.73 g, 1.80 mmol), sodium bicarbonate (950 mg, 11.30 mmol),
| = N methanol/ dichloromethane 5%, Rf = 0.24, pale yellow crystal (mpt 168-169 °C), 150 mg,

N/ 36% yield. IR 3356, 2927, 1679(s). '"H NMR (8; 300 MHz, CDCls); 1.51 (3H, s, CHs), 1.89
(1H, dd, J,, 13.8, J,. 6.7, CHCHH), 2.62-2.77 (4H, overlapping m, CHCHH & NCHs), 4.69 (1H, app t, J 7.2,
CHCHH), 7.36 (1H, dd, /4.8, 7.9, PyrCH), 7.51 (1H, dt, J 7.9, 1.9, PyrCH), 8.52 (1H, s, PyrCH), 8.62 (1H, d, J
3.8, PyrCH)."”"C NMR (5; 100 MHz, CDCls); 25.2 (CHs), 28.7 (CH3), 43.9 (CH,), 59.1 (CH), 73.9 (COH), 124.0
(ArCH), 133.8 (ArCH), 135.7 (ArC), 148.6 (ArCH), 149.8 (ArCH), 176.7 (CO). HRMS [M+H]" calculated for
the formula C,;H;sN,O," 207.1134 found 207.1136.

cis-N-Benzyl-3-methoxy-3-methyl-5-phenylpyrrolidin-2-one (cis-7a)
N-Benzyl-3-hydroxy-3-methyl-5-phenylpyrrolidin-2-one 6a (0.07 g, 0.25 mmol) in dry

DMF (10 mL), was added sodium hydride (0.01 g, 0.5 mmol), the reaction mixture was
stirred for 30 minutes, then iodomethane (0.7 mL, 0.5 mmol) was added and stirred for

another 18 hours at room temperature (TLC was monitored), quenched by addition of

(10 mL) water and extracted with ethyl acetate, the combined organic layer was washed

with brine and dried with magnesium sulfate to give the alkylated product in quantitative yield, the single
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diastereoisomer was separated by column chromatography using silica gel and ethyl acetate/petroleum ether
30%, Rf = 0.21, colorless solid (mpt 82-83 °C), 34 mg, 50% yield. IR 3360, 2928, 1683 (s). '"H NMR (5; 300
MHz, CDCl;); 1.51 (3H, s, CH;), 1.85 (1H, dd, J, 13.9, J,. 7.6, CHCHH), 2.55 (1H, dd, J, 13.9, J,. 7.1,
CHCHH), 3.36 (3H, s, CH;), 3.50 (ABq, 1H, J,; 14.6, ArCHH), 4.46 (1H, t,J 7.3, CHCHH), 5.13 (ABq, 1H, J3
14.6, ArCHH), 6.94- 7.47 (10H, m, ArCH). "C NMR (3; 100 MHz, CDCl); 21.5 (CHs), 40.2 (CH,), 44.5 (CH,),
51.7 (CH3), 57.2 (CH), 79.3 (COCHs;), , 127.3 (ArCH), 127.5 (ArCH), 128.1 (ArCH), 128.3 (ArCH), 128.6
(ArCH), 129.0 (ArCH), 136.0 (ArC), 139.7 (ArC), 174.7 (CO). HRMS [M+Na]" calculated for the formula
C19H, NO,Na" 318.1470; found 318.1478.

trans-N-Benzyl-3-methoxy-3-methyl-5-phenylpyrrolidin-2-one (trans-7b)
: OCH; N-Benzyl-3-hydroxy-3-methyl-5-phenylpyrrolidin-2-one 6a (0.07 g, 0.25 mmol) in dry
DMF (10 mL), was added sodium hydride (0.01 g, 0.5 mmol), the reaction mixture was
N © stirred for 30 minutes, then iodomethane (0.7 mL, 0.5 mmol) was added and stirred for
@ another 18 hours at room temperature (TLC was monitored), quenched by addition of
(10 mL) water and extracted with ethyl acetate, the combined organic layer was washed
with brine and dried with magnesium sulfate to give the alkylated product, the single diastereoisomer was
separated by column chromatography using silica gel and ethyl acetate/petroleum ether 30%, Rf = 0.25,
colorless solid (mpt 75-76 °C), 33 mg, 49% yield. IR 3360, 2928, 1683. '"H NMR (5; 300 MHz, CDCl;); 1.42
(3H, s, CH;), 2.17 (1H, dd, J, 13.3, J,. 7.9, CHCHH), 2.26 (1H, dd, J,, 13.3, J,. 7.3, CHCHH), 3.43 (3H, s,
OCH5), 3.47 (ABq, 1H, J4 14.5, ArCHH), 4.12 (1H, app.t, J 7.6, CHCHH), 5.12 (ABq, 1H, J,3 14.5, ArCHH),
6.92-7.46 (10H, m, ArCH). °C NMR (8; 100 MHz, CDCls); 20.0 (CH3), 40.2 (CH,), 44.5 (CH,), 51.7 (CH3),
58.3 (CH), 78.5 (COCHj;), 126.8 (ArCH), 127.1 (ArCH), 127.7 (ArCH), 128.4 (ArCH), 128.4 (ArCH), 128.6
(ArCH), 136.0 (ArC), 139.8 (ArC), 173.7 (CO). HRMS [M+Na]" calculated for the formula C;oH, NO,Na"

318.1470; found 318.1478.

cis-N-(4-Methoxybenzyl)-3-methyl-2-0x0-5-phenylpyrrolidin-3-yl acetate (cis-8a)
O N-(4-Methoxybenzyl)-3-hydroxy-3-methyl-5-phenylpyrrolidin-2-one (35 mg,

0.11 mmol), triethylamine (22 mg, 0.22 mmol), DMAP (5.80 mg, 0.011 mmol)

and acetic anhydride (22 mg, 0.22 mmol) were added in (10 mL) dry
dichloromethane under nitrogen and stirred at room temperature for 24 hours
\\©\ with TLC monitoring. The reaction was quenched with (30 mL) brine extracted

OCHs with ethyl acetate (3x 25 mL) and the combined organic layer was washed with
water and dried with MgSO, and the product was obtained as colourless crystals after recrystalised from
dichloromethane/petroleum ether 10%, colourless crystals (mpt 121-122 °C), 36 mg, 92% yield. IR 3286, 3030,
2933, 1671(s), 1669(s). '"H NMR (8; 300 MHz, CDCls); 1.56 (3H, s, CHs), 1.89 (1H, dd, J,, 14.4, J,. 4.8,
CHCHH), 2.03 (3H, s, COCH5), 2.73 (1H, dd, J,, 14.4, J,. 9.6, CHCHH), 3.44 (ABq, 1H, J4p 14.5, ArCHH),
3.71 (3H, s, OCH;), 4.44 (1H, dd, J,. 4.8, Jp. 9.6, CHCHH), 5.02 (ABq, 1H, J43 14.5, ArCHH), 6.85 (4H, dt, J
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2.9, 2.6, ArCH), 7.00-7.33 (5H, m, ArCH). °C NMR (3; 100 MHz, CDCls); 20.2 (CH3), 24.7 (CH3), 40.0 (CH,),
43.4 (CHp), 54.1 (CH), 56.7 (COCHj3;), 79.0 (COCOCH;3;), 112.6 (ArCH), 125.7 (ArCH), 126.0 (ArCOCH3;),
127.0 (ArCH), 128.0 (ArCH), 129.2 (ArCH), 139.5 (ArC), 158.0 (ArC), 169.0 (CO), 171.9 (CO). HRMS
[M+H]+ calculated for the formula C,;H»;NO, 353.4116; found 354.4115.

cis-N-(4-Methoxybenzyl)-3-methyl-2-0xo-5-(pyridin-3-yl)pyrrolidin-3-ylacetate (cis-8b)

0 N-(4-Methoxybenzyl)-3-hydroxy-3-methyl-5-phenylpyrrolidin-2-one (135 mg,
0.43 mmol), triethylamine (80 mg, 0.86 mmol), DMAP (23 mg, 0.043 mmol)
and acetic anhydride (88 mg, 0.86 mmol) were added in (10 mL) dry

dichloromethane under nitrogen and stirred at room temperature for 24h with
N \\©\ TLC monitoring. The reaction was quenched with (5 mL) brine extracted with
OCH, ethyl acetate and the combined organic layer was washed with water and in
vacuo evaporated solvent gave yellow solid (mpt 193-194 °C), 123 mg, 56% yield. IR 3457, 2931, 1736 (s),
1701 (s)."H NMR (3; 300 MHz, CDCls); 1.56 (3H, s, CH3), 1.89 (1H, dd, J,, 14.4, J,. 4.8, CHCHH), 2.03 (3H, s,
COCH;), 2.73 (1H, dd, J,, 14.4, J,. 4.8, CHCHH), 3.44 (ABq, 1H, J43 14.5, ArCHH), 3.71 (3H, s, COCHs), 4.44
(1H, dd, J,. 4.8, J,- 4.8, CHCHH), 5.02 (ABq, 1H, J45 14.5, ArCHH), 6.85 (4H, dd, J,, 8.6, J,.69.4, ArCH), 7.00-
7.33 (6H, m, ArCH).”C NMR (8; 100 MHz, CDCls); 20.2 (CH3), 24.7 (CH3), 40.0 (CH,), 43.4 (CH,), 54.1
(CH), 56.7 (COCHj3;), 79.0 (COCOCHj;), 112.6 (2ArCH), 125.7 (ArCH), 126.0 (ArCOCHj;), 127.0 (ArCH),
128.0 (ArCH), 129.2 (ArCH), 139.5 (ArC), 158.0 (ArC), 169.0 (CO), 171.9 (CO). HRMS [M+H]" calculated for
the formula CyH»3N,04" 355.1661; found 355.1658.

cis-N-(4-Methoxybenzyl)-3-methyl-5-phenylpyrrolidin-3-ol (cis-9a)

cis-N-(4-Methoxybenzyl)-3-hydroxy-3-methyl-5-phenylpyrrolidin-2-one (30
.OH
N mg, 0.096 mmol) in dry THF (5§ mL) was added drop wise to the refluxed

N solution of LiAlH4 (18 mg, 0.48 mmol) in dry THF (5 mL) for three hours, the
\\©\ reaction was quenched with (20 mL) water and extracted with

OCH3  dichloromethane (3 x 20 mL) the combined organic layer was washed with
brine and dried with magnesium sulfate and in vacuo evaporated solvent and column chromatography ethyl
acetate/hexane 30% gave colorless oil 16 mg, 56% yield. IR 3393, 2925, 1510, 1245."H NMR (§; 300 MHz,
CDCl;); 1.44 (3H, s, CH3), 1.82 (1H, dd, J,, 12.0, J,. 9.0, CHCHH), 2.20 (1H, dd, J,12.0, J,:6.0, CHCHH), 2.43
(1H, d, J10.0, CHH), 3.11 (1H, d, J10.8 CHH), 3.72-3.84 (6H, m, OCHs, ArCH H & CHCHH), 6.83 (2H, d, J
8.6, ArCH), 7.18 (2H, d, J 8.5, ArCH), 7.23-7.53 (5H, m, ArCH)."”C NMR (8; 100 MHz, CDCls); 29.3 (CH3),
51.8 (CH,), 55.2 (CH), 56.9 (2CH,), 67.4 (CH,), 113.5 (ArOCH3;), 127.2 (ArCH), 127.4 (ArCH), 128.4 (ArCH),

129.6 (ArCH), 131.4 (ArC), 158.4 (ArC). HRMS [M+H]" calculated for the formula C;oH,4sNO," 298.1802;
found 298.1807.

cis-N-Methyl-3-methyl-5-(pyridin-3-yl)pyrrolidin-3-ol (cis-9b)
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cis-3-Hydroxy-1,3-dimethyl-5-phenylpyrrolidin-2-one 6q (70 mg, 0.34 mmol) in dry THF (5
mL) was added to refluxed solution of LiAlH, (128 mg, 3.4 mmol) in dry THF (5 mL) for
three hours with TLC monitoring (methanol/DCM 10%), the reaction was quenched with

(20 mL) water and extracted with dichloromethane (3 x 20 mL) the combined organic layer

was washed with brine and dried with magnesium sulfate and in vacuo evaporated solvent
and column chromatography (methanol/ dichloromethane/ petroleum ether 1:7:2) gave yellow oil 58 mg, 89%
yield. IR 3361, 2966, 2777.'"H NMR (8; 300 MHz, CDCLy); 1.39 (3H, s, CH3), 1.90 (1H, dd, J.; 7.7, Ju. 1.6,
CHCHH), 1.92 (1H, dd, J,, 7.7, Jy. 1.6, CHCHH), 2.19 (3H, s, NCH}3), 2.32-2.43 (2H, m, NCHH), 3.07 (1H, dd,
J1.5,9.7, NCHH), 3.22 (1H, dd, J,. 1.6, J,. 1.6, CHCHH), 7.29 (2H, dd, J 6.7, 3.8, PyrCH), 7.74 (1H, dt, J 7.8,
1.8, PyrCH), 8.53 (1H, s, PyrCH).”C NMR (8; 100 MHz, CDCls); 24.9 (CH3), 39.9 (CH3), 51.2 (CH,), 53.8
(COH), 68.2 (CH), 70.7 (CHp), 123.7 (PyrCH), 134.9 (PyrCH), 138.0 (PyrC), 148.8 (PyrCH), 149.43 (PyrCH).
HRMS [M+H]+calculated for the formula C;;H;N,O" 193.1344; found 193.1341.

Suggested Mechanism for lactam formation

Me Cl
| MeI 1” Me Mel MeI
HI 1/<_E}—> 1 N — N 1/(&
R N H R N R! +N/ H,0 R N \H
R2 R2 f?z rR2 H
a b c d e 1
P oH_2 " o " on e V&
IpSl_ YUy Yo L1
1 ~= SR T RN L ST~ 3
RINW/S0T RITNTOH RITSWTEORT RN 6 RN RT N7 TOH
R? R? rRZ M R? R? R?
| k j i h g

Cesium carbonate mediated aerobic oxidation may play a role
Fused tricyclic compounds:

N,N’-Dibenzyl-2,3a,3b,5-tetraphenyldecahydrofuro[2,3-b:5,4-b']dipyrrole (11a)

Ph N-Benzyl-1,3-diphenylbut-3-en-1-amine 10a (500 mg, 1.5mmol), iodine (1. 21 g, 4.78

|'!_ H > mmol), sodium bicarbonate (4.67 g, 7.97 mmol), column chromatography ethyl
N—

Ph™"

acetate/ hexane 10%, Rf = 0.7, crystalisation with ethyl acetate/ petroleum ether 10%,
Ié’h Ph Ph colorless crystal (mpt 190-192 °C), 266 mg, 48% yield. IR 3060, 2850, 1601, 1493,
1454, 1365, 1142."H NMR (8; 300 MHz, CDCls); 1.85 (2H, dd, J,; 13.8, J,. 7.6, CHCHH), 2.67 (2H, dd, J,;
13.8, J,. 8.4, CHCHH), 3.60 (ABq, 2H, J453 12.9, ArCHH), 3.87 (ABq, 2H, J43 12.9, ArCHH), 3.99 (2H, t, J 8.0,
CHCHH), 5.61 (2H, s, OCH), 7.06-7.48 (30H, overlapping m, ArCH).”>C NMR (5; 100 MHz, CDCly); 47.4
(CHy), 50.8 (CH,), 61.8 (C), 65.9 (CH), 98.0 (CH), 126.3 (ArCH), 126.9 (ArCH), 127.0 (ArCH), 127.5 (ArCH),
128.2 (ArCH), 128.3 (ArCH), 128.9 (ArCH), 129.1 (ArCH), 139.4 (ArC), 143.3 (ArC), 144.2 (ArC). HRMS
[M+H]+ calculated for formula C4sH43N,O" 639.3360; found 639.3375.

N,N’-Bis(4-methoxybenzyl)-2,3a,3b,5-tetraphenyldecahydrofuro[2,3-b:5,4-b']|dipyrrole (11b)
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H H N-(4-Methoxybenzyl)-1,3-diphenylbut-3-en-1-amine 10b
MeO Q\N =0 N/\Q\OMe (310 mg, 0.90 mmol), iodine (687 mg, 2.70 mmol), sodium
Ph™ Ph bicarbonate (379 mg, 4.50 mmol), column chromatography

PhPh ethyl acetate/ hexane 10%, Rf = 0.7, crystalisation with ethyl
acetate/ petroleum ether 10%, colorless crystal (mpt 215-216 °C), 120 mg, 20% yield. IR 2858, 1614, 1512.'H
NMR (8; 300 MHz, CDCl3); 1.84 (2H, dd, J, 13.8, J,. 7.6, CHCHH), 2.67 (2H, dd, J, 13.8, Jy. 8.4, CHCHH),
3.53 (ABq, 2H, J43 12.6, ArCHH), 3.66 (ABq, 2H, J4s 12.6, ArCHH), 3.87 (6H, s, OCH3), 3.97 (2H, t, J 8.0,
CHCHH), 5.58 (2H, s, OCH), 6.93 (4H, d, J 8.6, ArCH), 7.06-7.28 (20H, overlapping m, ArCH), 7.37 (4H, d, J
8.5, ArCH)."”C NMR (3; 100 MHz, CDCls); 47.5 (CH,), 50.2 (CH,), 55.3 (CH3), 61.7 (C), 65.8 (CH), 98.0 (CH),
113.6 (ArCH), 126.2 (ArCH), 126.9 (ArCH), 127.5 (ArCH), 128.3 (ArCH), 128.9 (ArCH), 130.2 (ArCH), 131.4
(ArC), 143.4 (ArC), 1442 (ArC), 158.6 (ArC). HRMS [M+H]" calculated for the formula CssH4N,O5"

699.3587; found 699.3591.

1,6-Dimethyl-2,3a,3b,5-tetraphenyldecahydrofuro[2,3-b:5,4-b']dipyrrole (11c)
. H o H o, N-Methyl-1,3-diphenylbut-3-en-1-amine 10c¢ (265 mg, 1.12 mmol), iodine (850 mg,
N— N 3.34 mmol), sodium bicarbonate (468 mg, 5.58 mmol), ethyl acetate/ hexane 10%, Rf
Ph™" B Ph = 0.7, crystalisation with ethyl acetate/ petroleum ether 10%. Colorless crystal (mpt
PhPh 195-196 °C), 120 mg, 22% yield. IR 3050, 2800, 1602, 1491."H NMR (§; 300 MHz,
CDCl); 1.93 (2H, dd, J,, 13.8, J,. 7.6, CHCHH), 2.44 (6H, s, NCH;), 2.82 (2H, dd, J, 13.8, J,. 8.5, CHCHH),
3.97 (2H, t, J 8.0, CHCHH), 5.82 (2H, s, OCH), 7.04-7.36 (20H, m, ArCH)."”’C NMR (8; 100 MHz, CDCls);
34.6 (CH3), 47.7 (CH,), 62.0 (PhC), 66.8 (CH), 103.1 (CH), 126.3 (ArCH), 127.0 (ArCH), 127.5 (ArCH), 127.6
(ArCH), 128.2 (ArCH), 129.0 (ArCH), 143.0 (ArC), 144.0 (ArC). HRMS [M+H]" calculated for the formula

C34H3sN,O" 487.2728; found 487.2749.
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Table 1: Condition screening for synthesis of 11a

Ph Ph
Reagent (3 equiv.) Bn, H 5 H Bn
Base (5 equiv.) N —N
Ph” "NH _ Ph { “ph *  Ph NI
k\ Solvent, time/ h, temp. PhBh l\Ph
Ph
10a 11a imine |
Entry  Solvent Base T/ Time  Reagent 10a 11a I
°C /h % % %

1 EtOAc NaHCO; r.t. 24 I, 52 48 -
2 EtOAC NaHCO; Reflux 24 I, 81 19 -
3 EtOAc NaHCO; r.t 48 I, 83 17 -
4 EtOAc NaHCO; r.t 72 I, 89 11 -
5 EtOAc LiOH r.t 24 I, 80 20 -
6 EtOH NaHCO; r.t 24 I, >50 @) -
7 MeCN NaHCO; r.t 48 I, 69 31 -
8 EtOAc Cs,CO;s r.t 24 I, - - >99
9 EtOAc NaHCO; r.t 24 NIS 73 27 -
10 EtOAc NaHCO; r.t 24 Br; 82 18 -
11 MeCN LiOH r.t 24 I, 67 33 -
12 CHCl; NaHCO; r.t 24 I, >99 - -
13 THF NaHCO; r.t 24 I, 81 19 -

* unknown product

ESI-16



ESI M. A. Hama Salih, et al.

NMR Spectra

'H NMR Spectra of compound cis-6a

MHS225/16-17
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ESIM.A 13c NMR Spectra of compound cis-6a
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ESIM.AH 4 NMR Spectra of compounds cis-6b and trans-6b (mixture of diastereoisomers)
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ESI M. A. Hama Salih, et al. 3¢ NMR Spectra of compounds cis-6b and trans-6b (mixture of diastereoisomers)
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MHS348/4
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1JCA iH

P1 12.80 usac

PL1 1.00 dB

PLiW 057725006 W

SFOn1 3001318534 MHz

F2 - Procassing paramelars
3l 32768

SF 300.1300052 MHz
WDW EM

S8B 0
LB
GE 0o
PC

030 Hz

ESIM. A. Hama Salih, 'H NMR Spectra of compounds cis-6¢ and trans-6¢ (mixture of diastereoisomers)
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ESI M. A. Hama Salih, et al.

'H NMR Spectra of compound cis-6¢
MHS348/23-29

v

Currant Data Paramators

NAME  05-22-Fossay-50

EXPHNO 10

PROCND 1

F2 - Acquisition Paramatars

Date_ 20140522

Tima 16.57

INSTRUM t

PROBHD 5 mm PABBO BBE-

PULPROG zgao

TD 32768

SOLVENT CDCla

N5 32

oS 2

SWH &009.615 Hz

FIDRES 0.183399 Hz

AQ 2. 7262976 s0C

RG 161

oW 83.200 usac

DE 12.88 usac

TE 2925 K

D1 100000000 sac

TDO 1 i

—====== CHANMEL f| ====== |

A 1H |

P1 12.80 usac

PL1 1.00 dB !

PLIW 957725006 W f

§FO1 3001318534 MHz 1

F2 - Procassing paramafars {

] ] | . l

SF 3001300042 MHz [~ I Ij'

W EM

S55B 0 '

LB 0.30 Hz

GE 0 | S e o N

PC 1.00

TTpTTTTERTTITT TrpTTrTrrTTTE [rerrreeTT [rerrrreeT [rerrrreeT [rorrreeT I T T 1
10 9 8 7 i] 5 4 3 2 1 ppm

/ | I I / \ I
5 5 2 E BB B
] B - — — — =+ ™
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13C NMR Spectra of compound cis-6¢

Cumrant Data Parameters

MAME 05-22-Fossay-19 |

EXPNC 10

PROCHNO 1 |

F2 - Acquisition Paramatars

Date_ 20140523

Tima 0.56

INSTRUM spect

PROBHD 5 mm PADUL 13C

PULPROG gmﬁamns

D 65536

SOLVENT CDCI3

MS 512 l

DS 4

SWH 25262525 Hz

FIDRES 0.385323 Hz

A 1.207 6128 sac

RG 2050 I
Dw 19.800 usac

DE 6.50 usac |
TE 2056 K

CHNST2 145.0000000

CHNST3 1.0000000

CNST4 5.0000000

D1 1.50000000 sac

D2 0.00172414 sac

D3 0.00431034 sac Y. I i,l R , Lo | . L
D12 0.00002000 sac i e - d i ey i (ke I i ks
D13 0.00000400 sac “

TDO 1

======== CHAMMEL {1 ========

MUC1 13C

P1 8.80 usac

P2 17.60 usec

PL1 -3.00 dB

PL1W LB.63800457 W

SFOH 100.6233333 MHz

B AR L e L B L L L B L L L e W ) L)
190 180 170 160 150 140 130 120 110 100 90 &0 7O &0 50 40 30 20 10 ppm
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'H NMR Spbectra of compound cis-6d
MHS235/4-5

Cumrant Data Paramatars
NAME  01-15-Fossay-21

EXPNO 10
PROCNC 1

F2 - Acquisition Paramatars
Data_ 20140115
Tima i2.28
INSTRLUM t

PROBHD 5 mm PABEC BB-

PULPROG Zgaon
TD 32768
SOLVENT COCla
NS az
DS 2
SWH E000.615 Hz
FIDRES 0.183359 Hz
A 27262976 A0
RG 285
oW 83.200 usac
CE 1289 usac
TE 2016 K
D1 100000000 sac
TDO 1
S GI—MNNELT‘I s ——— I
JCA 1H
P1 12.80 usaec
PL1 1.00 dB f
PLIW 057725006 W |
SFOn 300.1318534 MHz
F2 - Processing paramatars
| 3Z76E
SF 300.1300052 MHz
WDW EM
SSB 0
LB 030 Hz
GE 0
pC 1.00 .
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3¢ NMR Spectra of compound cis-6d

AN
Laid .U

Cument Data Parametars
MAME 01-15-F cslflsay-E
1

EXPNO

PROCNO 1

F2 - Acquisiion Parametars
Data 2040115
Time 13.44
INSTRUM

;i
PROBHD 5 mm PADUL 13C
PULPROG E&ndantns
D 65536

SOLVENT CDCI3

NS 512

DS 4 ! |
SWH 25252 525 Hz

FIDRES 0.385323 Hz

AQ 1.2976128 sec

RG 2050 |

oW 19.800 usac

DE 6.50 usec

TE

2049 K
CMST2 145.0000000
CMST3 1.0000000
CMST4 5.0000000

D1 1.50000000 sec
D2 0.00172414 s8c
D3 0.00431034 sac

D12 000002000 sec
D13 0.00000400 sac

TDO 1

- EH,ANNEL f1 —_—
MUCH 13C

P1i 8.80 usac

P2 17.60 usec

PL1 -3.00 d&

PLIW 5B.63890457 W
SFM 1006233333 MHz

R L L R L M A M L R Mikaduas L
190 180 170 160 150 140 130 120 110 100 90 @80 70 60 50 40 30 20 10 ppm

ESI-25



ESI M. A. Hama Salih, et al.

'H NMR Spectra of compounds cis-6e and trans-6e (mixture of diastereoisomers)

MHS313/241

Cumrant Data Parametars
NAME 01-29-Fossay-23

EXPHO 0
PROCHC 1 z = o o e gt
~0OH - OH S o R
F2 - Acquisition Paramatars Ll y 1]
Data_ 20140129 ‘.|.’ ‘.|-’ | | VT
Time 18.07 o = 0
INSTRUM spect /
PROBHD 5mm PABBOEB- O 8]
PULPROG a0 o
TD 3278
SOLVENT CDCi3 |
] 3z |
0s 2
SWH 6009615 Hz
FIDRES 0.183359 Hz
AQ 27262076 saC M
RG 114 ———
EEJ 83.200 usac
12.80 usac

TE 2016 K 48 45 44 42 41] 38 ppm
01 100000000 sac y J
wo e bl Wer

—===—=== CHANNEL fl ====== - = = = -
NG 1H
P1 12.80 usac
PL1 1.00dB
PLIW 957725906 W .
SFO1 300.1318534 MHz
F2 - Procassing paramatars | 1 !
sl 3768 .
SF 300.1300046 MHz
WDW EM
S5B 0
LB 0.30 Hz
GB o0
PC 1.00

ESI-26
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13C NMR Spectra of compounds cis-6e and trans-6e (mixture of diastereoisomers)

- =
.

Cumant Data Parameatars

EHEG I}‘I-SD-FD&GSE}-'-EE .
1 =

PROCNO 1 /_k*:'“' JAXSH

F2 - Acquisition Paramaters (f’/\»"\ =

Date. 20140130 M © @’AN ©

Tima 15.27 & o

INSTRUM spect

PROBHD 5 mm PADUL13C

PULPROG andantns

D ESESE

SOLVENT CDCI3

NS B2

Ds 4

SWH 25252525 Hz

FIDRES 0.385323 Hz

AC 1.2976128 sac

RG 2050

oW 19.800 usac

DE 6.50 usec

TE 2935 K

CMNET2 1450000000

CMST3 10000000

CHNST4 5.0000000

D1 1.50000000 sec

D2 0.00172414 sec

D3 0.00431034 sec

D12 0.00002000 sac N 1

D13 0.00000400 sac

TDO 1

—==—==== GHAMMEL i ========

MUCH 130G

P1 8.80 usac

P2 17.60 usec

PL1 -3.00 dB

PL1W LB.63800457 W

SFO 100.6233333 MHz

T T T T
220 200 180

160

140 120 100 20 &0

ESI-27
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'H NMR Spectra of compound cis-6e
MHS313/35-36

W
2 .

o oy o ") ) SRR

/N

Cumant Data Paramatars
MAME  01-29-Fossay-8

EXPHNO 10

PROCND 1 SOH
F2 - Acquisition Paramatars

Data_ 20140129 =

Tima 18.41 / M o]
INSTRLUM

t
PROBHD 5mm PABEOEE- O
PULPROG 2030

TD 32768
SOLVENT CDCla
NS az

DS o

SWH E009.615 Hz

FIDRES 0.183300 Hz

A 2. 7262976 saC

RG 181

oW 83.200 usac

DE 12.80 usac

TE 21T K

)| 1.00000000 sac

TDO i

—==—== CHANMNEL | ==—====
IJCA iH

P1 12.80 usac

PL1 1.00dB

PL1W 057725008 W 1

SFO1 300.1318534 MHz I

F2 - Procassing paramators - | "

sl 32768 |

sF 300.1300048 MHz -

WDW EM

S5B 0

LB 0.30 Hz

GE 0 . L

PC 1.00

10 9 g i 5} 5 4 3 2 1 ppm
| ] [ |} J |

f@.é]ﬁ j?-s.| jasr g 7 98| [
o |— o o — — o | — ol
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3C NMR Spectra of compound cis-6e

= 0] h W 0y 07

* v = n g = o - L=~
[1n] = O U 00 30 p- [~ =p 0D . . s
[ L G- I T T Y (e (o [~ = 4 = = LI S| u
A A A A A A - = - - = = o I
II - | SR | 1 .'I
| AN N4 ny
Curmment Data Parameters
NAME 01-27-Fossey-1
EXPNO 10
PROCNO 1
F2 - Acquisition Parametars wOH
Data_ 20140127
Tima 11.09
INSTRUM spact -~ 0
PROBHD 5 mm PADUL 13C f N
PULPROG Eandantns (8]
TD G5536
SOLVENT COCI3
NS 512
DS 4
SWH 25252 525 Hz |
FIDRES 0.385323 Hz
AQ 1.2076128 sec
RG 2080
DWW 19.800 usac
DE 6.50 usec
TE 2035 K
CMET2 145.0000000
CMST3 1.0000000
CMET4 5.0000000
D1 1.50000000 sac
D2 0.00172414 sac | | |
D3 0.00431034 sac N N . N | - o X N 1 - L
D12 0.00002000 sec I e S il " - B e
D13 0.00000400 sac -| T |
TDO 1
=====—== GHAMNMNEL f{1 ========
NUC1 13C
Pi 8.80 usec
P2 17.60 usac
PL1 -3.00 dB
PLIW 5H.63890457 W
S5F1 100.6233333 MHz
T T T T T T T T T T T T T T T T T T T T T T T T T
220 200 180 160 140 120 100 20 60 40 20 0 pRm
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'H NMR Spectra of compounds cis-6f and trans-6f (Mixture of diastereoisomers)

MHS2468/8

Cumant Data Paramatars
NAME  12-03-Fossoy-39

EXPHO 10
PROCNC 1

F2 - Acquisition Paramatars
Cata_ 20141203
Tima_ 15.23
INSTRLUM

PROBHD 5mm AEIED BB-

PULPROG Zgan
1D 32768
SOLVENT COCI3
NS az

DS 2

SWH &009.615 Hz
FIDRES 01833040 Hz
AQ 27262076 saC
RG 0.5

oW 83.200 usac

CE 12,88 usac

TE 2043 K

D1 1.00000000 sac
TDO 1

s GI‘MNNEL ﬂ —_——
SR a00.1318534 MHz
MUCAH iH

P1 12.80 usac
PLW1 057730007 W

F2 - Procassing paramatars
3l 32768

SF 300.1300068 MHz
WDW EM

S5B 0

LB 0.30 Hz
GE o

PC 1.00

| !
!
i
1
{ b"lr ﬂ LME M pLJL
proTerT fremreTe I proTee I L frorre fromreTe I [ o
10 9 8 7 6 5 4 3 2 1 ppm
I HRA A e
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3¢ NMR Spectra of compounds cis-6f and trans-6f (mixture of diastereoisomers)

[0 - It I - TV e T Vo I TR N O s

Moh hoop OO
B oo E ] 0

Current Data Parameters
NAME 12-03-F nsﬂs&y-1 1
1

EXPNG

PROCNO 1

F2 - Acquisition Parameters
Data_ 20141203
Tima 23.03
INSTRUM spo

ot
PROBHD 5 mm PADUL 13C
PULPROG g&ndantns
D G5536

SOLVENT CDCI3

NS 512 = OH
DS 4 f
SWH 25252.525 Hz O

FIDRES (0.385323 Hz

AQ 1.2976128 sec N
RG 2050

ow 19.800 usec \—Q
DE 6.50 usec

TE 2937 K
CNST2 145.0000000
CMNST3 1.0000000
CNET4 5.000000:0

£ 1.50000000 sac I
D2 0.00172414 sac
D3 0.00431034 sac

D12 0.00002000 sac
D13 0.00000400 sac

TDO 1

======== CHANMEL f{ ========

SFH 100.6242690 MHz I [} L.
NUC1 13C '

P1 8.80 usaec ' —[I-]

p2 17.60 usec

PLW1 58.63899994 W

======== CHANMEL {2 ========

190 180 170 160 150 140 130 120 110 100 90 8O0 VO 60 80 40 30 20 ppm
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H NMR Spectra of compounds cis-6g and trans-6g (mixture of diastereoisomers)
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ESI M. A. Hama Salih, et al.
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=
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13C NMR Spectra of compounds cis-6g and trans-6g (Mixture of diastereoisomers)

ESI M. A. Hama Salih, et al.
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'H NMR Spectra of compound cis-6h

MHS312/7-8

Cumant Data Parametars
MAME  01-23-Fossay-56

EXPHO 10
PROCND i
F2 - Acquisition Paramatars
Data 20140123
Tima 16.18
INETRLIM t
PROBHD 5 mm PABEOC BB-
PULPROG Zgaon
TD 32768
ﬁEWENT COCI3
32
DS 2 OMe
SWH 8009.615 Hz
FIDRES 0.183399 Hz
AQ 27262076 =AC
RG 101
oW 83.200 usac
DE 12,80 usac
TE 2019 K
D1 1.00000000 saC
TDO 1
eSS GI‘MNNEL f1 S
NUCAH iH
P1 12.80 usac
PL1 1.00 dB ¢ |

PL1W 9.57 725908 W |
SF 3001318534 MHz

F2 - Procassing parametars
Sl <l

SF 300.1300058 MHz
WOwW EM

BB 0
IéEB 0.30 Hz
o
PC 1.00 — =

/ V)

WOl
|

l\:“y \U-/ III:
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3C NMR Spectra of compound cis-6h

Currant Data Paramatars
MAME 01-23-Fossey-19

EXPNO 10
PROCNO 1

F2 - Acquisition Parametars
Data_ 20140123

Time 22.30
INSTRUM spact

PROBHD 5 mm PADUL 13C
PULPROG gandantns
TD 65536

SOLVENT COCI3
NS

512
DS 4
SWH 25252525 Hz
FIDRES 0.385323 Hz
AQ 1.2976128 =sac
RiG 2050
oW 19.800 usac
DE 6.50 usec
TE

2935 K
CHNST2 1450000000
CMNST3 1.0000000
CMST4 5.0000000

OMe

D1 1.50000000 sac
D2 0.00172414 sac
D3 0.00431034 sac | | N
D12 0.00002000 sec - — e "
D13 0-00000400 sec |
TOO 1
===——=== LHAMNMNEL f1 ========
NUCH 130
P1 8.80 usec
p2 17.60 usec
PL1 -3.00 dB
PLIW  5B.A3800457 W
SFOH 100.6233333 MHz
| T | T | | | I | | I | | T
220 200 180 160 140 120 100 80 ] 40 20 pEm
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H NMR Spectra of compounds cis-6i and trans-6i (mixture of diastereoisomers)

1

ESI M. A. Hama Salih, et al.
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ESI M. A. Hama Salih, et al.

3¢ NMR Spectra of compounds cis-6i and trans-6i (mixture of diastereoisomers)
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'H NMR Spectra of compound cis-6k

MHS281/s1

Current Data Parameters
NAME 02-05-Fossey-4

EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date 20140205
Time 16.53
INSTRUM spect
PROBHD 5 mm PABBO BE-
PULPROG zg3o

D 32768
SOLVENT CDCI3

NS 32

DS 2

SWH 6009.615 Hz
FIDRES 0.183399 Hz
A 2.7262976 sec
RG 287

DwW 83.200 usec
DE 12.89 usec
TE 2916 K

D1 1.00000000 sec
TDO 1
======== CHANNEL {1 ========
NUC iH

P1 12.80 usec
PL1 1.00 dB

PL1W 9.57725906 W
SFO1 300.1318534 MHz

F2 - Processing parameters
SI 32768

SF 300.1300054 MHz
WDW EM

D
SSB 0
LB 0.30 Hz
GBE o0
PC 1.00

[ i
I L LJ J\._.._)I|UN-._._._“JMU| |
L L L L L L L L L LR L L LR B L L DL L L DL L L I
10 9 8 7 6 5 4 3 2 1 ppm

I I | I I L

g 4 B B 2 s
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ESI M. A. Hama Salih, et al.
3¢ NMR Spectra of compound cis-6k

02-07-Fossey-3 m 3 ] m=og r ol o
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ESI M. A. Hama Salih, et al. 1
H NMR Spectra of compound cis-6m
08-20-Fossey-17 R% HRRRRGSIIE =0 89 3R % SBIE  HEEEN
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3¢ NMR Spectra of compound cis-6m

08-19-Fossey-5 ) * mwNa ST
MHS273 R g HEEREE
I |~
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200 1% 180 170 160 150 140 130 120 110 100 90
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'H NMR Spectra of compound cis-6j

ESI M. A. Hama Salih, et al.

T— -

65"E~_
£9°E~

—
15—,

12-05-Fossey-27
MHS302/5-6

“ JWLHJL_M__JM |

L

U

_)J 1

Tee

Toot
Feot

Toot

Fur
TFoot

Tsot

W_VVN.: ¥

Fesv |

10.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0

10.5

f1 (nnm)

ESI-42



ESI M. A. Hama Salih, et al.

3¢ NMR Spectra of compound cis-6j

Current Data Parameters

T

5]
-

| = e B e L e e =
a a s .

. + s .
I = = e ST el e T

L= U e (R (RN I B e | |'-l r-l Lt l
— 1 - i 1 — 1 — 1 = r—-1 |
L Ny P (]
e e Y ot )
N 4

MAME  12-08-Fossey-1
EXPNC 10
PROCNO 1
. OH
F2 - Acquisition Paramatars
Date_ 20131206
Tima 10.28 I 0
INSTRUM spect N
PROBHD 5 mm PADUL 13C 3
PULPROG Eandantns
D 65536
SOLVENT COCI3 |
NS 12
DS 4
SWH 25252.525 He
FIDRES 0.385323 Hz
AT 1.2976128 sac
RG 2050
oW 19,800 usac
DE 6.50 usec
TE 2949 K
CMST2 1450000000
CMST3 1.0000000
CMST4 5.0000000
b1 1.50000000 sac
D2 000172414 =ac I Lo i
D3 0.00431034 sac - .
2 0.00002000 sac
D13 0.00000400 sac ‘ [
TDO 1
S 1 DHANNEL” e
MUC1 13C
P1 8.80 usec
P2 17.60 usec
PL1 -3.00 dB
PLIW SH.63B90457 W
SFOH 1006233333 MHz
T T T T T T T T T T T T T T T T T T T
220 200 180 160 140 120 100 20 60 a0 20 ppm
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'H NMR Spectra of compounds cis-6l and trans-61 (mixture of diastereoisomers)

ESI M. A. Hama Salih, et al.
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13C NMR Spectra of compounds cis-61 and trans-6| (mixture of diastereoisomers)

oo O
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Current Data Parameters

NAME  07-11-Fossey-5

EXPNO 10

PROCNO 1

F2 - Acquisition Parameters

Date_ 20140711

Time 14.20

INSTRUM sgecl

PROBHD 5 mm PADUL 13C Cl

PULPROG pendantns

D 65536 : OH

SOLVENT CDCI3 P

NS 512

DS 4 0

SWH 25252 525 Hz N

FIDRES 0.385323 Hz '

AQ 1.2976128 sec

RG 2050

DW 19.800 usec Cl

DE 6.50 usec

TE 2938 K

CNST2 145.0000000 i

CNST3  1.0000000 A et A A

CNST4 5.0000000

DA 1.50000000 sec

D2 0.00172414 sec

D3 0.00431034 sec

D12 0.00002000 sec
D13 0.00000400 sec

TDO 1

======== CHANNEL f1 ==—======
SFO1 100.6242690 MHz
NUCH 13C

P1 8.80 usec

P2 17.60 usec

PLW1 58.63899994 W
==——===== CHANNEL {2 =——====—

T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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'H NMR Spectra of compounds cis-6n and trans-6n (mixture of diastereoisomers)

ESI M. A. Hama Salih, et al.
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5.5 50 45 4.0
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3C NMR Spectra of compounds cis-6n and trans-6n (mixture of diastereoisomers)

ESI M. A. Hama Salih, et al.

07-12-Fossey-7
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190 180 170 160 150 140 130 120 110 100
f1 (ppm)

200
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'H NMR Spectra of compound 7a

MHS293/9

Cumant Data Parametars
MAME  12-12-Fossay-26
EXPNO i0
PROCHC i

F2 - Acquisition Paramators
Date 20131212
Tima

18.48
INSTRLIM t
PROBHLD 5 mm PABBC BB-
PULPROG Zgao

1D 32768
SOLVENT COCI3
NS az

bs 2

SWH B000.615 Hz

FIDRES 0.183300 Hz
(] 27262076 saC

RG 114

oW 83.200 usac

DE 1280 usac

TE 2005 K

D1 100000000 s8C

TDO 1

—_—===== CmNNELf1 —_—=====
JCAH iH

P1 12.80 usac

PL1 1.00 dB

PL1W 957725206 W

SFO 3001318534 MHz

F2 - Procassing paramefars
Sl A7 68

SF 300.1300055 MHz b I
WOW EM ' ] | Iy
SSB 0 n ﬁ H ‘ i
LB 0.30 Hz
GE 0 .
PC 1.00
""""" A M I A IS A IR ARS LA LAY R
10 9 8 7 6 L) 2 ppm
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3C NMR Spectra of compound 7a

I
Cumant Data Parameaters
MAME  12-11-Fossay-12
EXPNO 10
PROCHO 1
F2 - Acquisition Paramatars
Date 0131211
Tim 16.36
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG Erﬁamns
TD 65536
SOLVENT COCI3
NS 512
DS 4
SWH 25252.525 Hz
FIDRES 0.385323 Hz
A 1.2076128 =ec
RG 2050
oW 19.800 usac
DE 6.50 usec
TE 2948 K
CMNET2 145.00000
CMNET3 1.0000000
CNST4 5.0000000
D 1.50000000 sac
D2 0.00172414 sac
D3 0.00431034 sec
D12 0.00002000 sac
D13 0.00000400 =oc
00 -
—==—==== CHAMMEL {1 ========
MUC1 130
P1 8.80 usec
P2 17.60 usec
PL1 -3.00 dB
PLiW 5B.63890457 W
SFO1 100.6233333 MHz
T T T T T T T T T T T T
220 200 180 160 140 120 100 20 60 40 20
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'H NMR Spectra of compound trans-7b
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3¢ NMR Spectra of compound trans-7b

- [l e LT = e e o |
s a " s " s i = - L I e T A |
= [ e = s T T el « a . = =
- [ O T I R I | [ T el e Vs - =
— 'l 'l ] i i — - [ [~ - uwy wy = =r [
|N 1 _____J____J ; |
NN E\VZg | | L
Currant Data Parameaters
MAME  12-13-Fossaoy-2 |
EXPNO 0 .
PROCHO 1 : DEH3
F2 - Acquisition Parametars
Dat&_cq 20131213 9]
Tima 10.58 M
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG andantms
TD ESESE
SOLVENT CDCI3
NS 512
DS 4
SWH 25252 525 Hz
FIDRES 0.385323 Hz
A 1.2976128 sac
RiG 2080
ow 19.800 usac
DE 6.50 usac
TE 2048 K
CMST2 145.0000000
CMET3 1.0000000 |
CMET4 5.0000000 |
DA 1.50000000 sac
D2 0.00172414 =ac
D3 0.00431034 =ac
D12 0.00002000 sec
D13 0.00000400 soc
TDO 1
[ L1 ] i) I
=====—== CHAMNNEL {1 =======—= | |’ - |' T
MUCH 13C ]
P1 8.80 usec
P2 17.60 usac
PL1 -3.00 dB
PLiW 5B 63890457 W
SFO1 100.6233333 MHz
T T T T T T T T T T T T T T T T
220 200 180 160 140 120 100 2 80 40 20 ppm
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02-24-Fossey-25
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33
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'H NMR Spectrum of compounds cis-60 and trans-6o mixture of diastereoisomers and the separated diastereoisomers
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'H NMR Spectra of compound cis-60
MHS325/47-50

Currant Data Parameatars
NMAME  02-21-Fossay-13

EXPHO 10
PROCMD 1

F2 - Acquisition Paramatars
Datn_ 20140221
Tima 12.02
INSTRLUM

{
PROBHD 5mm PABEC BB-
PULPROG Zgan

T 32768
SOLVENT CDCla
NS az

DS o

SWH 6009615 Hz

FIDRES 0.183300 Hz

A 2. 7262976 sac

RG 203

oW 83.200 usac

DE 12,80 usac

TE 01T K

D1 1.00000000 sac

TDO i

—==—== CHANMNEL | ===—====
JCA iH

P1 12.80 usac

PL1 i.00dB . I

PL1W §.57 725906 W |
SFO1 3001318534 MHz |

I
F2 - Procassing parameiars |
3l 32768
3F 300.1300041 MHz

EM

WOW L

S55B 0

] 0.30 Hz

GE o J

PC 1.00

ESI-53



ESI M. A. Hama Salih. et al.
13C NMR Spectra of compound cis-60

Cumant Data Parameters
MAME 02-21-Fossoy-6

EXPNO 10
PROCNO 1

F2 - Acquisition Parametars
Date_ 20140221

Tima 13.37
INSTRUM spect

PROBHD 5 mm PADUL 13C
PULPROG g&ndantns
D 65536

SOLVENT COCI3
NS 812

D35 4

SWH 25252.525 Hz
FIDRES (.385323 Hz

A 1.2976128 sac
RS 2080

oW 19.800 usac
DE 6.50 usec
TE 2047 K

CMSTZ  145.0000000
CNST3 1.0000000
CHET4 5.0000000

D1 1.50000000 sac
Dz 0.00172414 sac
D3 0.00£31034 sac

D12 0.00002000 sac |
D13 0.00000400 sec

TDO 1

e Dl-u!l.NNEL f1 e ———
MUCH 13C

P1 8.80 usaec

P2 17.60 usac

PLi -3.00 dB

PLIW 58.63890457 W
SFMM 100.6233333 MHz

=/, re 1 = =,

.
- - 1 -
- - - - W -

= o

.
o o=

*M‘WWHW

190 180

140

130 120 110 100 90 BO YO &0 50
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'H NMR Spectra of compound cis-6p
MHS321/20-25

-Lab dafad fudofed a4,
o o R wp R o

— 1.48

Cumant Data Paramatars

NAME  02-24- Fussa]r—-tg |
10

EXPHO
PROCHNC i
F2 - Acquisition Parametars
Dato_ 20140224
Tima 16.35
INSTRLUM t
PRCEHD 5 mm PABBD BE-
PULPROG Zgaon
TD 32768
SOLVENT CDCla
NS az
DS 2

H B000.615 Hz
FIDRES 0.183300 Hz
AQ 27262076 saC
RG 287
oW 83.200 usac
DE 12.80 usac
TE 2B K
D1 1.00000000 580
TDO 1

—==—== CHANMNEL fl ===—====
NUCH iH |
P1 12.80 usac
PL1 1.00dB |
PL1W 057725008 W |
SFO1 3001318534 MHz
F2 - Processing paramators
| 3ITEE
SF 300.1300044 MHz '
WOW EM . I '
SEB 0
LB 030 Hz
GE o0 J N
PC 1.00

CCRCEEE A E e e
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3C NMR Spectra of compound cis-6p

o B I o S T i~ U O P 8 LT = = S IV T o
[ T T B e T U S = S

Cumant Data Parameters
MAME 02-21-Fossoy-18
EXPNO 10

PROCMNO 1

F2 - Acquisition Paramaters
Data_ 20140221
Tima 2310
INSTRUM spact
PROBHD 5 mm PADUL 13C
PULPROG gndantns
TD 65536 OMe
SOLVENT chCl3

NS 512

DS 4

SWH 25252 525 Hz
FIDRES 0.385323 Hz
AQ 1.2076128 =sac
R 2050

oW 19.800 usac
DE 6.50 usac

TE 2950 K
CMNET2 145.0000000
CMET3 1.0000000
CMNST4 5.0000000

DA 150000000 =ac
D2 0.00172414 sac
D3 0.00431034 sec

D12 000002000 sec I

o

TR L U U S O e O B I

L L l\v‘I Nl/ A J
iy I | ‘-\-..\_\_\_L i A /_:_-:____:-__.
| o ) S

D13 000000400 sec - - il
TDO 1 ‘ [ 1
- DH}‘-‘LNNEL f1 —_—
MUC 130
P1 8.80 usec
P2 17.60 usec
PL1 -3.00 dB
PLiW 5B.63890457 W
EFO1 1006233333 MHz
T T T T T T T T T T T T T T
220 200 180 1B0 140 120 100 a0 80 40 20 ppm
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'H NMR Spectra of compounds cis-6q and trans-6q (mixture of diastereoisomers)

MHS352/28-32

Cument Data Parametars
MAME 05-27-Fossay-8

EXPHNO 10
PROCNO 1

F2 - Acquisition Paramatars
Data 20140527
Tima 17.30
INSTRLIM

PROBHD 5mm AEED BB-
PULPROG Zgan

1D 32768
SOLVENT CDCla
WS 3z

DS 2
SWH B00O.E15 Hz
FIDRES 0.18%3%0 Hz
A 2.7262076 sac
RG 181
oW 83.200 usac
DE 1280 usac
TE 2926 K
D1 100000000 sac
TDO 1

=== == GI’MNNEL f1 —==——===
MNUCH iH
P1 12.80 usac
PL1 1.00 dB

PLIW §.57 725908 W
SFO 3001318534 MHz

F2 - Procassing paramators
Sl 27 68

SF 300.1300005 MHz
WDwW EM

S5B  0

LB 0.30 Hz
GE o

PC 1.00

|||
lln l||
49 48 47 46 45 44 ppm

L. E.FJ :3[

| T

| I

4
Aol ERRYA
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'H NMR Spectra of compound cis-6q
MHS329/24

Curant Data Paramatars

NAME  03-05-Fossay-24
EXPNO 10
PROCND 1

F2 - Acquisition Paramafors
Data_ 20140305

Tima 1242
INSTRLM t
PROBHD 5 mm PAEBD BBE-
PULPROG Zg30

1D 32768
SOLVENT COCI3
M5 az

s 2

SWH &000.615 Hz

FIDRES 0.183300 Hz

A 27262076 saC

RG 408

oW 83.200 usac

DE 12.80 usac

TE 2oiTK

D1 1.00000000 580

TDO 1

—==—== CHAMMEL fl ==—===
JCAH iH

P1 12.80 ugac

PL1 1.00 dB

PL1W 9.57 725208 W

SFO 3001318534 MHz

Voo

F2 - Procassing parametars (
Sl 32763
SF 300.1300031 MHz |
Wow EM | : I [
SSE 0 J ; ]
LB 0.30 Hz ri l i |
GE o N . B A b
PC 1.00 -
R I T | I o T T | T T T
10 2] 7 6 5 4 3 2 1 ppm
AN AP || L AN
do plEE g g H e
|~ ] ] — o =t ) ]
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3¢ NMR Spectra of compound cis-6q

Curmant Data Parameatars
MAME 03-05-Fossay-B

EXPNO 0
PROCNO 1

F2 - Acquisition Paramaters
Data_ 20140306
Tima 0.08
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG E&ndantns
TD 65536
SOLVENT CDCI3

NS 512

DS 4

SWH 25252.525 Hz
FIDRES 0.385323 Hz
A 12976128 soc
RG 2050

oW 19.800 usac
DE 6.50 usac

TE 2957 K
CMSTZ2 145.0000000
CMETS3 1.0000000
CMET4 5.0000000

D1 1.50000000 =ac
Dz 0.00172414 =ac
D3 0.00431034 sac
Di2 0.00002000 sec
D13 0.00000400 soc
TDO 1
=====—== GHAMNNEL f{ ========
NUC1 13C

P1i 8.80 usac

P2 17.60 usac

PL1 -3.00 dB
PLiW 5863890457 W
SFOH 100.6233333 MHz

180

180
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160

150

140

130 120

ESI-59
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'H NMR Spectrum of compounds cis-9b and trans-9b mixture of diastereoisomers and the separated diastereoisomers

05-29-Fossey-37
MHS353/36-39
33

I A A JN.JMA_AJ[_M‘J L_Jduu U J

05-29-Fossey-27
MHS353/4043
22

b TN

05-29-Fossey-28
MHS353/31-35
11

,JI'\L J?L_ \ 1 IIUJ_ e _J’ULJM_J""\_._JL&.__‘._—.._

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
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'H NMR Spectra of compound cis-9b

MHS353/31-35

Cumant Data Parametars
NAME  05-29-Fossay-28

EXPHO 10
PROCMNC 1

F2 - Acquisition Paramatars
Dato 20140529
Tima 13.50
INSTRLUM

L
PROBHD 5 mm PABEC BB-
PULPROG Zgan

TD 32768
SOLVENT COCla
NS az

DS 2

SWH &009.615 Hz
FIDRES 0.183300 Hz
AQ 2. 7262976 a0
RG 287

oW 83.200 usac
DE 12.80 usac
TE o025 K

D1 1.00000000 sac
TDO i
—==—== CHAMNMEL fl —=—===
NUC1 iH

P1 12.80 usac
PL1 1.00 dB

PL1W 957 725506 W
SF 300.1318534 MHz

F2 - Procassing paramatars
Sl 32768

sSF 300.1300044 MHz
W EM

S5B 0

LB 0.30 Hz
GE 0o

PC 1.00

1 ppm
|

U [

g @ e gl
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3¢ NMR Spectra of compound cis-9b

a g i | [ [s [ i 1)
- = 7} v
I 4 r= I g i5 [y = h [» 1
— = I 1

Cumant Data Parameters
MAME 05-20-F caﬂssy-ﬁ |

EXPNC

PROGNO 1

F2 - Acquisition Paramaters
Data_ 20140529

Time 15.07
INSTRUM spact

PROBHD 5 mm PADUL 13C
PULPROG Es ndantns
TD 65536

SOLVENT CDCI3

MS 512

DS 4

SWH 25252.525 Hz |

FIDRES 0.385323 Hr

A 1.2076128 =ec

R 2050 I
oW 19.800 usac

DE 6.50 usac

T 2956 K

CMN5T2 145.00000
CMNST3 1.0000000
CMST4 5.0000000

L1 1.50000000 sac |
D2 0.00172414 sac
D3 0.00£31034 sac

D12 0.000:02000 sac
D13 0.00000400 sac

===——=== CHANNEL {{ =—=——==—=—
' 13C

MU

P 8.80 usec

P2 17.60 usac

PL1 -3.00 dB

PLiW SR.G3B04ET W
EFO1 100.6233333 MHz

A B Ak W L R L e M L e e
200 190 180 170 160 150 140 130 120 110 100 20 8O TFO 60 50 40 30 20 10 ppm
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'H NMR Spectra of compound cis-9a

MHS347/16-19

Currant Data Paramatars
MAME 05-15-Fossay-35

':.; |'II-: .L \kﬁ'\'é/ | II:"*&I | |

\

EXPHO i0

PROCNC 1 ASOH

F2 - Acquisition Paramators

Dato_ 20140515

Tima 15.43 M

IMSTRLIM t

PROBHD 5 mm PABBO BE-

'PI'HLPHOG 2530

32768

SOLVENT  CDCH OMe

NS 32

DS 2

EWH 8000615 Hz |

FIDRES 0.183390 Hz

A 27262976 520 |

RG 287

oW 83.200 usac

DE 1285 usac

TE 2026 K

D1 1.00000000 sac

TCO 1

—==—== CHAMNMEL | —m==—====

UCAH iH

P1 12.80 usac

PL1 1.00 dB

PL1W 057725208 W

SFOn1 300.1318534 MHz I

F2 - Procassing paramatars Al

| 32768 I

SF 300.1300063 MHz

WDW EM |

SSE 0 | e

LE 0.30 Hz ” I A

GB ] J J -

PC 1.00

TrprTTTTTTETLTT TrprTrrTTTeT [rerrrreeT [rrrrreTeT [rerrerTeT [rerrereeT | D B I
10 g 8 7 i] ] 4 3 2 1 ppm

|| I AL
v I
) — o~ — ™
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3¢ NMR Spectra of compound cis-9a

Cument Data Parameters
MAME 05-15-F cstlssy-ﬂ

EXPNC

PROCNO 1

F2 - Acquisition Parametars
Data_ 0140515
Time 16.13
INSTRUM spact

PROBHD 5 mm PADUL 13C
PULPROG Esﬂdantns
TD 65536

SOLVENT chOCl3
NS 512

DS 4

SWH 25252 525 Hz
FIDRES (.385323 Hz
AQ 1.2076128 =sac
RiG 2050

DWW 19.800 usac
DE 6.50 usac
TE 2956 K

CMST2 145.00000
CMNST3 1.0000000
CMST4 5.000000:0

D1 1.5000:0000 sec
D2 0.00172414 sac
D3 0.00431034 sec

D12 0.00002000 sac
D13 0.00000400 sac

TDO

===—=—== CHAMMNEL {1 ========
MNUC1 1305

P1 8.80 usec

P2 17.60 usec

PL1 -3.00 dB

PLIW 5B.63890457 W
SF 100.6233333 MHz

200 190

170 160 150

130 120

ESI-64
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'H NMR Spectra of compound cis-8a

MHS323

Cumant Data Parametars
NAME  02-19-Fossay-30
EXPHO i0
PROCMNC i

F2 - Acquisition Parametars
Data_ 20140219
Tima 18.56
INSTRLUM t

PROBHD 5 mm PABBC BB-

PULPROG Zgan
1D 32768
SOLVENT CDCla
NS az

DS 2

SWH &009.615 Hz

FIDRES 0183350 Hz

AQ 2. 7262976 saC

RG 36

oW 83.200 usac

CE 1288 usac

TE 2016 K

D1 1.00000000 s8c

TDO i

=== == GI’MNNEL f1 —o———====
UCA 1H

P1 12.80 usac

PL1 1.00dB

PL1W 9.57 725906 W
SFO1 3001318534 MHz

Ez - Procassing parametars

32768
aF 300.1300285 MHz
WDW EM
S5B 0
LB 0.30 Hz
GE 0o
PG 1.00

=

S I . EPAVI
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ESI M. A. Hama Salih, et al.

3C NMR Spectra of compound cis-8a
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Currant Data Parameaters
MAME 02-20-Fossey-B I
EXPNO 0
PROCMO 1
F2 - Acquisition Parametars ! :
Date_ 20140220
Time 16.18
INSTRUM spact
PROBHD 5 mm PADUL 13C
PULPROG ENMEHWE |
TD 65536
SOLVENT COCI3
NS 512
DS 4
SWH 25252 525 Hz
FIDRES 0.385323 Hz |
A 1.2976128 sac I
RG 2050
oW 19,800 usac I
DE 6.50 usec
TE 2047 K
CMNETZ2 145.0000000
CGMNST3 1.0000000
CMNET4 5.0000000
DA 1.50000000 sec
D2 0.00172414 sec '
D3 0.00431034 =ac I | | I | 1
D12 0.00002000 sec e ” e b s - . bt
D13 0.00000400 sac 11 |
TDO 1
===———== CHAMMNEL {1 ========
NUCH 13C
P1 8.80 usac
P2 17.60 usac
PL1 -3.00 dB
PLIW 5B.G3890457 W
SFO1 100.6233333 MHz
190 180 170 180 180 140 130 420 {10 400 S0 8O 70 60 50 40 30 20 PEM

ESI-66



'H NMR Spectra of compound cis-8b

ESI M. A. Hama Salih, et al.
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3C NMR Spectra of compound cis-8b

Cument Data Parameters
MAME 05-01-Fossoy-4

EXPNC 10 1
PROCNO 1

F2 - Acquisition Paramaters

Data_ 201405M

Tima 11.34

INSTRUM spact

PROBHD 5 mm PADUL 13C
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'H NMR Spectra of compound 11a

MHS360/E-8
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'H NMR Spectra of compound 11b
MHS373/5-7
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3¢ NMR Spectra of compound 11b
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SIVA 3¢ NMR Spectra of compound 11c
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X-Ray Crystallography Data

Figure S1: X-ray crystal structure of 6a-cis with
ellipsoids drawn at the 50 % probability level.

o)

ot

C(9) ) P

Figure S2: X-ray crystal structure of 6a-trans with
ellipsoids drawn at the 50 % probability level. The
phenyl group C(13)-C(18)/C(13’)-C(18’) is
disordered over two positions with a refined

Figure S3: X-ray crystal structure of 6d-trans with
ellipsoids drawn at the 50 % probability level.

occupancy ratio of 54(1):46(1).

Figure S4: X-ray crystal structure of 6e-cis with
ellipsoids drawn at the 50 % probability level. The
structure contains two crystallographically-
independent molecules in the asymmetric unit.
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Figure S5: X-ray crystal structure of 6h-cis with
ellipsoids drawn at the 50 % probability level. The
structure contains two crystallographically-
independent molecules in the asymmetric unit.

Figure S6: X-ray crystal structure of 6m-cis with
ellipsoids drawn at the 50 % probability level. The
structure contains two crystallographically-
independent molecules in the asymmetric unit.

Figure S7: X-ray crystal structure of 6p-ciswith
ellipsoids drawn at the 50 % probability level. The
structure contains two crystallographically-
independent molecules in the asymmetric unit.

Figure S8: X-ray crystal structure of 6q-cis with
ellipsoids drawn at the 50 % probability level. The
structure contains two crystallographically-
independent molecules in the asymmetric unit.

Figure S9: X-ray crystal structure of 11a with
ellipsoids drawn at the 50 % probability level

Figure S10: X-ray crystal structure of 11b with
ellipsoids drawn at the 50 % probability level.
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Figure S11: X-ray crystal structure of 11c with
ellipsoids drawn at the 50 % probability level.

Crystal structure determination of 6a-cis: C4gHsNO, (M =281.34): monoclinic, space group
P2i/c (no. 14), a= 7.63367(18) A, b = 29.2305(5) A, ¢ = 6.84862(15) A, B = 102.295(2)°, V =
1493.12(6) A%, Z= 4, T= 99.94(19) K, u(CuKa)= 0.646 mm™, Dcalc = 1.252 g/mm® 10140
reflections measured (11.866 < 26 < 148.962), 2899 unique (Rixx = 0.0248, Rsigma = 0.0231)
which were used in all calculations. The final Ry was 0.0367 (/>20(/)) and wR,(F2) was 0.0934
(all data).

Crystal structure determination of 6a-trans: CisHgNO, (M =281.34). monoclinic, space
group C2/c (no. 15), a = 20.2930(2) A, b = 6.84225(8) A, ¢ = 22.5979(2) A, B = 90.8593(9)°, V =
3137.36(5) A®>, Z= 8, T= 99.94(17) K, u(CuKa)= 0.615 mm™, Dcalc = 1.191 g/mm?®, 28439
reflections measured (7.826 < 26 < 149.016), 3181 unique (Rint = 0.0244, Rsigma = 0.0109) which
were used in all calculations. The final Ry was 0.0343 (/>20(/)) and wRy(F2) was 0.1396 (all
data).

Crystal structure determination of 6d-trans: CgH,sNO, (M =295.37): orthorhombic, space
group Pbca (no. 61), a = 12.4972(2) A, b = 14.1613(2) A, ¢ = 17.5538(3) A, V = 3106.62(9) A®,
Z= 8, T= 100.01(10) K, p(CuKa)= 0.645 mm™, Dcalc = 1.263 g/cm®, 15485 reflections
measured (10.078° < 26 < 148.89°), 3132 unique (Rinx = 0.0249, Rsigma = 0.0184) which were
used in all calculations. The final Ry was 0.0379 (I>20(1)) and wRy(F2) was 0.0966 (all data).

Crystal structure determination of 6e-cis: CisH7NO; (M =271.30): orthorhombic, space
group P2:2:2; (no. 19), a= 6.86998(8)A, b= 15.21957(20)A, c= 27.0563(4)A, V=
2828.95(6) A%, Z= 8, T= 100.00(10) K, y(CuKa) = 0.717 mm™", Dcalc = 1.274 g/mm®, 15654
reflections measured (6.534 < 20 < 148.936), 5473 unique (Ri, = 0.0239, Rsigma = 0.0248) which
were used in all calculations. The final Ry was 0.0289 (/>20(/)) and wRy(F2) was 0.0703 (all
data).

Crystal structure determination of 6h-cis: CgH;/NO3; (M =311.37): triclinic, space group P-1
(no. 2), a= 6.98428(14)A, b= 15.3845(4)A, c= 16.6168(4)A, a= 110.497(2)°, B=
97.0023(18)°, y = 102.2736(19)°, V = 1596.16(7) A%, Z =4, T=100.00(10) K, u(CuKa) = 0.703
mm™', Dcalc = 1.296 g/mm?, 30499 reflections measured (5.814 < 20 < 149.132), 6446 unique
(Rint = 0.0314, Rsigma = 0.0265) which were used in all calculations. The final Ry was 0.0420
(I>20(l))andwRs(F,) was 0.1611 (all data).
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Crystal structure determination of 6m-cis:CsHsN,O4 (M = 326.34): triclinic, space group P-1
(no. 2), a= 7.87442(17)A, b= 13.1736(2) A, c= 15.8461(3) A, a= 88.7943(13)°, B =
76.7697(16)°, y = 88.4490(15)°, V = 1599.38(5) A>, Z= 4, T= 100.01(10) K, p(CuKa) = 0.798
mm™', Dcalc = 1.355 g/cm®, 55778 reflections measured (5.73° < 20 < 148.794°), 6470 unique
(Rint = 0.0294, Rsigma = 0.0141) which were used in all calculations. The final R; was 0.0380
(I>20(l)) and wR, was 0.1058 (all data).

Crystal structure determination of 6p-cis: C4gHyN,O3; (M =312.36): triclinic, space group P-1
(no. 2), a=6.8071(3) A, b= 15.0202(7) A, ¢ = 15.8559(8) A, a = 90.798(4)°, B = 101.156(4)°,
y = 100.035(4)°, V= 1564.30(13) A%, Z= 4, T= 99.98(10) K, u(CuKa) = 0.739 mm™, Dcalc =
1.326 g/cm®, 11128 reflections measured (5.688° < 20 < 149.102°), 6195 unique (R = 0.0285,
Rsigma = 0.0384) which were used in all calculations. The final Ry was 0.0391 (/>20(/)) and
wR(F,) was 0.1067 (all data).

Crystal structure determination of 6q-cis: C41H4N,O, (M =206.24): triclinic, space group P-1
(no. 2), a=7.5414(3) A, b = 11.8446(5) A, c = 12.2635(5) A, a = 80.154(4)°, B = 88.093(4)°, y =
88.519(3)°, V= 1078.48(8)A% Z= 4, T= 100.00(10)K, p(CuKa)= 0.724 mm™, Dcalc =
1.270 g/mm?, 7212 reflections measured (7.32 < 20 < 148.982), 4221 unique (R = 0.0222,
Rsigma = 0.0333) which were used in all calculations. The final Ry was 0.0399 (/>20(/)) and
wR(F,) was 0.1031 (all data).

Crystal structure determination of 11a: C4H4N,O (M =638.81): monoclinic, space group
C2/c (no. 15), a = 12.55604(14) A, b = 15.09459(13) A, ¢ = 18.96430(17) A, B = 105.8657(10)°,
V = 3457.35(6) A®>, Z= 4, T= 99.9(2) K, u(CuKa)= 0.557 mm™, Dcalc = 1.227 g/lcm®, 32364
reflections measured (9.378° < 20 < 148.662°), 3515 unique (Ri,x = 0.0309, Rsigma = 0.0135)
which were used in all calculations. The final Ry was 0.0364 (/>20(/)) and wR,(F2) was 0.0919
(all data).

Crystal structure determination of 11b: C,sH4sN.O3 (M =698.87): triclinic, space group P-1
(no. 2), a=10.1705(3) A, b= 10.2903(3) A, ¢ = 19.4528(5) A, a = 99.778(2)°, B = 99.679(2)°,
y = 106.888(2)°, V= 1868.03(9) A, Z= 2, T= 99.99(11) K, p(CuKa)= 0.600 mm™, Dcalc =
1.242 glcm®, 31249 reflections measured (14.244° < 20 < 140.124°), 7054 unique (R = 0.0352,
Rsigma = 0.0246) which were used in all calculations. The final Ry was 0.0863 (/>20(/)) and
WR(F,) was 0.2339 (all data).

Crystal structure determination of 11c: C34H3sN,O (M =486.63): monoclinic, space group
P2i/c (no. 14), a = 11.9986(2) A, b = 10.60180(16) A, ¢ = 20.9045(4) A, B = 104.8514(19)°, V =
2570.37(8) A®, Z= 4, T= 100.00(10) K, p(CuKa)= 0.580 mm™, Dcalc = 1.258 g/cm®, 17451
reflections measured (7.622° < 20 < 148.838°), 5186 unique (Ri,x = 0.0340, Rsigma = 0.0268)
which were used in all calculations. The final Ry was 0.0404 (/>20(/)) and wR,(F2) was 0.1100
(all data).

The datasets were measured on an Agilent SuperNova diffractometer using an Atlas detector.
The data collections were driven and processed and numerical absorption corrections based on
gaussian integration over multifaceted crystal models were applied using CrysAlisPro.? The
structures were solved using ShelXS® and refined by a full-matrix least-squares procedure on F?
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in ShelXL.? All non-hydrogen atoms were refined with anisotropic displacement parameters. For
6a-cis, 6a-trans, 6d-trans, 6e-cis, 6h-cis, 6m-cis,6p-cis and6q-cis the hydrogen atoms
belonging to the hydroxyl group(s) (O(2) and O(102)) were located in the electron density and
freely refined. All remaining hydrogen atoms for all ten structures were added at calculated
positions and refined by use of a riding model with isotropic displacement parameters based on
the equivalent isotropic displacement parameter (Uq) of the parent atom. In 6e-cis, 6h-cis, 6m-
cis, 6p-cis and 6q-cis there are two crystallographically-independent molecules in the
asymmetric unit. In 6a-trans the phenyl group C(13)-C(18)/C(13’)-C(18’) is disordered over two
positions with a refined occupancy ratio of 54(1):46(1). Figures were produced using OLEX2.*
The CIFs for 6a-trans, 6a-cis, 6d-trans, 6e-cis, 6h-cis, 6p-cis, 6q-cis, 11a, 11b, 11c and 6m-
cis have been deposited with the CCDC and have been given the deposition numbers 1028121-
1028130 and 1038737 respectively.
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