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Abstract: The results presented in this paper demonstrate that the stereochemical outcome of the

reversibie additions of iithium (R)-meihyi p-ioiyi suifoxide io N-aryiidene-p-anisidines (V-PMP imines)
is a function of a) the reaction conditions used and b) the electronic properties of the arvlidene moiety on
the starting imine. High kinetically controlled (2S.Rg) diastereoselectivity (-70 °C) was achieved for
additions of imines bearing relatively electron-rich N-arylidene groups, while an electron-deficient
nature of this group was found to favor the opposite stereochemical outcome. On the other hand, the
reactions run under thprmgd\, nap_nr‘a,llv controlled conditions (0 °C) afforded equimolar mixtures of the
diastereomeric products regardless of the pattern of substitution on the starting imines. Enantiopure a-
arylglycinols were  readily  synthesized by “non-oxidative” Pummerer rearrangement of
diastercomerically pure p-aryl-f-~N-(acyl)aminoalky! sulfoxides, prepared from the corresponding N-
PMP derivatives. © 1999 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION
Chiral suifoxide-controlied asymmetric reactions represent one of the most developed and reliable
methodologies of stereoselective organic synthesis.! Application of a sulfoxide group as a chiral auxiliary
provides unique synthetic benefits associated with its manifold reactivity. Thus, depending on the architecture
of the molecule and the method used to remove the sulfinyl group, it could serve as a chiral equivalent of alkyl
(reductive desulfurization),2 vinyl (syn-elimination reaction),? hydroxymethyl/hydroxycarbonyl (Pummerer
rrangemem) 4 and amino (xydxolysns of N—sulﬁnamldes) gxoups 1h The use of chiral suifoxnde stabilized

activated C=C double bande ic the most synthetically nowerful annlicatinon of this chiral auxiliarv and hag heen
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as received much less attention. 36 In 1973, Tsuchihashi er a/. reported
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‘hat the reaction between N-(benzylidene)aniline and lithium derivative of p-tolyl methyi suifoxide (1) occurred
vith excellent diastereoselectivity to afford the corresponding B-sulfinylethylamine as a sole reaction
product. 32 However, 15 years later, this data was substantially challenged by Kagan et al.,5b who failed to
reproduce the reported diastereoselectivity: under the conditions of Tsuchihashi the diastereomers were
abserved in a ratio of 75/25. Moreover, these authors found that the stereochemical outcome of the reaction
was affected in a surprisingly important manner by the temperature of formation and reaction of 1 with imines.
On the other hand, a systematic study conducted by Pyne et al. revealed that the diastereoselectivity of the

cactions of various chiral sulfoxide-stabilized nucleophiles with imines is

Reutrakul ef al. described the use of o-lithio a-chloro- and a-fluoromethyl phenyl sulfoxide to give the

corresponding aziridines in good yields.3f Finally, Yamakawa e/ a/. described highly diastereoseiective
rcactions between p-tolyl 1-chloroalkyl sulfoxides and N-(benzylidene)anilines as a general entry to the

corresponding N-(aryl)aziridines and N-(aryl)-1-arylamines.>&h

Retrosynthetic Scheme
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As part of our ongoing goal of developing asymmetric methods for preparing selectively fluorinated
biologically relevant compounds,’-8 we have been interested in the addition reactions of lithium methyl p-tolyl
sulfoxide (1) (Retrosynthetic Scheme) to fluorine-containing imines as a general approach to the corresponding
amines and amino acids.? In particular, we have recently reported some diastereoselective additions of (R)-1
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described for fluorine-free substrates.° The resuitant B-suifinyl amines 2 (R = fluoroalkyi), as their fluorine-
free analogues,!? were found to be synthetically versatile intermediates for preparing a number of biologically
relevant amino compounds.®-911 A pleasant bonus from exploration of the reactivity of N-acyl-a-fluoroalkyl-
[3-sulfinylethylamines 2 was the disclosure of a one-pot high yield transformation of these compounds into the
corresponding B-fluoroalkyl B-amino alcohols 3, referred by us as the “non oxidative” Pummerer reaction, !1a.b
To demonstrate the general scope and the preparative value of the methodology, we decided to study the
additions of lithium methyl p-tolyl sulfoxide (1) to N-(PMP)imines derived from a series of aromatic aldehydes,

for preparing the corresponding a-arylglycinols 3 (R = aryl). An additional incentive to undertake this study
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RESULTS AND DISCUSSION
Our experience in the additions of lithium methyl p-tolyl sulfoxide (1) to flucrinated imines®? suggested
that the corresponding N-(PMP)imines are the substrates of choice. In fact, the PMP-group can be readily

cleaved to afford a free amino function,!2 it provides geometric homogeneity of the imine functionality," it



to form coordinated transition states.® Such features are of paramount importance for achieving synthetic
officiency and stereocontrol. A series of N-(PMP)arylimines 4a-f, including unsubstituted N-benzylidene-p-
anisidine (4a), monofluoro- 4b-d, difluoro- 4e and pentafluoroderivatives 4f (Scheme 1), was prepared in high
chemical yields via acid catalyzed condensation of the starting aldehyde and p-anisidine. All N-
{ PMP)arylimines 4a-f were obtained as geometrically (/2)-homogeneous compounds, according to IH and 19F
VMR spectra.

The stereochemical outcome of reactions between lithium sulfoxide 1 and unsubstituted imine 4a, as a
function of the conditions used (Scheme 1), was studied first. We found that addition of 1 (1.0 equiv),
prepared with LDA (1.2 equiv) at -70 °C, to the imine 4a (1.2 equiv) occurred smoothly at the same
remperature to afford, with 70% conversion in 15 min (entry 1), a mixture of the corresponding diastereomers
(25,Rg)-5a and (2R,Rg)-6a in a ratio of 92.4/7.6, respectively. Prolonged reaction time, 30 min (entry 2), as
expected increased conversion of the starting compounds to the products (25,Rs)-5a and (2R,Rg)-6a without
mfluencing the stereochemical outcome. Next, we performed a series of reactions varying the temperature of
Jeprotonation of the starting sulfoxide by LDA. Thus, addition of lithium sulfoxide 1, prepared at -40 °C, to

the imine 4a, at -70 °C, gave a mixture of (25,Ks)-Sa and (2R Rs)-6a in the same ratio (92.0/8.0) recorded for
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tor the addition of 1 to benzylideneaniline (entry 3 vs entry 4).°° On the other hand, the reaction of lithium
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sulfoxide 1, prepared at 0 °C, and imine 4a performed at -70 °C (entry 5) gave rise to a mixture of (25 Rg)-Sa
and (2R,Rs)-6a in a ratio of 93.0/7.0, that is markedly higher than the ratio reported by Kagan er al. for this
rcaction (entry 5 vs entry 6) and in line with the 92.0/8.0 diastereomeric ratio recorded by the same authors for

the reaction of 1 with the benzylideneaniline (entry S vs entry 7).59
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It is also worth noting that our yield of diastereomeric (25,Rs)-5a and (2R,Rs)-6a was much higher than
that reported in literature®® (entry 5 vs entry 6). To better understand the nature of the stereocontrol in these
rcactions, we performed the addition between lithium sulfoxide 1 and imine 4a at -70 °C followed by stirring of



Table 1. Addition reactions between imines 4a-f and lithium (R)-methyl p-tolyl sulfoxide 1.

Entry Tla T2b Time Yield€, Ratiod
Ar °C °C min % (25,Rg)-5 (2R,Rg)-6
I (a) CeHs -70 -70 15 69 (70)¢ 92.4¢ 76
2 (a) CgHs -70 -70 30 84 (95)¢ 92.0¢ 8.0
3 (a) CgHs -40 -70 15 68 (69)e 92.0¢ 8.0
40 (a) CgHse -40 -78 90 88 (-) 77.0 23.0
5 (a) CeHs 0 -70 15 73 (73)¢ 93.0¢ 7.0
6f  (a) CgHs 0 -78 15 32 (-) 86.0 14.0
7 (a) CeHs8 0 -78 10 99 (-) 92.0 8.0
8 (a) CeHs -70 -70to 0 1200 88 ()i 50.0¢ 50.0
9 (b) 4-F-CgHy -70 -70 15 80 (81)¢ 88.2 11.8
10 (¢) 2-F-CgHy -70 -70 15 84 (91)¢ 87.7 12.3
Il (¢) 2-F-CgH, 0 -70 20 97 (>98)¢ 83.8 16.2
12 (¢) 2-F-CgHy 0 70100 1200 97 (>98) 50.0 50.0
13 (d) 3-F-CgHy -70 -70 30 95 (>98)¢ 84 4 15.6
14 (e) 3,4-Fp-C¢H; -70 -70 25 82 (>98) 79.9 20.1
IS (&) 3,4-Fp-CgHz -70 -70 60 77 (>98) 76.0 24.0
16 () CgFs -70 -70 60 68 (69) 63.5 36.5
17T (g) 4-MeO-CgHs 0 -78 40 74 () 95.0 5.0
18 (h) 4-NO;»-C¢Hs 0 -78 10 95 (-) 76.0 24.0

addition reaction between the corresponding imine (1.2 equiv) and lithium (R)-methyl p-tolyl
sulfoxide 1 (1.0 equiv). ¢ Overall isolated yield of both diastereomers (25,15)-5 and (2R Rs)-6.
Conversion (%) of the starting imine, as determined by NMR spectroscopy on the crude reaction
mixtures, is given in the parentheses. @ The ratios were determined by 'H and 19F NMR [except for

 Temperature at which lithium (R)-methyl p-tolyl sulfoxide 1 was formed. b Temperature of the

(a)] analysis of the crude reaction mixtures. € Yields and diastereomer ratios were determined by 'H
NMR and HPLC analyses of the crude reaction mixtures. fAs reported by Kagan er al., see ref. 5b
4 Reaction of lithium sulfoxide 1 with benzylideneaniling; see ref. 5b. M The reaction mixture was
stirred for 2 h at 0 °C. 1 Not determined.

the resultant mixture for 2 h at 0 °C: a virtually 1/1 mixture of diastereomers (25,Rg)-5a and (2R, Rg)-6a was

obtained (entry 8).
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Assuming that the addition is a reversible process and that the diastereomers readily equilibrate at 0 °C

we took diastereomericaily pure (25,Rg)-5a, which was treated with LDA at -70 °C and the resultant mixture
was stirred for 2 h at 0 °C. !H NMR spectroscopy and HPLC analysis of the crude reaction mixture revealed
that a 1/1 ratio of diastereomers (25,Rs)-5a and (2R,Rs)-6a was formed, along with minute amounts of the
starting compounds. This data indicates that the addition reaction is reversible and its stereochemical outcome
can be subject either to kinetic or to thermodynamic control, producing respectively high or low
diastereoselectivity. This conclusion is in full agreement with the results reported by Pyne ef al. on the
additions of lithium derivative 1 to benzylideneaniline and related arylimines.3d
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tried. Unfonunately, IH NMR spectra patterns of diastereomers (25,Rg)-5a and (2R,Rs)-6a are extremely

similar except for the resonances of the Tethyie: € groups. Furthermore, the signal of the minor diasiereomer

s split into eight lines, the AB part of an ABX system. Therefore, HPLC analysis was used for an accurate
determination of the diastereomeric ratios of 5a/6a in the crude reaction mixtures, providing data with an
cstimated error of £ 0.1 %.

Introduction of just one fluorine atom on the benzylidene site of the starting imine 4 unexpectedly
reduced the diastereoselectivity of the condensation. Addition of lithium derivative 1 to the 4-fluoro-imine 4b
afforded a mixture of diastereomers (25,Rs)-5b and (2R,Rs)-6b in a ratio of 88.2/11.8 (entry 9). X-ray

diffraction of a suitable single crystal grown from a mixture of #-hexane/ethyl acetate confirmed the expected

(28,Rg) configuration of the major diastereomer 5b. In Figure 2 an ORTEP'* drawing o
4b,c
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in the absolute configuration and with the appropriate atomic abeling
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iigure 2 - ORTEP™ drawing of (25,Ks)-5b. The displacement eliipsoids are shown at the 50% probability

level.
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The position of the fluorine atom on the benzylidene site of the starting imine 4 was also found to
influence the stereoselectivity of the reaction, albeit to a small extent Addition of 1 to 2-fluoro-substituted



imine 4¢ gave a mixture of diastereomers (25,Rs)-5¢ and (2R,Rg)-6¢ in a ratio of 87.7/12.3 (entry 10). The
influence of the reaction conditions on the stereochemical outcome was checked also in this case. Thus, the
reaction of 1, prepared at 0 °C, with imine 4¢ gave rise to a mixture of (25,Rs)-S5¢ and (2R,Rg)-6¢ with a
slightly lower diastereoselectivity (83.8/16.2) (entry 11), while equilibration of the diastereomers at 0 °C
afforded an equimolar mixture of (25,Rs)-5¢ and (2R,Rs)-6¢ (entry 12). The reaction between 3-fluoro-
substituted imine 4d and 1 afforded a mixture of the corresponding diastereomers (25,Kg)-5d and (2R, Rg)-6d
with a ratio of 84.4/15.6 (entry 12), that is the lowest value in the series of the monofluoro-substituted imines.

Addition of an extra fluorine atom to the benzylidene site was found to decrease further the
stereocontrol.  The reaction of 3, 4-difluc ombst'
respectively (entry 14). Prolonged reaction time, from 25 min to 1 h, resulied in decreased stereoselectivity
(76.0/24.0) (entry 15 vs entry 14). Finally, to observe the influence of the extreme case of fluorination on the
benzyhdene site of the starting imine, we performed the addition of lithium sulfoxide 1 to
pentafluorobenzylideneimine 4f. The reaction followed the expected trend, giving rise to a mixture of
diastereomers (28,Rg)-5f and (2R,Rs)-6f in a ratio of 63.5/36.5 (entry 16).

Some general conclusions on the nature of stercoselectivity in these reactions can be drawn, on the basis
of the data obtained. Firstly, the reactions were shown to proceed in a reversible manner providing an option

for kinetic and thermodynamic control of the stereochemical outcome. Taking into account that the time of the

reactions conducted at -70 °C did not influence markedly the ratio of diastereomers (25,Rs)-S and (2R, Rg)-6
(entry 1 vs entry 2, and entry 14 vs entry 15), we suggest that the stereochemical outcome of the additions
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than -70 °C, equilibration of the diastereomers might proceed with a higher rate being completed in 2 h at 0 °C
(cntries 8, 12). Accordingly, to obtain the diastereomers in the kinetically controlled ratio, the reaction should
be quenched instantly at -70 °C. In spite of these intricacies, that could affect the recorded diastereomeric
ratios, the chemical and stereochemical outcomes of the reactions proved to be remarkably reproducible. This
was assessed by performing each addition at least twice. Second, an increase of electron-deficiency of the
benzylidene aromatic group of starting imine was found to decrease the kinetically controlled (25,Rs)
diastereoselectivity. This trend, revealed by increasing progressively the fluorine substitution for hydrogen on

the benz ldgy\ phgnvl rm > of 4a-f (Pmnes 1,9 14 and lﬁ\ 1S in gggd reement with the dat cpgned by
Kagan ef al. on the reactions of lithium sulfoxide 1 with N=Vv=met..oxybem"!idenek 4g (entry 17) and N-{p
nitrobenzylidene)-p-anisidines 4h (entry 18).5b According to that study, addition of 1 to imine 4g, bearing the
electron-releasing  methoxy  substituent,
Figure 3 afforded a (25,Rg) diastereoselectivity even
i PMP 1T N A/ 1 higher (95/5) than that recorded for the
?I~I~_'? /_—__—O l l g / ) ’V o l reaction of unsubstituted imine 4a (entry 17
P /' ) T /‘_D_T ] I v g ‘\A\“ I\___/V} L | vs entries S, 6). In contrast, addition of 1 to
LI ST St §—P-TO imine 4h, bearing the electron-withdrawin
i\rHLI H o\ L J e T, Deanne _ Ny
Ar RN H PMP p-nitro substitutent, gave the diastereomeric
TS-A TS-B products with a much lower ratio (76/24)
to give (2S,Rg)-5a-f to give (25,Rg)-6a-f hon that ~F the simorhetitertad frina Ao fanfen
than that of the unsubstituted imine 4a {ents



stereochemical outcome recorded by us for the addition of difluoro-substituted imine 4e (entry 18 vs entries

Steric factors are usually dominant in governing the stereochemical outcome in asymmetric reactions.
Examples in which electronic, and not steric properties of substituents are of paramount importance in
controlling the stereoselectivity are less common. According to Pyne er al. 5¢€ two chelated cyclic transition
states (TSs) A and B might be drawn to account for the formation of diastereomers (25,Ks)-5 and (2R,Rs)-6
(Figure 3). Chair TS-A was supposed to be generally more favorable since in the boat TS-B the substituent

Ar, or any other one, would experience a repulsive steric flagpole interaction wit

rationale works nicely to explain the substantial preference for the (25 Rs) diastereoselectivity in the reaction
A F 1 1 i 4 3 M H Y7 M bt meralian ~ o~ L R
of unsubstituted imine 4a with lithium sulfoxide 1. But how would it help to rationalize both the higher

(25,Rs) preference in the reaction of more electron-rich imine 4g and, on the other hand, the dramatic erosion
of stereoselectivity in favour of the (25,Rg)-diastereomers in the reactions of the fluoro- and nitro-substituted
imines apparent in Table 17 These results are reminiscent of our previous apparently unrelated data on the
asymmetric aldol reactions between fluorinated aromatic aldehydes and iso-cyanoacetic acid derivatives
catalyzed by a gold(I) complex with a chiral N NN’ N'-tetra-alkylethylenediamino-substituted
bis(diphenylphosphino)ferrocene ligand,!3 as well as the results reported by Ojima and Kwon on the
phenomenal stereodifferentiation for the aldol reactions of pentafluorophenyl-containing chiral iron acyl
complex (PFCHIRAC).16 In these works an unusual m-p attractive interaction between the electron-deficient

y a ®-p attractive interaction
between the electron-deficient fluorinated benzylidene phenyl ring of the imine and a negatively charged
sulfoxide oxygen. The same event might take place in the reaction of p-nitro-substituted imine 4h with lithium
sulfoxide 1. On the other hand, in the reaction of p-methoxy-substituted imine 4g, TS-B should be
additionally, apart from the sterically unfavorable flagpole interaction, destabilized by a m-p repulsive
interaction between the electron-rich benzylidene phenyl and the sulfoxide oxygen. Our and other’s experience
in asymmetric reactions is quite rich in examples where a fluorine substituent imposes a unique result on the
stereochemical outcome of a reaction to be realized.'” The present data provide further evidence that a single
fluorine atom, even in a position remote to the reaction site, should not be considered as just a substituent but a

Fiaboration of B-amino suifoxides 5 to enantiomerically pure a-aryigiycinois (Scheme 2).

Based on previous studies on B-perfluoroalkyl-B-N-(PMP)aminoalkyl sulfoxides,® B-aryl-B-N-
(PMP)aminoalky! sulfoxides (25,Rg)-S were not directly submitted to the non-oxidative Pummerer
rearrangement, because we suspected them to be unsuitable substrates. Therefore, we first deprotected
diastereomerically pure (25,Rg)-5a-d to afford free amino derivatives (25,Rg)-7-10, by treatment with 5
equivalents of CAN, a standard reagent for the removal of the PMP group.'” Despite the oxidative nature of

this reaction and the large excess of CAN, the process was found to be highly site-selective, leaving the

sulfoxide group intact. Next, free B-amino sulfoxides 7-10 were acylated to give amides (285 Rg)-11-14, the
proper substrates for the “non-oxidative” Pummerer rearrangement. We believe that any N-acyl protection
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derivatives 14 was motivated simply by the opportunity to compare the products obtained in this study with the
compounds described in the literature (vide infra)
Scheme 2
\Sp H NHPMP i \§O H NH, ii (for 11-13) "\ OH NHCOR
_— —_— 3
p-Tol” \/"\Ar p-Tol” \/(Ar i (for 14) p-Tal” S Ar
(25,Rs)-5a-d (2S,Rs)-7-10 (2S.Rs)-11-14
Sa Ar= CgHsg 7 Ar=GCgHs 11 Ar = CgHs, R = OCH,Ph
5b  =4-F-CgH, 8 =4-F-GH, 12 Ar = 4-F-CgH,, R = OCH,Ph
5c =2-F-GgH, 9  =2F-GH, 13 Ar = 2-F-GgH,, R = OCH,Ph
[ =2AFE. an =2C.N L A Ao s s e
oG el - Y S -lgi g i4 Ar = CgHs, R = Ph
liv
A\
Tol-S
H NH I vi H NHCOR v / P H N—COR \
2 D %
HO A, | ¥ Ho X Ar ( CFiCo0 X, )
(S)-16-19
(5)-20-22 o \ 15 /
16 Ar = CgHs, R = OCH,Ph
20 Ar=CeHs 17 Ar = 4-F-CgH,, R = OCH,Ph
21 Ar=4-F-GgH, 18 Ar = 2-F-CgH,, R = OCH,Ph
22 Ar=2-F-GeH, 19 Ar = CgHs, R = Ph

Key: ) CAN, H,O: ii) CICOOBN, 50% K;COs, dioxane; i) PhCOOH/DCC/DMAP: iv) (CF5C0),0, sym-collidine,
MeCN, 0 °C: \/\ K,CO,, NaBH, Q"(‘. \/i\ H«/Pd(OH (‘

2%y, INg 4y LRWAT

The rearrangements of B-N-(acyl)amino sulfoxides (25,Rs)-11-14 to (S)-16-19 were studied under the
conditions previously developed for the transformations of -perfluoroalkyl-B-N-(acyl)aminoalkyl sulfoxides.®
We found that such features of substrates (25,Kg)-11-14 as stereoelectronic properties of the aryl ring and
presence of the benzylic proton in the position B to the sulfoxide group, do not interfere with the normal
course of the rearrangement. NMR Spectroscopy analyses allowed us to detect the intermediates 15 in the
reaction mixtures, which, upon treatment with aqueous K>CO3 followed hv NaBH. (ahnnt 5 equiv)), t_tl_e.a_gly
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afforded the target N-(acyl)-a-arylglycinols (§5)-16-19. Companson of the chiroptical and spectral data
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recorded for u.)mpuuuu:: )= 16 \n')-.ll and (D)=a> with those rCpoi ed in the lit
assumed structure, absolute configuration and enantiomeric purity of the N-{(acyl)-a-aryligiycinois. Free
arylglycinols ($)-20-22 were obtained by hydrogenolysis of the N-Cbz group of (5)-16-18, respectively, using
Pd(OH),/C as catalyst.

In conclusion, we have demonstrated that the stereochemical outcome of the reversible additions
between the lithium derivative of chiral methyl p-tolyl sulfoxides and N-arylidene-p-anisidines (N-PMP imines)
is a function of> a) the reaction conditions used; b) the electronic properties of the arylidene moiety on the
starting imine. High kineticallv controlled (2§, R<) diastereoselectivity (-70 °C) was achieved for the additions

............ ait RAIRLILANY

was found to favor formdnon of the opposite stereochemical outcome. On the other hand, the
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ithermodynamically controlled conditions (0 °C) were shown to lead to a virtually 1/1 mixture of diastereomeric
products regardiess of the pattern of substitution on the starting imines. Diastereomerically pure B-aryl-B-N-
(acyl)aminoalkyl sulfoxides, prepared from the corresponding N-PMP derivatives, were shown to undergo
non-oxidative Pummerer rearrangement, without any undesirable complications, thus providing a reliable route
to target enantiopure a-arylglycinols.

Acknowledgment. M.G. thanks C.N.R. for a scholarship.

General Methods. 'H (400 or 250 MHz), "°F (235 Mhz) and *C (100.6, 62.8 or 50.3 MHz) NMR
samples were prepared as dilute solutions in the appropriate deuterated solvent. Chemical shifts (8) are
reported in parts per million {(ppm) of the applied fieid. Me,Si was used as internai standard (8y and &c = 0.00)
for 'H and "C nuclei, while CsFs was used as external standard (8¢ = -162.90) for F nuclei. Coupling
constants are expressed in Hertz. Anhydrous THF was distilled from sodium and benzophenone. In all other
cases commercially available reagent-grade solvents were employed without purification. Reactions performed
in dry solvents were carried out under a nitrogen atmosphere. Melting points are uncorrected and were
obtained on a capillary apparatus. Analytical thin-layer chromatography (TLC) was routinely used to monitor
reactions. Plates precoated with E. Merck silica gel 60 Fjs; of 0.25 mm thickness were used. Merck silica gel
60 (230-400 ASTM mesh) was employed for flash column chromatography (FC). HPLC analyses were
erck) prepacked columns (1.0
otherwise stated, yields refer to
Y- Y4 Try

isolated products of greater than 95% purity as estimated by ‘H and
X-ray structure determination of (25,RS)-5b. A colorless, needle-shape crystal of Sb (size 0.8 x 0.12

F NMR spectroscopy.

x 0.06), obtained by crystallization from n-hexane/ethyl acetate (1:1), was selected for x-ray diffraction
analysis. Intensity data were collected on a Siemens P4 diffractometer using graphite-monocromated Cu-Ka
radiation (A = 1.5418A) in the range 2.76° <0 < 57.36° with the 6/20 scan technique for a number of 2698
unique reflections (Rin = 0.0221, Ryema = 0.0264). Cell parameters were determined by least-square refinement
on 260 values of 24 reflections with 20 > 40°. Three standard reflections were monitored every 97 measured
stal orientation and stability and showed no significant decay. Data were corrected for Lorentz and
The structure was solved by direct methods using SIR92," and refined by full-matrix least-square on F>
with anisotropic displacement parameters for all non-hydrogen atoms using SHELXL-97.%° The amidic
hydrogen was located by difference Fourier and refined in the riding mode while all the other hydrogens were
included at calculated position with group temperature factors.
The absolute configuration (25,Rs) was unambiguously determined refining the Flack ‘x> parameter’’
(0.02(2)).**
Crystal data: C,;H,NO,S, fw. 383.47, Monoclinic, space group P 2,, a = 11.03 (DA, b=5.627(1)A,
= 16.927()A, B = 108.75(1)°, V= 99491A% Z =2 D, = 1.28 g/em’, p = 1.66 mm’l, F(000) = 404,

restraints = 1
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was first dissolved in benzene (60 mL) in a round-bottomed flask equipped with a reflux condenser, a Dean-
Stark trap and a magnetic stirring bar. p-Anisidine (38.5 mmol) and ca. 0.5 g of the strongly acidic resin
DOWEX 50W X8-400 were added to the reaction flask, and the mixture was stirred at reflux. After the
reaction was complete (theoretical amount of water removed, and monitoring by TLC and 'H, F NMR
spectroscopy), the mixture was allowed to cool at r.t., filtered, the solvent was removed in vacuo and imine
products were purified by crystallization from n-hexane Imines 4a-f are solids and could be stored for several
months at 4 °C without any deterioration.

4a; 70%; brown-purple crystals, 'H NMR (250 MHz CDCl;) & 8.48 (s, 1H)

3H), 7.24 (m, 2H), 6.94 (m, 2H), 3.83 (s, 3H)
Al Q&O0/. Wymrsrm megotale: sarm QT 00 O (12 bavamal LT AIAMMD /98N ALY, £OTYW I\ & O AA £ 1IT\ " OC
*. O2/0, UIUWIL blyblalb’ 1 ll.} ZI=J0 A3 \II'“C.’\GIIC,, 1 INIVIIN \AJU J,VmL, L,U\.,h) U 0.9499 \h, lﬂ), 1. F72=
T o0 1 OT T S O 7 a5 AW 191"" ATL AT 7T N 1TAN N S AY A 1 ™1 i~ ~~ Y ARt ol Pl L 1o B ol r ~ m~o
6.88 {m, 8H), 3.83 (s, 3H); "F NMR (CDCi3) 6 -109.9 (m). Anal. Calcd for C,,H,;NOF: C, 73.35; H, 5.28;
N, 6.11. Found: C, 73.50; H, 5.30; N, 6.05.

4¢: 86%; brown crystals; mp 96-97 °C (n-hexane); 'H NMR (250 MHz, CDCl;) & 8.81 (s, 1H), 8.22-

6.87 (m, 8H), 3.85 (s, 3H); "’F NMR (CDCl3) & -122.7 (m). Anal. Caled for C,4H;»NOF: C, 73.35; H, 5.28;
N, 6.11. Found: C, 73.55; H, 5.16; N, 6.01.

4d: 89%; brown crystals; mp 65-66 °C (n-hexane); "H NMR (250 MHz, CDCl;)  8.44 (s, 1H), 7.61 (m,

2H), 7.39 (m, 1H), 7.22 (m, 2H), 7.11 (m, 1H), 6.90 (m, 2H); "’F NMR (CDCl:) & -113.9 (m), *C NMR

{62.8 MHz, CDCl;) 8 163.14 (d, J = 246), 158.59, 156.68 (d, /= 3.7), 144.3, 13883 (d, /= 7.4), 130.24 (d, J

:7.4),124.74 (d, J = 3.7), 122.3, 118.1, 114.63, 114.35 (d, J = 9.2), 55.54. Anal. Calcd for C,,H,;sNOF: C,

7'; '2,(’ LT €729 N A11 Fannd:- 72 00- 11 §NR- N 5§09
SIEL J.LS, i, UL SfOUNUL U, S 2.7 L, J.UGIN, J.70.
S-. O£/ Licemccson memcimtmla: camen "IN ™11 O /.. L Iey minam smen l‘I‘!,A TN Y S a £ 1T ~ oo
€. Y070, DTOWI ysials, mp /u-/1 "L (#- HCXdIlC) L INIVE (£2U VIZ, UiJUIE3) O 8.0%7 (S8, 1K), /.80~
— an~ oy 19w e = ~G - a T e ~ ~ ew LN
688 (m, 7H), 3.83 (s, 3H); "F NMR (CDClz) 6 -134.5 (m, 1F), -138.0 (m, 1F). Anal. Calcd for C,4H;;NOF,

C,68.01;H, 448, N, 5.67 Found: C, 68.12; H, 442, N, 5.72.

4f 97%; yellow-brown crystals; mp 128-129 °C (n-hexane), 'H NMR (250 MHz, CDCl;) § 8.59 (s, 1H),
7.28 (m, 2H), 6.96 (m, 2H), 3.85 (s, 3H); "F NMR (CDCl:) § -143.3 (m, 2F), -151.7 (m, 1F), -162.9 (m, 2F).
Anal. Calcd for C;HgNOF;: C, 55.83; H, 2.68; N, 4.65. Found: C, 56.04; H, 2.78; N, 4.81.

=
[~%

General method for the condensation between o-lithiated methyl p-tolyl sulfoxide (R)-1 a

(ﬂx;n;e}nwl aldimines da-f. To a stirred solution of (/\’\-nﬁpfhvl n-fnl\zl sulfoxide (1 ) mmnn in drv THF (d

(2304 A AI ix \.u_, xa

mL), cooled at the appropriate temperature T' (see Table 1), LDA-THF in n-hexane (1.5 M, Aldrich) (1.8
t

mmol) was added. After stirring for 15 min at the same temperature T', the resultant yellow solution was
P m~ e~ o~y T 1 A mmey Pl
cooled to -70 °C (unless T' = -70 °C) and a solution of N-PMP fluoroaryl imine 4 (1.8 mmol) in 2 mL of dry

THF was added. Progress of the condensation was monitored by TLC and 'H, 'F NMR spectroscopy, and
upon completion (see Table 1) the reaction was quenched at -70 °C with aqueous NH,Cl, extracted with
AcOEt, and the collected organic phases dried over anhydrous sodium sulfate, filtered and the solvent
removed in vacuo. The diastereoselectivity of the reactions was determined from 'H, ’F NMR spectroscopy
and HPLC analyses of the crude reaction mixtures. Crystallization of the crude reaction mixtures, and FC (n-
hexane/AcOELt) of the mother liquors, afforded the desired N-PMP-a-(fluoro)aryl-f3-sulfinylamines Sa-f and

6a-f. Yields and diastereomeric ratios are summarized in Table 1.
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209 °C (n-hexane/AcOEt), 'H NMR (250 MHz, CDCls)
0.50 (m, 2H), 4.95 (br signal, 1H), 4.75 (br t, J ca. 6.0, 1H),
3H), BC NMR (62.8 MHz, CDCL) & 152.79, 141.73, 140.93, 139.79, 130.08, 128.96, 127.79, 126.52,
12405, 11591, 114 64, 63 .59, 55.73, 55.62, 21 41.

(2R,Rs)-6a: Rf = 0.32 (7:3 n-hexane/AcOEt), 'H NMR (250 MHz, CDCl;) 8 7.54 (m, 2H), 7.42-7.22
(m, 7H), 6.69 (m, 2H), 6.49 (m, 2H), 4.79 (dd, /= 4.8 and 9.6, 1H), 3.69 (s, 3H), 3.27 (m, 1H), 2.94 (m, 1H),
240 (s, 3H).

(7? Rs)-5h: white needles; Rf 0.56 (4:6 n-hexane/AcOE )

LIy,

>

115.82 (d, /= 21.6), 114.69,
or C 21122NO;)FS C 68.

©
E

3.65. Found C, 6896, H, 581; N, 3.67.

(2R,Rs)-6b: Rf= 0.46 (4:6 n-hexane/AcOEt); '"H NMR (250 MHz, CDCl:) 6 7.52 {m, 2H), 7.40-7.25
(m, 4H), 7.00 (m, 2H), 6.68 (m., 2H), 6.45 (m. 2H), 4.90 (br signal, 1H), 4.78 (dd. / = 4.75 and 9.5, 1H), 3.69
(s, 3H), 3.22 (m, 1H), 2.88 (mm, 1H), 2.40 (s, 3H), "F NMR (CDCl;) 8 -115.66 (m).

(25,Rs)-5¢: yellowish solid; Rf=0.23 (7:3 n-hexane/AcOE); [a]p™ +202.9 (¢ 0.66, CHCl;); mp 187.5-

1
188 °C (n-hexane/AcOEt); '"H NMR (400 MHz, CDCls) § 7.50 (m, 3H), 7.29 (m, 2H), 7.23 (m, 1H), 7.09-
TNN fean ALY £ T7Q (e picyean 1 1IN A AQ (e DTN A KD (1 YITY S NSt T=A 14 THY 2 TN fe 2LIY 221 (rm
AU M, 21y, U706 (0T 8ighndl, 101), 0.0Y (M, 2r1), 0324 (M, 201), 3.V (L, v G144, 101, 3./U S, J11), J.41 \ilj,
ATIY M AN . TN L 19D ARAD SAINAIN S 1AM TAAL T £ T L a1 0N 13/ ATAAD 2N 3 ANATI. ST S
2HJ, 2.40 (s, 3H).; F NMR (CDCi3) 0 -120.7 (aaa, v = 5.5, 7.6 ana i0.8); "C NMR (503 mnz, CDCI;) o
160.4 (d, J =244 8), 152.48, 141.69, 140.35, i39 f 3 2

9.84, 130.04, 129.31 (d, /=8.3), 128.73 (d, J=4.3), 127 81
(d, J=12.8), 124.65 (d,.J=3.3), 124.04, 115.64 (d, J = 21.4), 115.18, 114.7, 61.62, 55.64, 50.53, 21.42;, FT
IR: em-! 3439, 1508, 1252, 1220, 1031. Anal, Calcd for C;;H,NOSFS: C, 68.91; H, 5.78; N, 3.65. Found: C,
09.09: H, 5.79; N, 3.65.

(2R,Rs)-6¢: Rf = 0.15 (7:3 n-hexane/AcOELt); 'H NMR (250 MHz, CDCl:) & 7.56 (m, 2H), 7.48-7.38
(i, 1H), 7.31 (m, 2H), 7.27-7.17 (m, 1H), 7.10-6.98 (m, 2H), 6.75-6.67 (m, 2H), 6.54-6.46 (m, 2H), 5.05 (dd
/=45 and 9.5, 1H), 4.90 (br signal, 1H), 3.70 (s, 3H), 3.24 (m, 1H), 3.06 (m, 1H), 2.41 (s, 3H), °F NMR

; 131

(CDCl4 \8 120 95 Im\

L2 O g L&V T2

(28,Rs)-5d: white solid; Rf = 0.35 (7:3 n-hexane/AcOEL); [o

Vs o m e m A YA I3y "TWAD 74NN NATT. ANy Bis Xo Nike Bie ¥ V4 N7 TNAY (. NHALIN
L Uz—nexa.nt://-\cunx), INIVIIN \‘I'UU IVIEF1Z, U \., ) U /.47 1, ), .04&=7.40 \1ll, i), /. F.UD (I, &Il),
(.99-6.90 (m, 1H), 6.70 (m, 2H), 6.50 (m, 2H), 5.03 (br sxgndi iH), 473 (dd, /=36 and 9.1, 1H), 3.70 (s,
3H), 3.15 (m, 1H), 3.08 (m, 1H), 2.43 (s, 3H); "’F NMR (CDCl;) § -113.24 (m); FT IR: cm-! 3441, 1510,

1263, 1239, 1031. Anal. Calcd for C,;H.:NO.FS: C, 68.91; H, 5.78; N, 3.65 Found: C, 69.14; H, 6.11; N,
3.67.

(2R,Rs)-6d: Rf = 0.30 (7:3 n-hexane/AcOEt); [a]p” + 154.0 (c 0.50, CHCL); 'H NMR (400 MHz,
CDCl:) § 7.54 (m, 2H), 7.31 (m, 2H), 7.28 (m, 1H), 7.19 (m, 1H), 7.11 (m, 1H), 6.92 (m, 1H), 6.70 (m, 2H),
6.48 (m, 2H), 4.78 (dd, J=4.5 and 9.8, 1H), 3.70 (s, 3H), 3.27 (m, 1H), 2.93 (m, 1H), 2 42 (s, 3H); °F NMR
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(40,15 )~S€. Wil 3011, 4= V.17 (/15 H-neXane/ A ) [Ajp T H/LL{CU. /), Uiz), mp 10U.3-104
1 4 L by nr o~ w e~ . ~ -~ — s = i £ g -

“b (1) hexane/AcOE 1), H K (£o0 HZ LU(,h) 57.49 (m ’H), 7.31 ( .7.. ) 1.22-704 (m, 3H), 6.

2H), 6.45 (m, 2H), 5.08 (br signal, 1H), 4.68 (m, 1H), 3.71 (s, 3H), 3.07 (m, 1H), 3.05 (m, 1H), 2 41 (s,
F NMR (CDCls) 6 -137.6 (m, 1F), -140.1 (m, IF), ‘C NMR (50.3 MHz, CDCl) & 152.59, 150.7 (dd, J=
2493 and 12.8), 149.6 (dd, J = 248 and 12.6), 141.96, 140.14, 139.38, 138.81 (pseundo t, J ca. 4), 130.17,
123.99, 122.26 (dd, J=6.3 and 3.6), 117.8 (d, /= 17.3), 11536 (d, J = 17.6), 11527, 114.7, 63.35, 55.64,
54.68, 2143, FT IR: cm-1 3438, 1510, 1279, 1242, 1035. Anal. Calcd for C,;H:NO-F,S: C, 65.82; H, 5.27,
N, 3.49. Found: C, 65.74; H, 5.18; N, 3.45.
(2R, Ry)-6e: Rf— 0.13 (7:3 n-hexane/AcOEt
, 2

, 7.28-7.08 (m, 3H), 6.70 (m, ZH),
Q A1l
o] 1

1) & 7.52 (m, 2H), 7.
H), 4.77 (dd, J=438 and 10.0, 1H), 3.70 (s, 3H), 3.1
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5)-5 .13, CHCLz); 'H NMR (400
MHz, CDClz) 8 7.50 (m, 2H), 7.29 (m, 2H), 6.74 (m, 4H), 5.42 (br dd, J = 5.0 and 8.2, 1H), 3.72 (s, 3H),
3.42 (m, 1H), 3.18 (m, 1H), 2.41 (s, H) F NMR (CDCl:) 8 - 144.26 (m, 2F), -154.9 (m, 1F), -162 (m, 2F);
"C NMR (62 8 MHz, CDCl:, selected signals) & 141.95, 139.95, 130.1, 123.92, 117.18, 115.0, 60.51, 55.6,
463,214 FTIR: cm-! 3438, 1501, 1240, 1027, 989. Anal. Calcd tor CH;sNO-FsS: C, 58.02; H, 3.98; N,
3.08. Found: C, 57.85; H, 3.68; N, 2.83.

(2R,Rs)-6f: Rf = 0.40 (7:3 n-hexane/AcOE1); [o]n™ + 126.5 (¢ 0.55, CHCL); 'H NMR (250 MHz,

Y,
3
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DCl;) § 7.55 (m, 2H), 7.33 (m, 2H), 6.71 (m, 2H), 6.52 (m, QH), 51(brt,Jca 7.5, 1H), 3.70 (s, 3H), 3.62
(m 1. 216 (m. 1H) 3 (s 3H)Y PEFNMR (CDCLYS - 144 9 (m 2F) 154 8 {m. 1F) _161 95 {m 2F)
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Deprotection of N-PMP derivatives 5 to a-(fluore)aryi-p-suifinyiamines 7-10. A general procedure
for removalof the PMP group by CAN. A solution of CAN (2.5 mmol) in 8 mL of water was added at 0 °C
to a solution of N-PMP derivative S in acetonitrile (11 mL). After 30 min at 0 °C (TLC monitoring) a 5%
aqueous NaHCO: solution was added at 0 °C, until almost neutral pH of the mixture was reached. The
resultant mixture was allowed to warm up at rt, under stirring, then solid sodium sulfite was added portion-
wise, until a brown slurry was formed. AcOEt (ca. 10 mL) was added under stirring and the phases were
separated. The aqueous layer was washed three times with 5 mL of AcOEt. The collected organic phases were

dried over ;mhydr s sodium sulfate, filtered and the solvent was removed in vacrno The desired free o-
‘{1' lnrn\qn!l=ﬂ=nlll ln‘llom;r\pt ”=ln IVOra 100 prl“ 1imm MmMiro {'r\rn1 l\‘, (“ mntr N nrnﬂfan?uf;nn ML OaVIOr fkﬂ r IAQ
\llu\.ll\}’ul 1 '.l ouitiLil LY R ISR RAVNG I AV YYwiw 1OoUILddLwA 1) }Jul\; A1 v 1 \/.‘ i\Zl wvinAl Qwrul Lo 1 IUWUV\OI’ LIV Wi UL
.......... A Y i i ibirnales siomA] e tlan ST~ fom s b e M N PR -
compounds 7-108 were routinely used for the following step, without purification

(25.Rs)-7: 80%; Rf= 0.1 (6:4 n-hexane/AcOEt + 2% triethylamine); [a]o™ + 117.3 (¢ 0.84, CHCL), 'H
NMR (250 MHz, CDCl;) 8 7.54 (m, 2H), 7.40-7.20 (m, 7H), 4.56 (m, 1H), 3.01 (m, 1H), 2.98 (m, 1H), 2.40
(s, 3H), 2.16 (br signal, 2H); BC NMR (100.6 MHz, CDCl;) 8 143.3, 141.5, 140.5, 130.05, 128.9, 1278,
126.2, 124.0, 66.4, 50.85, 21.4.

(2S,Rs)-8: 79%; orange solid; Rf = 0.1 (6:4 n-hexane/AcOEt + 2% triethylamine), [a]n™ + 195.0 (¢
0.36, CHCI;); mp 108-110 °C (n-hexane/AcOEt); "H NMR (250 MHz, CDCl;) 8 7.49 (m, 2H), 7.35-7.20 (m,
1H), 7.0-6.9 (m, 2H), 4.6 (m, 1H), 3.38 (br signal, 2H), 3.2 (m, 1H), 2.95 (m, 1H), 2.39 (s, 3H); ""F NMR
(CDCls) & -114.55 (m).

(7S R0 7194 white ecalid- Re=0 1 (64 phovana/AcOEt + 29/ triathulamineY [+1.20 &+ 1092 7 (0 0 56
\J-A)‘,j\b, 7. ’ 3 /U7 YYRlilw JU]IU’ J\/ Vol \\I" TN AQIING AN L * -~ S U LIIWLLL lullllll\.a)l’ L\A,jl) [ o S § \\1 U.J\),
PIY{‘ A WA TA? 1AL £ O (0 L /A AMETeN. ‘IJ NIRMAD 9N NLI. /A TYWI Y S T8 (e DI T AN o 1ITY 7T 2N
Uiz, LD, 143-140.0 U JI-NCK/ ACUEL), 11 INIVIR (40U IVIR1Z, UILAUI3) O /.00 (I, «f1), /.42 (0, 111, 7.5V
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tm, 2H), 7.20 (m, 1H), 7.10 (m, 1H), 6.97 (m, 1H), 4.71 (dd, /= 10 and 3.1, 1H), 3.12 (m, 1H), 3.01 (m,
[H), 2.39 (s, 3H); "°F NMR (CDCl;) § -119.50 (m); "“C NMR (100.6 MHz CDCi;) 6 160.23 (d, J = 246),
141.38, 140.56, 130.56 (d, J = 12.9), 129.92, 129.09 (d, J = 8.3), 12785 (d, J = 4.6), 12448 (d, J = 3.5),

123.97, 115.67 (d, J = 21.7), 6439, 46.3 (d, J = 1.9), 21.28; FT IR: cm-1 3392, 1585, 1487, 1215, 1035.
Anal. Caled for CysH¢NOFS: C, 64.96; H, 581; N, 5.05. Found: C, 65.00; H, 5.75; N, 4.89.

(28,Rs)-10: 90%, yellow-brown needles, Rf = 0.1 (6:4 n-hexane/AcOEt + 2% triethylamine), [alp” +
198.0 (c 0.69, CHCl); mp 48-50 °C (n-hexane/AcOEt), 'H NMR (400 MHz, CDCl:) § 7.53 (m, 2H), 7.30 (m,
2H), 7.25 (m, 1H), 7.10-7.02 (m, 2H), 6.91 (m, 1H), 4.55 (m, 1H), 3.05 (m, 1H), 2.9 (m, 1H), 2.40 (s, 3H),

2.30 (br signal, 2H); "°F NMR (CDCl:) § -113 (m); "C NMR (100.6 MHz, CDCI:) § 163.06 (d, J = 246 9),

al, £11) AVAL R L, RSN PRV LN LA SN

146.16 (d, J = 6.5), 141.59, 140.41, 130.32 (d, J= 8.2 ), 130.06, 123,93, 121.87 (d,./=2.9), 11457 (d, J =
MUY 1132144 J=219). 6619 505 2132 FTIR: ~mar]l 27278 12Q0 14Q0 179721 1A%E  Awmnl 1
1.4}, i12.41 \U., vy L 1. 7}, Vu. 17, DU 0, al..)L, 1 I Cill JI/2, 1007, 19407, 1L31, 1VLO. Alldl., LdILU 1Vl
f Ty WXTLATTOY r™ £ R N T £ o1 AT T N T P | e Lo MA TY r QA AT T NN
{1sHigNOFS: C, 64.96. H, 5.81; N, 5.05. Found: C, 65.24; H, 5.84; N, 5.00.

Protection of free o-(fluoro)aryl-B-sulfinylamines 7-9 as N-Cbz derivatives 11-13. A general
procedure. To a solution of starting f-sulfinylamine 7-9 (0.88 mmol) in dioxane (2.5 mL) at rt, 245 pL of
50% aqueous potassium carbonate, followed by neat benzyl chloroformate (0.88 mmol) were added. The
mixture was stirred 10 min at rt, filtered, and the solvent was evaporated /i vacuo. The desired N-Cbz
derivatives 11-13 were isolated by FC.

(25,Rs)-11: 80%; Rf = 0.4 (4:6 n-hexane/AcOEY), [g]nm

p—
L
-
|

6
i for C;3H2:NOsS: C, 70.20; H, 5.86 :
(28,Rs)-12: 99%; white solid, Rf = O 50 (45 55 n- 1exane/AcOEt) [a]n 153.0 (c 1.17, CHCI); foam,
'H NMR (400 MHz, CDCl:) 8 7.45 (m, 2H), 7.40-7.26 (m, 9H), 7.03 (m, 2H), 6.69 (br signal, 1H), 5.18 (m,
IH), 5.11 and 5.01 (AB dd, J = 12.2, 2H), 3.13 (m, 2H), 2.40 (s, 3H); "’F NMR (CDCl5) § -115.46 (m); “C
NMR (100.6 MHz, CDCLy) 162.3 (d, J = 246.0), 155.5, 142.0, 139.5, 136.25, 130.1, 128.4, 128.0, 124.2,
124.0, 115.7 (d, J = 22.2), 66.9, 63.4, 51.9, 21.4. Anal. Calcd for C;:HxNOsFS: C, 67.13; H, 5.39; N, 3.40.
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CHCls); mp 139-143 °C (n-hexane/AcOEt); 'H NMR (250 MHz, CDCl;) 8 7.55-7.45 (m, 3H), 7.42-7.00 (m,
lOH), 6.60 (br signal, 1H), 5.50 (m, 1H), 5.i12 and 5.0 i 3, 2H 5 (m, 1H), 3.20 (m, 1H

5
.39 (s, 3H); ¥F NMR (CDCl;) 8 -119.55 (m); FT IR: em! 3 i
tor C23sH2aNOSFS: C, 67.13; H, 5.39; N, 3.40. Found: C, 66.87; H, 540, N, 3.

Protection of (25,Rs)-7 as N-benzoyl derivative (25,Ry)-14. To a solution of 7 (240 mg, 0.9 mmol) in
dry CH,ClL, (15 ml) were added solid benzoic acid (122 mg, 1.0 mmol), then DCC (207 mg, 1.0 mmol) and
finally a catalytic amount of 4-DMAP (10 mg). The mixture was stirred at rt for 1 h. The solution was diluted

with diethyl ether, filtered and the solvent was removed in vacno, The residue was purified by FC.
(25.Rs)-14: 62%:; Ry= 0.2 (64 n-hexane/AcOEL); [o]o™ + 162.2 (¢ 0.17, CHCLy); 'H NMR (250 \.fmz,
CDCl) 8 8.85 (d, /= 7.35, 1H), 7.94 (m, 2H), 7.55-7.26 (m, 12H), 5.68 (m, 1H), 3.30 (m, 1H), 3.20 (m, 1H),
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YAN {2 ALY BOONMD /69 Q@ MIT. FTICIA R 1647 1499 1204 12104 1727 1717 171047 1780 178 £
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TMYY N 1M 1"NL D 1™ AN 1 O o™~ ~ 1 A A 1 rapu | 1~ ~ ry TN -~ - v ~ o~ -~ ~ o e -—
VL7.Y, 1470, 14£0.), 1240, 01.8, D2.4, 21.4. Anal. Laicd 1or UpHiNULRd: C, 72.70, H, 3.8Z; N, 3.85. Found
., 7295, H, 570, N, 3.81.

The “Non-Oxidative Pummerer Reaction”. Synthesis of N-Cbz Arylglycinols (S)-16-19. To a
stirred solution of B-aminosulfoxide (2.1 mmol) 11-14 and sym-collidine (0.84 mL, 6.3 mmol) in acetonitrile
(15 mL) under a nitrogen atmosphere at 0 °C, neat trifluoroacetic anhydride (1.5 mL, 10.5 mmol) was added
drop-wise. The reaction mixture was stirred at 0 °C and after 5 min a 20% K,CO; aqueous solution was added

until pH 7 was reached. Then, an excess of NaBH, (about 5 equiv) was added portion-wise at 0 °C, and the

L v al

mixture was allowed to warm at rt. After 15 min the reaction was aguenched wi
mixture w to warm at rt. Arter 1> mun the reaction was enened

S QU WOL

ammonium chloride solution, extracted with AcOEt, and the collected organic layers dried over anhydrous
sodium sulfate, filtered and the solvent removed /i vacuo. FC of the crude afforded the desired N-Cbz 2-
arylglycinols (5)-16-19.

($)-16: 79%; Rf= 0.2 (7:3 n-hexane/AcOE); [a)n™ + 36.6 (c 0.83, MeOH) (in lit. [a]o™ +36.2 (c 1.0,
MeOH), see Ref. 18a); mp 100-102 °C (n-hexane/AcOLt) (in lit. mp 98-99 °C, see Ref. 21c); 'H NMR (400
MHz, CDCl;) & 7.40-7.25 (m, 10H), 5.42 (br signal, 1H), 5.13 and 5.08 (AB dd, 2H, J=12.2), 4.85 (m, 1H),
3.87 (m, 2H), 2.05 (br signal, 1H).

(8)-17: 91%,; white solid; R/': 0.15 (75:25 n-hexane/AcOEt); [a]p® + 27.5 (¢ 0.5, abs. EtOH) (in lit.
[aln® +32.6 (¢ 0.5, 95% EtOH), see Ref. 18¢); mp 106-107 °C (n-hexane/AcOE!) (in lit. mp 107-108 °C, see

J St IREL 1oL ), HID 1VL-1U/ !

(

Ref 21c); "H NMR (400 MHz, CDC! )5 7.40-7.25 (m, TH), 7.04 (m, 2H), 5.42 (br signal, 1H), 5.13 and 5.08
(AB dd, J = 12.2, 2H), 4.82 (m, 1H), 3.87 (m, 2H); ""F NMR (CDCL) & -115.71 (m); FT IR: cm-! 3411,
3330, 1687, 1540, 1510, 1265. Anal. Caled for C1sHisNOsF: C, 66.43; H, 5.57; N, 4.84. Found: C, 66.55; H,
5.58; N, 4.81.

(S)-18: 98%; white solid; Rf= 0.2 (7:3 n-hexane/AcOEY); [a]n” + 17.9 (¢ 0.56, CHClz); mp 101-103 °C
(n-hexane/AcOEt); 'H NMR (400 MHz, CDCls) & 7.40-7.24 (m, 7H), 7.12 (m, 1H), 7.05 (m, 1H), 5.59 (br d,
J=7.4, 1H), 5.12 (m, 1H), 5.12 and 5.08 (AB dd, .J = 12.2, 2H), 3.87 (m, 2H); "°F NMR (CDCl;) § -119.2

(m); *C NMR (100.6 MHz, CDCl:) (selected signals) 8 160.4 (d, J = 245.5), 156.2, 136.15, 129.5 (d, J =
9.2), 128.5, 128.2, 124.4, 115.8 (d, J = 22.3), 67.1, 65.15, 52.6; FT IR; cm-! 3330, 1684, 1542, 1283, 1267.

Anal, Caled for CsHsNO:F: C, 66.43;, H, 5.57; N, 4.84. Found: C, 66.37; H, 6.04; N, 4.60.
()19 65% Re= 0725 (64 n-hexane/AcOEN: o172 - 178 (¢ 0.68, MeOH) (in lit Tl _1804(c 15
(8)-19: 65%, Rf= 025 (6:4 exane/AcOE); [a]p™ - 17.8 (¢ 0.68, M Y(inlt [olp 180(c 15
AMaNIN can Daf 1QRY. TN /920 MLIs O 8 i 821 agranmant uith thot camamtad jo tha litaratiiea 18D
‘\‘ICUIIJ, SCC I\NC!L. IOU}, 11 INIVIIN \LJU LVLIJL, \_,U\,,X}} O 1t 1un aleUlllCl 1 WiLLl titatk lClJ’UllGU 111 LIWC Icialui o,

Hydrogenolysis of the N-Cbz group. Synthesis of the free arylglycinols (5)-20-22. A solution of N-
(bz arylglycinol (16-18) (1.82 mmol) in MeOH (10 mL) was stirred for 15 min in the presence of an excess of
PA(OH),/C under a dihydrogen atmosphere. The solution was then filtered on a Celite pad and the solvent
removed /n vacuo. FC of the crude afforded the desired free 2-arylglycinols (§5)-20-22.

(5)-20: 80%; yellowish solid; [a]p™ + 31.8 (¢ 0.36, IN HCIl) [Commercially available (S)-(+)-2-
phenylglycinol (Aldrich): [a]p™ + 33 (c 0.75, IN HCD)], mp 75-77 °C (AcOEt) (Commercially available (S)-
(+)-2-phenylglycinol (Aldrich): 75-78 °C); '"H NMR (400 MHz, D,0) § 7.47-7.33 (m, 5H), 4.01 (t, J = 6.75,
1H), 3.74 and 3.68 (ABX system, m, 2H).
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> (AcOEi); NMR (400 MHz, D,0)

5 7.38 (m, 2H), 7.15 (m, 2H), 4.01 (t, /= 6.45, 1H), 3.73 and X system, m, ZH); “F NMR (D,0) & -

113.90 (m); “C NMR (100.6 MHz, CD:0OD) & 163.5 (d, J = 243.9), 139.1 (d, J = 2.6), 129.9 (d, J = 6.8),

116.1 (d, J = 21.6), 68.5, 58.0; FT IR: cm-1 34363115, 2914, 2846, 1604, 1513, 1224. Anal. Calcd for
CsHioNOF: C, 61.92. H, 6.50; N, 9.03. Found: C, 61.36; H, 6.57; N, 8.80.

(5)-22: 90%; white solid; [a]n™ + 22.2 (c 0.21, MeOH); mp 154-157 °C (n-hexane/AcOEt); 'H NMR

(400 MHz, CD;OD) & 7.47 (m, 1H), 7.32 (m, 1H), 7.19 (m, 1H), 7.10 (m, 1H), 434 (dd, /= 4.7 and 7.6,

tH), 3.76 and 3.61 (ABX system, m, 2H); ’F NMR (CD;OD) & -117.68 (m); '*C NMR (100.6 MHz)

tCDOD\S 1619 (d, J=244.5), 13057 (d, /J=8.7), 129.65 (d J= 46.5), 12935(d, J = 42), 12561 {d J=

,,,,, 45 8, L0002

3.5),116.4 (d, J = 22.5), 66.54, 52.41 (d, J = 24) FT IR: cm! 3455, 3054, 2883, 1588, 1516, 1499, 1232.
N
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