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1. Introduction

Trivalent phosphine that possessed the chaistiteof powerful nucleophilicity and Lewis bass,widely used in organocatalysis.
Over the past few decades, most of the organic phesglatalyzed asymmetric reactions essentiallygeded to combine phosphine
with electron-deficient alkene, giving rise to a zeiilon which subsequently reacts with an approprieéetant such as alkene (the
Rauhut-Currier reactiorf)allene (cycloadditiony,or aldehyde (the Mortia-Baylis-Hillman reactichJ.o overcome the limitation of
this general catalysis mode, our group has devdlaml-reagent catalysis strategy, which utilizegl ¢ixygen anion of zwitterion
formed from the phosphine catalyst and methyl ateyhs a Bransted base or a Lewis base to cataligted Mannich reactionsr
Strecker reaction$As a new catalytic strategy, exploring the appligbof this model becomes very important.

Isocyanide is a versatile reagent for hetericgynthesis. Recently, the asymmetric additions of isocyanastestto carbon-carbon
double bond§,carbon-heteroatom multiple boridmd other electrophiles such as azodicarboxyfatese provided efficient ways to
prepare a wide range of optically active heterocydompounds. In addition, multicomponent reactiavith isocyanoacetate
derivatives have also been used for synthesisrigties of peptides and peptide mimeticén the majority of the asymmetric addition
reactions, chiral ligands and metals have coopeigtcatalyzed the reaction of isocyanoacetatedftod excellent results. However,
in the absence of metals, the reaction-phenylisocyanoacetates with aldimine still remainsunexplored are’.* Herein, we wish
to report our preliminary findings on this reactida the dual-reagent catalysis.

2. Results and discussion

In a model investigation, the reaction betwegphenylisocyanoacetatdg) and N-Boc-benzaldimine 2a) was evaluated in the
presence of dual-reagent catalysts in toluene @ahrtemperature (table 1). The thiourea hydrogerdlgnvs amide N-H and urea
(table 1, entries 1-3) gave better results withdhtalyst4c used, which quickly afford the corresponding additproduct3a and the
diastereomer8a’ in high yieldsand moderate enantioselectivity (97% vyield, 75%, 76%7e21 dr, table 1, entry 3). Next, another
chiral phosphine catalysts derived from isoleucimere evaluated. Unfortunately, cataly&t afforded poor results on the
enantioselectivity (table 1, entry 4). Based on puavious studies? the acidity of hydrogen bonding played an impadrtate in the
enantioselectivity control. Thus we then examinedelectronic effect of phenyl group on thioureaetpitable 1, entries 5-8), but no
improved results were obtained. With catalsts the optimal, the effect of solvents was invetgigialt was notable that toluene was
still the best (table 1, entries 9-14). Reactiansat lower temperature (i.e. -30 or -50 °C) debkehigher enantioselectivities (table 1,
entries 15-17).
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Given the dual-reagent catalysis is highly dffec we tried to lower the catalyst loading4affrom 5 mol% down to 0.5 mol% and
0.1%, and to our delight, the product could alsmbtined in excellent enantioselectivity (83, 938ihough extension of reaction
time is required (table 1, entries 18 and 19). @tergg 2 hours are reasonable time for this reactive then use 0.5 mol% of catalyst
4c in toluene at -30] as the optimal reaction condition for this Manniehction.

Table 1 Screening of the reaction conditichs

cat. 4 (5 mol%)

NC ’\\IBO methyl acrylate (5 mol%) H NHBoc H NHBoc
COMe * ~Spn + P gy
©)\ ©) solvent, T CN COMe  MeO,C NC
3 (ata’)
>L‘/\PPh PPh
>H/\Pth o 2 \/RI/\S 2 >H/\PPh2
HN\©/CF3 HN\©/CF \’T
CF3 CF4 CF3 4e: R = CgHs
4f: R = 4-CHCgH,
4b:X=0 4d 4g: R = 4-NO,CgHy
4c:X=$ 4h: R = 4-CF3CgH,
Entry Catatlyst Solvent Temperature)(  Time Yield® (%) dr® ee® (%)

1 4a toluene rt 3h 95 2.8:1 18, -18
2 4b toluene rt 15 min 95 3.8:1 48, 60
3 4c toluene rt 5 min 97 3.8:1 75, 76
4 4d toluene rt 5 min 87 3.8:1 48, 34
5 4e toluene rt 30 min 97 2.7:1 45, 27
6 4f toluene rt 1h 96 2.7:1 32,73
7 4q toluene rt 5 min 92 5.2:11 75,70
8 4h toluene rt 5 min 95 4.9:1 67, 61
9 4c CH,Cl, rt 5 min 89 1:1.3 18,19
10 4c THF rt 1h 68 1:1.8 Racemic
11 4c acetonitrile rt 20 min 84 1.4:1 0,-14
12 4c ethyl acetate rt 20 min 71 1:1 5, -10
13 4c fluorobenzene rt 10 min 82 1.5:1 56, 70
14 4c mesitylene rt 10 min 74 2.8:1 69, 72
15 4c toluene -10 15 min 92 2.4:1 72,82
16 4c toluene -30 20 min 95 3.311 79, 92
17 4c toluene -50 30 min 92 3.31 77,93
16 4c toluene -30 2h 98 3.3:1 83(9303
19 4c toluene -30 20 h 98 3.311 82, 93

#Unless otherwise specified, all reactions wereiedrout with a-phenylisocyanoacetatds (0.1 mmol) and iminega
(0.20 mmol) in the presence of methyl acrylate (8%) and catalys# (5 mol%) in solvent (1.0 mL).

® |solated yield.
°Determined by chiral HPLC analysis.

0.5 mol% of methyl acrylate and catal¢stwere used.
€ 0.1 mol% of methyl acrylate and catalgstwere used.

"In brackets, enantiomeric excess after recrystibn from ethanafpentane

With the optimized conditions established, smpe of the reaction with respect to isocyanoaeetatas investigated. As
summarized in table 2, isocyanoacetatbslh with N-Boc-benzaldimine2a could be smoothly converted into the corresponding
products in good yields, moderate diastereoselgetivand good enantioselectivities (up to 98%dyil.5 : 1 dr, 93% ee; Table 2
entries 1-7). We found that-phenylisocyanoacetates with an electron-donatimmymron the phenyl were better than that with
electron-withdrawing group®n the enantioselectivity. Isocyanoacetaledk with different ester substituents subjected to this
reaction also gave the prodBit3k (table 2 entries 8-10), respectively, with gooddsg(up to 98%) and good ee values (up to 93%).
An improved diastereoselectivity (dr 1 : 9, tablea@d entry 9) was obtained witkrt-butyl 2-isocyano-2-phenylacetaty X probably
due to the large steric resistance reasons anedcton time was extended to 40 hours.

Table 2 Substrate Scope of IsocyanoacetataadN-Boc-aldimines2 in the Asymmetric Mannich Reactién



4c (0.5 mol%)

CO,R - methyl acrylate (0.5 mol%) , H NHBoc , H NHBoc
) + AR NBoc Ar ~SAr + Ar A Sar
Art NC toluene, -30 °C CN CTO,R RO,C NC
1 2 3+3'
Entry 1(ArYR) 2 (Ar) 3/3' Time (h)  Yield® (%) dr® ee’ (%)
1 1b (3-MeGsH4/Me) 2a (Phenyl) 3b/3b’ 4 91 2.3:1 79, 92
2 1c (4-MeGH4/Me) 2a (Phenyl) 3c/3c¢’ 4 94 1.8:1 82,93
3 1d (3-MeOGH4/Me)  2a (Phenyl) 3d/3d’ 2 92 2:1 80, 88
4 le (4-MeOGH4/Me)  2a(Phenyl) 3e/3¢e’ 4 98 1.5:1 81, 92
5 1f (4-FGH4/Me) 2a (Phenyl) 3f/3f! 1 95 2:1 82, 87
6 1g (4-CICH/Me) 2a (Phenyl) 39/39’ 1 98 2.3:1 72,82
7 1h (4-BrCsHa/Me) 2a (Phenyl) 3h/3h’ 1 98 2.5:1 79, 81
8¢ 1i (Phenyl/Bn) 2a (Phenyl) 3i/3i’ 3 95 4:1 93, 89
9¢ 1j (Phenylt-Bu) 2a (Phenyl) 3i/3’ 40 98 9:1 91,70
10¢ 1k (Phenyli-Pr) 2a (Phenyl) 3k/3k’ 35 96 3:1 92, 85
11 la (Phenyl/Me) 2b (3-MeGH,) 31/31" 2 98 1.3:1 72,89
12 1la (Phenyl/Me) 2¢ (4-MeGH,) 3m/3m’ 2 85 2:1 81, 89
13 la (Phenyl/Me) 2d (3-MeOGHy) 3n/3n’ 2 88 2:1 75,91
14 1la (Phenyl/Me) 2e (4-MeOGHy) 30/30’ 2 94 1.8:1 82,93
15 la (Phenyl/Me) 2f (4-FGH,) 3p/3p’ 2 96 2:1 82,93
16 la (Phenyl/Me) 29 (4-CICgHy) 3a/3q’ 2 97 1.1:1 82,93
17 la (Phenyl/Me) 2h (4-BrCgsH,) 3r/3r’ 2 92 1.2:1 80, 94
18 la (Phenyl/Me) 2i (4-NO,CgH,) 39/3¢ 15 90 2:1 68, 95
19 la (Phenyl/Me) 2j (3-BrGgH,) 3t/3t’ 2 92 1.2:1 64, 90
20¢ 1a (Phenyl/Me) 2k (2-furanyl) 3u/3u’ 4 85 1.4:1 52, 80
214 1a (Phenyl/Me) 2 (2-thienyl) 3v/3v’ 3 92 2:1 50, 79

& All reactions were carried out with isocyanoacetdt€¢0.10 mmol), imine® (0.20 mmol), methyl acrylate (0.5 mol%) and
catalystdc (0.5 mol%) in toluene (1.0 mL) at -30.

® |solated yield.

¢ Unless otherwise noted, the diastereomeric ratis determined biH NMR spectroscopic analysis of the crude product.
4The dr and ee value were determined by chiral HRhlysis.

A variety of N-Boc-aldimines2b-2l were also tested for the Mannich reaction wiphenylisocyanoacetaf@. As shown in table 2,
the desired produc® (and3) were obtained in high yields and mostly high-taadlent enantioselectivities (Table 2, entries 9)-1
In the cases of heterocyclic aldimine substrates, reactions proceeded to give moderate enantaiséies, which afforded the
product with 80% ee3(’") and 79% ee3y’) (Table 2, entries 20-21). The effect mra-substitution on the benzene ring is always
better than that of thmeta-substitution, irrespective of the imines moietyttoe isocyanoacetate moiety.

Inspired by Dixon's work® we quickly obtained the addub& and5a’ in good yield under the condition of acetoxysileerd
methyldiphenylphosphane. Unfortunately, the enaetictivity decreased to 74% and 71% (Scheme l)aM(etried to use a single
diastereomeBa (or 3a") to turn off the ring. From the HPLC data (see supipg information), we found that each diastereoimet

partial isomerization and converted to the othaswireomer.
HG + :
_ NBoc
Me0,C" W=

CH3COOAg (10 mol%)
PPh,Me (20 mol%)

O H NHBoc

X : HG
MeO,C NG toluene, RT, 10 min ©1,22\N80c
Me0,C” ‘=
3a+3a’ 5a+5a’
dr: 3.3:1 dr: 2:1

ee: 83%, 93% ee: 74%, 71%

Scheme 1. Transformation 8& and3a’ to 5a and5a’

The absolute configuration of compouBld and 3t’ were confirmed by single-crystal X-ray structuralabysis (figure 1, see
supporting information}? The structure enabled th2R;3S) assignment of the newly formed stereogenic cefmesg , and the ZS,3S)
in 3a, the configurations of other diastereomers wererdgnhed by analogy. Based on previous repdffand on the known absolute
stereochemical configuration 8& with 3t’, a transition-state model rationalizing the stehamical outcome of the Mannich reaction
betweenla and2a in the presence of dual-reagent catalyst is pr@pas Scheme 2. In the transition-state Il, thatioh of the enolate
ion could play an important role on the presencdiastereomers.
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Scheme 2. Proposed transition-state model
3. Conclusion

In summary, we have successfully developed d-réagent organophosphine catalyzed asymmetric Mhnreaction ofo-
phenylisocyanoacetates witfrBoc-aldimines. The corresponding products wereiobthin excellent yields (up to 98%) and with
moderate to good enantioselectivities (up to %&%ounder mild reaction conditions with the catalystlaw as 0.5 mol%. Further
studies on dual-reagent catalysis are underwayriigi@up to broaden their applications in asymmegactions.

4, Experimental
4.1 General information

The'H NMR spectra were recorded on a Bruker (400 MHz).cAemical shifts € were given in ppm. Data were reported as follows:
chemical shift, multiplicity (s = single, d = do@l| t = triplet, g = quartet, br = broad, m = nplkt) and coupling constants (Hz), intergration.
13C NMR spectra were recorded on a DPX-400 (100 MHigsH-column chromatography was performed usinglieasijel. For thin-layer
chromatography (TLC), silica gel plates (HSGF 254yewsed and compounds were visualized by irradiatith UV light. Analytical high
performance liquid chromatography (HPLC) was carred on SHIMADZU equipment using chiral columns. INfey points were
determined on a SGW X-4 melting point and were ammbed. Optical rotations were measured on a JABED10 Polarimeter &dt=589
nm. IR spectra were recorded on a Perkin-Elmer 983®ument. Mass spectra analysis was performe8iRirR00 LC/MS system (Applied
Biosystems Co. Ltd.).

4.2 Preparation of catalysts®

PPh, + @\ s — J
NH, N*C DCM NN

To a stirred solution af-amino acid-derives phosphine (1.0 mmol) in,CH (10 mL), isothiocyanatobenzene (2.0 mmol) was dddiben
the reaction was vigorously stirred for 4 h. Afremoval of the solvent, direct purification by &di gel chromatography (15% EtOAc-
petroleum ether) provided products.

4.2.1 (9)-1-(1-(diphenyl phosphanyl)-3,3-dimethyl butan-2-yl)-3-phenylthiourea (4€)

Yield:82%; White solid; m.p. 51-52C, [a]p23® = +42.1 € 0.5, CHCY); 'H NMR (CDCl;, 400 MHZz)3 8.71-8.56 (br, 1H), 7.51-7.43 (m, 4H),
7.35-7.20 (m, 9H), 7.09-7.07 (m, 2H), 5.98 (m, 1#B1-4.74 (m, 1H), 2.51-2.47 (m, 1H), 2.00J(12.0 Hz, 1H), 0.91 (s, 9H}C NMR
(CDCls, 100 MHz) )8 180.7, 139.2 (dJc.p = 12.6 Hz), 138.7 (dlc.p = 12.5 Hz), 136.2, 133.1 (de.p = 18.9 Hz), 132.7 (dlc.p = 19.2 Hz),
129.9, 128.6, 128.6 (de.p = 6.7 Hz), 128.4 (dJc.p = 6.7 Hz), 126.9, 125.3, 60.9 (@.p = 14.5 Hz), 36.4 (dc.p = 6.7 Hz), 31.3 (dJcp =



14.2 Hz), 26.53'P NMR (400 MHz, CDC}) 5 -23.4 (s)] R (Neat): 3379, 3247, 3051, 2961, 1596, 1531, 1483311367, 1253, 1181, 1092,
738, 696HRM S (ESI): calcd for [M+H] (C,sH3N,PS) requires 421.1862; found 421.1862.

4.2.2 (9)-1-(1-(diphenyl phosphanyl)-3,3-dimethyl butan-2-y1)-3-(p-tol yl )thiourea (4f)

Yield:81%; White solid; m.p. 52-53C, [a]p?° = +46.4 ¢ 0.5, CHC}); '"H NMR (CDCl;, 400 MHz) 8.39-8.32 (br, 1H), 7.51-7.30 (m,
10H), 7.14-7.12 (m, 2H), 6.96-6.94 (m, 2H), 5.89X&6.4 Hz, 1H), 4.76-4.73 (m, 1H), 2.49-2.46 (m, 1HP7 (t,J =12.0 Hz, 1H), 0.89 (s,
9H); 3C NMR (CDCl;, 100 MHz)5 180.9, 139.3 (dJe.p = 13.4 Hz), 138.0 (dlc.p = 14.0 Hz), 133.1 (dlc.p = 19.1 Hz), 132.7 (dlc.p = 19.2
Hz), 130.5, 128.6, 128.6, 128.5, 128.3Jdp = 6.8 Hz), 125.6, 60.8 (dc.p = 14.0 Hz), 36.4 (dlc.p = 6.6 Hz), 31.4 (dJc.p = 15.0 Hz), 26.5,
21.1;*'P NMR (400 MHz, CDC}) § -23.3 (s);IR (Neat): 3378, 3200, 3051, 2961, 2867, 1584, 1587811433, 1367, 1329, 1260, 1184,
1092, 817, 740, 696iRM S (ESI): calcd for [M+H] (CogHaoN,PS) requires 433.1873; found 433.1872.

4.2.3 (9)-1-(1-(diphenyl phosphanyl)-3,3-dimethyl butan-2-y1)-3-(4-(trifluoromethyl ) phenyl ) thiourea (4h)

Yield:85%; White solid; m.p. 64-6%C, [a]p2” = +16.6 € 2.0, CHCE); 'H NMR (CDCl;, 400 MHz)3 9.26 (br, 1H), 7.55-7.47 (m, 6H), 7.33-
7.29 (m, 7H), 6.32 (m, 1H), 4.87-4.85 (m, 1H), 2584 (m, 1H), 2.18 (1) =12.0 Hz 1H), 0.99 (s, 9HJ*C NMR (CDCl;, 100 MHz) )3
180.4, 140.2, 138.8 (dc.p = 12.4 Hz), 138.3 (dlc.p = 13.3 Hz), 133.1 (dlc.p = 18.8 Hz), 128.8, 128.7 (d¢.p = 6.6 Hz), 128.5 (dlc.p= 6.7
Hz), 127.4 (qJcr = 32.7 Hz), 126.8, 123.9 (de.r = 270.5 Hz), 123.7, 61.0 (de.p = 13.7 Hz), 36.5 (dJc.p = 6.5 Hz), 31.1 (dJc.p = 13.7
Hz), 26.62%F NMR (CDCl;, 376 MHz) -62.2 (s)>'P NMR (400 MHz, CDC}) § -23.3 ()] R (Neat): 3264, 3052, 2962, 1615, 1532, 1478,
1433, 1368, 1324, 1266, 1123, 1067, 1015, 840, 886; HRMS (ESI): calcd for [M+H] (ChHodNoFsPS) requires 489.1736; found
489.1735.

4.3 Preparation of isocyanoacetates 1d and 1k®
4.3.1 Methyl 2-isocyano-2-(3-methoxyphenyl)acetate (1d)

Yield:42%,; light yellow oil;*H NMR (CDCl;, 400 MHz)& 7.34-7.30 (m, 1H), 7.05-7.03 (m, 1H), 7.01-7.0Q (H), 6.94-6.91 (m, 1H),
5.34 (s, 1H), 3.82 (s, 3H), 3.78 (s, 3 NMR (CDCl;, 100 MHz)$ 166.0, 161.4, 160.1, 133.0, 130.2, 118.9, 118.2,21 60.1, 55.4, 53.8;
IR (Neat): 3008, 2956, 2839, 2150, 1758, 1603, 1589211455, 1436, 1265, 1208, 1265, 1208, 1035, 788, 691 HRM S (ESI): calcd
for [M-H] ™ (C11H1¢O3N)" requires 204.0666; found 204.0667.

4.3.2 |sopropyl 2-isocyano-2-phenylacetate (1k)

Yield:32%:; light yellow oil;*H NMR (CDCl, 400 MHz)3 7.48-7.45 (m, 2H), 7.40-7.39 (m, 3H), 5.32 (s, 15{)7-4.98 (m, 1H), 1.25 (d,
J = 6.0 Hz, 3H), 1.16 (d] = 6.4 Hz, 3H)*C NMR (CDCL, 100 MHz) 165.0, 161.0, 132.0, 129.4, 129.1, 71.1, 60.5%,211.3; IR (Neat):
2984, 2938, 2149, 1750, 1496, 1455, 1377, 12549,12074, 1104, 1020, 960, 733, 696; HRMS (ESI): c¢cdr [M-H]™ (Ci,H1,04N)
requires 202.0874; found 202.0872.

4.4 Asymmetric dual-reagent catalyzed Mannich-type reactions
4c (0.5 mol%)

CO,R methyl acrylate (0.5 mol%) 1 H/_ NHBoc 1 H/. NHBoc
1 + A2 SNBoc Al 7 AR + AT ANpp2
Art NC toluene, -30 °C CN CTO,R RO,C NC
1 2 3+3'

The reactions were carried out in a dry round-botfiask reactor (5 mL). To a solution of catalgst(0.005 mmol) in toluene (1.0 mL) at
room temperature were added methyl acrylate (Om9@®I), stirring 5 minutes, then lowered temperatore30_, added isocyanoacetatkes
(0.1 mmol), and finallyN-Boc-aldimines2a (0.2 mmol), the resulting mixture was stirred vigasly. When the reaction was finished
(determined by TLC analysis), the crude mixture wasmed to the room temperature and purified byhfleslumn chromatography (silica
gel: petroleum ether/AcOEt = 10 : 1) to afford ireducts.

4.5 Characterization data of products 3a, 3a'-3v, 3v’
4.5.1 Methyl (2S,3S)-3-((tert-butoxycarbonyl)amino)-2-isocyano-2,3-diphenyl propanoate (3a)

Yield:98% Ba and3a’); White solid; m.p. 125-126C, [a]p?>! = -38.7 € 1.0, CHC}); 'H NMR (CDCl,, 400 MHz)5 7.82-7.80 (m, 2H),
7.49-7.35 (m, 8H), 5.92 (d,= 9.2 Hz, 1H), 5.22 (dJ = 8.8 Hz, 1H), 3.60 (s, 3H), 1.21 (s, 9F/C NMR (CDCl;, 100 MHz) 166.4, 164.1,
154.3, 136.1, 132.4, 129.3, 128.8, 128.7, 128.8,212126.2, 80.3, 58.7, 53.8, 28IR (Neat): 3341, 2978, 2137, 1745, 1703, 1513, 1499,
1451, 1367, 1247,1168, 1009RM S (ESI): calcd for [M+H] (C,H.504N,)" requires 381.1809; found 381.1811; enantiomeriess: 83%,
determined by HPLC (Chiralpak AD-H+AS-H, hexarefOH 93/7, flow rate 0.9 mL/Mingfjor = 22.3 MiN, finor = 16.6 minA = 220 nm);

Methyl (2R,39)-3-((tert-butoxycarbonyl Jamino)-2-isocyano-2,3-di phenyl propanoate (3a’)

White solid; m.p. 178-188C, [a]p?*! = -69.4 € 0.5, CHCY); *H NMR (CDCl,, 400 MHz)d 7.48 (m, 2H), 7.30-7.29 (m, 3H), 7.20-7.11
(m, 3H), 7.04-7.03, 5.71 (m, 2H), 3.85 (s, 3H),ats} 9H);*C NMR (CDCl;, 100 MHz)$ 166.8, 164.2, 154.2, 135.0, 131.8, 129.3, 128.7,
128.3,128.0, 127.9, 125.9, 80.5, 76.6, 60.2, 2B12;IR (Neat): 3341, 2979, 2137, 1754, 1720, 1495, 1486711247,116MRM S (ESI):



caled for [M+H]" (C,oH»504N,)* requires 381.1809; found 381.1812; enantiomeriess. 93%, determined by HPLC (Chiralpak AD-H and
AS-H, hexana/PrOH 93/7, flow rate 0.9 mL/min;t,, = 30.4 min, tj,o, = 18.6 min) = 220 nm).

4.5.2 Methyl (2S,3S)-3-((tert-butoxycar bonyl)amino)-2-isocyano-3-phenyl-2-(m-tolyl ) propanoate (3b)

Yield:91% Bb and3b’); colorless oil; §]p?° = -51.3 € 1.0, CHC}); 'H NMR (CDCl;, 400 MHz)3 7.58-7.57 (m, 2H), 7.48-7.45 (m, 2H),
7.40-7.30 (m, 4H), 7.21-7.19 (m, 1H), 5.91 Jd; 8.4 Hz, 1H), 5.17 (dJ = 7.6 Hz, 1H), 3.60 (s, 3H), 2.41 (s, 3H), 1.2291); °C NMR
(CDCl;, 100 MHz)5 166.4, 163.9, 154.3, 138.5, 136.2, 132.4, 13®8,7, 128.6, 128.4, 128.2, 128.4, 128.2, 126.8,3189.2, 58.4, 53.8,
28.0, 21.5;IR (Neat): 3328, 2958, 2925, 2135, 1754, 1720, 14&K71 1248, 1166, 1085, 1022RMS (ESI): calcd for [M+H]
(C3H,704N,)" requires 395.1965; found 395.1970; enantiomeraesx 79%, determined by HPLC (Chiralpak AD-H, hefaRrOH 95/5,
flow rate 1.0 mL/min; fajor = 16.9 min, fingr = 7.6 min, L = 220 nm);

Methyl (2R,39)-3-((tert-butoxycarbonyl)amino)- 2-isocyano-3-phenyl-2-(m-tolyl ) propanoate (3b")

White solid; m.p. 171-17%, [a]p?®° = -77.1 € 0.28, CHCJ); *H NMR (CDCls, 400 MHZ)3 7.28-7.25 (m, 2H), 7.20-7.10 (m, 5H), 7.04-
7.02 (m, 2H), 5.68 (ddl, = 9.6 Hz,J, = 24.0 Hz, 2H), 3.86 (s, 3H), 2.30 (s, 3H), 1.409H);**C NMR (CDCl;, 100 MHz)5 166.8, 163.9,
154.2, 138.5, 135.1, 131.7, 130.0, 128.5, 128.8,012127.9, 126.4, 123.0, 80.5, 60.0, 54.1, 28125;2R (Neat): 3329, 2956, 2925, 2134,
1747, 1704, 1498, 1391, 1367, 1248, 1167, 10349, 1BM S (ESI): calcd for [M+H] (CysH,70:N,)* requires 395.1965; found 395.1964;
enantiomeric excess: 92%, determined by HPLC (ChikalgS-H, hexané/PrOH 95/5, flow rate 1.0 mL/min; o, = 5.3 min, {inor = 7.9
min, A = 220 nm).

4.5.3 Methyl (2S,3S)-3-((tert-butoxycar bonyl)amino)-2-isocyano-3-phenyl-2-(p-tolyl ) propanoate (3c)

Yield:94% Bc and3c’); colorless oil; §]p2%7 = -35.5 ¢ 1.0, CHC); 'H NMR (CDCls, 400 MHz)3 7.67-7.65 (m, 2H), 7.47-7.45 (m, 2H),
7.39-7.34 (m, 3H), 7.25-7.23 (m, 2H), 5.88 J&& 10.0 Hz, 1H), 5.17 (d] = 8.4 Hz, 1H), 3.60 (s, 3H), 2.36 (s, 3H), 1.219); °C NMR
(CDCls, 100 MHz)5 166.1, 165.3, 154.3, 148.1, 143.4, 131.8, 1298,8, 129.1, 126.0, 123.6, 81.0, 76.1, 58.3, 528X; IR (Neat): 3358,
2977, 2927, 2135, 1746, 1704, 1513, 1392, 13679,1P468, 1009HRM S (ESI): calcd for [M+H] (C,3H»704N,)* requires 395.1965; found
395.1972; enantiomeric excess: 82%, determined RPyCH(Chiralpak AD-H, hexanePrOH 95/5, flow rate 1.0 mL/min;t,, = 10.6 min,
tminor = 8.6 MiNA = 220 nm);

Methyl (2R,39)-3-((tert-butoxycarbonyl)amino)- 2-i socyano-3-phenyl-2-(p-tolyl)propanoate (3c’)

White solid; m.p. 171-17%C, [a]p>>° = -83.2 € 0.5, CHCY); 'H NMR (CDCl, 400 MHz)d 7.37-7.35 (m, 2H), 7.21-7.09 (m, 5H), 7.05-
7.04 (m, 2H), 5.67 (dd]; = 10.0 Hz,J, = 25.2 Hz, 2H), 3.85 (s, 3H), 2.30 (s, 3H), 1.484); °C NMR (CDCl;, 100 MHz)§ 166.3, 165.3,
154.1, 147.8, 142.4, 131.1, 129.9, 129.1, 129.9,712123.1, 81.2, 75.9, 59.8, 54.4, 24 R; (Neat): 3359, 2923, 2133, 1754, 1722, 1499,
1368, 1275, 1260, 116HRMS (ESI): calcd for [M+H] (C,aH,704N,)" requires 395.1965; found 395.1970; enantiomerizess: 92%,
determined by HPLC (Chiralpak AS-H, hexarefOH 95/5, flow rate 1.0 mL/mingfjo, = 5.5 min, tnor = 8.4 min,\ = 220 nm).

4.5.4 Methyl (2S,3S)-3-((tert-butoxycar bonyl)amino)-2-isocyano-2-(3-methoxyphenyl )-3-phenyl propanoate (3d)

Yield:92% 8d and3d"); colorless oil; fi]p>**=-40.8 € 1.0, CHCE); 'H NMR (CDCl;, 400 MHZ)3 7.47-7.44 (m, 2H), 7.40-7.33 (m, 6H),
6.95-6.92 (m, 1H), 5.92 (d,= 9.2 Hz, 1H), 5.20 (dJ = 8.4 Hz, 1H), 3.86 (s, 3H), 3.61 (s, 3H), 1.239); *C NMR (CDCl;, 100 MHz)§
166.3, 164.1, 159.8, 154.3, 136.1, 134.0, 129.8,8,2128.4, 128.2, 118.5, 115.2, 111.8, 80.3, H&bH54, 53.8, 28.0iR (Neat): 3361, 3193,
2955, 2923, 2852, 2135, 1747, 1720, 1659, 16325,14868, 1257, 1166, 1015RM S (ESI): calcd for [M+H] (CyH,70sN,)" requires
411.1914; found 411.1917; enantiomeric excess: 8termined by HPLC (Chiralpak AD-H, hexanBfOH 95/5, flow rate 1.0 mL/min;
tmajor = 26.5 MiN, finor = 11.5 minA = 220 nm),

Methyl (2R,39)-3-((tert-butoxycarbonyl)amino)- 2-isocyano-2-(3-methoxyphenyl)-3-phenyl propanoate (3d")

colorless oil; f]p2*%= -87.2 £ 0.5, CHC}); 'H NM R (CDCls, 400 MHz)3 7.23-7.15 (m, 4H), 7.07-7.05 (m, 3H), 6.99 (m, 16{B5-6.82 (m,
1H), 5.68 (ddJ; = 8.0 Hz,J, = 20.0 Hz, 2H), 3.86 (s, 3H), 3.73 (s, 3H), 1.4®H); *C NMR (CDCl;, 100 MHz)$ 166.7, 164.1, 159.7,
154.2, 135.1, 133.3, 129.7, 128.3, 128.0, 127.8,2,1114.9, 111.7, 80.5, 76.5, 60.1, 55.3, 54.12;2R (Neat): 3340, 2956, 2927, 2854,
2136, 1755, 1720, 1603, 1586, 1494, 1454, 1368),1P665, 1045HRM S (ESI): calcd for [M+H] (CyaH2705sN,)* requires 411.1914; found
411.1921; enantiomeric excess: 88%, determined RlydH(Chiralpak IC, hexanePrOH 95/5, flow rate 1.0 mL/min;4j, = 10.5 min, finor
=11.5 min\ = 220 nm).

4.5.5 Methyl (2S,3S)-3-((tert-butoxycarbonyl)amino)-2-isocyano-2-(4-methoxyphenyl)-3-phenyl propanoate (3€)

Yield:98% Be and3e’); White solid; m.p. 70-73C, [a]p2"" = -37.8 £ 1.0, CHC}); 'H NMR (CDCls, 400 MHz)3 7.70-7.68 (m, 2H), 7.46-
7.44 (m, 2H), 7.38-7.36 (m, 3H), 6.96-6.93 (m, 26185 (d,J = 10.0 Hz, 1H), 5.18 (d) = 9.2 Hz, 1H), 3.82 (s, 3H), 3.60 (s, 3H), 1.23 (s
9H); 3C NMR (CDCl;, 100 MHz)3 166.6, 163.8, 160.3, 154.3, 136.1, 128.7, 1288,1], 127.6, 124.4, 114.0, 80.3, 58.6, 55.4, 5387);
IR (Neat): 3358, 2977, 2929, 2136, 1745, 1717, 1689611295, 1186, 1033, 1009RM S (ESI): calcd for [M+HT (C,3H,70sN,)* requires
411.1914; found 411.1917; enantiomeric excess: &é&termined by HPLC (Chiralpak AD-H, hexanBftOH 95/5, flow rate 1.0 mL/min;
tmajor = 14.5 miN, finor = 12.1 minA = 220 nm);



Methyl (2R,39)-3-((tert-butoxycarbonyl)amino)- 2-i socyano-2-(4-methoxyphenyl)-3-phenyl propanoate (3e’)

White solid; m.p. 78-86C, [0]p?%® = -64.0 € 1.5, CHCL); 'H NMR (CDCl;, 400 MHz)3 7.40-7.38 (m, 2H), 7.19-7.15 (m, 3H), 7.05-7.03
(m, 2H), 6.82-6.80 (m 2H), 5.67-5.66(m, 2H), 3.853H), 3.77 (s, 3H), 1.40(s, 9HC NMR (CDCl;, 100 MHz)8 167.0, 163.8, 160.1,
154.2, 135.1, 128.3, 128.0, 127.9, 127.3, 123.8,9180.5, 76.2, 60.1, 54.0, 28IR (Neat): 3356, 2977, 2932, 2137, 1754, 1718, 1610,
1513, 1456, 1255, 1184, 1166, 10BBRM S (ESI): calcd for [M+H] (CxH,70sN,)" requires 411.1914; found 411.1919; enantiomeness
92%, determined by HPLC (Chiralpak AS-H, hexafOH 95/5, flow rate 1.0 mL/mingtj, = 8.4 min, finor = 14.5 min) = 220 nm).

4.5.6 Methyl (2S,3S)-3-((tert-butoxycarbonyl)amino)-2-(4-fluorophenyl)-2-isocyano-3-phenyl propanoate (3f)

Yield:95% Bf and3f’); colorless oil; §i]p>>*=-39.2 ¢ 1.0, CHCE); *H NMR (CDCls, 400 MHZ)3 7.81-7.78 (m, 2H), 7.46-7.43 (m, 2H),
7.39-7.37 (m, 3H), 7.15-7.10 (m, 2H), 5.87 4& 10.4 Hz, 1H), 5.19 (d] = 9.6 Hz, 1H), 3.61 (s, 3H), 1.23 (s, 9C NMR (CDCl;, 100
MHz) § 166.3, 164.6, 163.3 (de.r = 251.6 Hz), 154.3, 135.8, 128.9, 128.6, 128.8.3,2128.3, 128.1, 115.6 (. = 21.8 Hz), 80.5, 76.4,
58.9, 53.9, 28.0°F NMR (CDCl;, 376 MHz)3 -112.6 (s)iR (Neat): 3355, 2979, 2136, 1746, 1704, 1510, 1248811010+ RM S (ESI):
caled for [M+H]" (C,,H2404N,F)* requires 399.1715; found 399.1717; enantiomeriaesx. 82%, determined by HPLC (Chiralpak AD-H,
hexanefPrOH 97/3, flow rate 0.9 mL/mingfio, = 14.9 min, 4, = 11.8 min) = 220 nm),

Methyl (2R,39)-3-((tert-butoxycarbonyl)amino)-2-(4-fluorophenyl)-2-isocyano-3-phenyl propanoate (3f)

White solid; m.p. 169-178C, [a]p?%* = -48.7 € 0.5, CHC}); 'H NMR (CDCl;, 400 MHz)3 7.49-7.46 (m, 2H), 7.22-7.17 (m, 3H), 7.04-6.97
(m, 5H), 5.65 (ddJ, = 10.8 Hz,J, = 13.2 Hz, 2H), 3.87 (s, 3H), 1.40(s, 9fC NMR (CDCl;, 100 MHz)5 166.7, 164.7, 163.1 (dc.r =
248.3 Hz), 154.2, 134.9, 128.5, 128.1, 128.0, 12120.8, 127.8, 115.7 (de.- = 21.8 Hz), 80.7, 76.0, 60.4, 54.2, 28%;NMR (CDCl,, 376
MHz) & -112.1 (s);IR (Neat): 3357, 2920, 2850, 2136, 1753, 1718, 1509511259, 1166, 1048iRMS (ESI): calcd for [M+H]
(CaaH2404N,F)" requires 399.1715; found 399.1720; enantiomeriesex. 87%, determined by HPLC (Chiralpak AS-H, hek#PrOH 97/3,
flow rate 0.9 mL/min; fajor = 14.5 MiN, fingr = 12.1 minA = 220 nm).

4.5.7 Methyl (2S,3S)-3-((tert-butoxycar bonyl)amino)-2-(4-chlorophenyl)-2-isocyano-3-phenyl propanoate (3g)

Yield:98% Bg and3g’); colorless oil; f]p?"3= -29.0 € 1.0, CHCY); *H NMR (CDCls, 400 MHz)d 7.76-7.74 (m, 2H), 7.46-7.42 (m, 3H),
7.40-7.36 (m, 4H), 5.87 (dl = 10.0 Hz, 1H), 5.20 (dJ = 10.0 Hz, 1H), 3.61 (s, 3H), 1.23 (s, 9 NMR (CDCl;, 100 MHz)5 166.2,
164.5, 154.2, 135.2, 132.1, 131.6, 130.0, 129.8,812126.1, 123.0, 80.5, 76.4, 58.2, 54.0, 280 (Neat): 3358, 2922, 2851, 2135, 1746,
1704, 1494, 1275, 1260, 1167, 10HRMS (ESI): calcd for [M+H] (C,H,404N,CI)* requires 415.1419; found 415.1423; enantiomeric
excess: 72%, determined by HPLC (Chiralpak AD-H, hexePrOH 97/3, flow rate 0.9 mL/minytior = 14.4 min, fingy = 12.5 min) = 220
nm);

Methyl (2R,39)-3-((tert-butoxycarbonyl)amino)-2-(4-chlorophenyl)-2-isocyano-3-phenyl propanoate (3g°)

White solid; m.p. 120-12%C, [a]p?>° = -34.5 € 1.0, CHCY); 'H NMR (CDCl;, 400 MHz)d 7.45-7.43 (m, 2H), 7.30-7.27 (m, 2H), 7.21-
7.15 (m, 3H), 7.06-7.04 (m, 2H), 5.68 (m, 2H), 3(863H), 1.40(s, 9H)**C NMR (CDCl;, 100 MHz)& 166.5, 164.5, 154.1, 134.2, 131.5,
131.1, 129.6, 129.5, 128.9, 125.8, 122.6, 80.8,89.7, 54.2, 28.2R (Neat): 3358, 2924, 2136, 1755, 1721, 1493, 12726011166, 1097;
HRMS (ESI): calcd for [M+H] (CxH2404N,Cl)" requires 415.1419; found 415.1422; enantiomericess. 82%, determined by HPLC
(Chiralpak AS-H, hexanePrOH 95/5, flow rate 1.0 mL/mingtjo; = 5.4 min, finor = 7.8 mMin,k = 220 nm).

4.5.8 Methyl (2S,3S)-2-(4-bromophenyl)-3-((tert-butoxycar bonyl)amino)-2-isocyano-3-phenyl propanoate (3h)

Yield:98% Bh and3h’); colorless oil; §]p?” = -26.7 £ 1.0, CHCE); 'H NMR (CDCl;, 400 MHZ)3 7.69-7.67 (m, 2H), 7.58-7.56 (m, 2H),
7.45-7.37 (m, 5H), 5.86 (dl = 10.4 Hz, 1H), 5.19 (dJ = 10.4 Hz, 1H), 3.61 (s, 3H), 1.23 (s, 9 NMR (CDCl;, 100 MHz)5 166.1,
164.8, 154.3, 135.7, 131.8, 131.6, 129.0, 128.8,112123.9, 80.6, 76.6, 58.8, 54.0, 24.B; (Neat): 3358, 2922, 2851, 2135, 1747, 1491,
1457, 1275, 1260, 1168, 1018RM S (ESI): calcd for [M+H] (C,oH»404N,Br)* requires 459.0914; found 459.0915; enantiomerizes:
79%, determined by HPLC (Chiralpak AD-H, hexas®OH 97/3, flow rate 0.9 mL/mingfj, = 15.4 min, tiqr = 13.9 min) = 220 nm),

Methyl (2R,3S)-2-(4-bromophenyl)-3-((tert-butoxycarbonyl Jamino)-2-isocyano-3-phenyl propanoate (3h’)

White solid; m.p. 145-14%C, [a]p>>* = -79.0 € 1.0, CHCL); 'H NMR (CDCl;, 400 MHz)d 7.45-7.43 (m, 2H), 7.38-7.36 (m, 2H), 7.22-
7.15 (m, 3H), 7.06-7.04 (m 2H), 5.65 (dd,= 9.2 Hz,J, = 16.0 Hz, 2H), 2.86 (s, 3H), 1.40(s, 9HC NMR (CDCl;, 100 MHz)5 166.5,
165.0, 154.1, 134.8, 131.8, 131.1, 128.6,128.2,01287.8, 123.8, 80.7, 76.2, 60.2, 54.3, 28R2;(Neat): 3356, 2978, 2135, 1747, 1703,
1491, 1249, 1166, 1079; 1018RM S (ESI): calcd for [M+H] (CxH2404N,Br)* requires 459.0914; found 459.0919; enantiomerizex
81%, determined by HPLC (Chiralpak AS-H, hexafOH 95/5, flow rate 1.0 mL/mingfj, = 5.6 min, finor = 7.8 min,k = 220 nm).

459 Benzyl (2S39-3-((tert-butoxycarbonyl)amino)-2-isocyano-2,3-diphenylpropanoate  (3i) and Benzyl (2R,39)-3-((tert-
butoxycar bonyl)amino)-2-isocyano-2,3-diphenyl propanoate (3i ')

Yield:95%; white solid; m.p. 74-7%C, [a]p>"® = -56.5 € 1.0, CHC); 'H NMR (CDCl;, 400 MHzd 7.80-7.79 (m, 2H), 7.42-7.24 (m,

major 11H, minor 3H, dr = 4:1), 7.04-7.03 (m, 2B)90 (d,J = 8.8 Hz, 1H), 5.21-5.17 (m, 1H), 5.00 (dbs 12.4 Hz, 2H, AB), 1.37 (s, 2.4H
minor), 1.19 (s, 9H majorf*C NMR (CDCl, 100 MHz)$ 165.6 (166.1 minor), 164.3, 154.3, 136.0, 1343P,.4 (131.8 minor), 131.8, 129.3



(129.2 minor), 128.7, 128.6, 128.6, 128.4 (128.5am), 128.2, 128.0, 127.9, 126.3, 80.3, 68.6 (6Aidor), 58.5 (60.2 minor), 28.0 (28.2
minor); IR (Neat): 3356, 2978, 2136, 1749, 1717, 1498, 1486711234, 1167HRMS (ESI): calcd for [M+H] (CygH2904N,)" requires
457.2122; found 457.2126; major diastereoisomentimraeric excess: 89%ydor = 25.2 min, Linor = 12.4 min; minor diastereoisomer
enantiomeric excess: 93%,t, = 59.4 min, tinor = 10.9 min, determined by HPLC (Chiralpak AD-H, heskPrOH 93/7, flow rate 0.85
mL/min, A = 220 nm).

Tert-butyl  (2S,39)-3-((tert-butoxycarbonyl)amino)-2-isocyano-2,3-diphenylpropanoate  (3j) and  Tert-butyl  (2R,39)-3-((tert-
butoxycar bonyl)amino)-2-isocyano-2,3-diphenyl propanoate (3} ')

Yield:98%; white solid; m.p. 123-12&, [0a]p?"! = -46.3 € 1.0, CHCY); 'H NMR (CDCls, 400 MHz)3 7.80-7.78 (m, 2H), 7.56-7.54 (m,
2H), 7.43-7.36 (m, 6H), 5.83 (d,= 9.2 Hz, 1H), 5.18 (dJ = 9.2 Hz, 1H), 1.24 (s, 9H), 1.21 (s, 9¥HC NMR (CDCl;, 100 MHZ)5 164.3,
163.4, 154.3, 136.5, 133.1, 129.1, 128.7, 128.8,512128.3, 128.0, 126.1, 84.8, 80.2, 58.3, 28304(2ninor), 27.4 (27.6 minor)R (Neat):
3357, 2979, 2932, 2136, 1718, 1498, 1450, 13940,18758, 1049HRM S (ESI): calcd for [M+H] (CysH31:04N,)" requires 423.2278; found
423.2283; major diasterecisomer enantiomeric ex@, thajor = 30.5 min, tino = 17.4 min; minor diastereocisomer enantiomericeszc
70%, tnajor = 28.3 min, tinor = 24.3 min, determined by HPLC (Chiralpak IC+AD-Hxaeei-PrOH 97/3, flow rate 0.85 mL/min, = 220
nm).

45.10 Isopropyl (2R,39)-3-((tert-butoxycarbonyl)amino)-2-isocyano-2,3-diphenylpropanocate (3k) and Isopropyl (2R,39)-3-((tert-
butoxycarbonyl)amino)-2-isocyano-2,3-diphenyl propanoate (3k )

Yield:91%; White solid; m.p. 119-12€C, [a]p>*? = -39.9 € 1.0, CHC}); 'H NMR (CDCl;, 400 MHz) ) dr = 1.2:D 7.82-7.80 (m, 2H),
7.52-751 (m, 4H), 7.45-7.35 (m, 6H), 7.31-7.29 &6H major), 7.17-7.11 (m, 3.8H major), 7.04-7.62 2.6H major), 5.93(d] = 10.4 Hz,
1H), 5.70 (ddJ; = 15.2 Hz,J, = 10.4 Hz, 2H major), 5.19 (d,= 11.6 Hz, 1H), 5.16-5.01 (m, 1H), 4.87-4.81 (rH).11.39 (s, 10H major),
1.32-1.30 (m, 6H major), 1.20 (s, 9H minor), 1(@0J = 6 Hz, 3H minor), 0.94 (d] = 6 Hz, 3H minor);13C NMR (CDCl;, 100 MHz)3
165.6 (165.2 minor), 163.9, 154.1, 135.3 (136.2amin132.7 (132.0 minor), 128.7 (129.1 minor), B28.28.4 minor), 128.2, 127.8 (128.0
minor), 126.2 (126.0 minor), 80.4 (80.2 minor),@g71.6 minor), 60.0 (58.5 minor), 28.0 (28.2 mjp@21.3 (21.4 minor), 21.1 (21.1 minor);
IR (Neat): 3355, 2981, 2134, 2136, 1721, 1498, 1439111367, 1248, 116, 110BRMS (ESI): calcd for [M+H] (C,H,40:N,)" requires
409.2122; found 409.2126; major diastereocisomentiraeric excess: 92%ydor = 21.1 min, Lo = 23.1 min; minor diastereoisomer
enantiomeric excess: 85%yp, = 19.9 min, tin, = 37.7 min, determined by HPLC (Chiralpak OD-H+ASHexana/PrOH 98/2, flow rate
0.5 mL/min,x = 220 nm).

4.5.11 Methyl (2S,39)-3-((tert-butoxycarbonyl)amino)-2-isocyano-2-phenyl-3-(m-tolyl ) propanoate (31)

Yield:98% 8l and3l"); White solid; m.p. 97-98C, [a]p?%7 = -34.0 € 1.0, CHCL); 'H NMR (CDCls, 400 MHz)d 7.81-7.79 (m, 2H), 7.46-
7.40 (m, 3H), 7.27 (m, 3H), 7.18-7.15 (m, 1H), 5(88] = 10.0 Hz, 1H), 5.18 (d] = 9.6 Hz, 1H), 3.62 (s, 3H), 2.38 (s, 3H), 1.219d); *C
NMR (CDCl;, 100 MHz)$ 166.4, 164.0, 154.3, 138.1, 136.0, 132.5, 12959,2, 128.8, 128.6, 128.3, 126.3, 125.2, 80.2,,38%67, 28.0,
21.5;1R (Neat): 3355, 2954, 2926, 2854, 2136, 1747, 1789911367, 1248, 1164, 101ARMS (ESI): calcd for [M+H] (Cy3H,70,N,)*
requires 395.1965; found 395.1968; enantiomerieexc72%, determined by HPLC (Chiralpak AD-H, hexaReDH 95/5, flow rate 1.0
mL/min, tpajor = 11.0 min, tino, = 7.8 mink = 220 nm);

Methyl (2R,3S)-3-((tert-butoxycarbonyl)amino)-2-isocyano-2-phenyl-3-(m-tolyl)propanoate (31 )

White solid; m.p. 135-138C, [a]p>>® = -66.2 € 1.0, CHC}); 'H NMR (CDCl;, 400 MHz)3 7.48 (m, 2H), 7.31-7.29 (m, 3H), 7.04-6.97
(m, 2H), 6.84-6.80 (m, 2H), 5.67 (m, 2H), 3.853Kl), 2.18 (s, 3H), 1.40(s, 9HFC NMR (CDCl;, 100 MHz)5 166.8, 164.0, 154.2, 137.5,
134.8, 131.9, 129.2, 129.0, 128.8, 128.6, 128.8,7,2126.0, 125.0, 80.4, 60.2, 54.1, 28.2, 2IR{Neat): 3356, 2977, 2927, 2136, 1754,
1720, 1497, 1450, 1367, 1247, 1163, 1048&M S (ESI): calcd for [M+H] (C,sH,70:N,)" requires 395.1965; found 395.1971; enantiomeric
excess: 89%, determined by HPLC (Chiralpak AS-H, hekdrOH 95/5, flow rate 1.0 mL/min,f, = 5.0 min, Lo = 7.4 min,k = 220
nm).

4.5.12 Methyl (2S5,3S)-3-((tert-butoxycarbonyl)amino)-2-isocyano-2-phenyl-3-(p-tolyl)propanoate (3m)

Yield:85% Bm and3m’); colorless oil; §i]p>*° = -23.9 ¢ 1.0, CHCY); *H NMR (CDCl;, 400 MHz)d 7.80-7.78 (m, 2H), 7.45-7.36 (m,
5H), 7.19-7.17 (m, 2H), 5.88 (d,= 10.0 Hz, 1H), 5.16 (dJ = 9.2 Hz, 1H), 3.61 (s, 3H), 2.35 (s, 3H), 1.209); *C NMR (CDCl,, 100
MHz) 6 166.4, 164.2, 154.3, 138.6, 133.2, 132.6, 1299,2] 128.7, 128.0, 126.3, 80.2, 58.5, 53.8, 2BL@; IR (Neat): 3353, 2978, 2928,
2136, 1747, 1717, 1498, 1450, 1367, 1250, 11670;18RM S (ESI): calcd for [M+H] (CysH,704N,)" requires 395.1965; found 395.1969;
enantiomeric excess: 81%, determined by HPLC (ChikaD-H, hexane/PrOH 95/5, flow rate 1.0 mL/minggj,, = 19.9 min, finor = 10.2
min, A = 220 nm);

Methyl (2R,39)-3-((tert-butoxycarbonyl)amino)- 2-isocyano-2-phenyl-3-(p-tolyl ) propanoate (3m’)

White solid; m.p. 120-12%, [a]p?*% = -69.4 € 0.5, CHC}); *H NMR (CDCl,, 400 MHz)d 7.50 (m, 2H), 7.31-7.30 (m, 3H), 6.95-6.91
(m, 4H), 5.67 (ddJ;, = 9.6 Hz,J, = 19.2 Hz, 2H), 3.85 (s, 3H), 2.23 (s, 3H), 1.899H);*C NMR (CDCl;, 100 MHz)5 166.8, 164.0, 154.2,
138.1, 132.1, 131.9, 129.2, 128.6, 127.8, 126.01,&D.0, 54.0, 28.2, 21.0R (Neat): 3356, 2926, 2136, 1755, 1721, 1497, 1486711247,



1166; HRMS (ESI): calcd for [M+HT (CysH,704N,)" requires 395.1965; found 395.1970; enantiomeriess 89%, determined by HPLC
(Chiralpak AD-H, hexanefPrOH 95/5, flow rate 1.0 mL/mingjo, = 34.4 min, }iner = 9.2 minA = 220 nm);

4.5.13 Methyl (2S,3S)-3-((tert-butoxycarbonyl)amino)-2-isocyano-3-(3-methoxyphenyl)-2-phenyl propanoate (3n)

Yield:88% Bn and3n’); White solid; m.p. 94-96C, [a]p>>! = -31.4 € 1.0, CHCY); *H NMR (CDCl,, 400 MHz)3 7.75-7.74 (m, 2H),
7.41-7.35 (m, 3H), 7.24-7.22 (m, 1H), 7.01-6.97 AH),6.86-6.84 (m, 1H), 5.84 (d,= 9.6 Hz, 1H), 5.12 (dJ = 9.6 Hz, 1H), 3.78 (s, 3H),
3.58 (s, 3H), 1.17 (s, 9H}*C NMR (CDCl,;, 100 MHz)$ 166.3, 164.2, 159.5, 154.3, 137.5, 132.4, 1298,3, 128.7, 126.2, 120.4, 114.4,
113.8, 80.3, 58.6, 55.3, 53.8, 28l& (Neat): 3357, 2137, 1746, 1710, 1602, 1493, 1486811258, 1164, 1044, 101dRM S (ESI): calcd
for [M+H]" (C,3H,70sN,)* requires 411.1914; found 411.1918; enantiomeriesx. 75%, determined by HPLC (Chiralpak AD-H, hestian
PrOH 95/5, flow rate 1.0 mL/mingj, = 18.1 min, $iner = 10.9 mink = 220 nm),

Methyl (2R,39)-3-((tert-butoxycarbonyl )amino)-2-isocyano-3-(3-methoxyphenyl )-2-phenyl propanoate (3n’)

White solid; m.p. 143-14%C, [a]p?%>% = -69.7 € 0.5, CHC}); *H NMR (CDCl,, 400 MHz)d 7.50 (m, 2H), 7.33-7.31 (m, 3H), 7.09-7.05
(m, 1H), 6.73-6.71 (m, 1H), 6.68-6.66 (m, 1H), 66188 (m, 1H), 5.66 (dd}; = 9.6 Hz,J, = 25.2 Hz, 2H), 3.87 (s, 3H), 3.60 (s, 3H), 1.41 (
9H); *C NMR (CDCl,, 100 MHz)8 166.7, 164.2, 158.9, 154.2, 136.4, 131.9, 1298,9, 128.7, 126.0, 120.2, 114.4, 113.5, 80.5,, G52,
54.1, 28.2;IR (Neat): 3356, 2137, 1754, 1722, 1602, 1494, 1436811246, 1163, 104 HRMS (ESI): calcd for [M+H] (C,3H,705N,)*
requires 411.1914; found 411.1917; enantiomerie@exc91%, determined by HPLC (Chiralpak AD-H, hexaReDH 95/5, flow rate 1.0
mL/min, tpajor = 21.4 min, tino, = 11.4 min) = 220 nm).

4.5.14 Methyl (2S5,3S)-3-((tert-butoxycarbonyl)amino)-2-isocyano-3-(4-methoxyphenyl)-2-phenyl propanoate (30)

Yield:94% Bo and30’); White solid; m.p. 50-53C, [0]p?** = -25.5 ¢ 1.0, CHC}): 'H NMR (CDCl,, 400 MHz)d 7.79-7.78 (m, 2H),
7.45-7.38 (m, 5H), 6.91-6.89 (m, 2H), 5.86 Jc& 8.4 Hz, 1H), 5.15 (dJ = 8.4 Hz, 1H), 3.81 (s, 3H), 3.61 (s, 3H), 1.209H); *C NMR
(CDCls, 100 MHz)5 166.5, 164.1, 159.8, 154.3, 132.5, 129.4, 1298,7, 128.3, 126.3, 113.8, 80.2, 58.3, 55.3, 589); IR (Neat): 3356,
2977, 2933, 2137, 1746, 1715, 1612, 1513, 14507,18851, 1167, 1033, 10084RM S (ESI): calcd for [M+H] (CyH,705N,)" requires
411.1914; found 411.1917; enantiomeric excess: 8ermined by HPLC (Chiralpak AD-H, hexarBfOH 95/5, flow rate 1.0 mL/min,
tmajor = 23.7 MiN, finor = 13.5 minA = 220 nm);

Methyl (2R,39)-3-((tert-butoxycarbonyl)amino)-2-isocyano-3-(4-methoxyphenyl )-2-phenyl propanoate (30")

White solid; m.p. 56-58C, [a]p2>° = -62.5 € 0.5, CHCL); 'H NMR (CDCls, 400 MHz)3 7.49 (m, 2H), 7.32-7.30 (m, 3H), 6.97-6.95 (m,
2H), 6.67-6.65 (m, 2H), 5.66-5.63(m, 2H), 3.853H), 3.71 (s, 3H), 1.40(s, 9H}:C NMR (CDCl;, 100 MHz) 166.9, 164.1, 159.4, 154.2,
132.0,129.2,129.1, 128.7,127.3, 126.0, 113.5,8D.8, 55.1, 54.1, 28.PR (Neat): 3357, 2922, 2137, 1721, 1714, 1367, 12466,11035;
HRMS (ESI): calcd for [M+H] (CyH,70sN,)"™ requires 411.1914; found 411.1917; enantiomericessc 93%, determined by HPLC
(Chiralpak AS-H, hexanePrOH 95/5, flow rate 1.0 mL/mingfj,, = 16.6 min, finor = 8.9 minA = 220 nm).

4.5.15 Methyl (2S,3S) -3-((tert-butoxycarbonyl)amino)- 3-(4-fluorophenyl )-2-isocyano-2-phenyl propanoate (3p)

Yield:96% Bp and3p’); white solid; m.p. 58-58C, [0]p2%%= -27.7 € 1.0, CHC}); 'H NMR (CDCls, 400 MHz)3 7.78-7.76 (m, 2H), 7.48-
7.40 (m, 5H), 7.09-7.04 (m, 2H), 5.90 (t5 8.0 Hz, 1H), 5.15 (dJ = 8.8 Hz, 1H), 3.62 (s, 3H), 1.21 (s, 9FC NMR (CDCl;, 100 MHz)&
166.3, 164.6, 162.9 (dc.r = 246.5 Hz), 154.2, 132.3, 132.1, 130.13¢lr =82.0 Hz), 129.4, 128.8, 126.2, 115.5 Jd = 21.4 Hz), 80.5,
58.1, 53.9, 28.0°F NMR (CDCl,, 376 MHz)3 -112.9 (s);lR (Neat): 3355, 2979, 2931, 2136, 1747, 1704, 1686011450, 1368, 1249,
1165, 1009HRM S (ESI): calcd for [M+H] (C,oH2404NoF)" requires 399.1715; found 399.1710; enantiomeraess 82%, determined by
HPLC (Chiralpak AD-H, hexanePrOH 95/5, flow rate 0.9 mL/minggj,, = 20.0 min, finor = 11.3 min ) = 220 nm);

Methyl (2R,3S)-3-((tert-butoxycar bonyl)amino)-3-(4-fluorophenyl)-2-isocyano-2-phenyl propanoate (3p’)

White solid; m.p. 144-148C, [a]p>>* = -79.0 € 1.0, CHC}); 'H NMR (CDCl;, 400 MHz)3 7.46 (m, 2H), 7.32-7.30 (m, 3H), 7.02-6.99
(m, 2H), 6.83-6.79 (m 2H), 5.69 (m, 2H), 1.39 (8)9"C NMR (CDCl;, 100 MHz)5 166.6, 164.4, 162.5 (d¢.r = 246.3 Hz), 154.2, 131.7,
131.0, 129.7 (dJc.r = 82.0 Hz), 129.4, 128.8, 125.8, 114. Jd+ = 21.5 Hz), 80.6, 76.5 59.6, 54.2, 28°%E NMR (CDCl, 376 MHZ2)0 -
113.4 (s);IR (Neat): 3357, 2979, 2931, 2137, 1755, 1720, 1664111451, 1368, 1247, 1164, 1049RMS (ESI): calcd for [M+H[
(CH2404N,F)* requires 399.1715; found 399.1705; enantiomeriesx. 93%, determined by HPLC (Chiralpak AS-H, hekaPeOH 95/5,
flow rate 0.9 mL/min, dajor = 14.4 Min, hingr = 7.6 min A = 220 nm).

4.5.16 Methyl (2S,3S) -3-((tert-butoxycarbonyl)amino)- 3-(4-chlorophenyl)-2-isocyano-2-phenyl propanoate (3q)

Yield:97% B8q and3q’); colorless oil; §]p>*®=-31.2 € 1.0, CHC}); 'H NMR (CDCl;, 400 MHZ)3 7.77-7.75 (m, 2H), 7.46-7.40 (m, 5H),
7.36-7.34 (m, 2H), 5.89 (d,= 8.0Hz, 1H), 5.13 (dJ = 8.8 Hz, 1H), 3.63 (s, 3H), 1.21 (s, 9FHC NMR (CDCl;, 100 MHz)3 166.3, 164.6,
154.2, 134.8, 134.8, 132.2, 129.6, 129.5, 128.8,712126.4, 80.6, 58.2, 54.0, 28I® (Neat): 3358, 2955, 2926, 2854, 2135, 1717, 1494,
1450, 1368, 1250, 1167, 1093, 10HRMS (ESI): calcd for [M+H] (C,H,404N,CI)* requires 415.1419; found 415.1422; enantiomeric
excess: 82%, determined by HPLC (Chiralpak AD-H, hexeéPrOH 97/3, flow rate 0.8 mL/min,djo; = 32.2 min, fingy = 17.7 min = 220
nm);



Methyl (2R,39)-3-((tert-butoxycarbonyl)amino)- 3-(4-chlorophenyl)-2-isocyano-2-phenyl propanoate (3q°)

White solid; m.p. 54-56C, [0]p2*®=-67.2 € 1.0, CHCL); 'H NMR (CDCls, 400 MHZ)3 7.48-7.46 (m, 2H), 7.34-7.32 (m, 3H), 7.12-7.10
(m, 2H), 6.96-6.74 (m, 2H), 5.65(dd, = 8.8 Hz,J, = 30 Hz, 2H), 3.86 (s, 3H), 1.40 (s, 9HJC NMR (CDCl;, 100 MHz)$ 166.6, 164.5,
154.1, 134.3, 133.7, 131.5, 129.5, 129.3, 128.8,112125.8, 80.8, 76.3, 59.7, 54.2, 24R; (Neat): 3357, 2955, 2926, 2854, 2136, 1755,
1718, 1493, 1451, 1368, 1248, 1165, 1092, 1HBMS (ESI): calcd for [M+H] (CxH»404N,Cl)* requires 415.1419; found 415.1422;
enantiomeric excess: 93%, determined by HPLC (ClikalS-H, hexan&/PrOH 95/5, flow rate 0.8 mL/minygj, = 7.1 min, ko, = 12.1
min, A = 220 nm).

4.5.17 Methyl (2R,39)-3-(4-bromophenyl)-3-((tert-butoxycar bonyl)amino)-2-isocyano-2-phenyl propanoate (3r)

Yield:92% Br and3r’); colorless oil; §]p2¢°= -23.2 € 2.0, CHC); 'H NMR (CDCls, 400 MHz)3 7.77-7.75 (m, 2H), 7.52-7.50 (m, 3H),
7.45-7.53 (m, 3H), 7.36-7.34 (m, 2H), 5.87 J&& 8.4 Hz, 1H), 5.13 (dJ = 8.8 Hz, 1H), 3.63 (s, 3H), 1.21 (s, 9 NMR (CDCl,, 100
MHz) § 166.2, 164.5, 154.2, 135.2, 132.1, 131.6, 13®0,5] 128.8, 126.1, 123.0, 80.5, 76.4, 58.2, 5280); IR (Neat): 3358, 2923, 2135,
1747, 1704, 1491, 1450, 1367, 1259, 1167, 1HMRMS (ESI): calcd for [M+H] (C,oH»404N,Br)* requires 459.0914; found 459.0917;
enantiomeric excess: 80%, determined by HPLC (ChikahD-H, hexane/PrOH 95/5, flow rate 1.0 mL/minggj,, = 19.3 min, finor = 10.7
min, A = 220 nm);

Methyl (2R,3S)-3-(4-bromophenyl)-3-((tert-butoxycarbonyl)amino)-2-isocyano-2-phenyl propanoate (3r ')

White solid; m.p. 51-58C, [0]p?%>%= -57.5 € 0.25, CHC}); *H NMR (CDCls, 400 MHz)3 7.47 (m, 2H), 7.34-7.32 (m, 3H), 7.28-7.26 (m,
2H), 6.90-6.88 (m, 2H), 5.67-5.64 (m, 2H), 3.863(d), 1.40 (s, 9H)**C NMR (CDCl;, 100 MHz)3 166.5, 164.5, 154.1, 134.2, 131.5, 131.1,
129.6, 129.5, 128.9, 125.8, 122.6, 80.8, 76.3,,32, 28.2]R (Neat): 3356, 2979, 2136, 1755, 1721, 1490, 1486711250, 1165, 1010;
HRMS (ESI): calcd for [M+H] (CyH2404NLBr)*™ requires 459.0914; found 459.0915; enantiomericess. 84%, determined by HPLC
(Chiralpak AS-H, hexanePrOH 95/5, flow rate 1.0 mL/mingfj,, = 6.9 min, tnor = 13.4 minA = 220 nm).

4.5.18 Methyl (2S,3S)-3-((tert-butoxycarbonyl)amino)-2-isocyano-3-(4-nitrophenyl)-2-phenyl propanoate (3s)

Yield:90% Bs and3s'); White solid; m.p. 70-73C, [a]52%2= -28.8 ¢ 1.0, CHCL); *H NMR (CDCl;, 400 MHz)5 8.24-8.22 (m, 2H), 7.76-
7.66 (m, 4H), 7.47-7.45 (m, 3H), 6.01 (& 8.8 Hz, 1H), 5.23 (d] = 9.6 Hz, 1H), 3.64 (s, 3H), 1.20 (s, 9FFC NMR (CDCls, 100 MHz)3
166.1, 165.3, 154.3, 148.1, 143.4, 131.8, 129.8,52129.1, 126.0, 123.6, 81.0, 76.1, 58.3, 5480;2R (Neat): 3357, 2979, 2918, 2135,
1747, 1720, 1608, 1526, 1450, 1368, 1349, 12759,12565, 1111, 1069, 1018tRMS (ESI): calcd for [M+H] (C,,H»406N3)* requires
426.1660; found 426.1662; enantiomeric excess: G8¥ermined by HPLC (Chiralpak AD-H, hexarefOH 90/10, flow rate 1.0 mL/min,
tmajor = 13.4 MiN, finor = 8.7 min A = 220 nm);

Methyl (2R,39)-3-((tert-butoxycarbonyl)amino)- 2-isocyano-3-(4-nitrophenyl)-2-phenyl propanoate (3s’)

White solid; m.p. 61-62C, [a]p2%%= -57.5 € 2.6, CHC}); 'H NMR (CDCl;, 400 MHz)3 8.00-7.98 (m, 2H), 7.45 (m, 2H), 7.35-7.33 (m,
3H), 7.20-7.18 (m, 2H), 5.76 (dd; = 9.6 Hz,J, = 40.4 Hz, 2H), 3.89 (s, 3H), 1.40(s, 9#C NMR (CDCl;, 100 MHz)§ 166.3, 165.3,
154.1, 147.8, 142.4, 131.1, 129.9, 129.1, 129.9,712123.1, 81.2, 75.9, 59.8, 54.4, 24R; (Neat): 3357, 2978, 2929, 2854, 2135, 1757,
1720, 1608, 1525, 1497, 1367, 1349, 1248, 11RMS (ESI): calcd for [M+H] (C,;H»406N3)" requires 426.1660; found 426.1662;
enantiomeric excess: 95%, determined by HPLC (ChikalS-H, hexan&/PrOH 90/10, flow rate 1.0 mL/mingdi, = 9.6 min, {inor = 15.7
min, A = 220 nm).

4.5.19 Methyl (2S5,3S)-3-(3-bromophenyl)-3-((tert-butoxycarbonyl)amino)-2-isocyano-2-phenyl propanoate (3t)

Yield:92% Bt and3t’); White solid; m.p. 55-56C [a]p>>° = -34.2 € 2.0, CHCY); 'H NMR (CDCls, 400 MHz)3 7.75-7.73 (m, 2H), 7.58
(m, 1H), 7.48-7.39 (m, 5H), 7.24-7.22 (m, 2H), 5@6J = 8.8 Hz, 1H), 5.12 (dJ = 8.8 Hz, 1H), 3.63 (s, 3H), 1.19 (s, 9HiC NMR
(CDCl;, 100 MHz)$ 166.2, 164.6, 154.2, 138.3, 132.1, 131.9, 13130.0, 129.5, 128.8, 126.8, 126.1, 122.5, 80.6,,58410, 28.0;IR
(Neat): 3350, 2978, 2136, 1721, 1572, 1498, 143®38]1 1248, 1165, 105GRMS (ESI): calcd for [M+H] (C,H»40sN3)* requires
459.0914; found 459.0912; enantiomeric excess: Gitermined by HPLC (Chiralpak AD-H, hexarefOH 95/15, flow rate 0.8 mL/min,
tmajor = 17.2 mMiN, finor = 11.9 minA = 220 nm);

Methyl (2R,39)-3-(3-bromophenyl)-3-((tert-butoxycarbonyl)amino)-2-isocyano-2-phenyl propanoate (3t”)

White solid; m.p. 57-58C, [a]p?1= -74.4 € 2.0, CHCY); 'H NMR (CDCl;, 400 MHz)d 7.46 (m, 2H), 7.35-7.30 (m, 4H), 7.12 (m, 1H),
7.03-6.95 (m, 2H), 5.65 (m, 2H), 3.87 (s, 3H), 14®H);*C NMR (CDCl;, 100 MHz)$ 166.5, 164.6, 154.1, 137.3, 131.5, 131.1, 129.6,
129.4, 128.9, 126.6, 125.8, 122.0, 80.8, 76.2,, 53122, 28.2{R (Neat): 3350, 2956, 2925, 2852, 2136, 1755, 1763211497, 1477, 1450,
1367, 1248, 1164, 1048, 855, 7#8RM S (ESI): calcd for [M+HT (C,,H,404N,Br)* requires 459.0914; found 429.0915; enantiomemess
90%, determined by HPLC (Chiralpak AD-H, hexasffOH 96/4, flow rate 0.9 mL/minyfio, = 7.4 min, kinor = 12.7 min) = 220 nm).

4.5.20 Methyl (2S3R)-3-((tert-butoxycarbonyl)amino)-3-(furan-2-yl)-2-isocyano-2-phenylpropanoate (3u) and Methyl (2R,3R)-3-((tert-
butoxycarbonyl)amino)-3-(furan-2-yl)-2-isocyano-2-phenyl propanoate (3u’)
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Yield:85%; White solid; m.p. 106-10T, [a]p>>' = +3.2 € 2.0, CHCE): *H NMR (CDCl;, 400 MHz) dr = 1:15 7.74-7.72 (m, 2H), 7.56-
7.55 (m, 2H), 7.42-7.36 (m, 7H), 7.24 (m, 1H), 66140 (m, 1H), 6.38-6.37 (m, 1H), 6.14 (m, 1H),%(@,J = 10.4 Hz, 1H), 5.94 (m, 1H),
5.87 (d,J = 10.4 Hz, 1H), 5.60 (d] = 9.6 Hz, 1H), 5.13 (dJ = 10.4 Hz, 1H), 3.83 (s, 3.1H major), 3.77 (s, Bkhor), 1.42 (s, 9.5H major),
1.21 (s, 9H minor)*C NMR (CDCls, 100 MHz)3 166.3, 164.0 (163.6 minor), 154.2, 149.5 (148.8a1), 142.5 (143.0 minor), 131.7 (131.5
minor), 129.3, 128.7, 128.6, 126.2, 125.8, 80.4748finor), 75.6 (75.3 minor), 54.6 (55.2 minor),5454.0 minor), 27.9 (28.2 minoR
(Neat): 3356, 2979, 2137, 1750, 1720, 1499, 1483511392, 1368, 1248, 1160, 10MRM S (ESI): calcd for [M+H] (CygH230sN,)"
requires 371.1601; found 371.1599; major diasteoroer enantiomeric excess: 52%;0t = 14.5 min, finor = 8.9 min; minor diastereoisomer
enantiomeric excess: 80%uabr = 33.4 min, finor = 10.3 min, determined by HPLC (Chiralpak AD-H, hesk&PrOH 93/7, flow rate 1.0
mL/min, A = 220 nm).

4.5.21 Methyl (2S,3R)-3-((tert-butoxycarbonyl)amino)-2-isocyano-2-phenyl-3-(thiophen-2-yl) propanoate (3v) and Methyl (2R,3R)-3-((tert-
butoxycar bonyl)amino)-2-i socyano-2-phenyl-3-(thiophen-2-yl ) propanoate (3v’)

Yield:92%: White solid; m.p. 75-78C, [a]p>>3= -18.4 ¢ 1.0, CHC}); *H NMR (CDCl;, 400 MHz) dr = 1.3:1 7.76-7.74 (m, 2H), 7.59-
7.58 (m, 1.7H minor), 7.45-7.37 (m, 5H), 7.30 (dd+ 1.2 Hz, J, = 5.2 Hz, 1H), 7.17 (d) = 3.2 Hz, 1H), 7.11 (dd}; = 1.2 Hz,J, = 5.2 Hz,
0.8H minor), 7.01 (dd); = 4.8 Hz, J, = 3.6 Hz, 1H), 6.81-6.79 (m, 1H), 6.75-6.74 (m, 161R0 (d,J = 10.4Hz, 1H), 6.05 (d) = 10.4 Hz,
1H), 5.53 (dJ = 10.4 Hz, 1H), 5.08 (d] = 10.0 Hz, 1H), 3.85 (s, 2.4H minor), 3.72 (s, 3H\2L(s, 7.2H minor), 1.21 (s, 9HFC NMR
(CDCls, 100 MHz)é 166.5 (166.3 minor), 164.8 (164.7 minor), 15439.2 (138.2 minor), 131.8 (132.1 minor), 129.5 (#2%inor), 128.9,
128.8, 126.9, 126.9, 126.8, 126.4, 126.1, 125.8,6,280.7 (80.4 minor), 76.6, 55.8 (57.0 minor),06¢64.1 minor), 28.0 (28.2 minoMR
(Neat): 3354, 2978, 2136, 1754, 1718, 1498, 1488411367, 1248, 1161, 100aRMS (ESI): calcd for [M+H] (CyH230:N,S)" requires
387.1373; found 387.1369; major diastereocisomentimmaeric excess: 50%ydor = 13.5 min, tinoy = 16.3 min; minor diastereoisomer
enantiomeric excess: 79%yt, = 11.8 min, i, = 21.3 min, determined by HPLC (Chiralpak AS-H, heedaPrOH 97/3, flow rate 0.8
mL/min, A = 220 nm).

4.6 Characterization data of products 5a+5a’

1-(Tert-butyl) 4-methyl (4S5S)-4,5-diphenyl-4,5-dihydro-1H-imidazole-1,4-dicarboxylate (5a) and 1-(Tert-butyl) 4-methyl (4R,59)-4,5-
diphenyl-4,5-dihydro-1H-imidazol e-1,4-dicar boxyl ate (5a)

Yield:94%: White solid; m.p. 175-17%&, [a]p>"* = -109.9 ¢ 1.0, CHCE); *H NMR (CDCl, 400 MHZ) dr = 1.2:13 8.09 (s, 1H), 8.04 (s,
1H), 7.76-7.74 (m, 2H), 7.44-7.40 (m, 2H), 7.3697 (@, 6H), 7.04-6.98 (m, 6H), 6.85 (m, 2H), 6.01 18!), 5.38 (s, 1H), 3.77 (s, 2.4H
minor), 3.16 (s, 3H major), 1.22 (s, major 9H, miffed); *C NMR (CDCl;, 100 MHz)$ 169.6 (173.0 minor), 150.4 (149.6 minor), 141.9
(136.7 minor), 128.4, 128.4, 128.2, 127.7, 1272% (3 minor), 126.8, 126.7, 132.1 (131.8 minor),.52929.4 minor), 82.8, 66.4, 52.1 (53.4
minor), 27.7;IR (Neat): 2980, 2923, 2852, 1732, 1707, 1612, 1488211278, 1257, 1222, 1129, 1081, 742, 69BM S (ESI): calcd for
[M+H] " (C,,Hs04N,)* requires 381.1809; found 381.1811; major diastsoemer enantiomeric excess: 4%k = 24.3 min, ke = 18.3
min; minor diastereoisomer enantiomeric excess:, ALY, = 20.0 min, b = 16.4 min, determined by HPLC (Chiralpak PC-I, fwesi-
PrOH 90/10, flow rate 0.8 mL/mifa,= 220 nm).
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