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Abstract: Assembly of diethylzinc, cyclohex-2-en-1-one, and & fooMe g N
chiral N-tert-butylsulfinyl imine in the presence of an appropriate VIR seps (Y &Me
phosphoramidite ligand yields f&sulfinylamino cyclohexanone, *** | | 77 > Me
which on reduction with sodium borohydride or lithium triethyl-  Me Me
borohydride provides access to a wide range of enantiomerica (+)-pulegone (-)-8-aminomenthol
pure N-tert-butylsulfinyl 1,3-amino alcohols with five stereogenic
centers. o
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Chiral amino alcohols are useful as building blocks i [ I

asymmetric synthesis, where they can function as ligan  n=o0,1,2

or auxiliaries. Although less common than 1,2-amino a. R R?=alkyl, aryl

cohols, 1,3-amino alcohols have been used extensivelydfeme1 Stereoselective synthesisfpamino cycloalkanols
asymmetric synthesis.

After the seminal contribution of He and Eliel in 1%7,and sulfinimine2 (or its enantiomeent.Z) for the sake of
more work has been published on the chemistry of (-)-8mpilicity in this study. In our previous study, we used the
aminomenthol  [($2S5R)-2-(2-aminopropan-2-yl)-5- phosphoramidite ligand2, because it permits the gener-
methylcyclohexanol] and its derivatives than on any othggjon of highly enantioenriched enolates (ee > 98%)
single 1,3-amino alcohdIThis is probably because suchthrough a copper-catalyzed addition of dialkylzinc re-
compounds can be readily prepared in three steps frefents to cyclic enonéswe decided to re-examine the
natural (+)-pulegone (Scheme 1, a). To the best of ofhdem reaction by using phosphoramidite ligaddin
knowledge, and despite the prevalence of (-)-8-amin@nhich the binaphthyl moiety is the sole source of chirality,
menthol as a source of chirality in asymmetric synthesignd which has been reported to afford only modest enan-

no work on any other stereocisomer has been reported. Wselectivity (60% ee) in the conjugate addition.
doubtedly, this is because of the lack of affordable enan-

tiomerically pure precursors and routes for the efficien ur studies in which we used.llgahd. in the tandem
syntheses of these chiral building bloéks. copper-catalyzed addition of diethylzinc to cyclohex-2-

en-1-one and Mannich reaction with sulfinimir ent

We have recently reported that enantiomerically fflire 2) are summarized in Table 1. Interestingly, better diaste-
amino cycloalkanones can be readily prepared by trappipghselection was obtained when tti){sulfinimine 2

by chiralN-tert-butylsulfinyl imines of the chiral enolates\yas added before the conjugate addition occurred (entries
formed by asymmetric conjugate addition of dialkylzing and 3), and the opposite was observed efitf2 (en-
reagents to cycloalkanone3hese enantiomerically pure tries 2 and 4). A greater excess of the enolate afforded
p-amino cycloalkanones, which contain three consecuti¥@milar results, suggesting that kinetic resolution of the
stereogenic centers, offer a good platform for the steragomochiral enolate is not a good explanation for this
selective gnthesis ofsyn and anti-1,3-amino alcohols matched/mismatched combination. It is more likely that
(Scheme 1, b). the Rg)-sulfinimine 2 cooperates with phosphoramidite
Although a broad range of substrates could be used for fh@L 1 in the copper-catalyzed addition of diethylzinc;
preparation ofp-aminocycloalkanones by our tandemhowever, we lack firm evidence to support this hypothe-

procedure, we selected diethylzinc, cyclohex-2-en-1-ongis. Importantly, diastereoisoméaand3b could be eas-
ily separated by normal flash chromatography (FC).

‘ Nevertheless, the use of the phosphoramidite ligzhid
%NTHE:'SEOOQ ’t\)'lc." 1t.2’ F_’pli%?ggggs still more practical, because compoBads obtained as a
vances onine publication. - o single isomer (entry 5). Unfortunately, a rather low selec-
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and sulfinimineent2 was used, compoundst3b and The absolute configuration of compoudd was deter-
ent-3c being obtained as an inseparable 71:29 mixtureined by single-crystal X-ray analysis. The observed ste-
(entry 6)8 reochemistry was consistent with an axial hydride

The stereochemical information present in CyC|ohe)g_eliveryfrom sodium borohydride to the diequatorial con-

anones3 suggests that a stereoselective reduction is pdgfmer of cyclohexanonga (Figure 1).
sible. However, because control can be exerted by the

cyclohexanone moiety as well as by the sulfinylamin [®)
group, the stereochemical outcome was not complete

apparent at the outset of this work. Moreover, the rept
sive gauche interaction between the C(2) and C(3) subs
uents of the cyclohexanone moiety could favor the diaxi
conformer over the usual diequatorial one, further compl
cating the resuk.

Reduction of compounda with sodium borohydride
gave the crystalline amino alcohds exclusively in al-
most quantitative yield. When the 71:29 mixture of com()-
pounds3b and3c was reduced by sodium borohydride,
diastereoisomerdc and 4d were isolated as pure com-
pounds after FC. To confirm the stereochemical assig
ment, the sulfinyl group in compounds and4d was
oxidized with 3-chloroperoxybenzoic acid to give the sul
fonamidesAf andent4f, respectively. This result clearly
supports the view that the formation of the mifi@mino Figurel X-ray crystal structure of compoudad
cycloalkanonec is a consequence of poor diastereocon-

trol in the reaction of the chiral enolate with the Chiralmportanﬂy' because both enantiomers of the phosphor-
sulfinimine (Scheme 2). amidite ligand andert-butylsulfinamides were available,

Interestingly, reduction da with lithium triethylborohy- €nantiomers of amino alcohols—e were also prepared
dride at =78 °C gave ttgynamino alcohokb, whereas fromentL2andent2 (see below). Moreover, thésulfi-
anti-amino alcohols are formed preferentially by redud?y! group can be easily oxidized to a sulphonamide group
tion of acyclicN-sulfinyl B-amino ketone&? More sur- (€.9.,4f) or removed with methanolic hydrogen chloride
prisingly, when the mixture of compound@b + 3c was o give the free amine, which can be further alkylated. We
submitted to reduction under the same conditisys; hope that this ability to modify the electronic nature of the
amino alcohols4c and 4e were isolated after FC amino group could be useful in finding future applications
(Scheme 2).

Tablel Syntheses of 2-{fért-Butylsulfinyllamino]methyl}cyclohexanonga—c

IR o 0 o}
! B ‘0 4 He 8 He 8
o "SNSSBu NSy 4 || Cu(OThH caty N"“tBu O N7 “t-Bu o N7 "tBu
H PP / Vo~ V. .
e Spn P ez Lira)) 2 " ph S pp
ent-3a + ent-3b + -~ e +
CHyCl, 20T\, /' CHyClp,-20 T Et gy
Et ) Etizn .~
ent-3c et 3a 3b
Entry Ligand Method Imine Producfsatio)f
OO Ve 1 L1 A? 2 3a+3b (77:23)
O\P N/_R 2 L1 A ent2 ent3a + ent3b +ent3c (27:67:6
OO d }—R 3 L1 Bb 2 3a+3b (86:14)
mé
4 L1 B ent2 ent3a, ent3b, ent3c (49:48:3)
L1 (R = Me)
RN 5 L2 B 2 3a(>98)
6 L2 B ent2 ent3b +ent3c (71:29)

@Method A: The sulfinimineZ or ent2) was added 5 h after the addition ofZt.
®Method B: E3Zn was added to the mixture of cyclohex-2-en-1-one, ligand, CugCGiFfjl sulfinimine2.
°Relative amounts of each diasteromeric product as determingtiMyR of the crude reaction mixture.
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Scheme2 Synthesis of N-protected 1,3-amino alcohtdsf

for these chiral 1,3-amino alcohols in asymmetric synthe40 °C. A 1.0 M soln of BZn in toluene (9.0 mL, 9 mmol) was add-

sis. ed dropwise and the mixture was allowed to reach —20 °C while be-
. . . ing stirred for 5 h. A soln of sulfinimin2 (482 mg, 2.00 mmol) in

In conclusion, the stereoselective reduction of eaS|ty|_|2C|2 (6.0 mL) was then added dropwise, and the mixture was

available  2-{1-[tert-butylsulfinyl)amino]alkyl}cyclo- stirred overnight at —20 °C. The reaction was quenched at —20 °C by

hexanones with sodium borohydride or lithium triethyladdition of a sat. soln of N)gl in 1:1 HO-MeOH (3.0 mL), and

borohydride gives access to a wide range difie mixture was stirred for 15 min at r.t.. The resulting precipitate

enantiomerically pure 1,3-amino alcohols. Only two syﬁ’l’as filtered off on a short pad of Celite and, after evaporation of sol-

thetic operations are required to build these amino alcgme-ms’ the crude sample was analyze@bJIMR spectroscopy to

hol hich h fi . etermine the imine conversion and the diastereomeric ratio of the
ols, which have five stereogenic centers. products. The sample was then purified by column chromatography

(silica gel, EtOAc—hexane, 75:25 to 70:30) to give @af&and3b

TLC was performed on Merck silica gel 6@.F using aluminum s colorless oils; yielda: 474 mg (66%)3b: 144 mg (20%).

plates and visualized by staining with phosphomolybdic acid. Flagtompound3b: [0],2°-30.7 ¢ 2.5, CHC)).

chromatography (FC) was carried out on hand-packed columnslﬂf KBr): 2957 2 1 1454 1

Merck silica gel 60 (0.040-0.063 mm) with hexane—EtOAc as the (KBr): 2957, 2868, 1698, 1454, 1069 ¢m

eluent. IR spectra were recorded on a Nicolet Impact 510 P-Eht NMR (300 MHz, CDC)): § = 7.26 (m, 2 H), 7.15 (m, 3 H), 4.71
Spectrometer. Melting points were recorded on an OptiMelt (Staffl, J=7.2 Hz, 1 H), 3.40 (m, 1 H), 2.83 (m, 1 H), 2.55 (m, 1 H),
ford Research Systems) apparatus using open glass capillaries 288 (M, 4 H), 2.10 (m, 1 H), 1.92 (m, 1 H), 1.80-1.60 (m, 3 H), 1.40
are reported without correction$d NMR spectra were recorded (M, 2 H), 1.26 (s, 9 H), 0.87 &= 7.2 Hz, 3 H).

with a Bruker AC-300 using CDE{5 = 7.27) or CRQOD (6 =4.84)  13¢ NMR (75 MHz, CDCJ): $=9.46 (CH), 23.1 (CH), 25.1

as the solvent and internal standa?@. NMR spectra were record- CH,), 25.6 (CH), 26.4 (CH), 33.1 (CH), 38.5 (CH), 41.4 (CH),
ed with*H-decoupling on a BRUKER 75-MHz spectrometer, angi3 g (CH), 55.2 (CH), 56.4 (q), 58.8 (CH), 125.9 (CH), 128.3
DEPT-135 experiments were performed to assign the CHa8H# (CH), 128.4 (CH), 141.6 (q), 215.0 (q).

CH, protons. Optical rotations were measured on a Perkin EIm ) . .
341 polarimeter. HRMS (EI) were recorded on a Finnigan MA kMS_M.ALDI' 'm/z [M + NaJ" calcd for G;HsNNaGS:
95S.N-Sulfinyl imine 2** and phosphoramidite ligantdd andL 2'2 86.2130; found: 386.2139.

were prepared according to the reported procedures. The pmper&?-N-{(1R)-1-[(1R,28)-2—Ethyl-6-oxocyclohexyl]-3—phenylpro—

py1}-2-methylpropane-2-sulfinamide (3a); Typical ProcedureB
Cu(OTf), (22 mg, 0.06 mmol), phosphoramidit® (66 mg, 0.12
mmol), enonel (230 mg, 24QuL, 2.40 mmol) and sulfinimin@

(482 mg, 2.00 mmol) were suspended in,CH (14.0 mL) and

o n . o, } stirred at r.t. for 15 min before cooling to —40 °C. A 1.0 M soln of

E)(rl cI)Qplzr?;g-sEL}I?iyrlla?n?ég%ﬂﬁh%ﬂ]csl p;l;gr;gj%rrc;pg\/l} 2-methyl Et_ZZn in toluene (9.0 mL, 9 mmol) Was_addeq dro_pwise and_the
Cu(OTf, (22 mg, 0.06 mm’ol) phosphoramiditd (66 mg, 0.12 mixture was allqwed to reaqh —20 °C while be_lng stirred overnl_ght
mmol), and enor;m (230 mg, 2’4(”_’ 2.40 mmol) were susbended (12 h). Quenching and purification were carried out as described

. a ere
in CH,Cl, (8.0 mL) and stirred at r.t. for 15 min before cooling t?00V€ 10 give pur8a™ as a colorless oil; yield40 mg (89%).

of known compounds matched those reported in the correspond
references.

(Rg)-N-{(1R)-1-[(1R,25)-2-Ethyl-6-0xocyclohexyl]-3-phenylpr o-
pyl}-2-methylpropane-2-sulfinamide (3a) and (Rg)-N-{(1R)-1-
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(R9)-N-{(1R)-1-[(1R,2S,6R)-2-Ethyl-6-hydr oxycyclohexyl]-3- 'H NMR (300 MHz, CQOD): § = 7.26 (m, 2 H), 7.15 (m, 3 H), 4.23
phenylpropyl}-2-methylpropane-2-sulfinamide (4a); Typical (m, 1 H), 3.45 (m, 1 H), 2.75 (di,= 13.3, 5.9 Hz, 1 H), 2.56 (dt,
Procedurefor Reduction with NaBH, J=13.3, 8.2 Hz, 1 H), 1.85-1.65 (m, 6 H), 1.50 (m, 1 H), 1.40 (m,

NaBH, (100 mg, 2.6 mmol) was added to a solBaf492 mg, 1.36 2 H), 1.20 (s, 9 H), 1.15-0.80 (m, 3 H), 0.741¢, 7.3 Hz, 3 H).
mmol) in 95% EtOH (7 mL) at 0 °C, and the mixture was stirred atc NMR (75 MHz, CROD): §=9.9 (CH), 20.5 (CH), 23.6

0 °C for 2 h (TLC monitoring; hexane—EtOAc, 1:1). Sat. agGIH CH,), 25.9 (CH), 31.6 (CH), 33.4 (CH), 33.9 (CH}, 35.6 (CH),

was then carefully added (5 mL). When gas evolution ceased, g, 47 H). 57.4 7 H). 67 H). 12
mixture was partitioned between EtOAc (50 mL) an@KR0 mL). (CH) (fz%) 5 (C'g)(cizg'_gs(é,_?) (3'3.52 (2? (CH). 67.8 (CH), 126.9

The aqueous phase was extracted with more EtOAc2@ mL),

and the combined organics extracts were washed with brine (W (El, 70 eV):m/z(%) =91.0 (72), 117.0 (100), 181.0 (42), 227
mL) and dried (MgSQ. The filtered soln was concentrated in(20), 309 (21) [M — CHgl".

vacuoto give pureda as a colorless solid; yield: 471 mg (96%); mpCompoundidd: [¢],2°—96.7 € 0.65, EtOH).

- or. 20 _|
175-178 °C; ¢lo™ 5.2 € 1.00, E1OH). IR (KBr): 3374, 3222, 2928, 1455, 1362, 1033'tm

IR (KBr): 3374, 3222, 2928, 1455, 1362, 1033tm IH NMR (300 MHz, CQOD): = 7.25 (m. 5 H), 3.56 (tdl = 10.3

'H NMR (400 MHz, CQOD): 8 = 7.26 (m, 2 H), 7.15 (m, 3H), 3.56 4.4 Hz, 1 H), 3.25 (m, 1 H), 2.89 (dt= 13.8, 6.0 Hz, 1 H), 2.78 (dt,
(td,J=10.1/3.9 Hz, 1 H), 3.36 (m, 1 H), 2.83 (@& 13.3, 5.9 Hz, J=13.8, 8.4 Hz, 1 H), 1.80 (m, 3 H), 1.60 (m, 1 H), 1.50 (m, 1 H),
1H), 2,55 (dtJ=13.3, 8.2 Hz, 1 H), 1.75 (m, 3 H), 1.65-1.45 (M1.25 (m, 4 H), 1.20 (s, 9 H), 1.15-0.80 (m, 4 H), 0.60%7.2 Hz,
3H),1.27 (m, 2 H), 1.24 (s, 9 H), 1.15-0.80 (m, 4 H), 0.6747.2 3 H).

Hz, 3H). 13C NMR (75 MHz, CRQOD): §=19.7 (CH), 23.2 (CH), 25.0
*C NMR (100 MHz, CQOD): $=9.9 (CH), 23.5 (CH), 25.1 (CH,), 25.7 (CH), 31.8 (CH), 33.3 (CH), 34.6 (CH), 37.6 (CH),
(CH,), 25.6 (CH), 30.7 (CH), 31.9 (CH), 33.5 (CH), 37.5(CH),  39.7 (CH), 54.1 (CH), 57.2 (q), 58.4 (CH), 73.1 (CH), 126.9 (CH),
40.0 (CH), 53.7 (CH), 57.3 (), 58.3 (CH), 73.6 (CH), 127.0 (CH}%.29.4 (CH), 130.1 (CH), 143.4 (q).

129.5 (CH), 129.9 (CH), 143.2 (@), MS (El, 70 eV):m/z(%) = 91.0 (68), 117.0 (100), 181.0 (44), 227
MS (EI, 70 eV):m/z(%) = 91.0 (68), 117.0 (100), 181.0 (44), 227(7), 309 (54) [M — CHg]".
(7). 309 (54) [M — GHg]".
HRMS—EI: m/z [M — C,Hg]* calcd for G,H,,NO,S: 309.1762; (S9-N-{(1R)-1-[(1R,2R,65)-2-Ethyl-6-hydroxycyclohexyl]-3-
found: 309.1781. phenylpropyl}-2-methylpr opane-2-sulfinamide (ent-4c) and

. -N-{(19)-1-[(1R,2R,6S)-2-Ethyl-6-hydr oxycyclohexyl]-3-
Crystal  Structuré® C,H;.NO,S, M= 365.57; triclinic, E)?ws)enylé)(rop)yl}-[é-methylpzopaneyz-wlf)i/nami)éey(ent-m);]
a=9.5123(11) _A’ b=9.7013(11) A, ¢=13.3331(15) ’&A' By following the typical procedure, a 2.4:1 mixtureenft-3b and
o =94.474(2),p = 11_0-1_26(22’“/ = 105'743(2)?:_\/ = }091'8(2) . €nt3c(500 mg) was reduced with NaBkL.20 mg). After FC (hex-
space groupPl; Z=2; D.=1.112 Mg m% 1=0.71073 A 5ne FtoAc, 3:2 to 1:1), puent4c andent4d were obtained as

p=0.161 mm?t; F(000) = 400;T = 23+ 1 °C. Data collection was colorless foamsent4c: vield: 201 ma (40%):d1.2 +74.0 € 0.85
performed on a Bruker Smart CCD diffractometer, based on thrgg, oy ent4d'83l/aield: 1())/3 m'g (20%)90[(|02° fggﬂg (;0.65 hﬁeéH),.

®-scan runs (starting = —34°) at values 0°, 120°, and 240° with

the detector at®®=-32°. For each of these runs, 606 frames WeES)-N-{(1R)-1-[(1S,2$,6$)-2—Ethyl-6-hydroxycyc|ohexyl]-3-

collected at 0.3° intervals and 20 s per frame. An additional run ; ; . ;
. enylpropyl}-2-methylpr opane-2-sulfinamide (4b); Typical
¢ =0° of 100 frames was collected to improve redundancy. T ocgdzr ep?(/)r} Reducti)(lJr? wi?h LiBHEL, (4b); Typ

diffraction frames were integrated by using the program SANT{ A 1 M soln of LiBHEtin THF (9 mL, 9 mmol) was added dropwise
and the integrated intensities were corrected for Lorentz polari 5m a syringe to a soln @ (530 mg, 1.50 mmol) in anhyd THF
tion effects with SADABS?#® The structure was solved by direct(24 mL) at—78 °C under argon, and the mixture was stirred for 3 h
methods and refined to all 7190 unigEg by full-matrix least- at =78 °C (TLC monitoring: héxane—EtOAc 1:2). 1:1 MeOH-aq
squares:® All the hydrogen atoms were placed at idealized posy ¢ (10 mL) was added and the mixture was stirred for an addi-
’zor;s and reflnedlai rigid itofms.‘lFlmzRZ :0'}:448 for all data and tional 15 min while the temperature increased to r.t. and gas evolu-
67 parameter&1 = 0.0613 for 488%, > 4o(F,). tion ceased. The mixture was partitioned between EtOAc (50 mL)
and HO (20 mL), and the aqueous phase was extracted with addi-
(is)-NI-{(lR)-Il-[z(lR,ZE,(liR)-Z-Eth);l-G-Eydroxé/cyclohexyl]-B- tional EtOAc (2x 20 mL). The combined organics extracts were
phenylpr opyl}-2-methylpropane-2-sulfinamide (ent-4a) washed with brine (10 mL) and dried (Mgg3QOThe filtered soln
By following the typical procedure starting froemt3a (616 mg, was concentrated in vactio give crudedb, which was triturated
1.70 crinmol) ar|1d INaBH(Il_SQ ml%l) pure comgour@t% Waf Ob- \ith hexane (10 mL) to give a precipitate that was filtered off to
tained as a colorless solid; yield: 565 mg (92%];;7° +5.0 € 1.00, give puredb as a colorless solid; yield: 445 mg (82%); mp 152—-155

EtOH). °C; [a]p?° +51.0 € 0.60, EtOH).

(R9-N-{(1R)-1-[(1R,2R,6S)-2-Ethyl-6-hydr oxycyclohexyl]-3- IR (KBr): 3208 (br), 2956, 1456, 1355, 1025¢m
phenylpropyl}-2-methylpr opane-2-sulfinamide (4c) and (Rg)- H NMR (300 MHz, CQOD): 6 = 7.26 (m, 2 H), 7.15 (m, 3 H), 4.20
N-{(19)-1-[(1R,2R,6S)-2-Ethyl-6-hydr oxycyclohexyl]-3-phenyl-  (m, 1 H), 3.38 (m, 1 H), 2.75 (di,= 13.3, 5.9 Hz, 1 H), 2.53 (dt,
propyl}-2-methylpropane-2-sulfinamide (4d) J=13.3,8.2 Hz, 1 H), 1.90 (m, 1 H), 1.80 (m, 1 H), 1.60 (m, 2 H),
By following the typical procedure, a 2.4:1 mixture3f and3c  1.50 (m, 2 H), 1.40 (m, 2 H), 1.23 (s, 9 H), 1.15 (m, 1 H), 0.80 (m,
(550 mg, 1.50 mmol) was reduced by NaRE10 mg, 2.9 mmol). 3H), 0.64 (tJ= 7.3 Hz, 3 H).

After solvent evaporation, the residue was purified by FC (hexane. e
EtOAc, 3:2 to 1:1) to give pure compoundtsand4d as colorless %gHSNZIES(isCI—'\f)H;Zg?CC:)I—B) 3(1_71(%36)(%'})8 (ng) (395'_% (é?_'?

- A 0, . 0,
foams; yield4c: 244 mg (44%)4d: 116 mg (21%). 51.2 (CH), 57.8 (q), 59.9 (CH), 67.2 (CH), 126.9 (CH), 129.4 (CH),
Compoundic: [a]?°~76.5 € 0.65, EtOH). 129.8 (CH), 143.3 (q).

IR (KBr): 3374, 3222, 2928, 1455, 1362, 1033'tm MS (El, 70 eV):m/z(%) = 91.0 (72), 117.0 (100), 181.0 (42), 227
(20), 309 (21) [M — GHg*.
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HRMS—EI: m/z calcd for G;H,;NO,S [M — GHg": 309.1762; MS (El, 70 eV):m/z(%) = 57.1 (24), 91.1 (25), 134.1 (100), 156.1
found: 309.1780. (23), 254.1 (24) [M — gH,s0]*, 381.2 (1) [M].

HRMS-EI: m/z[M — CgH,s0]* calcd for G3H,oNO,S: 254.1215;

(S9)-N-{(1R)-1-[(1S,2S,6S)-2-Ethyl-6-hydr oxycyclohexyl]-3- found: 254.1211.

phenylpropyl}-2-methylpropane-2-sulfinamide (ent-4b)

By following the typical procedurent3a (556 mg, 1.53 mmol) N-{(1S)-1-T(1R.2R 6S)-2-Ethvl-6-hvdr oxvevclohexvl]-3-phenvi-
was reduced by a 1 M soln of LiBI—gEt; THF (290 mL, 9 mmol) to prgE)yI%-Z-[rgetﬁwF;rOz)anez_ﬁulfonyamidg%m_‘”) yl]-3-pheny
give pureentdb; yield: 444 mg (80%); dlo™ —55.0 € 0.90, gy following the typical procedure frord (55 mg, 0.15 mmol) and
MeOH). MCPBA (70%, 55 mg, 0.23 mmol), puent4f was isolated as a

-\ . 0 20 _
(RO-N-{(1S)-1-[(1R 2R 6R)-2-Ethyl-6-hydr oxycyclohexyl]-3- colorless foam; yield: 39 mg (71%¥]*° —29.0 € 2.5, CHCL,).
phenylpropyl}-2-methylpropane-2-sulfinamide (4€)
By following the typical procedure, a 2.4:1 mixture3hf and3c Acknowledgment
(570 mg, 1.57 mmol) was reduced with a 1 M soln of LiBHEt
THF (10 mL, 10 mmol). After aqueous workup and solvent evapd-is work was generously supported by the Spanish Ministerio de
ration, the residue was purified by FC (hexane—EtOAc, 3:2 to 1:Efucacion y Ciencia (MEC; Consolider Ingenio 2010-CSD2007-
to give puredc and4e as colorless foams; yieldc: 256 mg (45%); 00006 and CTQ-2007-65218).
4e: 139 mg (24%).

Compoundde: [a]p?°—124.0 € 0.50, EtOH). References
IR (KBr): 3471, 3415, 2927, 1454, 1362, 1035tm (1) Lait, S. M.; Rankic, D. A.; Keay, B. AChem. Re\2007
H NMR (300 MHz, CQOD): 8 = 7.26 (m, 4 H), 4.19 (m, 1 H), 3.37 107, 767.

(m, 1 H), 2.85 (m, 1 H), 2.58 (m, 1 H), 1.90 (m, 2 H), 1.75-1.35 (M, (2) (a) He, X.-C.; Eliel, E. LTetrahedronl987, 43, 4979.
5H), 1.30 (m, 1 H), 1.20 (s, 9 H), 0.90 (m, 3 H), 0.70 (m, 1 H), 0.65 (b) Eliel, E. L.; He, X.-CJ. Org. Chem1990, 55, 2114.
(m, 3H). (3) For selected examples, see: (a) Alberola, A.; Andrés, C.;

13C NMR (75 MHz, CRQOD): 5 =10.2 (CH), 20.9 (CH), 23.3 Nieto, J.; Pedrosa, Bynlett1990, 763. (b) Pedrosa, R.;
(CHy), 25.3 (CH), 32.1 (CH), 33.9 (CH), 34.7 (CH), 34.8 (CH), Andrés, C.; Iglesias, J. M. Org. Chem2001, 66, 243.

35.5 (CH), 52.4 (CH), 57.0 (q), 58.6 (CH), 66.7 (CH), 126.8 (CH), (c) Pedrosa, R.; Andrés, C.; Iglesias, J. M.; Pérez-Encabo, A.
129.3 (CH), 130.0 (CH), 143.6 (q) J. Am. Chem. SoR001, 123 1817. (d) Pedrosa, R.;

Andrés, C.; Nieto, J1. Org. Chem2002, 67, 782.
MS (E|, 70 eV):m/z(%) =91.0 (72), 117.0 (100), 181.0 (42), 227 (e) ViIIapIana, M. J_; Molina, p_; Arques, A.; Andrés, C.;
(20), 309 (21) [M — CHg|". Pedrosa, RTetrahedron: Asymmet002, 13, 5.
(f) Pedrosa, R.; Andrés, C.; Nieto, J.; del Pozd. ®rg.
Chem 2003, 68, 4923. (g) Pedrosa, R.; Andrés, C.; Nieto, J.;

- ! ) Rosén, CJ. Org. Chem2005, 70, 4332. (h) Pedrosa, R.;
By following the typical procedure, a 2.4:1 mixtureeoft3b and Sayalero, S.; Vicente, M.; Maestro, &.0rg. Chem2006
ent3c (489 mg, 1.35 mmol) was reduced with a 1 M soln of 71 2177, T ' '

LiBHEt; in THF (9 mL, 9 mmol). After aqueous workup and sol- 1) synthetic (-)-pulegone is about ten times more expensive
vent evaporation, the residue was purified by FC (hexane—EtOAc, than its natural enantiomer.

3:2to 1:1) to give purent4c andent4e as colorless foams; yield: (5) (a) Gonzalez-Gémez, J. C.; Foubelo, F.; Yus, M.
ent4c: 280 mg (57%)ent4e: 180 mg (36%);¢],*° +115.0 ¢ 1.00, Tetrahedron Lett2008, 49, 2343. (b) Gonzéalez-Gémez, J.
MeOH). C.; Foubelo, F.; Yus, Ml. Org. Chem2009, 74, 2547.

(6) For leading references on the use of ligdntlandL 2, see:

(S9)-N-{(19)-1-[(1R,2R,6R)-2-Ethyl-6-hydr oxycyclohexyl]-3-
phenylpropyl}-2-methylpr opane-2-sulfinamide (ent-4e)

N-{(1R)-1-[(1S,2S,6R)-2-Ethyl-6-hydr oxycyclohexyl]-3-phenyl-
propyl}-2-methylpr opane-2-sulfonamide (4f); Typical Proce-
durefor Oxidation of the tert-Butylsulfinyl Group

(a) Feringa, B. L.; Pineschi, M.; Arnold, L. A.; Imbos, R.;
de Vries, A. H. MAngew. Chem., Int. Ed. Eng97, 36,
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2620. (b) Feringa, B. lAcc. Chem. Re2000, 33, 346.

MCPBA (70%, 55 mg, 0.23 mmol) was add at 0 °C to a soln of com- (c) Alexakis, A.; Benhaim, CEur. J. Org. Chem2002

pound4a (55 mg, 0.15 mmol) in CKLI, (2 mL), and the mixture 3221. (d) Alexakis, A.; Backwall, J. E.; Krause, N.; Pamies,
was stirred for 30 min at O °C until the starting material was con- O.; Dieguez, MChem. Rev2008, 108, 2796.

sumed (TLC; hexane—EtOAc, 3:1). A soln of,8@; (600 mg) in (7) De Vries, A. H. M.; Meetsma, A.; Feringa, B.Angew.
H,O (10 mL) was added and the mixture was stirred for 10 min Chem., Int. Ed. EnglL996, 35, 2374.

more. The mixture was then extracted with EtOAe @ mL) and (8) Closely related examples are described in references 5a and
the combined organic extracts were washed with sat. ag NaHCO 5b; attempts to improve the diastereoselectivity by using an
and brine, then dried (MgSP The filtered soln was concentrated excess of EZn were unsuccessful.

in vacuo, and the residue was purified by FC (hexane-EtOAc, 4:1)g) For conformations of aldols derived from cyclohexanone,

to give4f as a colorless foam; yield: 41 mg (75%ijjf° +31.0 € see: Kitamura. M. Nakano. K.: Miki. T.: Okada. M.:

2.7, CHCL). Noyori, R.J. Am. Chem. So2001, 123 8930.

IR (KBr): 3522 (br), 2922, 1459, 1306, 1122¢m (10) Davis, F. A.; Gaspari, P. M.; Nolt, B. M.; Xu, R.Org.

Chem 2008, 73, 9619.
'H NMR (300 MHz, CDC)): §=7.25 (m, 5 H), 5.79 (br s, 1 H, LTI S
NH), 3.79 (m, 1 H, CHN), 3.70 (td,= 10.4, 4.1 Hz, 1 H, CHO), (11) Sulfinimines2 andent2 were prepared from

. - phenylpropanal andR§- and § S)-2-methylpropane-2-
ggg Enr; 15HH))’ 20%62(23217'_')1 EI'ZOO3 1H)60 (m, 7H), 1.43 (s, 9 H), 1.30 sulfinamide (>99% ee) by using Cug&3 described in: Liu,

G.; Cogan, D. A;; Owens, T. D.; Tang, T. P.; Ellman, J. A.
*C NMR (75 MHz, CDC)): §=10.4 (CH), 23.8 (CH), 24.4 J. Org. Chem1999, 64, 1278.
(CH;y), 24.9 (CH), 30.6 (CH), 32.9 (CH), 33.3 (CH), 36.9 (CH), (12) Phosphoramiditdsl, entL 1, L2, andentL 2 were prepared
39.2 (CH), 53.2 (CH), 54.4 (CH), 59.3 (q), 73.2 (CH), 125.8 (CH), according the procedure described in: Polet, D.; Alexakis,
128.3 (CH), 128.5 (CH), 142.3 (q).
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A.; Tissot-Croset, K.; Corminboeuf, C.; Ditrich, Khem. (14) (a)SAINT Area-Detector Integration Software (Version

Eur. J.2006, 12, 3596.

(13) Crystallographic data (excluding structure factors) for the
structure reported in this paper have been deposited with the
Cambridge Crystallographic Data Centre as supplementary
publication no. CCDC 723111. Copies of the data can be
obtained free of charge on application to CCDC, 12 Union
Road, Cambridge, CB2 1EZ, UK [fax: +44(1223)336033;
e-mail: deposit@ccdc.cam.ac.uk].
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