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Urea- and thiourea-based hydrogen-bonding (H-bonding) orga- CF3
nocatalysts have been developed for a variety of nucleophilic X LB
additions to carbonyl, imine, and nitroolefin functionalitie$he J R R2R1N A N
two most popular classes of urea-based asymmetric catalysts either FoC (’ ﬂ H o( >r(
|ncorp9rate an acidifying group, as gxempllfled by ..c,truc.tlhre' acidifying group chiral directing group ~ &cidifying and chiral
extensively developed by Takemoto, or incorporate a chiral directing 1(X=Sor0) 2(X=Sor0) directing group
group, as exemplified by structugfirst developed by Jacobsen 3(X=Sor0)

(Figure 1) However, no urea organocatalyst has been reported to Figure 1. Urea-based asymmetric organocatalysts.
date with an acidifyingN-substituent that also incorporates an
adjacent chiral center. Herein, we report on the development of a
new class of organocatalysts that incorporate Nksulfinyl urea ? )XL /O JXL O
substituent, which is acidifying and serves as a chiral controlling >rS‘H H FaC NN
element 8, Figure 1)?> Furthermore, the utility of this new
organocatalyst is demonstrated by the high selectivity provided in

the aza-Henry reaction not only for aromabieBoc imine sub-
strated but also for aliphatic imine substrates for which H-bonding

CF3

4a X=0,pK=155 5a X =0, pK=18.1
4b X=S,pK=11.2 5b X =S, pK = 13-14

Figure 2. The pK’s of ureas and thioureas.

catalysis has not previously been demonstrated. o 6a X =0, R=CgHs

Sulfinyl ureas and thioureas may be synthesized in one step by g R gb ;((f(s) §:C5H FoGH
condensingert-butanesulfinamide with the appropriate isocyanate NN eax-o R o (CFRa)Cetts
or isothiocyanate, respectively. The modular nature and straight- 6e X=0,R=1Bu
forvyard gynthesis of this §caffo|d thergfore enablles facile.cc.altalllyst R. j\ Q 7aR = (R)-S(0)tBu
optimization. However, prior to evaluating catalysis, the acidifying ” ”‘ 7b R = (S)-S(O)tBu
nature .of the sulflnyl substltuent. was first demqnstrated by PLN 8a X =0, R' = (R)-S(O)fBu, R? = OH
measuring the pK in DMSO of sulfinyl ureda and thioureadb 8b X =S, R' = (R)-S(0)tBu, R? = OH
(Figure 2)* For comparison, the pK’s of electron-poor aryl urea 8¢ X =0, R' = (S)-S(0)tBu, R2 = OH
5aand thiouredb were also measured. These measurements clearly X 8d X =0, R' = (R)-S(O)tBu, R2 = OTBS
establish that the sulfinyl group is-3 pK units more acidifying ri. L 8e X =0, R'=(R)-S(0)Bu, R2=H
than the frequently used 3,5-bis-Ephenyl group. N ” A2 8f X =0, R"=S0,tBu, R>= OH

In order to evaluate the potential of the sulfinyl urea scaffold as 8g X =0, R'=35-(CF3),CeHs, R?= OH
an asymmetric H-bonding organocatalyst, we decided to focus on 8h X =8, R'=35-(CF3),CHy, R* = OH

the aza-Henry (or nitro-Mannich) reaction (Figure 3 and Table 1). Figure 3. Sulfinyl ureas tested in the aza-Henry reaction.
A variety of sulfinyl ureas and thioureas were synthesized and

screened as catalysts in the aza-Henry reaction of irBiméth thiourea derivativéb and the even more acidic sulfonyl derivative
nitroethane to afford a mixture of diastereomei8 and 11 8f were both found to be considerably less efficient catalysts than
Promising initial results were obtained using sulfinyl uréa 8a. Clearly, urea acidity is not the sole factor responsible for reaction
bearing a simple phenyl substituent. However, evaluation of a rae |t is possible that these catalysts are deactivated by proton
number ofN-sulfinyl ureas and thioureas with different achiral aryl  transfer to the amine base additivePr,NE.
and aliphatic substituents such@is-e did not result in improve- Structure activity relationships were also determined to assess
ments in selectivity. the impact of different substituents on reaction selectivity. The
Taking advantage of the flexibility of the sulfinyl urea scaffold,  hydroxyl group of8a is essential for the high enantioselectivity
we evaluated several derivatives that incorporate additional chirality gpserved, as demonstrated by derivatigels which has a silyl
and functionality. Both diaminocyclohexane derivatiaandcis- protecting group, anéle, which lacks the alcohol functionality. The
amino indanol derivativa were found to be excellent catalysts influence of the chirality of the sulfinyl group is also clearly
for this reaction, giving both high conversion and selectivity under demonstrated by the significant drop in enantioselectivity when the
the screening conditions. sulfinyl group is replaced by the benchmark acidifying group, the
Optimization of reaction conditions, including solvent and 3,5-(bis)trifluoromethylphenyl substituent, for both urea (entry 7)
stoichiometry, revealed higher selectivity in acetonitrile with 0.5 and thiourea (entry 8) organocatalysts. Changing the stereochemistry
equiv of amine base (see Supporting Information for details). of the sulfinyl group also results in a drop in enantioselectivity
Under the optimized reaction conditions, several variants of (entry 3).
catalyst8a were tested to determine the relationship between the  The scope of the reaction with respect to both the imine and the
structure of the catalyst and its activity (Table 2). The more acidic nitroalkane was explored under the optimized reaction conditions
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Table 1. Sulfinyl Urea Catalyzed Aza-Henry Reaction

10 mol% catalyst,

IN’Boc 5 equiv EINO,, Hn-BC Hn-BC
Ph) 2 equiv i-ProNE, Ph/k( NOz + Ph/'\{ NO,
CH,Cly, -40°C, 13h H
9a 10a 11a
conv? drb 10 ee?
entry catalyst (%) (10:11) (%)
1 none 23 2575 0
2 4a 75 18:82 10
3 6a 59 57:43 30
4 6b 17 30:70 0
5 6C 36 50:50 28
6 6d 73 38:62 5
7 6e 71 16:84 8
8 7a 85 75:25 89
9 b 56 45:55 60
10 8a 82 80:20 -9

aConversion to product was determined 1y NMR analysis of crude
product relative to hexamethylbenzene as an internal stantiBieste-
reomeric ratio and enantiomeric excess were determined by chiral HPLC.
¢ Opposite enantiomer obtained as the major product.

Table 2. Sulfinyl Urea Catalyzed Aza-Henry Reaction

10 mol% catalyst,
JN,Boc 5 equiv EtNO! HI%I’BOC Hr;l'BOC
+
Ph 0.5 equiv i-Pr,NE, Ph/\{NOZ Ph/\rNOZ
MeCN, -40°C, 32 h E
9a 10a 11a
conva dr 10 ee?
entry catalyst (%) (10:12) (%)
1 8a 99 83:17 94
2 8b 42 43:57 58
3 8c 90 71:29 80
4 8d 73 19:81 -7
5 8e 99 21:79 0
6 8f 35 26:74 16
7 89 82 83:17 80
8 8h 65 76:24 79

aConversion to product was determined 1y NMR analysis of crude
product relative to hexamethylbenzene as an internal stantiBieste-
reomeric ratio and enantiomeric excess were determined by chiral
HPLC.

(Table 3). Excellent enantioselectivity was observed with imines
bearing both electron-rich and electron-poor aromatic substituents
(entries +6). More significantly, aliphatidN-Boc imines were
found to be effective substrates, yielding addub@g—j, which
were previously unreported, with very high selectivity. High
diastereoselectivities and enantioselectivities were achieved with
additions to unbranched arfdbranched imine substrates (entries
7—10). The addition ofs-phenylnitroethane to giv&0i with high

selectivity demonstrates that larger nitroalkanes can be used (entry @

9), and the addition of nitromethane to git8j demonstrates that
high enantioselectivity can be achieved even when a product that
lacks a-branching is obtained (entry 10).

Table 3. Catalytic Enantioselective Aza-Henry Reaction with
Representative N-Boc Imines

10 mol% 8a,

IN’B°° SequivRCHNO,  HN“B° H-BoC
& 05equv i-ProNEL RO N2 T RN
MeCN, -40°C, 22-28 h R R'
9 10a-j 1
major yield? drb 10 ee?
entry R R' product (%) (10:12) (%)
1 CeHs Me 10a 84 85:15 95
2 p-MeOGsH4 Me 10b 64 90:10 95
3 p-MeCsH, Me 10c 68 79:21 95
4 p-CRCsHa Me 10d 92 77:23 92
5 0-CICgH4 Me 10e 88 80:10 94
6 2-naphthyl Me 10f 80 84:16 93
7 n-Bu Me 109 80 92:8 96
8 i-Bu Me 10h 76 93:F 96
9 i-Bu Bn 10i 62 88:12 96
10  i-Bu H 10j 64 95

alsolated yield after chromatographyDiastereomeric ratio and enan-
tiomeric excess were determined by chiral HPE@bsolute configuration
rigorously determined by chemical correlation (see Supporting Information).

In conclusionN-sulfinyl ureas are a new class of organocatalysts
with the sulfinyl group serving both as an acidifying agent and as
a chiral controlling element. The effectiveness of this class of
organocatalysts was demonstrated by catalysis of the aza-Henry
reaction with high selectivity, including the first examples of
enantioselective H-bonding-catalyzed additions to aliphstigoc
imines.
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