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Intriguing Behavior of Cinchona Alkaloids in the nitroso-aldol reaction. For example, aminoxylation (nucleophile
Enantioselective Organocatalytic attacks to the oxygen atom of the nitroso derivative) or
Hydroxyamination of hydro_xyammatl_on (nucleophne attacks to the_nltrogen atom of
. the nitroso derivative) products can be obtained chemoselec-
o-Substituted-a-cyanoacetates tively in the reaction between nitrosobenzene and enolates or
enamines depending on the metal catalyst empléyedumber

Jess Lopez-Cantarerd,M. Belen Cid,f Thomas B. Poulseh, of studies of the reaction between nitrosobenzene and simple
Marco Bella} JoseLuis Gar¢a Ruand, and aldehydes or ketones employimgproline, its derivatives, or
Karl Anker Jargensen* other secondary amines as enantioselective organocatalysts have
Departamento de Gmica Organica, Universidad Autmoma de alsp been carried pﬁtG These chiral catalysts simultaneously
Madrid, Cantoblanco, 28049-Madrid, Spain, and Danish activate both reaction partners: the carbonyl compound through

National Research Foundation Center for Catalysis, Department enamine formation, and the nitrosobenzene by coordination to
of Chemistry, Aarhus Unersity, DK-8000 Aarhus C, Denmark  an acid* or alcoho?® group. This determines th®- versus
N-selectivity. In 2005, Yamamoto and co-workers reported the

kaj@chem.au.dk reaction between preformed enamines and nitrosobenzene using
either a chiral acid or a chiral alcohol, obtaining #rminoxy-
Receied June 11, 2007 lation or thehydroxyaminatiorproduct, respectivel§in short,

all the examples reported so far for the enantioselective
organocatalytic version of this reaction employ an enamine
intermediate and-selectivity is obtained in the majority of
the examples.
L Cinchona alkaloids have been successfully applied in various
A7 CO,tBu Cinchona A" "NPh  Cleavage A" “NHPh organocatalytic transformatiori€ acting as nucleophili¢ phase-
e OH  N-Obond transferi® and chiral-base catalystsHowever, this concept has
not yet been applied to the nitroso-aldol reaction, despite the
potential for the formation of highly functionalized products
The cinchona alkaloid quinine promotes the enantioselective that would contain attractive structural features.
nitroso-aldol reaction betweemw-aryl-a-cyanoacetates and In the last several years, we have reported different organo-
nitrosobenzene to give the hydroxyamination products with catalyzed asymmetric reactions usimgubstituteds-cyanoac-
total chemoselectivity. Treatment of the reaction mixture with etates as nucleophil@%f Herein, we report the development
Zn/AcOH affords the corresponding amines in high yield of a new approach to the direct nitroso-aldol reaction between
and moderate enantioselectivity. An unusual effect on the
enantioselectivity was observed with the catalyst loading and (4 (a) Momiyama, N.; Torii, H.; Saito, S.; Yamamoto, Rroc. Natl.
solvent. A reductive protocol allows the construction of an Acad. Sci. U.S.A2004 101, 5374. (b) Momiyama, N.; Yamamoto, H.
optically active 1,2-diamine moiety bearing a quaternary A”}s)cgﬁ?jﬁ?ﬁ?oé’hﬁ;’,lf?%un, LF.; Gong, L.-Z.: Mi, A-Q.: Jiang,
center. Y.-Z. Chem. Commur2006 429.
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aldol and Diels-Alder reactiond. Different strategies based on  Tetrahedron2002 58, 2481. (d). Dalko, P. I.; Moisan, LAngew. Chem.
not only metad but also organocatalyfic® approaches have been '”t-(g'f)dégggfaf‘?é\% 3\,65-_ (&) Tian, S-K: Chen, Y. Hang, 1 Tang, L.
developed to control the chemo- and enantioselectivity of the McDaid, P.; Deng, LAcc. Chem. Re©004 37, 621. (b) Kacprzak, K.;

Gawroski, J.Synthesi®001, 961.
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Total High yields
N-chemoselectivity moderate enantioselectivities

T Universidad Autmoma de Madrid. (9) France, S.; Guerin, D. J.; Miller, S. J.; Lectka,Ghem. Re. 2003
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TABLE 1. Nitroso-Aldol Reaction Catalyzed by Various Chiral Base3

JOCNote

NC><H (I)I catalyst (10 mol %) NC_ CO,R 2) Zn/AcOH NC_ CO,R )
+ —_—
Ph”  COR  pp N CH,Cl, (0.12M), Ph™ "NPh 5h Ph”™ “NHPh
-78°C,5h OH
1a-c¢ 2 3a-c 4a-c
OMe
p

Quinidine 1l

i o

Cinchonidine Il v

Ph
Ph N = 2N
(DHQ)Pyr V 9-epiQuinine VI B-ICP VI Dihydroquinine VIII
entry ester (R) catalyst product cor9o) eé (%)
1 la, Me | 4a 95 32
2 1b, Bn | 4b 90 40
3 1c t-Bu | 4c 80 (+)-5¢¢
4 1c, t-Bu 1] 4c 85 (—)-42
5 1c t-Bu 1] 4c 84 (—)-15
6 1c, t-Bu \% 4c 20 (+)-8
7 1c, t-Bu \% 4c 46 (—)-30
8 1c t-Bu Vi 4c 33 (+)-8
9 1c t-Bu Vil 4c 78 0
10 1c, t-Bu VIl 4c 82 (+)-50
11 1c, t-Bu EN 4c 79

aReaction performed at a 0.1 mmol scalg With 1.1 equiv of2 and 10 mol % of catalyst in C4€l, at 0.12 M. Estimated by*H NMR of the crude
mixture. ¢ Ee determined by HPLC! The absolute configuration i$), see the Supporting Information for details.

nitrosobenzene?j anda-substituteds-cyanoacetated), which
affords highly functionalized products with a quaternary ste-
reocenter.

The reaction between nitrosobenzene and the presence
of cinchona alkaloidsl VIl ) displayed total chemoselectivity,
affording exclusively the hydroxyamination product. However,
the hydroxylamine derivativé8 obtained was found to be
chemically and configurationally unstable. Therefore, theON

similar conversion and the enantioselectivity4afwas found
to be 50% ee (entry 10). The racemic compou#hdsecessary
to measure the enantiomeric excess, were prepared by using
EtsN as the catalyst and also gave good conversion and total
N-chemoselectivity (entry 11).

These experiments indicate that both the presence and position
of a free hydroxyl group are important structural features for
achieving good conversion and reasonable enantioselectivities

bond was cleaved employing Zn/AcOH as reducing reagent, when this reaction is catalyzed by cinchona alkaloids (compare

resulting in the amine productsin a one-pot process (eq 1).

entries 3, 6, 7, and 9). This could probably be due to activation

Various catalysts and different ester groups were tested duringof the electrophile by the free hydroxyl group, as has been

the screening for the optimal conditions (Table 1).

When methyl esteta and nitrosobenzene were dissolved in
CH,CI, at —78 °C and treated with quinine (10 mol %), the
aminated productawas obtained in excellent conversion after

proposed in other reactiod$Moreover, the methoxy group at

C6 apparently plays an important role in the transition state of
the reaction, as its absence inverts the enantioselectivity
(compare entries 3 and 5). This fact is unusual in asymmetric

two steps and with moderate enantioselectivity (Table 1, entry catalysis, although Prelog and Wilhefhand Kagaf observed
1). Higher enantioselectivity was obtained by increasing the size the same effects in hydrocyanation and DieAdder reactions
of the ester group with small erosion of the conversion (compare catalyzed by cinchona alkaloids, respectively.

entries +3). The quasienantiomer quiniding gave the
opposite enantiomer with lower enantioselectivity (entry 4).
Cinchonidinelll , which differs from quininel only in the
absence of a methoxy group at'Céhowed lower and opposite
enantioselectivity (entry 5). When the hydroxyl group at the

During the solvent screening for the standard reaction (Table
1, entry 3), we could observe an inversion in enantioselectivity
when coordinating solvents were used (eq 2, Table 2). While
toluene and gHsCl showed the same trend of stereoselection
as CHCI, (entries 2 and 3), THF, ED, DMF, and acetone

C9-position is not free (entries 6 and 7), low conversion and gave the opposite enantiomer (entries7} accompanied by a

enantioselectivities were obtained. The 9-epiquinine cat#llyst
having inverted configuration at the C9-position, gave low

reactivity, and almost no enantioselectivity was obtained (entry
8). The role of the position of the hydroxyl group was tested

by using catalysVIl , which provides excellent conversion, but
no enantioselection at all (entry 9). Dihydroquinivil gave

significant decrease in reactivity. A possible explanation for

(12) (a) Baomin Wang, B.; Fanghui Wu, F.; Wang, Y.; Liu, X.; Deng,

L. J. Am. Chem. So2007, 129, 768. For a review, see: (b) Taylor, M. S.;
Jacobsen E. NAngew. Chemlnt. Ed. 2006 45, 1520.

(13) Prelog, V.; Wilhelm, MHely. Chim. Actal954 37, 1634.

(14) Riant, O.; Kagan, H. BTetrahedron1994 50, 4543.
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TABLE 2. Solvent Screening for the Reaction ofert-Butyl 70 1
a-Phenyl-a-cyanoacetate 1c with Nitrosobenzene (2) in the Presence 60 .
of Quinine and Reduction with Zn/AcOH? . . . o
1) Quinine (10mol %) 50 1 .
solvent (0.12 M), oy J
NC. H . <,N? temp..1 NG, CO,tBu ® 40 . .
Ph” “CO,tBu ~ Ph” 2)ZniAcOH, 5h P NHPh 3 30 A
1c 2 4c 20 A
entry solvent temp (°C) Cof\(%) eé (%) 10 A
1 CH.Cl, —78 89 )-59 0 y : - T T |
2 CeHsCl —50 94 {+)-30 0 005 01 015 02 025 03
3 toluene —78 55 @)-28 ' ' ' ' ' '
4 THF —78 43 )-41 M of the reaction mixture (mol/L)
5 DMF —50 35 )-30
? (Eéﬁ) o _;g gg E_gg‘zl FIGURE 2. Ee vs reaction molarity for the reaction &€ and2 in
2! - () —78° ini 0
8 MeOl _78 93 )14 CH.CI, at —78 °C and quinind as the catalyst (10 mol %).

aReaction performed at a 0.1 mmol scale)(with 1.1 equiv of2, using
10 mol % of quininel in the indicated solvent at 0.12 M Estimated by
1H NMR. ¢ Ee determined by HPLC.

et al. also found an inversion in the asymmetric induction by
increasing the catalyst loading in the enantioselective Friedel
Crafts alkylations ofy,-unsaturated 2-acyl imidazoles catalyzed

80 7 by bis(oxazolinyl)pyridine-Sc(OTf); complexes’ To explain
60 1w this result, the authors propose the formation of a 1:1:1 substrate:
. product:catalyst complex that is favored at lower catalyst
40 1 loadings and is more enantioselective than the corresponding
—_ o . 1:1 substrate:catalyst complex that would be favored at higher
2 catalyst loadings. At the present stage of investigations, we
¢ 0 T . . T T T . . speculate that related effects might explain our observed
25 50 ™ 100 125 150 175 200 stereochemical inversion.
-20 1 : : L
4 The few examples found in the literature where quinine is
40 used in stoichiometric amount show an increase of the enanti-
* .o . .
50 | oselectivity compared with lower catalyst loadid§dn fact,

Catalyst loading (mol%)

FIGURE 1. Enantiomeric excess (ee) vs catalyst loading for the
reaction oflc and2 in CH,Cl, (0.12 M) at—78 °C and quinind as
the catalyst.

these findings could be that coordinating solvents block the

this is the tendency observed when the influence of the catalyst
loading on the enantioselectivity of the reaction If and
nitrosobenzene was studied in g, at —78 °C, either with
catalysts, without a free hydroxyl group suchl&s (e€omolos
= 8% compare to @8omoine = 7%) andV (e€omois = —30%
compare to e@omoi = —46%), or with quininel in THF as
solvent at—78 °C (eQomolos = —41%; €€oomolss = —48%).

On the basis of these data, it was obvious that only catalysts

hydroxyl group making it unavailable for the electrophile With the OH-group free displayed peculiar behavior, and we
activation and as a consequence completely change the transitiofen turned our attention to the effect of both substrate and
state geometry to now favor formation of the opposite enanti- catalyst concentration on the enantioselectivity of the reaction.

omer of productc. Although it is known that cinchona alkaloids
adopt different conformations depending on the solverms,

The enantioselectivity of the reaction as a function of the
reaction molarity is represented in Figure 2, showing a

our knowledge such effects on the enantioselectivity are very Significant variation with the maximum between 0.10 and 0.12
rare. In the case of MeOH, a combination of the effects M of 1c. On the other hand, when 1 equiv of quininis used,

mentioned above may explain the high reactivity, but low
enantioselectivity was observed (entry 8).

The effect of the catalyst loading on the enantioselectivity

obtained in the standard reaction (Table 1, entry 3}a8 °C
has also been evaluated and the results are shown in Figure
It was observed that the enantiomeric excesdmflecreased

when the catalyst loading was increased and it was even inverte

when 1 or 2 equiv were usééllt is worth mentioning that Evans

(15) (a) Hiemstra, H.; Wynberg, H. Am. Chem. Sod 981, 103 417.
(b) Dijkstra, G. D. H.; Kellogg, R. M.; Wynberg, H.; Svendsen, J. S.; Marko,
I.; Sharpless, K. BJ. Am. Chem. Socd989 111, 8069. (c) Aune, M.;
Googoll, A.; Matsson, OJ. Org. Chem1995 60, 1356. (d) Caner, H.;
Biedermann, P. U.; Agranat, Chirality 2003 15, 637 and references cited
herein.

the enantioselectivity showed no variation with the concentra-

tion, e.g., 0.12 M (ee= —26%) and 0.012 M (ee= —24%)1°
Intrigued by the behavior of quinine in this reaction we

decided to investigate if we were observing autocatalysis, kinetic

1r_eso|ution, or autoinductioff. Toward this end, we have

observed that no reaction occur when a mixture of compounds

4Lc and2 was treated with 10% of produ@c under the same

(17) (a) Fandrick, K. R.; Song, H.-J.; Evans, D. A.Am. Chem. Soc.
2005 127, 8942. (b) Fandrick, K. R.; Evans, D. Arg. Lett 2006 11,
2249,

(18) (a) Okamura, H.; Nakamura, Y.; lwagawa, T.; NakataniQWlem.
Lett. 1996 25, 193. (b) Ishikawa, T.; Oku, Y.; Tanaka, T.; Kumamoto, T.
Tetrahedron Lett1999 40, 3777. (c) Kamura, H.; Shimizu, H.; Nakamura,
Y.; lwagawa, T.; Nakatani, MTetrahedron Lett200Q 41, 4147.

(19) For references about autoaggregation phenomena of cinchona

(16) To a smaller extent, a drop in the enantioselectivity has also been alkaloids see: (a) Williams, T.; Pitcher, R. G.; Bommer, P.; Gutzwiller, J.;

observed in the reaction of compoutd in the presence of 1 equiv of
quininel (eeomoi = 59%; €&oomolvs = 29%).
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Uskokovic, M.J. Am. Chem. Sod 969 91, 1871. (b) Uccello-Barretta,
G.; Di Bari, L.; Salvadori, PMagn. Reson. Chem 992 30, 1054.



TABLE 3. Reaction Scope otert-butyl a-Aryl- a-cyanoacetates
(1c—h) with Nitrosobenzené
1) Quinine (10 mol%)

CH,Cl, (0.12 M),

(0]
NC H NC, CO,tBu
. /” -78 °C 2 @)
Ar COztBu Ph 2) Zn/AcOH, 5h Ar NHPh
1c-h 2 4c-h
entry Ar time (h) con® (%) yiel* (%) ed (%)

1 1c, CgHs 5 4c, 80 76 59
2 1d, 4-Cl-CsH4 5 4d, 97 85 59
3 1le 3-Me-GHg 5 4e, 80 71 52
4 1f, 4-MeO-GHg4 5 4f, 85 80 22
5  1g 4-CN-GiHs 3 4qg, 85 78 49
6 1h, 2-naphthyl 4 4h, 79 73 52

aReactions performed at a 0.2 mmol scdlpwith 1.1 equiv of2, using
10 mol % of quininel in CHyCl; at 0.12 M.P Estimated by!H NMR
analysis ¢ Isolated yield after FCY Determined by HPLC analysis.

conditions shown in Table 1, and that no significant variation
of the enantiomeric excess df could be observed when it

JOCNote

process is catalyzed by quinine and shdwshemoselectivity,
giving the correspondingy-a-arylamine after in situ reduction
of the hydroxylamine precursors in high yields and moderate
enantioselectivities. An unusual effect of the solvent and the
catalyst loading on the enantioselectivitity has been found. A
useful transformation underlines the utility of the methodology.

Experimental Section

Representative Procedure for the Enantioselective Nitroso-
Aldol Reaction of Cyanoesters 1€ h to Nitrosobenzene 2, Using
Quinine | as Catalyst and Reduction with Zn/AcOH. To a vial
equipped with a magnetic stirring bar were sequentially added the
a-aryl o-cyano esterd (0.2 mmol), nitrosobenzer#(0.22 mmol),
and CHCI, (1.7 mL, M= 0.12 mmol/mL). The vial was placed at
—78°C and then quininé (10 mol %) was added. No precautions
were taken to exclude moisture or air. The reaction was followed
by TLC and when finished, 1 mL of AcOH was added and the
bath removed, and once the mixture was defrosted, 80 mg of Zn
was added. After vigorous stirring during 5 h, the mixture was
filtered through a short pad of silica gel and washed with,Clk
The crude was purified by FC, using hexanefCH mixtures (from

was measured after different reaction times (for data, see7:1 to 2:1).

Supporting Information).

(S)-tert-Butyl 2-Cyano-2-phenyl-2-(phenylamino)acetate (4c).

The optimized conditions were used to evaluate the scope of4cwas obtained as a white solid according to the general procedure

the nitroso-aldol reaction. A series dért-butyl a-aryl-o-
cyanoacetatesd—h were combined with nitrosobenzene cata-
lyzed by quinine (10 mol %) (eq 3, Table 3). Substituents present
in the meta and pargposition were tolerated (entries 2 and 3)
providing the amine derivatives in high yields and with

after 5 h for the first step (76% yieldfH NMR 6 7.70 (dd,J 8.0,

2.2 Hz, 2H), 7.41 (m, 3H), 7.14 (§ = 7.6 Hz, 2H), 6.80 (tJ =

7.4 Hz, 1H), 6.59 (dJ = 7.7 Hz, 2H), 5.27 (br s, 1H), 1.40
(s, 9H).13C NMR 6 164.7, 142.1, 134.7, 129.4, 129.1 (2C), 126.2,
119.6, 116.7, 115.1, 86.1, 63.5, 27.3. HRMS calcd fosHzo-
NaN,O, 331.1417, found 331.1427. The ee was determined by

analogous enantioselectivities, whereas ortho derivatives wereyp| ¢ with a Chiralpak AD column [hexari@OH = 95:5]: flow
not able to react under the same reaction conditions. An electron-rate 1.0 mL/Min;zmajor = 11.2 MiN, Tiner = 8.2 Min (59% ee).

deficient substrate (entry 5) underwent the reaction with yield

and enantioselectivity comparable to those of the standard

reaction, but an electron-rich substrate (entry 4) led to dimin-
ished selectivity. The 2-naphthyl derivatité also reacts with
the nitrosobenzene to give produttt in 73% yield after two
steps with 52% ee (entry 6).

The absolute configuration of the main enantiomer was
established to beS by X-ray crystallographic analysis.
Compound4c was prepared under the standard conditions
described above. Recrystallization from a mixturBrOH:
hexane (1:1) gavéc as a single enantiomer (confirmed by
HPLC, see the Supporting Information for details).

1,2-Diamines are remarkable structural motifs, not only
because of their occurrence in biologically active compounds,
including natural products, but also as valuable building blocks,
chiral auxiliaries, and ligand8. Thus, compound4c was
transformed into the 1,2-diamingc in 78% yield without
affecting the optical purity by treatment with,fRaney-Ni in
EtOH (eq 4).

ButOQC," CN H, (10 atm) BUDZ%NHZ @
Ph”” > NHPh Raney Ni Ph”” >NHPh
4c EtOH 5¢c
59% ee 8% 59% ee

In conclusion, we have developed the organocatalytic asym-
metric addition of-aryl-o-cyanoacetates to nitrosobenzene. The

[(1]20D +41 (C 1.0, CHzC|2)

(S)-tert-Butyl 2-(4-Chlorophenyl)-2-cyano-2-(phenylamino)-
acetate (4d). 4dwas obtained as a white solid according to the
general procedure afté h for the first step (85% yieldjH NMR
0 7.63 (d,J = 8.7 = Hz, 2H), 7.39 (d,J = 8.7 Hz, 2H), 7.14
(t, J= 7.6 Hz, 2H), 6.80 (tJ = 7.5 Hz, 1H), 6.56 (dJ = 7.7 Hz,
2H), 5.28 (br s, 1H), 1.41 (s, 9H)YC NMR 6 164.3, 141.7, 135.5,
133.4, 129.3, 129.2, 127.6, 119.9, 115.2, 116.3, 86.6, 62.9, 27.4.
HRMS calcd for GoH1oCINaN,O, 365.1027, found 365.1029. The
ee was determined by HPLC with a Chiralpak AD column [hexane/
iPrOH = 95:5]; flow rate 1.0 mL/mingmajor = 13.7 MiN, Tminor =
8.8 min (59% ee).d]?% +33 (c 0.9, CHCL).

Acknowledgment. This work was supported by grants from
the Ministerio de Educatioy Ciencia (CTQ2005-07328/BQU
and CTQ2006-06741/BQU), Danish National Research
Foundation.

Supporting Information Available: Experimental procedures
and characterization data for all new compounds. This material is
available free of charge via the Internet at http://pubs.acs.org.

JO0711860

(20) In this sense, Blackmond et al. showed that an autoinductive process
is working on the nitroso-aldol reactions between aldehydes and nitrosoben-
zene promoted by-proline: Mathew, S. P.; lwamura, H.; Blackmond, D.

G. Angew. Chemlnt. Ed. 2004 43, 3317.

(21) Lucet, D.; le Gall, T.; Mioskowski, CAngew. ChemInt. Ed.1998

37, 2581.

J. Org. ChemVol. 72, No. 18, 2007 7065



