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Abstract 

The organocata[ytic Michael addition of aldehydes to ketones is of continuing interest in 

development of organocatylsts for asymmetric synthesis. The Pansare laboratory has focused on 

research surrounding organocatalysts developed to aid in fundamental carbon-carbon bond 

fonni ng reactions including the Michael addition reaction. 

Due to the abi lity to generate up to three stereocenters and products that are useful 

synthetic intennediates, the organocatalytic Michael addit ion react ion continues to be of special 

interest. The work described in this thes is focuses on activation of the nuelcophile (Michael 

donor) through cnaminc fonnation with a chiral amine. Simple pyrrolidine-bascd diamine 

catalysts showed moderate to high enantiosclectivitics (up to 92% eel for conjugate Michael 

addition reactions of cyclic ketones to nitroalkenes without acid additive. Details regarding the 

effect of catalyst side chain pK" on the stercosc lectivity as well as the importance of secondary

secondary diamine motif and H-bond donor functionality in the organocatalyst for Michael 

addition reactions of cyclic ketones to nitroalkenes are discussed. 
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Chapter 1 

Enantioselective Organocatalysis 

Introduction 

Qrganocatalysis, though a re latively new term, has a fairly o ld story. The first example 

of asymmetric catalysis using an organic molecule was by Wiechert et al. in the 1970s. 

Wiechert's use of L-proline for the intermolecular aldol reaction was later exploited and made 

popular by List and Barbas el af. in 2000. 1 Si nce the tum of the century asymmetric 

organocalalysis has become one of the most active fields of research in organic chemistry? 

Organocatalysis provides a mild, practical , and genera lly simple method of making 

enantiomcrically-enrichcd products that have greal potential in organic chemistry.) 

I.A Asymmetric catalysis 

The efficiency and scope of asymmetric organocatalysts have made them popular 

alternatives to enzyme and trans it ion metal catalysts. l Mctal-mcdiatcd enantiose1ective catalysis 

has played a significant role in asymmetric synthesis as shown by the Nobel Prize winning work 

of chemists such as Sharpless,' Noyori.s and Knowles.6 Its advantages are due to the properties 

of the metal, including its ability to act as a Lewis acid or a Lewis base. the reactivity of which 

can be controlled through the ligands surrounding the metal mom. Convcntional mctal catalysis 

does have its disadvantages. In a socicty focused heavily on environmental awareness, the 

toxicity associmed with transition metal catalysis makcs organocatalysis a 'green' alternative.2 

Sensitivity to atmospheric oxygen and watcr 3 as well as high prices2 makes alternutive catalytic 

processes more favorable. One of those alternative processes includes biocmalysis. Biocatalysis 

uses enzymes to perform chemical transformations on organic molecules in a catalytic fashion. 



Industrial production has benefited greatly from the emergence of biocatalysis. Unfortunately, 

there are some disadvantages associated with the processes. Enzymatic catalysts are often quite 

complex in structure and difficul t to stabilize and handle.7 

Organocalalysis for use in asymmetric synthesis has proved advantageous due to its 

operational simplici ty. Organocatalysts are very often more robust, more economical and easier 

to handle compared to metal-mediated or biocatalytic proccsses.2 Organocatalysts are stable, 

metal-free organic molecules derived from natural ehiral-pool sources such as amino acids, 

nucleic acids and carbohydrates. Mechanistically, organocatalyzed reaclions resemble enzyme

catalyzed reactions through fonnalion of rcversible complexes with substrates. They also have 

the abi lity to mimic Lewis acidity or Lewis basicity through the presence ofheteroatoms (mainly 

N, 0, P, and S) in the organocatalysts. ' Although impressive advances have been made in the 

field of organocatalysis, many lransfonnations still remain elusive. Therefore asymmetric 

organocatalysis often complements rather than competes with metal-based or enzyme-based 

catulysis.2 

I.H. Organoeatalytieeonjugateadditions 

Asymmetr ic conjugate addit ions represent one of the most important earbon-carbon and 

carbon-heteroatom bond fonning reactions in organic chemistry. These react ions also account for 

an exciting and rapidly growing field of organocatalysis.9a•b Mechauistically, intcr'Jctions 

between thc catalyst and thc substrates in an asymmetric conjugate addi tion arc different for 

organocatalysis compared to mctal-catalyzed processes. Organocatalysts activate the 

nucleophi le. the clcctrophi le or both reagents by providing a chira l environment in which weak 

or strong interactions playa role. Weak interactions include hydrogen bonding (FiguTC 1, A) or 

ion pairing (Figurc I, 8 ) and strong interactions include covllient bonding. Covalent bonding 



can be further broken into two categories for amine organocatalysts; these are activation of the 

nucleophile through enamine fonnation (Figure I, C) and activation of the acceptor through 

iminium ion fonnation {Figure 1, 0 ).9 

X 

R .... ~Jlt;l_R. 

H'o_H 

Nu0~Rl 

Figure I: Organocatalylic activations in conjugate addition rcactions.' b 

High enantiosclection has been discovered for recent organocatalysts used for the 

conjugate additions of hydride, as well as carbon and hetero-atom nuclcophiles to a wide variety 

of Michael acceptors such as «.,B-unsaturated carbonyl compounds, nitroolefins, vinylic sulfoncs, 

and acrylonitrones.9b The newly fonned chiral Michael adduets can be transfonned into useful 

synthetic building blocks in the total synthesis of a variety natural products. I 

[n 2006, List employed an enantiose[ective transfer hydrogenation of cyclic enones using 

counterion directed organocata[ysis. IO The use ofa chira[ cation such as a valine ester phosphate 

salt and a ehira[ binaphtho[ derived phosphate I in the presence of Hant7.sch ester 2 gave 

excellent stereosc[cctivity for the transfcr hydrogenation ofa variety of cyclic n,l}-unsaturated 

enones (Scheme 1}. 1O This new catalyst system widened the substrate scope of the reaction by 

allowing thc reduction of simple aliphatic substrates. such as citral, with high 

enantiosclecti vity.IO 



1 (5-10mol%) 

2 (1.2 equiv.), BU20, 60 oC, 48 h) 

n R YmI<1OO ..00 
1 Me 98 

1 ., 71 96 

2 Me 99 94 

2 " 98 96 
p' 2 p' 94 98 

3 Me >99 

Scheme I: Enantioselective transfer hydrogenation of cyclic cnones catalyzed by 1. 10 

Another recent example of the use of organocatalysis for asymmetric conjugate additions 

was published in 2008 by C6rdova, who presented the first highly enantioselective chiml amine-

cata lyzed conjugate addition of unmodified a ldehydes to alkylidine malonates (Scheme 2).11 

Previous ly, most of these catalytic asymmetric processes employed organometallic complexes as 

the catalysts; instead this strategy uses the abi lity of pyrrolidine-bascd catalysts to form a strong 

cova lent ly bonded enamine transition state. 

V+Pn R R' 
Me Ph M. 72 96 

H OlMS EI 4-~NC6H~ 16 14:1 99 

4~NC6H~ 48 73 8:1 98 

~:tha~~~:d 2~y ~rranocatalytic conjugate addition of aldchydes to ulkylidillemalonales 



Deng el al. have recently studied a dual-function cinchona alkaloid organocatalyst (4 and 

5, Scheme 3 and Scheme 4) for use in an asymmetric tandem, one-step conjugate addition-

protonation reaction of activated methylenes to p-ketonitriles or p_ketoesters.12 

o 
,P_,AEWG. y' 

X~,ily)'n ~CN 

o .:----I.~~I 
4 (10-20 moI%) ~-0EWG 

toluene. rt. 24-72 h X~I :ly)ln 

OH -"""'" _00 _LIllllr .. 00 

~6 6-CN 
93 60 

I'" N ebCN N '" 88 72 25:1 95 

4(R=phenanthrenyl) 0 

m-C02BUI 81 24 20:1 99 
CI 

0 

a}-C02BUI 

75 48 20:t 

~;~~;:r.:~:b~~~~lt1oca ta lYli C asymmetric tandem conj ugate addit ion-protonat ion reaction 

This type of new and versatile organocatalytic approach for the one-step fonnation of 

1,3-tertiary-quartemary stereocenters has been utilized in the total synthesis of natural product 

(-)-manzucidin A (Scheme 4).9 Mechanistic studies have suggested thai hydrogen bonding 

between the reacting substrates and the organocatalyst (4 or 5, Scheme 3 and Scheme 4) arc 

important forselectivity. 12 



~:""l"~ I ~ L~J 
N o , 

Scheme 4: Asymmetric fo rmal synthesis of(-)-manzacidin A.' 

Considerable progress has been made in the area of organocatalytic asymmetric 

conjugate addition rcactions.9 These reactions represent a synthetic alternative to procedures that 

were tradit ionally carried oul using metal-mediated catalysis or biosynthesis.2 Despite the 

progress that has been made to date, there is still room for improvement regarding the elucidation 

o f transition states and new organocatalytic transfonnations,9 as well as reduction oflhe typically 

required high organocatalyst loading (5-20 mol%). Application of the Michael adducts in the 

total synthesis of natural products is also less ex plored? With these advantages in hand. 3nd in 

response to the improvements needed in org3nocatalysis, it seems rational to assume that in the 

following years. intensive research in this field will lead to new and impressive progress. l 

I.C. C lassi fi catio n u(urganoclttalysts 

For the purpose of giving organocatalysis a logical structure, broad classifications have 

lx-en given. namely: Lewis acids. Lewis bases, Bmnsted acids and Bronsted bases. 1l 

Bifunctional catalysts have also been a new addition to the field of organocatalys is. where the 

catalysts have two distinct functionalitics (e.g. a Lewis base and a I3ronsted acid) within the 

same molecule. 14 Another very prominent class of organocatalysts are ami ne-based catalysts 

such as amino acids, pcptides, alkaloids and synthet ic ni trogen-containing molecules. 1 



1.0 . Proline-an effective cnantioselective organocatalyst 

Proline has been one of the most widely studied and modified systems used for 

organocatalysis. It has been responsible for the vast majority of amine-based catalysts under 

investigation today. IS 

Proline is the only natural amino aeid with a secondary amine functional ity. This 

secondary amine allows proline to covalenlly bond to its substrates fonnin g either an iminium 

ion or enamine. The bifunctional nature of proline can be attributed to the presence of secondary 

amine and the carboxylic acid. Proline also has the ability to participate in extensive hydrogen 

bonding networks. I. 

O-'(-OOH Qyo Q-coo- O-COOH 
H'> M -O-

H3CA R H,c),.R 

Acid/basecatalysis Metal catalysis Iminium ion catalysis Enaminecalalysls 

Figure 2: Modes or action in prolinIH'3talysis." 

Prol ine catalysis has been used in a large variety of reactions including asymmetric 

versions of the aldol, Mannich, and Michael react ions (Scheme 5).16.17 Despite its utility to 

provide moderate selectivity in several organic reactions, proline does have its disadvantages. 

including limited solubi lity in organic solvents and the need for re latively high enta lyslload ing. 15 



0 
",)'No, MN~ n . 6 {15mo1%) 

R R, R, 
DMSO, rt, 2-24 h R R, R, 

"""'" YIoIJlOO " ..00 

QyOH o ~h 
~NO;z 97 

H 0 

JJ:-~ • 8S 3:1 10 

CH, 

(!NO;z 94 23 

{[NO:! 92 10 

S' 

Scheme 5: Proline (6) cata lyzed Michael addit ion of unmod ified ketones 10 nil roolcfin s. 16·17 

The ability to modify and optimize novel proline-based catalysts for usc in asymmetric 

conjugate additions has attrnclcd us lS (along wi th many other researchcrs19) into the interesting 

field oforganocatalyt ic Michae l addit ion reactions of cyclic ketones to nitroalkcnes. 



o N 
7,pTsOH 

DMF, rt, 24-72h 

~NO' 

""""" YJ<I!Ill\l '" ..00 

~~I (}N~ 90 19: 1 >99 

7 o ~h 
r:Y"NO, 78 19:1 99 

0'8 
~N~ 19:1 >99 

~N~ 29 

Scheme 6: t: nantiosclectil'e conjugate addition of cyclic ketones to nit roalkencs cata lyzed 
by 7.18 

II. O utline of research described in the thesis 

Investigations into the utility of pro line-deri ved secondary-secondary diamines as 

organocatalysls for Ihc asymmetric Michae l add ition are discussed in the follow ing chaptcr. The 

effects of changcs to thc N-substitucnt in the catalyst side chain and of the acidity of thc pendant 

secondary amine on the stercoselect ivity orthc Michacl addition are presented in Chapter 2. 
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Chapter 2 

Enantioselective Organocatalytic Michael 
Additions of Ketones to Nitroalkenes 

Pari of th is wor k has been IJublishcd in : 

Pan~rc. S. V.; I-leath, R, L Tetrahedron 2009. 65, 4557. 



In trod uction 

Within the realm or conjugate additions, the Michael addition reaction represents one or 

the most important carbon-carbon bond rorming techniques in organic chemistryl since its 

discovery in the 1880s,2 Catalyt ic enantioselective versions orthe Michael addition reaction have 

been or considerable interest 10 organ ic chemists starting with Wynbcrg's use or quinine, a 

cinchona a lkaloid, as a catalysl back in 1975 (Scheme I),l 

Scheme 1: The early usc of q uinine as an organocata lys t,J 

Its atom economy. wide substrate scope, and easily accessible starting materials, along 

with the ability to generate as many as three stcrcoccntcrs in a single step contributes to the 

advantages or the Michael addition react ion ror carbon-carbon bond rormalions,4 

60 • :,(No, ",,)I chiralcatalyst 

Scheme 2: Generat ion of contiguous stereflc('nters in the ketone-nit roulkene M iclmel 
a dd ition r('action, 

The majority or organicatalYLcd Michael addilion reactions studied today are amine-

b..1Sed, or aminocalalysed. reactions. Aminocatalysis can be broadly classified as ·covalent' and 

' non-covalent" amine catalysIs on the bas is or the reaction mechanism.4 Thc covalently bonded 

aminocatalysis route operates through two possible pathways: iminium ion catalysis and enaminc 

catalysis.S 

13 



Enamine Catalysis: 

o 
R[,ll,-/Ra 

l +W R 'N~' 
R'N'Rl~ h 

H -H20 R2 R3 

Iminiumion Enamina 

Iminium Ion Catalysis: 

0 R'~'5 Rl 
R'N/ R1 

R'N,R1 
R['"'~R3 

R'~ - R'~ H, -H2O 
X· NU'.-J R3 Nu R3 

0 

R,:\ • R ' W R1 

Nu R3 H 

Scheme 3: Ena mine anti iminium ion catalysis oraminocatalysts~ 

The work described in this thesis focuses on activation of the nuclcophilc (Michael 

donor) through enamine formation with a chiral amine. 

II . Bllckground 

ILA EuamincCalalysis 

Since the first example of proline-mediated asymmetric enamine calalysis published by 

Hajos and Parrish. and Erler, Sauer and Wiccl1crt inthc 1 970s,6 a vast amount of research has 

bccndonc in thisarca.7 

14 



One vital considcration for the cnamine aminocatalytic reaction is the abili ty of the 

cata lyst to control the facial selectivity of the intennediate enamine nucleophi lc as seen in 

Scheme 4. Rotational isomers of the enamine intennediate would eventually lead to different 

shielding of the two faces of the enamine, and thus resul t in a mixture of stereoisomeric 

products. I 

o = cataJyst side chain 

Scheme 4: Enamine facial sc1cctivily in asymmetric aminocata lysis. 1 

o 
R~EWG 

R' 

o 
R~EWG 

ii' 

Another potential limitation of enamine catalysis would be the deactivation of thc 

nllclcophilic aminocatalyst by thc c1cctrophile. If Ihc c!ectrophi le is an alkyl hal ide then this 

deactivation is o llen irreversible. Some electrophiles. slich as nitroalkencs. may react only with 

the enamine and not with the amine catalyst while other e lectrophiles such as aldehydes. enones 

and imines can react reversibly with thc amine. Thcse side reactions Illay best be described as 

p(lrasilic eqllilihria since they can limit reaction rates but sti ll a llow the fOnllation of the desired 

11.11 Design of chim l organoclltalys ts for Michael Iiddit ion reactions 

Organocatalytic Michacl addi tion reactions account for one of the most exciting and 

rapidly growing fields in organocata lysis.1 The first aminocatalyscd asymmetric Michael 

15 



addi tions of carbonyl compounds to nitroalkenes using proline as the catalyst offered only 

modest enantiosclectivity.7 These reactions seemingly accelerated the search for more efficient 

chiral catalysts, a significant amount of which has been devoted to the development of proline

based chiral diaminc derivatives.9 Investigations have been carrit:d out on chiral pyrrolidines 

containing a teniary aminomethyl,IO 2-morpholinomethyl,I' tetrazole,ll tetrazolylmethyl,1l 

pyrrolidinyl,14 trifluoromcthylsulfonamido,ls mcthylpyridyl,16 and I «pyrrolidinc-2. 

y1)methy1)pyrrolidine, 11 (Ouorous)diphenyl-mcthanol silyl-ether,I S carboxymcthyl,19 2-

«imidazolylthio)methyl)lO functiona lit ies in place of the carboxyl functi on of proline. Recently, 

solid-supponcd proline and proline-derivatives have been studied as recyclable 

organocatalysls.21 A fcw examples of proline-based catalysts used for thc asymmctric conjugate 

addition ofaldchydcs and ketones to nitroalkenes are shown in Figure 1. 

16 



CH3 H3C YvNC? C'Y--V-N~ Q-;;NO N "" CHa~ )= 
~ H s N 0 OH ~ H 

Anwar, 2011 XU,2008 Gruttadaurla,20otI Gong,2006 

~Pl0H2l 
QyH ~COOH HN0 N 

N'TFA N N (V" ~ C10H21 
N 

H I) H ·HamA N 
N ' N H 

Takabe,B.arbas lll,2006 l~,2005 Orlyama,2005 Lay,2005 

R 

Qx.OTMS ~~~/? ~ ~) H N 
~Ph Ph ~ l-CFa 

N N 
\' HCI H 

'2,4-{NQ,);,PhSO,H 

Hayashl,200S Wang, 200S KDt&ukl,2004 A .... kl., 2004 

~O ~IO ~COOH N N N J 

H 'TFA H H 

Barbas 111,2004 Ust,2001 

Figure 1: Selccted pro line-based orglt nocata lysts 

Despite the ability of these proline-derived am inocatalysts to successfu lly catalyze the 

Michael add ition reactions, some limitations still exist. Many of these pyrrolidine catalysts 

require long reaction times, low temperature and a large excess of ketone as well as relatively 

high catalyst load ing,22 The development of ne ..... , structural ly simple aminocalalysts to overcome 

these limitations would bc an asset. 

II I. Objccth'cs 

Several simple protonated triaminc and diamine prol ine-based calalysts have been 

synthesized and stud ied prev iously by the Pansare group (Scheille 5),B In the presence ofa 

protic acid, these catalysts showed excellent yields and stereoselectivity for Michael addition 
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reactions of various cyclic ketones to a number of nitrostyrenes. The results also show the 

importance ofa secondary-secondary diamine motif for the stereoselection of the reactions, with 

catalyst 8 and 9 showing the highest enantio- and diaste rcoselcctivity. The proposed explanation 

of these results involves hydrogen bonding of the protonated catalyst side chain with the Michael 

acceptor (nitroalkenes) as shown in Figure 2, intermediate A?J 

NO, AIr 8·10 I Protlc Acid (20 moI%j 

DMF,rt,24-48h 

up to 99% ee 

~~~N/ 
~ I 

~~~N/ 
~ I 

• ArSOsH • ArS03H 

8 10 

Scheme 5: J>roline-hllsctl catalysts st utlictlllrcviollsly by the Pansare Croup 2l 
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Figure 2: Proposed catalytic cycle for prc\'ious work by the Pansarc group .lJ 

One objective of thc present study was to dctcnn inc the viability of the secondary-

secondary pro line derived diamine motif for catalysis or Michael addit ion reactions withoutlhe 

addition of a prolic aeid. Wc anticipmcd that aminal formation with secondary.secondary 

diamincs should be reversible as shown in Scheme 6. The water gcnerntcd ill situ during aminal 

fonnat ion is available for the reverse reaction 10 liberate lhe cata lyst and carbonyl compound.2~ 
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0 

Q-.-~-R 
R~R2 O--~-R 

-H2O )l. 
H Rl RZ 

'j W 

~N-R ·W ~N:~ --------- -
Rl RZ W Rl RZ 

Scheme 6: Aminal generation and reversibility. 

The second objective arthis study was to modulate the N-substi tucnt in thc side chain of 

thc proline-based catalysts for optimal selectivity (Figure 3). Modulation of Ihe side chain 

included studying thc effects of having an aliphatic N-substitucnt. as in catalyst II , compared to 

a series of aromatic side chains, as in catalysts 12-14. The importance or a secondary-secondary 

diaminc motif was also examined through direct compari son of catalyst 14 to the secondary-

Icniarydiaminecmalyst l5. 

F'igurc3: I'roposcdcatalysts. 

[\ was proposed to c.l{amine Ihe effect of the catalyst side chain pK" valucs24 on thc 

stcreosclcclivity for the Michacl addition reaction of cyclic kctoncs to nitrostyrencs (Figure 4). 
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From the values calculated by using an online pK" ca1culator,24 one would predict catalyst 14, 

with the lowest pK" of 2 1, to be the superior H-bonding donor and thcreby provide the highest 

stereoselection (assuming a catalytic cycle similar to that seen in Figure 2). For the aromatic 

series o f catalysts it was anticipated the slereoselection would decrease with increasing pK., 

values from catalyst 14 to 13 to 12 respectively. It was questioned whether the aliphatic catalyst 

II would be less emcient than the aromatic series (catalysts 12- 14) since itscalculatcd pK.,is 

much highcr at approximately 34 pK" un its. 

.. 
OecreaslngltdechillnpK.(ilndlncreilslng slllreoselecUvlty?) 

Figure 4: Side cha in pK&l~ 

IV. SynlhesisororgltnOea talYSls 

The proline-derived aliphalic diaminc 11 was readi ly prepared by adaptation of a 

litemture procedure23 as shown in Scheme 7. This convenient synlhesis begins with the 

condensation of N-l3oc-proline 16 with isoamyl amine employing the mixed anhydride method 

to produce amide 17 in excellent yield. Removal of the Boc protecting group by TFA in 

dichloromelhanc affords Ihe corresponding amide 18, which was reduced with LAH to give the 

dcsircddiamine 11 in modemteyield. 
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Qy~--yCH3 
ko CHa 

17(99%) 

j TFA, CH2CI2 

C:>---~~CHl 1) LAH, THF,'" 
H CH3 --2-)H-'~ 

~~~CH3 
H 0 CH] 

11(58%) 18(99%) 

Scheme 1: Synthesis ofdiamine II. 

Am ine 12 was prepared in a similar manner with the c)(ception of starting with Cbz-

protected proline 19 as shown in Scheme 8. A mixed-anhydride mediated coupling of 19 wilh p-

anisidine provided am ide 20, which was converted to the amino amide 21 by removal or the Cbz 

group using palladium-catalyzed hydrogcnolysis. Reduction of 21 with LA H provided diamine 

12 in moderate yield (Scheme 8). 

o 
H,c'('oAo , O,--,N'CH, 

", 

Schem e 8: Synthesis of dhllninc 12. 

9Y~-o-OCH3 
Cbz 0 

20(48%) 

j H2• Pd-C, MaOH 
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Diamine 14 was synthesized in much the same manner as diamine II except for the 

reduction of amide 23 which was achieved using boraneldimethyl sulfide adduct in THF so as to 

avoid rcduction of the nitro group (Scheme 9). 

QyOH 

1.0.,0 

o 
H,c:r::0)..O ,O,-,N-a;, 

Qy~-o-N02 
o,N-oNH, ,THF 1.0.,0 

22 (80%) 

j TFA, CH,CI, 

BH3-S (CH3n. THF ~~-o-N02 
H 0 

23(69%) 

Scheme 9: Synthesis or d iamine 14_ 

The sccondary-teniary diamine 15 was synthesized from N-Boc amide 22 by methylation 

of the amide nitrogen (NaB/Mel) to produce compound 24 in good yield. Removal of the Boc 

group using TFA followed by reduction of the amide with borane/dimethyl sulfide complex 

provided desired product 15 in moderate yield (Scheme 10). 
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Scheme 10: Synthcsis ofdiaminc 15. 

Qy~VNOZ 
",,0 

24(70%) 

j TFA, CH,CI, 

1\ C~ 
BHi S(CH3n• THF ..... N/yN~N02 

H ° 
25(80"10) 

The diamine 13 is commercially available and was used in this study without funhcr 

purification. With the N-aliphatic secondary-secondary diamine 11 , N-aromatic secondary-

secondary diamines 12-14, and N-aromatic sccondary-tcniary diamine 15 in hand an 

examination of their efficacy in asymmetric Michael addition reactions of cyclic ketones to 

nitToalkcnes was conducted. The results of these studies are presented below. 

V. A~ymmcl ri c organocal:llyt ic Miclmcl uddi tion of cyclic ketones to nitroa lkcncs 

Enanliosclcctive conjugate addit ions of unmodified caroonyl compounds to a few 

Michael acceptors have been extensively investigated in reccnt ycars. 1•4,5 This study is mostly 

confincd to thc usc of moderately-sized symmctrical aliphatic cyclic ketones as Michael donors 

and nitroalkencs as Michacl acceptors. Nitroalkenes have remained of special interest as 

excel lent Michael acccptors due to the strong electron-withdrawing effcct of thc nitro group as 

well as its ability to cngage in hydrogen-bonding intcractions.5 In addition, the products ofthcse 

reactions may become useful synthetic intcnnediatcs for the synthesis of various natural 

products. 
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Preliminary results on the enantioselective (up to 92% ee) and diasteroselective (up to 

2511) conjugate addition of cyclic ketones to nitroalkenes catalyzed at ambient temperature by 

the diamines 11·15 in the absence o!prolicacid are described below. 

V.A Results and Oiseussion 

The Michael addition reaction of eyclohexanone to (E)-2-(2-nitrovinyl)furan to provide 

the y-nitroketone 28 was se lected for solvent screening using pyrrolidine-based diamine 13 

(Table I). This reaction had shown moderately good enantioselectivity in previous studies in the 

Pansare group us ing amineiprotic acid catalyst systems (up to 88% ee and 15/1 dr),2J and clearly, 

there is room for optimization of this reaction. Four solvents were examined and toluene 

emerged as the solvent of choice in terms of product yield and reaction stereoselectivity. 

Gratifyingly, the seeondary-sccondary diamine 13 did catalyze the conjugate addition reaction. 

This observation indicates that aminal formation is not a serious issue with diamine 13. 

Presumably, any aminal that is formed reverts back to the iminium ion i" situ. Somewhat 

surprisingly, pr.tctically no product «1% yield) was obtainf..-u in ethanol. Based on thc solvent 

sereening study, it was decided to examine catalysts 11-15 in ketonelnitroalkenes conjugate 

addition reactions using toluene as the solven\. All reactions were conducted at ambient 

temperature with 20 mol% catalyst and 2.5 equivalents ofthc ketone. 
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Table I: Solvent screening for asymmetric Michael addition reaction eatli lyzed by diamine 
13. 

Q-~-o ~N~ _'----',,'----_ _ 

soIvent.rt.24 h 

Ent ry Solvent Yield (%) d'" (synJunli) 

DMF 53 5/1 68 

Tol uene 89 1011 89 

DeM 61 6/1 48 

4 EtOH <I nla nla 
~Isolaled yidds. 'Ddennined by II NMR anaylsis oflhe crude product. cChiral HPLC analysis. 

Table 2 shows some results for the Michael addit ion reaction or various cyclohexanones 

with a varie ty orn itrostyrenes. Increased stereoscleetivity ror the Michael reactions calalyzed by 

the aromatic series ( J2-J4) or proline-based cawlysts was expccted over the a liphatic catalyst II . 

It was also proposed that the aromatic series or catalysts would show increasing stcreoconlrol 

with a decrease in the pKa value or the side chain nitrogen (Figure 4). According to the results 

shown in Table 2. it is evident that the results or the Michael addit ion reactions were variable 

with regards 10 trends. For Michael adducts 29-3 1, catalyst 13 showed the highest 

enantiosclectiv ity, good diastereoselectivity and high yields. whereas the other catalysts did not 

show any general trend. Catalyst J I (N-isoamyJ) showed the highest stereocontrol ror Michael 

adduct 32 but no general trend in side chain pKa versus steTt.'osclectivity was observed ror the 

other catalysts. Michael addition reactions were also carried OUI using a secondary-tertiary 

catalyst 15 as a comparison to the cOfTesponding secondary-secondary catalyst 14 in order to 
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examine the importance of the secondary-secondary diamine motif for stereoselecliv ity. It is 

noteworthy that the secondary-tertiary diamine 15 showed very low enantioselectivily for all 

Miehacl adducts (Table2,cntries 5, 10, 15,2 1,26). 

The stercosclectivity for Michael adduets 33 and 34 did show the anticipated trend within 

the N-aryl catalysts series. Thus, catalyst 14, thc catalyst with thc lowcst pKa valuc, provided the 

highest enantiomcric excess in the series, whereas catalyst 12, with the highcst pI(, value oflhe 

series provided the lowest stereoselecti vity. Despite these seemingly logical results, catalyst II 

(N-isoamyl catalyst) which has a calculated side-chain pI(, that is sign ificantly higher than 

catalyst 12, 13, or 14 prov ided the highest stereoselec\ivity for adducts 33 and 34. These results 

arc summarized in Table 2. Perhaps even more puzzling is the completely opposite trend seen for 

product 36 (fable 2). For Ihis case, an increase in stercose lection was seen in going from catalyst 

14 to catalyst 12,and catalyst It provided the loweststereoseleet ivity. In all three reactions, the 

sceondary-tertiary catalyst 15 prov ided very lowenantioselectivity. 

Michael adduct 35 docs show some trend within thc aromatic series, but thc resul ts are 

opposite to those expected where cata lyst 12, wi th the highcr pI(, val ue, has the best 

ena nti o~electiv i ty of the series. The aliphatic catalyst 11 ~ hows Ihe highest enantiomerie excess 

for the react ion and catalyst 12 yielded less then 5% of the des ired adduct (enantio- and 

diaster ioscleetivi tywas notdetennined). 

Results for Michael adduct 37 ~ hows no general trend for the secondary-secondary 

dial11ine catalysts and catalyst 13 seemed to have a sign ificant ly lower enanliOl11cric excess than 

previously seen. Sceondary-tert iarycatalyst 15 conti nued to give ncar racc111ic products. 
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Table 2: Results from enanliosclcclive organocatatytie Michael additions of ketones to 
nitroalkenes. 

20 mol % organoeatalyst 

toluene,rt 
~o r NO 

I : 2 

/ 

Organoc:alalystr;; 

Q...-~...-yCH, ~~-o-OCH, Q...-~-o ~~-o-No, r;;.....~NO' 
H cH, H H H H 

[ ntry Product Catalyst Yicld- ("Io) dr' (syn/anti) cc~ (%)(syn) 

0°0 11 80 [ I I I 84 
12 93 [ I I I 83 

lJ,:N02 
13 89 1011 89 
14 81 311 82 
15 64 311 I 

osO 11 97 611 71 
12 20 [6/1 79 

lJ,:N02 
13 77 1211 82 
14 89 911 77 

10 15 80 711 9 

11 0 Ph 11 72 [011 25 
12 ~NO' 12 74 [511 80 
13 0) 31 \3 96 1111 89 
14 14 81 > 1511 64 
15 15 80 > 1511 

17 0 Ph 11 71 911 73 
18 cr-NO, 

12 90 911 71 
19 13 86 [011 " 20 s 32 14 74 811 72 
21 15 98 oJ, 16 

22 0 Ph 11 69 15/1 8. 
23 ~N02 12 99 15/1 65 
24 13 80 1711 77 
25 14 67 [011 8. 
2. 15 77 [5 / [ 

' Iso lated yields. 'Determined by H NMR analysis ofthe crude prOOucl. 'Chiml HPLC analysis. 
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Table 2 (continued): Results from enantioselective organocatalytic Michael additions of 
ketoncsto nitroalkcnes. 

Entry Product Catalyst Yield- (-/_) d;:' (syn/anlt) ee'(-;.)(lyn) 

27 0 Ph " 79 20/1 92 
28 ~N~ J2 97 3/1 76 
29 13 77 3/1 79 
30 14 7J 5/1 88 
Jl o 0 IS 71 3/1 oJ, LJ .. 

32 B 11 48 5/1 80 
33 o :" J2 54 1011 7J 
34 ~NO' 13 49 711 71 
35 14 80 8/1 66 
36 IS <5 oJ, oJ, 

°Ll 35 

37 o Ph~CHl II 97 15/1 80 
3. ~NOl 12 74 >20/1 90 
39 13 99 1511 86 
40 14 91 1811 82 
41 IS 75 20/1 14 

42 o E'h-o-CFl 11 72 8J I 65 
43 ~N02 J2 74 1911 64 
44 13 80 1111 40 
45 14 82 2011 72 
46 IS 78 1011 3 

47 II 97 2511 50 
48 o E'h-p-OCH3 J2 78 1211 55 
49 It,:N~ 13 99 2011 68 
50 14 " 2511 7J 
51 IS 80 2011 3 

52 o Ph-p-N02 
11 7J 711 74 

53 
cY.:N~ 

J2 76 2011 89 
54 13 88 9/1 86 
55 14 53 1611 87 
56 IS 30 1411 

"Isolated yields. 'Delermined by II NMR analys is oflhe crude prodUC1_ 'C~iral HPLC analysis. 
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It may be noted that the nitroalkene substrate that provides adduct 36 has an 'orillo' 

substi tuent (OCB3) in the aromatic ring. Previous studies in the Pansare groupH had indicated 

that stereoselcctivities with such ni troalkenes were lower than the stericaliy less crowded para 

isomers. Hence, in order to minimize stcrie contributions from the substrate, we investigated the 

4-0Cl'b nitroalkene isomer as a substrate. At the same time, it was wondered if a direct catalyst. 

substrate interaction could be better established by changing the electronic properties of the 

nitroalkene as well. Consequently, the 4-N0:2 nitroalkene substrate was examined as a direct 

comparison with the 4-0CHJ substrate. If catalyst side chain pKa is the dominating factor for 

reactions of these two substrates, then in addit ion to a logical trend in pKa versus 

stereoselectivity, one shou ld see lower overall stercosclectivity for the 4-N02 isomer which 

would be a weaker !-I-hond acceptor than the 4-0CHJ analog. TIle results of these studies are 

summarized in Table 2. Again, these results are difficu lt to rationalize on the basis of a single, 

predominanlefTeCI. 

One of the main objectives of the described research was to determine the viability of 

secondary-secondary proline-based diamine catalySIS for the Michael addition reactions of cyclic 

ke tones to nitroalkenes without the use of protic acid additives. Our results indecd show that 

secondary-secondary diamines arc efTective at catalyzing the Michael addition reaction for a 

variely of cycl ic ketone and nitrostyrene substrates as shown in Tables 1-2. Modcra1c 10 good 

cnantiomcric and diastcrcomeric excesses (up to 92% ce and 2S/I dr) and yields were achicved 

with moderate catalyst loading (20 mol%) and cyc lic ketone excesses (2.5 eq.) under room 

temperature conditions. Although the stereosc!cctivities are not as high as those previously 

stud ied by the Pansare group, they do allow for simplicity in the rcaetion conditions 
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Another objective of the detailed project was to establish the importance ofa secondary-

secondary diaminc motif for stereocontrol of the dcsired Michael reactions. Figure 5 shows a 

simple grnphieal intcrpretation of a portion of the reactions. The drastic difference in 

enantioseleetivity for the reactions can be secn in this presentation where secondary-secondary 

diamine catalysts 11 -14 provide enantiomcric excesses of 40-92% whereas the secondary-tcrtia ry 

diaminecatalyst 15 is far less efficient (1-14%ee). 

Figure 5: Organocatalytic Michael addition ofsubstrJ.te with cyelohexanone 

These lindings seem to support the proposcd ability of a secondary-secondary diaminc 

catalyst to form a H-bond with nitroalkencs where as the secondary-teniary diaminc catalyst 15 

lacks the H-bonding ability (Figure 6). However, it is possible thai other factors such as 

aggregation and substrntc-catalyst side chain internclions may also play an imponant role in 

deciding react ion slereoseleclivily. 
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Catalyst 14 
(H-Bond formation) 

~~-o-No, 

~:o. 
Catalyst 15 

(No H-bood formation) 

Figure 6: H-bonding of nitroalkcne with ca ta lyst 14 anti not with cata lyst 15. 

" 60 

'10 •••• 50 

" 30 

" OL-~.L __ ~ __ ~ __ _ 

t4 15 

Q....-~-.ryCH, y---~--oOCI1' Q....-~-o Y---, ~-o-NO, ~ro-No. 
H el1, 11 11 11 

O.ganoutalysl 

Figure 7: Average Enant ioselection for each o rganllcatalysl. 

The other objective of this research was 10 study the effect of changing thc pKa va lues for 

the N-subslituent. This was invesligmcd through testing an aliphatic side chain catalyst to a series 

of aromatic side chain catalysts where the calculated catalyst side chain pKa values mnge from 

2 1 to 34 pKa units. A geneml trend of decreased cnantioselection oCthc catalyst with higher pI(., 

values was anticipatcd. Figure 7 shows a graphical representation of the averagc enantiomcrie 

excess for each organocata lyst. According to Ihcse results. the N-aryl organocalalyls (12- 14) 
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occasionally observed a predictable trend side-chain pK" versus stcreoselcction. Figure 7 

illustrates a d istinct trend in side-chain pKg versus average stereosclcction indicating the 

importance of H-bond donor functionality in the catalyst. 

VI. Alternative Michael acceptor 

It was also of interest to briefly test the ability ofthesc proline-based diamine catalysts 

for usc in asymmetric conjugate Michael additions with an alternative Michael acceptor. The 

reaction attempted was that of cyclohexanones and phenyl vinyl sulfone in the presence of 

organocatalyst t 1. The solvent of choice was DMF on account of limited sol ubility of the 

reagcntsintolucnc. 

~'_'_ 
DMF,rt 

42 (19% yield) 

SChClllC 11: Michael addition of cyc1oht'x8Ilonc 10 phenyl vinyl su lfonc. 

As seen in Scheme II , the reaction did provide the expected Michael adduct 42, but in 

low yield (19%). Further investigation into the emciency and stereoselect ivity of this reaction is 

needed. 

Vil. Studies with prolinol catalysts 

During the course of the~e Sludies wilh diami nes. il was noticed that aminoa1cohols have 

not been examined as organocatalysts for conjugale addition reactions. It seemed plausible that 

amino alcohols should behave like the s,"'Condary-~eeondary diamine catalYSIS and prolinol (43) 

and diphenyl prolinol (44) were e.l{amined as alternative organocatalysts for the 

ketone-nitroalkcnc Michael addition reaction 
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rI. OH 

'~"~Ph 

Figure 8: Prolinol organocatalysts examined in this study. 

The Michael addit ion reaction of cyclohexanone and (E)-2-{2-nitrovinyl)furan to provide 

the nitroketone 29 was selected for catalyst testing (Table 3). This reaction had shown 

modcl'1ltely good enantioscleclivily in previous studies in using secondary-secondary diarnine 

cata lysts (up to 89% cc and 1011 dr, Table 2), and clearly, there is room fo r optimization of\hi s 

reaction. The results for this reaction are shown in Table 3 below. The usc of pro Ii no I catalyst 43 

provided the expected product 29 in low yield (34%) wi th a diuslercomeric ral io of 6/1 and 

moderate cnant iosclcct ivity of 64%. Conversely, diphcnylprolinol cata lyst 44 yielded no product. 

It is importanl lo note thallhcsc reactions were allowed to proceed fo r a week as compared to thc 

diaminc catalyzed reactions previously discussed which were completc within 24·48 hours. 

Table 3: Results from prolinol organ oc:lta lYlic Michael additions of ketones to 
nitrOlllkcncs. 

Orgar>o>eatalyst: 

Entl)' Ca ta lyst 
43 

21lmolo/. o rganocatalyst 

toluene, rt 

Yield ( % ) d? (wn!utlli) ee' ( % )(\,)'11) 

34 6/1 64 

2 44 0 n1a n/a 
QtSQI31cd yields. 'Ddermirn.:d by IH NMR analysisoflhe crude prodllCl. ' Chiml HPLC analysis. 
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[t was previously mentioned that secondary-secondary aminocata[ysts have the potential 

to fonn amina[s with carbonyl substrates as shown in Scheme 6_ The prolinol catalysts alw have 

the ability to fonn cyclic intennediates (oxazolidines) as shown in Scheme [2. From the results 

seen in Table 3, it is likely that the reversibility of any potential oxazolidine intennediates is 

much less for catalyst 44 than for catalyst 43, presumably due to the Thorpe-Ingold etTect27 that 

favours oxazolidine fonnation from the iminium ion. 

-H' 
~~ 

H' 

Schcme 12: Oxazolidinc gcncratioll and reversibility. 

VIII. COllciusioll 

[n summary. simple pyrrolidine-based diamine catalysts wcre developed for the moderate 

to highly enantioselective conjugate Michael addition of cyclic ketones to nitroa!kenes without 

an acid additive. The results support the importance ofa secondary-secondary diamine motif for 

good stereocontrol of the Michael reactions. A predict.1ble trend in side-chain pKa versus 

stercoselcction for a series of N-aryl organocatalysts (12-14) was observed in a few cases. More 

importantly, a distinct trend in side-chain pKo versus average stereoselection is identified (Figure 

7). This observation, combined with the low selectivity of the secondary-tertiary catalyst 15 
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emphasizes the importance of a H-bond donor functiona lity in the catalyst. Further optimization 

of the pyrrolidine side chains is needed to improve the enantioselectivity of the reaction in the 

absence ofa proticacid. 
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lX. Experimenta l Section 

Reactions requiring anhydrous conditions were performed under a positive pressure of 

nitrogen using oven-dried glassware ( 100 ' c). All organic laycrs obtained from extractions were 

dricd over anhydrous sodium sulfate. THF was distilled from sodium benzophenone kelyl , and 

dich loromethane was d isti lled from calcium hydride prior to usc. Reactions were monitored by 

TLC on commcrcial precoatcd silica (Mcrek 60F-254) by staining with iodine. Chromatographic 

purification of products was done using flash column chromatography on Merck 60F 230-400 

mesh silica gel according to the standard procedure. All melting points are uncorrected. 

'H NMR and IJC NMR spectra were recorded on a Bnlcker AVANCE 500 instrument 

operating at 500 MHz and 125.8 MHz, respectively at room temperature. The chcmical shifts 

are reported in ppm downficld to TMS (0 =0 0) for 11-/ NMR and relative to the central CDCI) 

resonance (0 = 77.23) for IlC NMR. Data for ' H arc reported as follows: chemical shift (0 ppm), 

multiplicity (s singlet. d = doublet, t = triplet. q = quartet, dd = doublet of doublets, m = 

multiplet), integration, coupling constant (Hz) and assignment. Data for IlC NMR arc reported in 

terms of chemical shift. IR spectra were recorded on a Brucker TENSOR 27 spectrometer and 

arc reportcd in wavenumbcrs (em-I). Mass speetra (APCI or ESI) were obtained on an 

Atmospheric Pressure Ionization-Mass Spectrometer (API-MS. Agilent 1100 series LC/MSD 

chromatographic system) at an ionization potential of 70 eV. High-resolution mass spectra 

(HRMS) were obtained on a WaterslMicromass GCT Timc of Flight Mass Spectrometer, (C I gas 

ammonia). Optical rotations were measured at the sod ium D line on a JASCO DIP-370 

polarimeter at ambient temperatufC. Enantiomeric excess (ee) was determ ined by high 

performance liquid chromatography (HPLC) on a Waters instrument equipped with a 1525 

Binary HPLC pump using either a Ch iralpak A])-H column (1.6 x 25 em) or Chiralpak AS-H 
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(1.6 x 25 cm) column. All Michael addition reactions were carried out in closed vials without the 

exclusion of air or moisture. 

Materials 

All solvents and commercially available chemicals were used as received. Organic 

substrates cyclohcxanone, cyclopcntanonc, tetrahydrothiophran-4-onc, tctrahydropyran-4-one. 4-

(1,3-dioxolane)-cyclohexanone, acetone, L-proline, l-nitro-4-«E)-2-nitrovinyl)bcnzcne, 1-

mcthoxy-2-«E)-2-nitrovinyl)bcnzcne, 3-methoxy-2-«E)-2-nitrovinyl)bcnzenc, J-

(trinuoromethyl)-2-«E)-2-nitrovinyl)bcnzene, 2-«E)-2-nitrovinyl)fumn, and 2-«E)-2-

nitrovinyl)thiophcnc wcre obtained from commercial sources and were used without any 

purilication. Michael acceptor 1-«E)-2-nitrovinyl)bcnzenc was prepared according to the 

litcratureproccdurc.21 

38 



Procedures 

(S)-3-Methyl-N-(pyrrolidin-2-ylmelhyl)buta n- l-a mine(II ):1J 

To a solution of Boc-L-proline 16 (2.15 g, 10,0 mmol) in 10.0 mL dry C/'hCh at -IO ' C 

under N2 was added N-methylmorpholine ( LI D mL, 10.0 mmol). The resulting mixture was 

stim:d for 15 minutes, treated with isobutylchlorofonnate (1.30 mL, 10.0 mmol) and stirred an 

additional 15 minutes. lsoamylamine (1.19 mL, 10.2 mmol) was added and the react ion mixture 

stim:d at room temperature for 48 h. The mixture was diluted with EtOAc ( 120 mL) and the 

solution washed with H20 (I x 20 mL), saturated aqueous NaHCO) (I x 20 mL). 0.500 N HCI (2 

x IS mL). and brine (1 x 5 mL). The organic layer was dried (Na2S04). fi ltered and concentrated 

under reduced pressure to provide 2.95 g (99%) of the N-Boc amide 17 as a clear. pale yellow oil 

that was pure by IH NMR and was used further without purification. 

To a cold «5 'c) solution of the crude N-l3oc-amide 17 (2.95 g, IDA mmol) in dry 

CH1C1 2 (10.0 mL) was added TFA (5.50 mL. 104 mmol). The solution was stirred at room 

temperature for 3 h and then concentrated under reduced pressure to remove excess TFA. The 

residue was dissolved in CH2CJ2 (50.0 mL) and the solution was extracted with water 

(3 x IS mL). The aqucous phase was cooled (5 ' c). basified with NaOH pellets and extracted 

with CH2CI, (3 x IS mL). The combined organic layers were dried (NalS04) and concentrated 

under reduced pressure to provide 1.90 g (99%) of the amino amide 18 as a clear. yellow oil that 

was pure by IH NMR and was uscd further without purification. 

To a solution of the above amino amide (1 .90 g. 10.5 m11101) in dry HIF (35.0 mI.) at O'C 

under Nl was added LAH (1.70 g, 45.0 ml11ol). The mixture was brought to room temperature. 
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healed to reflux for 24 h and then cooled to 0 'c. Solid Na2S0d OH20 (6.00 g) was addcd over 

1.5 h and the resulting suspension was filtered through Celite® twice. The residue was washed 

with THF and the combined filtrate was dried (Na2S04) and concentrated under reduced pressure 

to a g ive pale yellow liquid. Purification of the crude product by Kugeirohr distillation under 

reduced pressure gave 1.02g(58%)ofll. 23 

8 p: 11 5'C (air bath)/0.5oo torr. 

lH NMR (500 MHz, CDCIl): 

Ii 3.19·3.16 (m, IH, NCH), 2.9 1·2.88 (m, 21-1, NCffl (ring», 2.61·2.57 (m, 4H, 

CI-ICH1N H, NHCH1, NHCH), NH), 2.46 (dd, 11-1, J = 10.0, 7.0, CI-ICII}NI-I), 1.89·1.85 

(m, 11-1, CH}CI-I 2), 1.75·1.73 (m, 11-1, CI-hCH2), 1.73·1.68 (m, 11-1, CI'hCN]), 1.68· 1.60 

(m, 11-1, CH2CH]), 1.34·1.26 (m, 3H, C/bCII), 0.90 (d, 61-1, J = 7.3, CH(CHJh). 

(S)-4-Methoxy-N-(pyrrolid inc-2-ylmethyl)bcnzenaminc (12):2' 

Prepared by adaptation oflitcraturc procedure?6 A solution ofCbz-L-proline 19 (0.750 g, 

3.00 mmol) in 40 mL dry THF under N2 was cooled to -15"C and stirred for 15 minutes. N· 

methylmorpholine (0.330 mL, 3.00 mmol) was added and the mixture was stirred an add itional 

15 minutcs alicf which isobutylchloroformate (0.290 mL, 3.00 mmol) was added followed by 

sti rring for 15 minutes. 4-Mcthoxyaniline (0.380 g, 3.03 mmol) was added and the mixture was 

stirred at room temperature fo r 24 h. EtOAe ( 150 mL) was added, and the sol ution was washed 

wi th H20 (I x 50 mL), 5.1turated NaHCOJ ( I x 20 mL), 0.500 N Hel (1 x 20 mL), and brine ( 1 x 

10 mL). The organic layer was drif..-d (Na2S04), filtered and concentrated under reduced pressure. 
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The resulting solid was trituraled wi th hexanes and then recrystallized (EIOAclhexanes) 10 

provide 0.510 g (48%) of the N-Cbz amide 20 as a white solid. 

To a solution of N-Cbz amide 20 (500 mg, 1.40 mmol) in 10.0 mL methanol under Nl 

was added Pd·C (10"10) (12.0 mg). The system was nushed with ~h and stirred at room 

temperature under H2. After 3 h, the react ion mixture was filtered through Celite® and washed 

with methanol. The resulting filtrate was concentrated under reduced pressure to provide 279 mg 

(96%) ofamide2 1 asa clear, colourless oil. 

A solution of amide 21 (850 mg, 4.08 mmol) in 20.0 mL of dry THF and cooled on ice. 

LAH (387 mg, 10.2 mmol) was added carefully to the solution and renuxed under Nl for 3 h. 

Sodium sul fate decahydratc (2.00 g) was added and stirred for 1.50 h. The mixture was filtered 

th rough Celite® and washed with ethyl ether (2 x 10 mL). The ether layer was concentrated 

under pressure. Purification of the crude brown oi l by Kugelrohr distillation under reduced 

pressure gavc465 mg (53%) ofc1ear oi l 12.26 

BIl: 175 ·C (air bath)fO.500 torr. 

III NM.R (500 MHz, CDCI) : 

.s 6.78-6.76 (d, 2H,./ = 10.0. ArH. me/a to OCl-b), 6.62-6.60 (d, 21-1. J '" 10.0. Mil. or/OO 

to OCUl ), 3.75 (s, 31-1, OCII;), 3.39-3 .34 (rn, 11-1, CIIOhNH), 3.13-3.10 (m. II-I. 

CI-12NN), 2.94-2.88 (m. 41-\. Cfll NH. ClhN I-I ), 1.95-1.87 (m. IH. Cl-f1CH1). 1.83-1.77 

(m, IH. ClI~ J-\ l ) 1.77-1.70 (m, IH, CIl~Hl ). 1.48-1.45 (m, I H. CIl;C\-l ~). 
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4-N itro-N-(((S)-pyr rolidin-2-yl)methyl)benzenam ine (14): 

~~-o-N02 
H 

Amide 23 (1.900 g, 8.050 mmol) was dissolved in barane-methyl sulfide adduct (2.000 

M in THF, 16.00 mL, 32.00 mmol) and the solution was stirred at room temperature under N2 for 

48 h. The reaction mixture was cooled to 0 ' C, 6.00 N HC! (30.0 mL) was added fo llowed by 

stirring for 3 h. The resulting mixture was then concentrated under redueed pressure. The residue 

was dissolved in H20 (20.00 mL) and the solution was washed with EtOAe (2 x 10 mL). The 

organ ic layer was dried (Na2S04), filtered and concentrated. The crude product was purified 

us ing flash chromatography on sil ica gel (15:85 - 70:30 EtOAclhexanes) to provide 644.0 mg 

(36%) ofdiamine 14 as a yellow solid. 

III NMR (500 MHz, CDC b): 

(i 8.07 (d, 2 1-1 ,.1 " 10.0, ArH, orlho to N02) , 6.53 (d, 2H, J : 10.0, Ar/-/. meta to N02), 

5.18 (hr. 1 H, NHAr). 3.44 (m. I H. CHCH2NH). 3.24 (m, I H, CH2NH). 2.97 (m. 3H. 

CH2NH, CH2NH(ring», 2.00-1.90 (m, 2H. NH, CH2CH2NH), 1.89-1.79 (m. 11-1. 

Cl-bCH2), 1.79-1.70 (m. 11-1 , Cl-bCI-b), 1.53-1.43 (m, 1 H, CH2CH2). 

DC NMR (125.8 MHz, CDCll ): 

(i 153.8 (CN02 (ipso», 137.8 (CN H (ipso», 126.5 (ArC (ortho to N02), 111.3 (ArC). 

57.2 (C!-INH(ring», 47.4 (CI-bNII), 46.6 (CH2NH), 29.6 (CH2CH), 25.9 (CH2CH2) . 

IR (neat): 

1600, 1474. 1304, 1111,827cm·1 

m~MS(EI): 
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(S)-N-Mclhy l-4-nilro-N-{pyrrolidin-2-ylmclhyl)bcnzcna minc (15): 

Amide 25 (0.160 g, 0.100 mmol) was dissolved in borane-methyl sulfide add uct (2.00 M 

in THF, 1.9 mL, 3.84 mmol) and the solution was stirred at room temperature under Nl for 48 h. 

The reaction mixture was cooled to 0 ' C, treated with 6.00 N HC I (2 mL) and stirred for 3 h after 

which timc the resulting mixture was concentrated under reduced pressure. The residue obtained 

was dissolved in 1-120 (5 mL) and the solution was washed with EtOAc (2 x 5 mL). The organic 

layer was dried (Na2S04), filtered and concentrated. The crude produet was purified using flash 

chromatography on silica gel (5% CJ.I )OI·IICJ.lzCI2 - 10% CI-I JOI-I/C I-I2C I2) to provide 94.70 mg 

(63%) of diaminc 15 as a yellow solid. 

IU NM R (500 MHz, CDCI): 

S 8.11 (d, 2 1-1 , J = 10.0, ArH, orllio to N02), 6.57 (d, 21-1 , J = 10.0, Arll meta to NOl ), 

3.96 (m, II-I, C/ICI-I2), 3.47 (01, 11-1, CH2N), 3.27 (m, 11-1, CHIN), 2.75 (m, 11-1, 

C/hNCI-b), 2.60 (m, 11-1, CH2Nnb), 2.48 (m, 31-1, NCH), 2.12-2.01 (m, 51-1 , CfhCH2. ' 

Nlf) .. 

DC NMR (125.8 MHz, CDCI): 

0152.0 (ArCNO!), 137.4 (ArCN), 126.7 (ArC, or/ll0 to N02), 11 1.3 (ArC), 59.1 (C1-IN), 

IR (ncat): 

1594,1478,1288,1195,1108.822em,1 

MS (APC I. positive): 

mlz 236.1 ([M+ll'. 1(0) 
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HRMS: 

mlz 235.1324 (235. 1321 calc. for C12HnN)01 (M"). 

(S)-lcr,-Bu tyI 2-(4-nitrophcnylcarbamoyl)pyrrolidine- l-carboxyla le (22): 

A solution of Boe-L-proline 16 (3.225 g, 15.00 mmol) in 40.00 mL dry THF under Nl 

was cooled to -\5 ' C and stirred for 15 minutes. N-methylmorpholinc (1.650 mL, 15.00 mmol) 

was addt."d and the mixture was stirred an additional 15 minutes after which 

isobutylchlorofonnate ( 1.960 mL, 15.00 mmol) was added followed by stirring for 15 minutes. 

4-Nitroaniline (2.[30 g, 15.45 mmol) was added and the mixture was stirred at room temperature 

for 24 h. EtOAc (15 mL) was added, and the solution was washed with H}O (I x 50 mL), 

saturated NaHCO) (I x 20 mL), 0.5000 N HCI (I x 20 mL), and brine (I x 10 mL). The organic 

layer was dried (Na2S04), filtered and concentrated under reduced pressure. The resulting solid 

was triturated with hexanes and then recrystallized (EtOAc!hexanes) to provide 4.000 g (80%) of 

the N-Bce amide 22 as a pale yellow solid. 

I I-( NM I{ (500.0 MHz, CDCll): 

S 10.24 (brs, IH, Nil), 8.19 (d, 21-1,) = 10.0, Arll, orlho to N02), 7.67 (d, 21-1,) = 10.0, 

ArH, meta to NOl ), 4.50 (br m. 11-1, CI1CO), 3.43-3.36 (br m. 21-1. CII;N). 2.59 (br m, 

I H, CII;(:I-I), 1,95 (br m. 31-1. C/-I]CI-I. CI!}GhN). 1.52 (br s. 91-1. qClflh). 

IJC NMR (125.8 MHz. CDCI) : 

S 170,7 (CO), 156.5 (NC=OO), 144.2 (CNHCO (ip~'o», 143,2 (CNOdil)SO», 125.9 (ArC 
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(orlllo to N~)), 118.9 (Arq, 81.32 (C(CH)3), 59.9 (CI'ICO), 47.3 (CH2NH), 28.1 

(C(CH3)1), 27.4 (CH1CH), 24.5 (CH1CH2N). 

IR (neat): 

3273, 1703, 1663, 1407,1111 ,986,926 em'] 

MS (APCI, positive): 

m/z 236.1 (100, M-{lBoc» 

HRMS (EI): 

(S)-N-(4-nitrollhcnyl)pyrrolidine-2-earbol:amidc (23): 

To a sol ution of N- Boc amide 22 (3.620 g, 10.70 mmol) in dry CHlCll (15.00 mL) at 

o "C under N2 was added TFA (13.30 mL, 161.9 mmol). The reaction mixture was stirred at 

room temperature for 20 h and concentrated under l\.-<!uCI;:d pressure. The residue was dissolved 

in CHlCI2 (20 mL) and the solution was extracted with I hO (2 x IS mL). The aqueous layer was 

cooled «5 "C), basificd to pH 12 with NaOH pellets and extracted with CII2Cll (2 x IS mL). 

The combined organic layers were dried (Na2S04), filtered and concentrated . The resulting sol id 

was recrys tallized (EtOAe/hexanes) to provide 1.780 g (69%) of the amide 23 as a yellow solid. 

III NMR (500.0 MIl l, CDCI l )' 

010. 18 (s. Ill. NHCO). 8.21 (d, 21-1. J= 10.0, MH, orillo to N02). 7.78 (d, 2H. J = 10.0. 

ArH me/II to N02) . 3.90 (m, IH. CHCO), 3. 11 (m. III, CH2N). 3.00 (m. IH. ClhN). 2.25 

(m. 211 , Nil, ClhC H), 2.25 (m. IH. CHlCIl), 1.79 (m. 2H. ClhC lbN H). 
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Be NMR (125 .8 MHz, CDC1): 

o 174.3 (CO), 143.7 (CN02 (ipso», 143.4 (CNHCO (ipso», 125.2 (ArC(orrho to 

IR (neal): 

3203, 1687, 1599, 1403, II 00cm·l. 

MS (APCI, posit ive): 

mlz 236.1 ([M+ 1 r, 100.00) 

HRMS (EI): 

mlz 235.0958 (235.0957 calc. for ClI I"I IlNjOj (M». 

(S)-tert-l3u tyl 2-( nlcthyl( 4-nitro phcnyl)carbamoy l)pyrrolid inc- I-carboxylate (24): 

A solution of N-Boc-umine 22 (1.440 g, 4.270 mmol) in THF (15.00 mL) was cooled for 

10 min (5°C) under N2. Nal-l (170.3 mg, 1.470 mmol) was added cautiously. After 10 minutes 

CH3 [ (2.020 mL, 32.45 mmol) was added and the rcaction mixturc was stirred at room 

temperature for 24 h. The mixture was conccntrntcd and thcn di lutcd wi th EtOAc (40 mL). Thc 

resulting solution was washed wi th H20 (1 x 10 mL) and brine (1 x 10 mL). TIle organic layer 

was thcn dried (Na2S04), filtcred and conccntrnted undcr reduced pressure. The residuc obtaincd 

was purificd using flash chromatography on si lica gel (50150 EtOAc/hcxancs) to provide 1.040 g 

(70%) ofthc amidc 24 us a pale yellow gum. 
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I H NMR (500.0 MHz, CDCh): 

Majorrotamer:08.28 (d, 2H,J= 10.0, A rH,ortho to N~), 7.58 (d, 21-1,J = 10.0, 

A rH, meta to N02), 4.32 (hr, 11-1, CHCO), 3.56-3.51 (br m, 2B, CHJN-Boc», 3.45-3.32 

(brs, 3H, NClh), 2.04-1.74 (m, 41-1, CIl;Clh), 1.45 (br s, 9H.C(CHJ)3). 

Visible signals for the minor rotamer: 0 8.28 (d, 21-1, J = 10.0, ArH, orlho to N02), 7.41 

(d, I I-I,J = 10.0, Arl-l), 4.24 (br, IH,ClfCO). 

IJC NM.R (125.8 MHz, CDCI): 

Major rotamer: 0 172.6 (CO). 154.4 (NC=OO), 149.6 (CN I-ICO (ipso», 146.9 (CN02 

(ipso», 128.4 (ArC (ortho to N02», 125.1 (ArC), 79.6 (C(CHJ»)), 47.0 (OICO), 37.7 

(OhN"'I). 28.6 (NOI), 28.5 (C(011»)), 24.3 (CH20-1), 23.5 (CI-I 2CH1N). 

Visible signals for the minor rolamcr: I) 172.3 (CO), 153.5 (NC=OO), 179.2 (CNHCO 

(ipsO». 80.0 (C(CHj »)), 57.2 (OlCO), 56.9 (CI-I 2N H). 30.2 (NOll)' 14.2 (Obo-bN). 

m (neat): 

3279, 1703, 1509, 1407, 1338, 1159,1111. 853cm·1 

MS (APEL positive); 

mlz 349.2 «[M+lr, 100.00» 

HR MS (EI): 

mlz 350. 1723 (350.1716 calc. ror CI 7H2(N)Os (M'». 
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(S)-N-Melhyl-N-(4-nilrophenyl) py rrolitline-2-carboxamide (25): 

To a solution of N-Boc amide 24 (1.00 g, 2.86 mmol) in dry CthCh (5.00 mL) at 0 "C 

under N2 was added T FA (2.35 mI., 28.6 mmol). The react ion mixture was stirred at room 

tempernture for 3 h and concentrnted under reduced pressure to remove CH2Cl2 and TF A. The 

resulting residue was dissolved in EtOAc (30.0 mL) and the solution was extrnctcd with ~hO (2 

x 15.0 mL). The aqucous layer was cooled «5 "C), basified to pl'l 12 with NaOH pellets and 

extrncted with CH2CI2 (2 x 15.0 mL). The combined organic layers were dried (Na2SO. ), fil tered 

and concentrated to provide 57 1 mg (80%) of the amide 25 as a yellow solid. 

IH NM R (500.0 Ml'lz, CDCll ): 

08. 14 (d, 2B, J : 10.0, ArH. or/lin to N01), 6.56 (d. 2H, J = 10.0. ArH), 4.19-4.17 (m, 

I H, CHCO), 3.69 (m, I H. CH2NH), 3.40-3.35 (m, 2 H, ClhNH. CtbNII) , 2.80 (br s, 3U, 

NClh), 2.31 (m. 2B, ClhCtb), 2.12 (m, I H, CthCH1), 2.02 (m, I H. CH2Cfh). 

MS (APCI, positive): 

m/z 250. 1 ([M+lr. 100.00) 

IIRMS(EI): 
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General experimental procedure for the Michael addition of ketones to nitroalkenes: 

To a solut ion of the amine catalyst (0.10 mmol) and the nitroalkene (0.50 mmol) in 

toluene ( 1.0 mL) was added the ketone or aldehyde (2.5 mmol), and the solution was stirred at 

ambient temperature for 24 h except when noted otherwise. Ethyl acetate ( 10 mL) was added 

and the solut ion was washed with water, aqueous 0.50 N HCI, dried (Na2S0.), filtered and 

concentrated to g ive the crude product, which was purificd by nash chromatography on silica 

gcl. 

The re lative configurations of the products (~yn or an/l) were determined by comparison 

of lH NMR spectral data with those reported in the literature. The absolute configurat ions of 

each product were determined either by comparison of optical rotation values with those reported 

in the literature o r by comparison ofHPLC retention times. All the compounds reported here and 

in Tablcs 1-4 havc previously bccn reportcd in the li te rature. 1J• I 5< 
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(S)-2-«S)- I-(Fura n-2-yl)-2-n it rocthyl)cyclohcxanonc (28):23 

Reaction of cyelohexanone (0.260 mL, 2.50 mmol) and 2-«E)-2-nitrovinyl)furan (70.0 

mg, 0 .500 mmot) in the presence ofcata tyst J3 (17.0 mg, 0,100 mmot) according to the general 

procedure gave, a fter purification by fl ash chromatography on s il ica gel (ethyl acetatclhexane: 

20/80), 210 mg(89%) of 28 asa yc llow soljd. 

I II NM.R (500 MHz, CDCh): 

<57.57 (br s, lH, ArH), 6.29 (dd, lH, 1 = 3.0, 2.0, ArH), 6 .1 8 (d, lH,1 = 2.0, Arf!), 4.80 

(dd, 1 H, 1= 9.0, 6.0. ClhN02), 4.68 (dd. ]1-1,1= 12.0, 9.0, CH]N02). 4.00 (dl. lH , 1 = 

9.0,4.5 CHCH1N0 1), 2.78-2.73 (m, 11-1. CIIC(O», 2.48-2.50 (m, 11-1, CH]C(O», 2.40-

2.33 (m, 11-1 , CH2C(O», 2.18-2.09 (m, lH. CH2), 1.92-1.82 (m, 1\-1. Clh), 1.82-1.75 (m, 

I I-!, Clh), 1.71-1.60 (m, 21-1, Clh), 1.35- 1.26 (m, 11-1, CH]). 

HPLC (Chi ra lpak AD-H): 

(hcxandi- PrOl-t. 95/5. flow nlte 1.00 mUmin. cone. 1.00 mUmin. }. = 254 nm): 

1"""", = 13.8 min ; 1 .. ",,,, = 16.4 min. 

89"10 
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(S)-2-«S)-2-Nit ro-l-(th iophcn -2-y l)cthyl)cyclohcxa nonc (30):23 

Reaction of cyclohcxanone (0.260 mL, 2.500 mmol) and 2-«E)-2-nitrovinyl)thiophene 

(77.6 mg, 0.500 mmol) in the presencc of catalyst 13 ( 17 .0 mg. 0.100 mmol) according to the 

general procedure gave, after purification by fl ash chromatography on silica gel (ethyl 

aeetatelhexane: 20/S0), 97.5 mg (77%) of 30 as a white solid. 

IH NMR (5oo MHz, CDCIl): 

S 7.23 (d, I H, J '" 5.0, Arll), 6.94 (dd, IB, J = 5.0, 3.0, Mff), 6.S8 (d, 1 H, J = 3,0, 3.0, 

M ff), 4.90 (dd, I I-1 ,J = 13.0,4.0, CH}NOz), 4.67 (dd, lB, J = 13.0,9.0, CH]NOz), 4. 14 

(dt, 1 H. J = 9.0, 4.0, CHCB2N02), 2.72-2.67 (m, I H, CHC(O». 2.50·2.46 (m , 11-1 , 

CI!)C(O». 2.42-2.36 (m, 11-1 , Clf;C(O», 2.13-2.10 (m, 11-1 , CH}), 1.96- 1.90 (m, IH, 

CI1;), 1.88-1.85 (m, 11-1, Clh), 1.73-1.56 (m, 21-1, Clh), 1.38-1 .24 (m, 11-1 , (Hl ) . 

HI'LC (Ch ira lpak AD-H): 

(hcxallc!i-PrO ll 95/5, fl ow rate 1.00 mlJm in, conc. 1.00 mlJmin. A = 254 nm): 

1"""", = 15.3 min;t",;_ = 17.6min . 

82% 
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(S)-Tctrahydro-3-«R)-2-nitro-l -phcnylcthyl)pyran-4-one (31): 23 

React ion of tctrahydropyran-4-one (0.230 mL, 2.50 mmol) and 1-«£)-2-

ni trovinyl)bcnzene (74.5 mg, 0.500 mmol) in the presence of catalyst 13 (17.6 mg, 0. 100 mmol) 

accord ing to the general procedure gave, after puri fication by nash chromatography on si lica gel 

(ethyl aeetatclhcxane: 40/60), 239 mg (%%) on l as a white solid. 

III NMR (500 MHz, CDC!,): 

0: 7.39-7.31 (m, 3H, ArH), 7.2 1 (d, 2H,J = 7.0, orll1o Arlf), 4.96 (dd, 11-1, J = 12.5,4.7, 

ClI;N02). 4.68 (dd, 11-1 , J= 12.5, 10.0, CH1N01), 4.20-4.15 (m, lH. CHC I-I2N02), 3.89-

3.79 (m, 2H. OCH1). 3.73 (dd, l H, J = 12.0. 5.3, OClhCH). 3.31 (dd, 1\-1,./= 12.0.8.8, 

OCH1CH), 2.94-2.89 (m, 11-1 , CHC(O», 2.72-2.67 (m, I H, Cthc(O». 2.62-2.58 (m , 11-1 , 

CI1;C(O». 

HI'LC (Chiralpak AS-H): 

(hexandi-PrOl-I, 50/50, now ratc 0.500 mlJmin, conc. 1.00 mglmL,)" = 247 11m): 

l""y", ;; 2 1.3 min, 1m " " " = 17.8 min 

89% 
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(S)-Tetrahyd ro-3-«R}-2-nit ro- I- phcny lethyl)thiopyran-4-onc (32):23 

Reaction of tetrahydrothiopyran-4-one (290 mg, 2.50 mrnol) and 1-«£)-2-

nitfovinyl)bcnzene (74.5 mg, 0.500 mmol) in the presence of catalyst I I (16.7 mg, 0.100 mmol) 

according to the general procedure gave, after purification by flash chromatography on silica gel 

(ethyl acetatelhexane: 20/80), 188 mg (71%) of32 as a white solid. 

III NMR (500 MHz, CDCll): 

oS: 7.36-7.33 (m, 2H, ArIl), 7.33-7.29 (m, 11-1, ArT'f), 7,19 (m, 21-1, ArH), 4.73 (dd, IH,) = 

12.7,4.5, ClhN02). 4.63 (dd, IH, } = 12.7, 10.0, CH.lNOz),3.98 (dt, IH, } = 10.0,4.5, 

PhCH), 3.07-3.00 (m, I H, CHC(O», 3.00-2.94 (m, 2H, CH~(O», 2.88-2.84 (m. 2 1-1 , 

SCH:), 2.84-2.77 (m. I H, SCI-I]), 2.64-2.60 (m, I It SCH2CH», 2.45 (dd, I H, .I = 13.8, 

9.7,SCH.lCH). 

III' I.C (Chiralpak AS-I'I): 

(hcxanc!;-PrOH, 50/50. flow rate 0.500 ml. min· I , cone. 1.00 mg/mL, ).= 247 nm): 

1"""", = 19.2 min., 1,",_= 15.9 min 

73% 
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(S)-2-«R)-2-Nit ro-I-phcnylcthyl)cyclohcxanone (33):23 

o 
~NO' 

Reaction ofcyclohexanone (0.260 mL, 2.50 mmol) and I-«E)-l-nitrovinyl)benzene (74.5 

mg, 0.50 mmol) in the presence of catalyst 12 (16.7 mg, 0. 100 mmol) according to the general 

procedure gave, after purification by flash chromatography on silica gel (ethyl acetaleihexane: 

20/80) , 85 .0 mg (69%) of 33 as a wh ite solid. 

'II NMR (500 MHz, CDC I)): 

o:7.37-7.39(m, 3H, ArH), 7.19(d,211, J = 7.7, orrhoArH), 4.96(dd, 11-1, J = 12 .4, 4.5, 

CIf}N02), 4.67 (dd, 11-1, J = 12.4, 9.5 , CH;N02), 3.79 (dt , 111, J = 10.0, 4.5, 

CHCI-I 2N02), 2.75-2.69 (m, 11-1, CHC(O». 2.53-2.50 (m, 11-1, CH}C(O» , 2.50·2.39 (m, 

11-1, CHI..O» , 2. 13-2.08 (m, IB, CH;), 1.84·1 .57 (m, 41-1 , CHi ), 1.31-1 .23 (m, IH, CI I]). 

11PLC (Chiralpak AD-H): 

(hcxanc/i-PrOH , 90/10, fl ow rate 1.00 mL min" , cone. 1.00 mglmL, 1.. = 247 nm): 

I"",J<" "" 10.6 min .. ' ,.,,,,,, "" 8.84 min. 

86% 



(S)-2- [( R)-2-Nit ro- I-phenylet hyl[ -4-[ t ,.3-d ioxola n eleyclohexanone (34):23 

o (fNO, 
o 0 
U 

Reaction o r 4-(l,3-dioxolanyl)-cyclohexanone (395 mg, 2.50 mmol) and 1-«£)-2-

nitrovinyl)benzcne (74.5 mg. 0.500 mmol) in the presence or catalyst 12 (16.7 mg. 0.100 mmol) 

according to the general procedure gave, after puri fication by flash chromatography on si lica gcl 

(ethyillcetatelhexane: 40/60), 24 1 mg (79"10) or 34 as a white solid. 

111 NM.R (5oo MHz, CDCh): 

0: 7.35-7.28 (m. 3H, Arll), 7.21 (d. 2 1-1 , J '" 7.2, orlho ArH). 4.95 (dd. I H, J = 12.5, 4.7, 

CH1N02), 4.63 (dd, IH,J = [2.5,9.8. CfhN02), 4.04-3.81 (m, 5H, PhCH, OClhCI1~). 

3. 10-3.05 (m, 11-1, CHC(O», 2.71 (m. [H. CH."cH1), 2.52 (m, IH, CfhCH2). 2,04-2.0 1 

(m, [H, CH..c l-l l), 2.00- 1.91 (m. II-L CH..c1-l2), 1.72- 1.66 (111, [H, C'hCI-!), 1.60-1.52 

(1I1.1 1-I,CI-I]CH). 

Ul'lC (Ch iralpak AS-H): 

(hexane/i-PrO!-l, 90110, fl ow rate 0.500 mL min' I, cone. 1.00 mglmL. k'" 254 11m): 

1"""", = 59.6 min. 1.""", = 47.5 min . 

92% 

55 



(S)-Z-«R)-I-(Dcnzo(d)( I,3)dioxyol-6-yl)-Z-nilroclhyl)-4-(I,3-d ioxolanc)-eyclohcxanone 

(35);15< 

B 
(fN~ 
o 0 
LJ 

Reaction of 4-(l,3-dioxolanyl)-eyciohcxanonc (395 mg, 2.50 mmol) and (t,1- 5-(2-

nitrovinyl)benzo[I ,3]dioxole (96.6 mg, 0.500 mmol) in the presence of catalyst IZ (16.7 mg, 

0.100 mmol) according 10 the general procedure gave, after purification by flash chromatography 

on si lica gel (ethyl aeetatcJhexane: 30170), 83.8 mg (48%) of3S as a white solid. 

III NMR (500 MHz, CDCh): 

3:6.72-6.70 (d, IH, ) = 7.9, ortho Arlf), 6.62-6.58 (m, 2H, Arll), 5.93-5.94 (d, 21-1 ,) = 

3.5. OCH,D), 4.87-4.85 (dd, IH,) = 12.0,4.7. CH,N02). 4.51-4.48 (dd, IH,J = 12.0. 

10.0, ClhNO,), 3.97·3.80 (m, 4H. OCl!~Hl0), 3.77-3.70 em, IH, CJlCl-h), 2.97-2.92 

(m, 1 H, CHC(D» , 2.70-2.67 (m, III , ClhCI11), 2.43-2.37 (m, 11-1, CH~H2). 2.02- 1.96 

(m, I H. ClhCI'h), 1.82-1.79 (Ill. IH. CII..cI·b), 1.71-1.69 (m, 11-1 , CH,CII;), 1.53-1.50 

(m, 11 1. CN1CI·b). 

IIPLC (Chiralpak AS-J·t): 

(hexane/i-PrOH. 60/40, flow rate 1.00 mUmin. conc. 1.00 mglmL.I.. =2 54 11m): 

1"",)«=20.44 min., 1"""",= 15.8 mi n. 

80% 

56 



(S)-2-«R}-I-(2-Mcthoxyphcnyl)-2-nitrocthyl)cyclohcxanones(36):23 

Reaction of cyclohcxanones (0.260 mL, 2.50 mmol) and l -methoxy-2-«E)-2-

nitrovinyl)bcnzcnc (90.0 mg, 0.500 mmol) in the presence of catalyst 12 (20.6 mg, 0.100 mmol) 

at room temperature for 24 h gave, 143 mg (74%) of 36 as a clear colorless oi l that was pure by 

It-I NMR . 

.5 7.26 (m, IH, Art!), 7. 10 (dd, I H,1= 7.6, 1.0, ArH) , 6.92-6.88 (m, 2H, Ar}!), 4.88-4.80 

(m, 21-1, CN]N02), 3.98 (dt, 1 H, 1 = 10.0, 5.0, CHCH2N02), 3.85 (s, 31-1, OCN] ), 3.02-

2.96 (m, I H, CHCCO)), 2.52-2.47 (m, 1H , CH2CCO» , 2.43-2.36 (m, 1 H, CH]C(O», 2.10-

2.06 (m, IH, CIIz), 1.8 1-1.77 (m, IH, CN}), 1.71-1.66 (m, 2H, CH1), 1.66-1.55 (m, I II 

CN}), 1.27- 1.21 (m, !I'I , CH}). 

HPLC (Chiralpak AS- H): 

(hcxanc/i-PrOH, 90110, flow rate 0.500 mUmin, cone. 1.00 mglmL, ).= 254 nm); 

{maj'" = 28.8 min., Imr __ = 24.5 min. 

90% 

57 



-------------------

(S)-2-«R}-2-nit ro- l -(2-(trifluoromethyl)ph enyl)cthyl)cyclohcxanoDes (37):23 

Reaction of cyc!ohexanoncs (0.260 mL, 2.50 mmo!) and 1-(trinuoromcthyl)-2-«t)-2-

nitrovinyl) benzene (109 mg, 0.500 mmol) in the presence ofcatalysl 14 (22.2 mg, 0. 100 mmal) 

according to the general procedure gave, after purification by fl ash chromatography on si lica gel 

(e thyl acctatc!hcxanc; 20/80), 129 mg (82%) of 37 as yellow oil. 

lH NM R {500 MHz, CDCtl ) : 

0 = 7.7 1 (d, lH , J = 7.5, ArH), 7.57 (I, I H,1= 7.5, Arfl), 7.41 (I, IH,J = 7.5. MH), 7.39 

(d, IB,)= 7.5. AT"'), 5.05 (dd, I H, J = 12.0,7.0. CH2NOZ), 4.77 (dd. IH. J = 12.0,3.7, 

CfhN02). 4.12-4.07 (m. 1 H, CHCH!N02). 3.05-3.0 (m. 1 H. CHC(O», 2.53-2.41 (m.2I-I, 

Cfl2C(O». 2.17-2. 11 (m, IH. Cfh), 1.83-1.78 (m, l H, Cflt), 1.76- 1.64 (m, 21-1, Cfl2), 

1.64-1.55 (m, 11-1 . C/6), 1.38-1.28 (m, 11-1. CH2). 

H PLC (Chi ralpak AS·H): 

(hcxancli-PrOH. 90110, nowralC 1.00 mUmin, cone. 1.00 mglmL,).. =o 254 nm): 

Imqjq< =0 10.4 min .. I"""", =0 8.70 min. 

76% 

58 



(S)-2-[( R)-l-( 4- mcthoxyphcnyl)-2-n it roethy llcyclohexanone (38):21 

Reaction of eyclohexanonc (0.260 mL, 2.50 mmol) and l-mclhoxy-4-«E)-2-

nitrovinyl)bcnzcnc (90.0 mg, 0.500 mmol) in the presence of catalyst 12 (22.2 mg, 0.100 mmol) 

according to the general procedure gave, aller purification by nash chromatography on si lica gel 

(cthyl acctatclhexane: 20/80), 24 1 mg (87%) of 38 as a while solid. 

0: 7.09(d, 2H,J "'" 8.0, Arll), 6.86 (d, 2H, J = 8.0, ArH), 4.9 1 (dd, IH,J = 12.0,4.5, 

CH]N01), 4.60 (dd, IH, J = 12.0, 10.0, CH]NCh), 3.80 (s, 3 H, OCH; ) 3.72, (dl , 11-1. J = 

10.5 ,5.0, ArCH), 2.69-2.63 (m, lH, CHC(O», 2.50 - 2.46 (m, 11-1, CH~(O», 2.42-2.36 

(m, IH,CH1),2. 10-2.06 (m, IH,CHl). 1.82-1.55 (m,4H,CH1), 1.28-1.21 (m, 'H,eHl ). 

JlPLC (Chiralpak AD-I·I): 

(hexancli-PrOH, 90/10, now rate 0.500 mL min-I, cone. 1.00 mglm L. )";= 254 nm): 

I""'J"' = 29.7 min. 1"""",;=23.7 min . 

73% 

59 



(S)-2-I(R)-2-N itro- I-( 4-n itrophe nyl)ethyllcyclohexa none (39):23 

Reaction of cyclohexanone (0.260 mL, 2.50 mmol) and l-nitr0-4-«E.1-2-

nitrovinyl)bcnzene (97.6 mg, 0.500 mmol) in the presence of catalyst 12 (20.6 mg, 0.100 mmol) 

according to the general procedure gave, after purification by nash chromatography on si lica gel 

(ethyl acetatclhexane: 30/70), III mg (76%) ofJ9 as a ye llow solid. 

IH NM R (500 MHz, CDCIl): 

S: 8.19 (d, 2H, 1 ;0 9.0, ArH). 7.39 (d, 21'1, 1;0 9.0, ArH), 4.98 (dd, III 1 = 13.1, 4.5, 

CH1NOl), 4.7 1 (dd, 11'1 ,1 = 13. 1,4.4, CH1N02), 3.92 (dl, IH ,1 = 12.0, 4. 5, ArCH), 2.74-

2.69 (m, I H. CHC(O», 2.52-2.47 (m. IH, CH~(O». 2.45-2.34 (m. I H. C/-6C(O», 2. 14-

2.06 (m, IH, CI1;), 1.85-1.82 (m, 11-1 , CH}), 1.73-1.56 (m, 3H. CH}), 1.33- 1.20 (m. IH, 

CI'I]) 

HI'LC (Chiralpak AS-H): 

(hexane/i-PrOl-!. 90110, now rale 1.0 OmL min· l,eonc. 1.00 mglmL.),, = 254 nm): 

1"""",= 26. 1 min .. 1"""",= 12.5 min. 

89% 
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