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Abstract: Asymmetric o-sulfenylation of lithiated SAMP/RAMP hydrazones (S)-2 with disulfides
afforded o-thiolated hydrazones (5,R)-3 in good yields (48-87%) and high diastereomeric excesses (91-
96%) DUDS&qUEﬂ[ oxmduve ueavage or a.ClUl(- ﬂ) Ur()lyblb UI [ﬂC nyurazoucs IUmlSnCO u.—lmolau‘:a I(C[ODCS
(R)-4a-d with high enantiomeric cxcesscs (87->96%). o-Sulfenylated aldechydes (R)-8a-d were prepared

by a similar reaction sequence with 45-93% ee. © 1998 Elsevier Science Ltd. All rights reserved.

o-Sulfenylated carbonyl compounds (A) are important key building blocks in organic chemistry.!-2 They

olecules as for instance vicinal thioether alcohols.3

have been used a

3

as precursors for a large number of target

for a large numbe
Synthetic methods for the preparation of a-thiolated optically active carboxylic acids derivatives have been
established.4 However, despite the significance of the corresponding ketone and aldehyde compounds only a
few methods for the preparation of enanantiomerically enriched oa-sulfenylated ketones and/or aldehydes have

been reported.5-® A variety of these synthetic approaches are based on a stereoselective bond formation in o-
aldehydes via alkylation of sulfenylated acetaldehyde SAMP hydrazones (B), opening an efficient and
convenient access to o-sulfenylated aldehydes of high enantiomeric purity.”-8 The recent publication of Warren

et al.9 on the synthesis of optically active 2-phenylthio aldehydes by sulfenylation of phenylalanine-derived

SAMP/RAMP hydrazones by thiolation of metalated SAMP/RAM

efficient and flexible alternative.10
Q Q Q
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RESULTS AND DISCUSSION

As is shown in Scheme |, a variety of commercially available ketones 1 were transformed to the corre-
sponding SAMP/RAMP hydrazones (S)/(R)-2 in good yields (82-89%), following standard literature
procedures.11.12 Then, the hydrazones 2 were metalated with lithium diisopropylamide in tetrahydrofuran at
0°C. After complete formation of the aza enolates, the sulfenylation reactions were carried out by addition of
the corresponding disuifides to the tetrahydrofuran solutions of the enolates at —100°C, and the reaction
mixtures were allowed to warm to room temperature overnight. Standard aqueous work-up and purification by
column chromatography furnished the o-thiolated hydrazones 3 as yellow oils in good yields and very high

diastereomeric excesses (Table 1),
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R b) 39-72% (R)-4 |a) ee=92->96%
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a) Og, CH20|2, -78°C

[0
f\)
oo
[(e}
&
0
O
T
w
3:
ol
<I
o,
3
Q
|
o]
Q
I
w
_._____._...

| N N 47-59%

1 NH> X 72-90% | b) 2N HCI, pentane
OCH, OCHj,

NoNey 1. LDA, THF, 0°C NN,
2. R%sSR?, -100°C U s
R 2887% RN

R? /\}!“2

(S)-2 (SA)-3 [de=91->96%]

Scheme 1. Enantioselective Synthesis of o-Thiolated Ketones

Spectra and chromatograms showed a mixture of E/Z isomers. The pure E-isomer of 3¢ was obtained by
,.Kugelrohr distillation of the hydrazone. However, the determination of the diastereomeric excess turned out
to be difficult. In the case of 3¢ and (S,R)-3d, we were able to determine the diastereomeric excesses by 13C
NMR spectroscopic analysis. The de-values of the further examples were finally deduced from the enantiomeric
excess of the corresponding a-thiolated carbonyl compounds 4. Hydrazone 3¢ was originally formed in 70%
diastereomeric excess, however, we were able to enrich the main isomer by crystallization.

As is evident from the data in Table 1, slightly higher diastereoselectivities were observed when

Pmnlnmna the Sggﬁga]!y more demandine dii:nnrgpyldisul‘ide (de = >96%) instead of dimethyldisulfide (de =

........ anding diisopr instead of dimethyldisulfide (de
91->96%) in the sulfenylation reactions. On the basis of many previous resuits of electrophilic substitutions via
SAMP/RAMP hydrazones, we assumed that the reaction had taken place following the established mechanism
of electrophilic substitutions via SAMP hydrazones, forming the new stereogenic center with (R) configuration.

Fortunately, we obtained crystals of compound 3e¢ for a X-ray structure analysis, and we unambiguously deter-
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mined the configuration to (S,R) in complete agreement with the model for the diastereofacial approach of
electrophiles to lithiated SAMP hydrazones. The structural details of this X-ray analysis have already been

reported in a separate publication.13

Table 1. Diastereoselective Synthesis of o-Sulfenylated Hydrazones 3

3 R!' R2 R} yieldl)l of neator deldl Config.
[%] (c; CgHg) [%]
a Et Me Me 87 +162.2 91 S.R
b Et Me iPr 86 +159.9 >96 S,R
c Ph Me Me 84(52) +737.9(0.8) 706 >96)%1 SR
el Ph Me Me 87(48) -733.1(0.26) 70 (92)b] RS
d Ph Me iPr 82 +724.0 >96 S,R
dicl Ph Me iPr 87 -718.5 >96 R,S

[#] Yiclds arc based on 1. - Values in brackets refer to yields and de’s after
crystallization. - °] Confirmed by !3C NMR spectroscopy. - ¢/ RAMP was used
instead of SAMP as auxiliary.

Cleavage of the hydrazones 3 was readily achieved by ozonolysis at —78°C in dichloromethane, leading to

a-sulfenylated ketones 4 in 47-59% yield and 91-96% ee. Enantiomeric excesses of the slightly yellow oils were

determined by IH NMR shift experiments em

Yail Sl CApPS

(Table 2)
(1a0i¢ 2).

Table 2. Ketones 4 Obtained by Oxidative Cleavage or Acidic Hydrolysis

4 R! R2 R} yieldal yicldlabl af tal eelacl  Config.
[%] [%] neat or (¢, CgHg) [%]
a  Et Me Me 52{90} 42{72) +249.0 (+227.3} >91 {83} R
b Et Me iPr 47(85) 37{67} +148.4  (+123.7(0.79)} 96{88} R
¢ Ph Me Me 58{89} 26(39}) +3.7(0.9) {+3.8(1.05)} >96{96} R
cd Ph Me Me 56 24 ~3.4(0.5) 92 S
d Ph Me iPr 59{72) 41{53) +119.6 {+853(1.05)} 96{87} R
dldl Ph Me iPr 56 43 -117.7 95 S

fal Yields, optical rotations and ee"s in brackets {} refer to ketones obtained by acidic hydrolysis. - Yields refer to
hydrazones 2. - [} Yields refer to carbonyl compounds 1. - [¢] Determined by LIS NMR experiments. - {41 RAMP
was used instead of SAMP as auxiliary.

The chemoselective oxidative cleavage of the hydrazone proceceded without racemisation. However, due
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obtained, therefore, another cleavage method was applied. Hence, the hydrazones were vigorously stirred with
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2N HCl/pentane in a two phase system, giving the a-thiolated ketones 4 in 72-90% yield with 87-96% ee, again

determined by LIS shift experiments. Obviously, a p nder these relatively harsh
reaction conditions applied. However, despite this minor disadvantages, a convenient preparation of thiolated
ketones has been worked out. Needless to mention that the auxiliary can efficiently be recovered.11.12

Then, we focused on the enantioselective synthesis of o-thiolated aldehydes (Scheme 2). In our recent

publication we had presented an efficient method for the preparation of 2-sulfenylated aldehydes of high enan-

This time, the commercially available aldehydes 5 were converted to the corresponding SAMP hydra-
zones (S)-6, metalated with lithium diisopropylamide in THF at 0°C and sulfenylated by addition of the

dialkyldisulfides at —100°C. The reaction mixtures were allowed to warm to room temperature overnight and
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diastereoselectivities were observed in this reaction series when dimethyldisulfide was utilized as sulfenylation
agent. The NMR spectra also revealed that the hydrazones were isolated in the thermodynamically favored (E)

configuration. The configurations of the newly generated stereogenic centre were deduced from the corre-

tions of SAMP hydrazones.!2 It is important to mention that the formation of the (S,R) diastereomer constitutes
a stereochemical alternative of our previously published method where the (S,S) isomer is dominantly formed.”

By combination of both methods it is possible to prepare both diastereomers, utilizing the same auxiliary.
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Tabie 3. o-Thioiated Aidehyde SAMP Hydrazones

-~ nli n? iald P IR 1. Neamfis lal
i n n yiciG U‘D fieat of aé LOnTig. e
(%]  (c,CeHg) [%]
a Et Me 69 -56.1 85 S,R
b nPr Me 70 -67.8 93 S.R
¢ nPr Pr 43 95 82 SR
4 Pr Me 65 600 91 S.R
e Bn Me 76 -99.2(09) 84 S.R
f Bn Pr 52 59307 70 S.R

[a] Configurations were deduced from corresponding aldehydes.

The cleavage of the hydrazones was firstly carried out in the two phase system, employing 2N¥ HCI and

SLAM, LAt

nnnnnn a n I nnsvmamlata wannmiicontinm 11100 Ahoaeirad 10 thaca cawveeneireined bs o/ M o Sy
p!:uu:ulc Luw le ud 1 viilual Lo IIPICLC LALCTHIILIDAUIUH wad UINDCE VUL 11 LHODUT Cl\lxl HILICHLWL. LIKCICIVIC, UUL dldil-
dard cleavage protocol using ozone as oxidizing agent was applied, furnishing the 2-sulfenylated aldehydes 8 in

67-70% yield and 45-93% ee as yellow, smelly oils that decomposed at room temperature in the presence of air.

Thus, the oxidative cleavage of the hydrazone moiety proceeded without racemisation, as is shown in Table 4,

Table 4. Aldehydes 8 Obtained by Oxidative Cleavage with Ozone

8 R! R? yield [0(]%2 ee  Config.
[%]  (c,Ce¢Hg)  [%]

a »Pr Me 67 1+6411(02326) 93 R

b iPr Me 68 -142.7(1.0) 91 R

¢ Bzi Me 70 +1i6.5(0.54) 79 R

d Bzi iPr 70 +13.1(1.1) 45 R

All n
a T

nllv characterized. The snectrosconic
A 1Y characienzed CLrosco

w aldehydes were fully char i spectroscopic

data of the known aldehvdes matched

of the kn aldehydes matched
those reported in the literature.” Configurations were determined to be (R) by comparison with the data known

for thiolated aldehydes prepared by alkylation of sulfenylated acetaldehyde SAMP hydrazones.”

CONCLUSION
The enantioselective o-sulfenylation of ketones and aldehydes presented in this paper opens a practical
entry to these important classes of carbonyl compounds by carbon sulfur bond formation employing simple ke-

tones, aldehydes and disulfides as starting materials. In addition, in the case of a-sulfenylated aldehydes it



10244 D. Enders et al. / Tetrahedron 54 (1998) 10239-10252

constitutes an efficient and flexible alternative to our previously reported method via a-alkylation of thiolated
acetaldehyde SAMP hydrazon

nes. Needless to mention that both enantiomers are available bv these methods
AINT s A TWRRRAVUL LU IAAVEILIVEL LAY UV AR wridlsiviavL Kikvivw v 2 N WLV D

respectively.

£ vnnaad A1l smnmbimne sxraea ~nreiad b arotna cfnmdand Qallal s biaion o Q1. o o tsrae
reneral. Al i CLIVEHDS WEIT Lallitud DUl usSHIE Stalidaiu OCHICHA CCHHIIQUCS, SUBVUIILSY WCI
fied by conventional methods prior to use. Tetrahydrofuran was freshly distilled from sodium under argon. Re-
agents were purchased from common commercial suppliers and were used from freshly opened containers un-

less otherwise stated. SAMP/RAMP hydrazones 2 and 6 were prepared following standard literature proce-

Apparatus. Optical rotations: Perkin-Eimer P 241 polarimeter; solvents of Merck UVASOL quality. - IR
spectra: Beckman Acculab 4, Perkin-Elmer FT 1750. - IH NMR spectra (90 or 300 MHz) and !13C NMR spec-
tra (20 or 75 MHz): Varian EM 390 or Varian VXR 300 (3 in ppm, solvent: CDCl;, TMS as internal standard).
- Mass spectra: Finnigan MAT 212 (EI 70 eV). - Microanalyses: Heraecus Mikro U/D or Heraecus CHN-O-

T A T 1- TIT™Y

RAPID. - Ozonolyses: Fischer ozone generator type 502. - HPLC: Du Pont HP

X7

C 830, UV detection; Waiers

590, UV detection.

reneral procedure 1 for the thiolation nf SAMP/RAMP hwirnwmpc 2 and 6:

1Bulli (1.1 equiv., 1.6 M in n-hexane) was added dropwise to a solution of diisopropyl-
amine (1.1 equiv.) in THF (30 ml/10 mmol) at 0°C under an atmosphere of argon. After 15 min. the LDA (1.1
equiv.) solution had been generated and the SAMP hydrazone (S)-2 (1.0 equiv.), dissolved in THF (20 mi/10

mmol), was added dropwise, and the reaction mixture was stirred at 0°C.11 After 5-8 h the reaction mixture was

30 min. at —-100°C and was allowed to slowly warm to room temperature overnight. Diethylether (100 ml) was
added and the organic layer was washed with pH-7 buffer (2x10 ml) and H,O (10 ml). The organic layer was
separated, dried (NaSOy4) and concentrated under reduced pressure, yielding the crude thiolated hydrazone,
which was purified by column chromatography (silica gel; pentane/diethylether 1:1 to 3:2) or Kugelrohr distil-

lation.

General procedure 2 for the oxidative cleavage of the thiolated hydrazones 3 and 7:
Cl, (50 ml), and the solution was cooled to —78°C. A

“ v
I1HLEY u 1 LA AT ERIILY e 1 wd. e

The hydrazone (10 mmol) was dissolved in CH
am of ozone (60 lh—*) was flushed through the s
slowly continued until the completion of the reaction was indicated by TLC. To avoid an oxidation of the
sulfide to the corresponding sulfoxide, the amount of ozone had to be carefully chosen. The solvent was
removed in vacuum and the thiolated ketonc was purified by column chromatography (silica gel;

pentane/diethylether 3.5:1.5 to 3:7, diethyl ether for nitrosamine isolation).
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General procedure 3 for the acidic hydrolysis of the sulfenylated hydrazones 3:

The ketone hydrazone was dissolved in pentane (100 ml/mmol) at 0°C and 2~ HCI (10 mi/mmol) was
added with vigorous stirring. After stirring for 30 min., TLC control indicated the completion of the reaction.
The organic layer was separated, washed with H,O (3x30 ml), dried (MgSO,) and concentrated under reduced
pressure, yielding the crude thiolated ketone which was purified by column chromatography (silica gel; pen-

tane/diethylether 3.5:1.5 to 3:7).

(28,2°R)-(+)-1-(1’-Ethyi-2’-(methylsuifanyl)-1’-propylidenamino)-2-methoxymethylpyrrolidine [(S.R)-
3al: 1.39 g (7 mmol) 3-Pentanone SAMP hydrazone and dimethyldisulfide were reacted according to general
procedure |, yielding 1.48 g of (5,R)-3a (87%) as a pale yellow oil after Kugelrohr distillation. - b.p. = 90°C

(N0 mhary n22 = 1167 2% (neat) - do = Q1% _ TR (film)- V] = 2N0N02200 ~m—1 16185 1480 1378 19R
\\I.UJ 11IT74s }- \LD LN O\ V- ry-) \ll\-ru!.}. “uc /1 /U FOAN \llllll}. Y [OAVLAV AV By Al V. V20 ” IUIJ, I—I'JU’ IJI.], ll-u\l,
1200, 1130, 1035, 970. - 1H NMR (90 MHz) 6 = 1.15 (t, 3H, J = 7.5 Hz, H,CCH,), 1.22 (d, 3H, /= 7.5 Hz,

CHCH3), 1.50-2.20 (m, 4H, CH,CHjy), 1.95 (s, 3H, SCHj3), 2.20-2.70 (m, 3H, CHHN, H;CCH,), 2.90-3.60 (m,
4H, CHHN, CHN, CH,0CHs), 3.30 (s, 3H, OCHj3), 4.65 (q, 1H, J = 7.5 Hz, CHS). - MS (70eV); m/z (%) =
244 (21) [M*], 200 (11), 199 (87) [M+ —SCH;5], 197 (20), 130 (11) 114 (12), 75 (100), 70 (23), 56 (42), 45
(20), 41 (33). - ound C 58.76, H9.94, N 11.47.
(28,2°R)-(+)-1-(1’-Ethyl-2’-(isopropylsulfanyl)- 1’-propylidenamino)-2-methoxymethylpyrrolidine [(S,R)-
3b]: 0.99 g (5 mmol) 3-Pentanone SAMP hydrazone and diisopropyldisulfide were reacted according to general

7 iy
QLOr. 1R RTT)
o 1

+159.9° (neat). - de = >96%. - IR (film): v = 3000-2800 cm~1, 2730, 1620, 1450, 1370, 1350, 1245, 1200,

1125, 1050, 975, 950. - 'H NMR (90 MHz) 6 = 1.20 (m, 12H, 4 CHj3), 1.80 (m, 4H, CH,CH,), 2.20-2.90 (m,

4H, CH(CHj),, CHHN, H3CCH>), 2.90-3.50 (m, 4H, CHHN, CHN, CH,0CH3), 3.28 (s, 3H, OCHj), 4.60 (q,
2

kY
I J-78H
i, v = 7.0

iy

\7)- mfe (O

g T L
R

AN
[M* —SCH(CH3),], 158 (12), 153 (20), 116 (17), 114 (57), 103 (100), 84 (21), 82 (18), 71 (13), 70 (40), 61
(71), 59 (15), 56 (74), 55 (15), 54 (11), 45 (40), 43 (32), 42 (14), 41 (55). - C4HpgN,OS (272.5): caled. C
61.76, H 10.31, N 10.31; found C 61.87, H 10.16, N 10.47.

8 277 (R 10R
70 Lii \O4&)y 170

(25,2 R)-(+)-2-Methoxymethyl- 1 -(2’-(methylsulfanyi)- 1 ’-phenyi- 1’-propylidenamino jpyrrolidine  {{(5,R)-
3c]: 1.85 g (6.5 mmol) Propiophenon SAMP hydrazone and dimethyldisulfide were combined according to gen-

eral procedure 1, yielding 1.60 g of (S,R)-3c (84%) as a pale yellow oil after column chromatography. -

70%. - The yellow oil was crystallised from n-hexane at —78°C, yielding 0.98 g (52%) of vellow crystalls. - m.p.
—&1.67°0 _ a2l _ 0727 Q /¢ aNQ CIT N _ Ads — S06% 14 _ IR (film): ¥V = 2080 cm—!. 3030, 3020 3000-
- Ul"UL . lu]D —_—T/I2i/.7 \L — U.0O, \/6116}. ue — 2770 /0. PEAN \llllll}. YV = JUOU (111 s QVOIOU, JULVY, JUUF

2800, 2730, 1575, 1570, 1480, 1450, 1370, 1350, 1275, 1200, 1170-1050, 1025, 970, 810, 780, 725, 705, 680,
640, 605, 525. - 'H NMR (E isomer) (90 MHz) 8= 1.29 (d, 3H, J = 7.5 Hz, CHCH};), 1.35-2.90 (m, 6H,
CH,CH,, CH;N), 2.05 (s, 3H, SCHjy), 3.20-3.80 (m, 4H, CHN, CH,0CHj3, CHS), 3.30 (s, 3H, OCHjy), 7.32
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(m, SH, CgHs). - 13C NMR (20 MHz) § = 13.2 (CHCH,), 18.8 (SCH3), 23.2, 26.8 (CH,CH,), 47.8 (SCH), 55.3
(NCH,), 59.2 (OCH3), 66.6 (NCH), 75.5 (CH,OCH3), 127.7, 127.9, 128.3 (CHamm_), 137.6 (Carom. ). 150.5
(C=N). - MS (70eV); miz (%) = 292 (12) [M*], 247 (47) [M* —SCHj], 245 (37), 199 (53), 178 (10), 132 (65),
130 (48), 115 (13), 114 (16), 104 (41), 77 (64), 75 (100), 70 (23), 51 (12), 47 (16), 45 (20), 41 (21). -

C6H24N,08S (292.4): caled. C 65.71, H 8.27, N 9.58; found C 65.73, H 8.20, N 9.57.

(2R,2°S)-(—)-2-Methoxymethyl-1-(2’-(methylsulfanyl)-1’-phenyl-1’-propylidenamino )pyrrolidine  [(R,S)-
3¢]: 1.23 g (5 mmol) Propiophenon RAMP hydrazone and dimethyldisulfide were combined according to
general procedure 1, yielding 1.28 g of (R,S5)-3¢c (87%) as a pale yellow oil after columnn chromatography. -
[OL]%S = -634.1 (¢ = 1.1, CgHg). - de = >70%. - The yellow oil was crystallised from n-hexane at -78°C,

yielding 0.51 g (48%) of yellow crystalls. - [a]3' = ~733.1 (c = 0.26, CgHy). - de = 92%.14 - IR (film): V =
3090 cm—1, 3060, 3000-2800, 2720, 1550, 1500-1400, 1380, 1350, 1320-1250, 1200-1000, 980- QUO, 750, 770,

), 49 (g, 1H J=74Hz CHS) 7.35(m, 3H, CcH:), 7.75 (m, 2H, C.H:z)
NNARY )y TS Yy iRy v Al oAk, u Si%, 525/, R s R nr s L 1A ER VS
(CHCHz), 18.2 (SCH;3), 22.3, 26.8 (CH,CH,), 39.2 (SCH), 56.6 (NCH,), 59.0 (OCH3), 66.8 (NCH), 75.4

(CH,OCH3), 127.8, 128.3, 128.7 (CHyom) 136.7 (Carom.)s 165.0 (C=N). - MS (70eV); m/z (%) = 292 (14)
[M+], 247 (40) [M*+ -SCH3], 245 (31), 132 (38), 104 (16), 77 (24), 75 (100), 45 (20), 41 (24). - C,gH4N,OS
(292.4): calcd. C 65.71, H 8.27, N 9.58; found C 65.75, H 8.24, N 9.64.

(28,2’R)-(+)-1-(2’-(Isopropylsulfanyl)-1'-phenyl- 1’-propylidenamino)-2-methoxymethylpyrrolidine

[(S.R)-3d]: 1.97 g (8 mmol) Propiophenon SAMP hydrazone and diisopropyldisulfide were reacted according to

general procedure 1, yielding 2.10 g of (S R) 3d (82%) as a yellow oil after column chromatography. - 20 =

LINA NO

At >96% 14 _ 1D
T/a%.U o \liIcat).

df = >96%. IR 2070 m-1 20 3000-2800. 2740 1680) 1870 15 I_A'_SO

Cin -, J JU, JUUU-LOUY, 47U, 1UUU, 1JiVU, 1JWU, |

-

)

1390, 1370, 1300, 1250, 980, 950, 8’ .- IH NMR (90 MHz) 8 = 1.20 (d, 3H, J = 7.5 Hz, CHCHj3), 1.35
(d, 3H, J = 6.0 Hz, CH(CH3),), 1.52 = 7.5 Hz, CH(CH3)5), 1.90 (m, 4H, CH,CH,), 2.50-3.10 (m, 2H,
CH(CH;),, CHHN), 3.22-3.70 (m, 4H, CHHN, CHN, CH,0CH3), 3.35 (s, 3H, OCHg), 490 (q, 1H,J =175

Hz, CHS), 7.30 (m, 3H, C<Hs), 7.80 (m, 2H, C<Hx). - 13C NMR (20 MHz) 8 = 19.4 (CHCH,), 22.8, 27.2
LRy NAInd )y 10V BRIy i1, QARG ), OV i, &il, [iig). 1 7 A 37 3
(CH,CH,), 23.3 (CH(CH3);), 35.6 (CH(CHz),), 36.7 (SCH), 56.7 (NCHy), 59.0 (OCHs), 66.8 (NCH), 75.5

(CH,0OCH3), 127.8, 128.1, 128.5 (CHyrom), 136.9 (Cyrom), 165.5 (C=N). - MS (70eV); miz (%) = 320 (20)
[M+], 277 (18), 275 (54), 246 (20), 245 (74) [M*+ —SCH(CHjy),], 206 (11), 132 (83), 130 (16), 115 (147), 114
(41), 105 (13), 104 (38), 103 (100), 82 (11), 77 (31), 70 (30), 61 (60), 45 (36), 43 (26), 41 (26). - C,gHgN,0S

JU ) O

(320.5): caled. C 67.45, H 8.81, N 8.78; found C 67.35, H 8.66, N 8.79.

(2R,2°S)-(=)- 1-(2 -(Isopropylsulfanyl)-1°’-phenyl-1’'-propylidenamino)-2-methoxymethylpyrrolidine [(R,S)-
3d]: 1.23 g (5 mmol) Propiophenon RAMP hydrazone and dnbopropyldlsulﬁde were combined according to
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0, 1490, 1450, 1380, 1365, 1310-
1.17 (d, 3H, J = 7.5 Hz, CHCH>), 1.30 (d

iy ARLy AL AT, 1.0V (U,

718.5° (neat). - de = >96%. - IR (film): V = 3070 cm~1, 3000-2800, 1600, 156
1280, 1250, 1200, 1120, 1050, 945, 770. - 'H NMR (90 MHz

L0V, 1oV, 14UV, Ve A viis

)
1)

o
I|I

3H, J = 6.0 Hz, CH(CH»),), 1.38 (d, 3H, J = 7.5 Hz, CH(CH3),), 1.85 (m, 4H, CH,CH,), 2.45-3.10 (m, 2H,
CH(CH3),, CHHN), 3.10-3.70 (m, 4H, CHHN, CHN, CH,0CHj), 3.30 (s, 3H, OCH3), 4.85 (q, IH, J = 7.5
Hz, CHS), 7.30 (m, 3H, C¢Hs), 7.75 (m, 2H, CgHs). - MS (70eV); miz (%) = 320 (9) [M*], 275 (24), 246 (12),
245 (34) [M* —SCH(CHj3),], 201 (25), 199 (43), 133 (11), 132 (100), 130 (43), 115 (16), 114 (26), 105 (12),

104 (54), 103 (65), 82 (i1), 77
C5HogN,0S (320.5): calcd. C 67.45, H8.81, N 8.

(R)-(+)-2-(Methylsulfanyl)-3-pentanone [(R)-4a]: 1.33 g (5.4 mmol) (S,R)-3a were reacted according to
genaral nracadnra 7 vialdinaga N AN o Af (A SV ag a hricght valla nil aftar cahihimmn Aheamatagranhy sz
5bllblal lJlU\/L/Uulb Ly ylblullls .y 5 A ) - P /U} ady a Ullslll ybllUW Vil aitvl Luruiiig blllUlllalUsla lly. WD

l ~~
oy
-
p—
i
[
LN

= 4+249.0° (neat). - ee = >91%.15 - 0.62 g (2.5 mmol) (5,R)-3a were reacted according to general procedure 3,
yielding 0.30 g of (R)-4a (90%) as a bright yellow oil after column chromatography. - aD = +227.3° (neat). -
ee = 83%.16 - IR (film): V = 3020-2800 cm~!, 1710, 1460-1410, 1380, 1355, 1210, 1180, 1130, 1100, 1065,
1020, 960, 810. - 'H NMR (90 MHz) & = 1.03 (t, 3H, J = 7.5 Hz, H;CCH,), 1.35 (d, 3H, J = 7.5 Hz, CHCH,),
1.90 (s, 3H, SCHj3), 2.63 (m, 2H, H3CCH,), 3.35 (q, 1H, J = 7.5 Hz, CHS). - MS (70eV); m/z (%) = 132 (4)
[M*], 75 (100), 57 (15), 47 (21), 41 (30). - CgH;,0S (132.2): caled. C 54.50, H 9.15; found C 54.38, H 9.07.

(R)-(+)-2-(Isopropvisulfanyl)-3-pentanone [(R)-4b}: 1.54 g (5.7 mmol) (§ R)-3b were reacted accordinge

f o ¥ J i r iy 3 o N 7 N\ > 7 o
PP, PR IR | == Y 1A .Y A o L 1 YT i o arlimalmnn A2l i b L PR 21 —_
to generai procedure 2, yielding U.43 g of /%) as a cOIOriess Oil afier COlumin Chi gmpny -op =

+148.4° (neat). - ee = 96%.15 - 0.30 g (1.1 mmol) (S,R)-3b were reacted according to general procedure 3,

yielding 0.15 g of (R)-4b (85%) as a colorless oil after column chromatography. - [a g = +123.7 (¢ = 0.79,
CcHg). - ee = 88%.15 - IR (film): V = 3000-2860 cm-1, 1710, 1460, 1415, 1375, 1350, 1250, 1175, 1160, 1135,

nis 111 NNMDP 700 MTIT
viJ

1 ) 0] S By 4 78 Uy O\ D) QO {can
<7 TH1 LVIVAIN \JVU WVIX1LZ ) L 1.J

nz, 113\.,\.4121, <.607 \5CP, J

6.0 Hz, CH(CHj3),), 3.45 (q, 1H, J = 7.5 Hz, CHS). - MS (70eV); m/z (%) = 160 (16) [M*], 103 (60), 86 (18),
61 (100), 57 (18), 43 (20), 41 (10). - CgH£0S (160.3): calcd. C 60.00, H 10.00; found C 59.76, H 9.86.

(R)-(+)-2-(Methylsulfanyl)-1-phenyl-1-propanone [(R)-4¢]: 1.25 g (4.3 mmol) (S,R)-3¢ were reacted ac-
cording to general procedure 2, yielding 0.45 g of (R)-dc (58%) as a yeliow oil after column chromatography. -
[cx]D =+3.7 (¢ = 0.92, C¢Hy). - ee = >96%.15 - 0.15 g (0.55 mmol) (S,R)-3¢ were reacted according to general

procedure 3, yielding 0.084 g of (R)-4¢ (95%) as a yellow oil after column chromatography. - [a]22 =+38(c=

1.05, C¢H). - ee = >96%.15 - IR (film): ¥ = 3070 cm-1, 2980, 2930, 2870, 1675, 1600, 1585, 1450, 1380,
1340, 1250, 1185, 1110, 1085, 1070, 1020, 950, 850, 805, 750-680, 660. - 'H NMR (90 MHz) § = 1.50 (d, 3H,
J = 1.5 Hz, CHCH3), 1.95 (s, 3H, SCHj), 4.30 (q, IH, J = 7.5 Hz, CHS), 7.45 (m, 3H, CHs), 7.95 (m, 2H,

CgHs). - MS (70eV); m/z (%) = 180 (16) [M*], 134 (44), 105 (100), 77 (52), 75 (75), 51 (20), 47 (12), 41 (15). -
CyoH 708 (180.3): caled. C 66.62, H 6.71; found C 66.58, H 6.85.
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(S)-(~)-2-(Methylsulfanyl)-1-phenyl-1-propanone [(S)-4c¢]: 0.27 g (0.9 mmol) (R,S)-3¢ were reacted ac-

rocedure 2, \npldlno 0.092 o of ((’) -de <6% a vellow oi

y Jaivaliiig V.U L5 Vi

(R)-(+)-2-(Isopropylsulfanyl)- 1-phenyl-1-propanone [(R)-4d]: 0.845 g (2.6 mmol) (S,R)-3d were reacted
according to general procedure 2, yielding 0.323 g of (R)-4d (59%) as a yellow oil after column chromatogra-

phy. - ﬁ‘.2DO =+ (neat). - ee = 96%.*> - (.45 acted according to general pro-
cedure 3, yielding 0.21 g of (R)-4d
(c = 1.05, C¢Hg). - ee = 87%.16

1315, 1240, 1185, 1160, 1055, 100

72%) as a bright yellow oil after column chromatography. - [o JD =+85.3
(film): V = 3080 cm~1, 2980, 2940, 2880, 1680, 1605, 1590, 1455, 1380,
, 955, 805. - IH NMR (90 MHz) § = 1.25 (d, 6H, J = 6.0 Hz, CH(CH?),),

17—
11, J =

UIEA

S
AN LT 7T &8N
v.J .oV

70eV); miz (%) = 208 (11) [M*], 134 (70), 105 (69), 103 (100), 77
10) - C1,H,¢O0S (208.2): caled. C 69.23, H 7.60; found C 69.29, H 7.77.

\O

~

.h

—~ v
Cf}
—
~l

(S)-(—)-2-(Methylsulfanyl)- I -phenyl-1-propanone [(§)-4d]): 0.66 g (3.0 mmol) (R,S)-3d were reacted ac-
cording to generai procedure 2, yielding 0.242 g of (S)-4d (56%) as a pale yellow oil after column chromatog-

raphy. - aD =—117.7° (neat). - ee = 95%.16 -The spectroscopic data matched those reported for (R)-4d.

(28,2'R)-(—)-2-Methoxymethyl-1-(2’ (mprhvlculfnnvl) 1 -hurvhr]pnnmmn)nyrrgljding [(§,R)-T7al: 0.74 g (4
PR R § R 1 OARNATY L. o PR SO N [N iR I asgpi [y PRy mmamm Lot X B a PUPRSPRT R B 1
nmoi) Butanal SAMP hydrazone and dimethyldisulfide were combined acc aing o general proceaure i,

yielding 0.64 g of (S,R)-7a (69%) as a colorless oil after Kugelrohr distillation. - b.p. = 85°C (0.03 mbar). -
(xD = -56.1° (neat). - de = 85%.14 - IR (film): V = 3000-2800 cm~1, 1600, 1465, 1385, 1350, 1310, 1290,
1200, 1125, 975, 915. - 'H NMR (300 MHz) 8 = 1.00 (t, 3H, J = 7.4 Hz, HyCCH,), 1.67 (m, 2H, H;CCH,),

1.75-1.98 (i‘i’i, 411, Cxxz\,uz), 2.00 (S 3"1 SCH3), 2.80 (m, 1H, ClluN), 3.18 (*ﬁ, 1H, CHS), 3.23-3.50 ( ii, 3H
CHHN, CH,0CH3), 3.38 (s, 3H, OCHj3), 3.55 (m, 1H, CHN), 6.38 (d, IH, J = 7.6 Hz, CH=N). - 13C NMR (75

MHz) 8 = 11.9 (H3CCH,), 13.5 (SCH3), 22.2, 26.2, 26.6 (CH,CH,, CH3CH,), 50.2 (CH,N), 50.6 (SCH), 59.2
(OCHj), 63.6 (CHN), 74.6 (CH,0OCH3), 137.7 (CH=N). - MS (70¢V); m/z (%) = 230 (10) [M*], 185 (41), 184
(11), 183 (100) [M* —SCH3], 137 (15), 116 (17), 114 (13), 112 (10), 82 (12), 74 (13), 71 (16), 70 (25), 68 (10),
55 (10), 45 (15), 41 (22). - 1 HypN,0S (230.1): caled. C 57.35, H 9.63, N i2.16; found C 57.58, H 9.59, N
12.25.

yielding 0.85 g of (S,R)-7b (70%) as a yellow ail after Kugelrohr distillation. - b.p. = 90-92°C (0.05 mbar). -
(IZDO = —-67.8° (neat). - de = 92%.17 - IR (film): V = 3000-2800 cm~!, 1600, 1460, 1380, 1345, 1305,

1150-1070, 975, 910-880, 760. - 'H NMR (90 MHz) 8= 0.90 (t, 3H, J = 7.5 Hz, H;CCH,), 1.20 (m, 2H,
H3;CCH>), 1.40-1.90 (m, 6H, CH,CH,, CH,CHS), 2.00 (s, 3H, SCH;), 2.80 (q, 1H, J = 7.5 Hz, CHS), 3.10-
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3.80 (m, SH, CHHN, CH,OCH3, CHN), 3.35 (s, 3H, OCHjy), 6.35 (d, 1H, J = 7.6 Hz, CH=N). - 13C NMR (20
MHz) § = 13.6 (H3CCH,), 13.9 (SCH3), 20.5 (CH3CH,), 22.2, 26.6 (CH,CH,), 35.0 (CH,CHS), 48.7 (CHS)

........................ 375 &V 2R3 259 iy LD X 27 AT AT 5, TOGT \v:xu;,

50.3 (CH;N), 59.2 (OCH3), 63.7 (CHN), 74.7 (CH,OCH3), 137.9 (CH=N). - MS (70eV); m/z (%) = 244 (4)
[M+], 199 (36), 198 (12), 197 (100) [M*+ —-SCH3], 151 (21), 130 (22), 114 (25), 112 (20), 87 (11), 84 (13), 82
(32), 80 (12), 74 (13), 71 (27), 70 (38), 68 (13), 67 (10), 61 (26), 55 (23), 45 (33), 43 (13), 42 (14), 41 (43). -
C2H24N,OS (244.4): calced. C 58.97, H 9.89, N 11.46; found C 58.85, H9.84, N 11.20.

(28,2°R)-(—)-2-Methoxymethyl-1-(2’-(isopropylsulfanyl)-1’-pentylidenamino)pyrrolidine [(S,R)-7c]: 0.79
g (4 mmol) Pentanal SAMP hydrazone and diisopropyldisulfide were combined according to general procedure

1, yielding 0.47 g of (5,R)-7d (43%) as a yellow oil after column chromatography. - o =-9.5° (neat). - de =

(=4

&

2 OZ, 17_10
F b IU 1IN

H NMR (300 MHz) 8 = 0.90 (t, 3H, J = 7.2 Hz, H3CCHy), 1.22 (d, 3H, J = 6.9 Hz, SCH(CHs),), 1.28 (d, 3H,
J = 6.6 Hz, SCH(CHS,),), 1.45 (m, 2H, H3CCH>), 1.60 (m, 2H, CH,CHS), 1.75-2.05 (m, 4H, CH,CH,), 2.80
(m, 2H, CHHN, SCH(CHs),), 3.30-3.60 (m, 5H, CHHN, CH,0OCH3;, CHN, CHS), 3.35 (s, 3H, OCH;,), 6.38

(d, 1H, J = 7.9 Hz, CH=N). - 13C NMR (20 MHz) 8 = 13.8 (H3CCH,), 20.4 (CH3CH,), 22.1, 26.6 (CH,CH,),

.—..

.y MTTO 72t s

23.8, 24.0 (CH(CHj3),), 33.7 (CH(CHjy),), 35.5 (CH,CHS), 46.3 (CHS), 50.2 (CH;N), 59.2 (OCH3), 63.6
(CHN), 74.6 (CH,OCH3), 138.9 (CH=N). - MS (70eV); m/z (%) = 272 (2) [M*], 227 (11), 198 (12), 197 (100)
[M+ —SCHj5], 114 (12), 82 (11), 71 (12), 70 (16), 55 (12), 45 (15), 43 (11), 41 (18). - C;4H,4N,0S (272.5):
caled. C 61.72, H 10.36, N 10.28; found C 61.89, H 10.31, N 10.44,

(25,2°R)-(—)-2-Methoxymethyl-1-(2’'-(methylsulfanyl)-3’-methyl- 1 '-butylidenamino )pyrrolidine [(S,R)-7d]:
1.18 g (6 mmol) 2-Methylbutanal SAMP hydrazone and dimethyldisulfide were combined according to general

procedure 1, yieldin2 0.95 g of (5,R)-Tc (65%) as a bright yellow oil after column chromatography. - (x%o =-

(2
ce
=
[
Ch
=]
—
o8]
[
Wh
_—
w
—
W
o
(38}
\NC
Lh

[} ] l7 R (film): v
71 llllll}. v

7.5 Hz, (H3C),CH), 1.60-2.10 (m, 5H, CH,CH,, (CH3),CH), 1.95 (s, 3H, SCH3), 2. 80 (m, 1H, CHS), 3.0

1H, CHHN), 3.20-3.60 (m, 7H, CHHN, CH,0CH;, CHN, OCH3), 6.40 (d, 1H, J = 7.5 Hz, CH=N). -
NMR (20 MHz) & = 14.0 (SCH3), 20.4, 20.6 ((H3C),CH), 22.1, 26.6 (CH,CH,), 31.5 ((H;C),CH), 50.3 (CHS),
56.6 (CH;,N), 59.2 (OCHjy), 63.7 (CHN), 74.7 (CH,OCH3), 137.0 (CH=N). - MS (70eV); m/z (%) = 244 (9)
[M*], 199 (35), 198 (13), 197 (100) [M*+ -SCH;], 151 (12), 114 (20), 103 (10), 82 (13), 74 (20), 71 (11), 70
(40), 55 (22), 45 (19), 41 (26). - C{,Hy4N>0OS (244.4): calcd. C 58.97, H 9.89, N 11.46; found C 58.77, H
10.11, N 11.52.

(28,2 R)-(—)-2-Methoxymethyl-1-(2’-(methylsulfanyl)-3’-phenyl-1'-propylidenamino)pyrrolidine  [(S,R)-
7el: 1.23 g (5 mmol) Dihydrocinnamyl aldehyde SAMP hydrazone and dimethyldisulfide were combined
according to general procedure 1, yielding 1.10 g of (S,R)-7e (76%) as a yellow oil after Kugelrohr distillation. -
b.p. = 140-150°C (0.07 mbar). - [a]Z = -99.2 (¢ = 0.9, C¢Hg). - de = 84%.14 - IR (film): ¥ = 3100-2800 cmn-
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H. CH,CH-) ( [ 2), 2.80 (m, 1H, CHHN), 2.92 (g, 1H, J = 7.4 Hz, CHHCHS), 3.08 (¢, 1H
'y Py AL YL o L =2Y ARg WDPREIAT 7, SOV AL, XX, exadliNg, LT & Y, Aiy v L ARy NAAMANAINT Jy JUU \ Y, 111,
=7.6 Hz, CHHCHS), 3.22-3.50 (m, 4H, CHHN, CH,0CHj,, CHN), 3.32 (s, 3H, OCH3), 3.56 (m, iH, CHS),

J=1.
6.40 (d, 1H, J = 7.2 Hz, CH=N), 7.15-7.30 (m, 5H, CgHs). - 13C NMR (75 MHz) 5 = 13.6 (SCHy), 22.0, 26.5
(CH,CHy), 39.1 (CH,CHS), 49.9 (CH,N), 50.0 (CHS), 59.2 (OCHj), 63.4 (CHN), 74.4 (CH,0OCH3), 126.3,
128.7, 129.3 (CHyyoy), 136.1 (CH=N), 138.7 (Cyrom): - MS (70eV); miz (%) = 292 (9) [M*], 247 (47), 246
(16), 245 (100) [M+ ~SCH3], 201 (36), 199 (21), 151 (11), 132 (13), 130 (11), 114 (15), 112 (11), 109 (16), 103
(10), 91 (18), 74 (17), 71 (13), 70 (28), 55 (73), 45 (21), 41 (16). - C;cH,4,N,OS (292.4): caled. C 65.71, H

8.27, N 9.58; found C 65.75, H 8.48, N 9.40.

AN A AD A Teanrany leslfany 5}
ol Cd ol Il P4 \lalll.llul_ljmuul:julbyt/

7f]: 1.23 g (5 mmol) Dihydrocinnamyl aldehyde SAMP hydrazone and diisopropyidisulfide were combined
according to general procedure 1, yielding 0.84 g of (S,R)-7f (52%) as a yellow oil after Kugelrohr distillation. -
b.p. = 125-130°C (0.04 mbar). - [a]F = -59.3 (c = 0.7, CgHg). - de = 70%.14 - IR (film): ¥ = 3080 cm-1,
3040, 3000-2800, 1610-1580, 1500, 1465-1455, 1385, 1370, 1345, 1310, 1285, 1205, 1180-1090, 1035, 975,

SRV, SRR LOVNY, 1 SOV, IV, LiGly Ry IUVTIVIVy IVJIy 7

1rx \Y\l“ /N £TYY_ N H s 0OTY QAT Y s wT s TY

755, 705. - 'H NMR (300 MHz) 6= 1.21 (d, 3H, J = 6.9 Hz, SCH(CHj3),), 1.24 (d, 3H, J = 6.6 Hz,
SCH(CH3),), 1.75-2.00 (m, 4H, CH,CH,), 2.75-3.65 (m, 4H, CH,CHS, CH(CH3),, CHHN), 3.20-3.55 (m,
4H, CHHN, CH,0CHj3;, CHN), 3.30 (s, 3H, OCHy), 3.77 (m, 1H, CHS), 6.40 (d, 1H, J = 7.7 Hz, CH=N), 7.14-
7.30 (m, 5H, CgHs). - 13C NMR (75 MHz) 8= 22.0, 26.6 (CH,CH,), 23.4, 23.8 (CH(CH3),), 34.0
(CH(CH3j),), 39.9 (CH,CHS), 47.6 (CHS), 49.9 (CH;N), 59.2 (OCH3), 63.3 (CHN), 74.4 (CH,OCH3), 126.3,
128.2, 129.4 (CHyrom)> 137.2 (Cyrom.)» 138.7 (CH=N). - MS (70eV); miz (%) = 320 (6) [M*], 275 (24), 246
(20), 245 (100), 229 (28), 199 (21), 164 (1 1), 132 (14), 114 (16), 112 (11), 109 (11), 91 (21), 82 (11), 71 (10),
70 (24), 45 (15), 43 (13), 41 (17). - C{gHgN50S (320.7): calcd. C 67.46, H 8.81, N 8.74; found C 67.61, H

866 NR.70
V.

y LY OL 7.

(R)-(+)-2-(Methylsulfanyl)pentanal [(R)-8a]: 0.72 g (2.9 mmol) (S,R)-7b were reacted according to gen-
eral procedure 2, yielding 0.28 g of (R)-8a (67%) as a colorless oil after column chromatography. - [o ]Dg =
). - ee = 93% (Lit..7 frﬂ20 —64.5(c=07,C

<270 A = et

3..

+64.1 (c=0.7365, Cg
HO2. 1 (e =030, Lg!

*6
matched those reported in the literature.”

(R)-(—)-3-Methyl-2-(methylsulfanyl)butanal [(R)-8b]: 0.80 g (3.3 mol) (S,R)-Tc were reacted according
to general procedure 2, vielding 0.29 g of (R)-8b (68%) as a colorless oil. - {a],zj =-569(c=1,CgHy). - ee =

- 1 0726/

91%.15 - The spectroscopic data matched those reported in the literature.”

(R)-(+)-2-(Methylsulfanyl)-3-phenylpropanal [(R)-8¢]: 0.22 g (0.75 mmol) (S,R)-7e were reacted accord-
ing to general procedure 2, yielding 0.10 g of (R)-8d (70%) as a yellow oil after column chromatography. -

T2l = +116.5 (¢ = 0.54. CcHy). - ee = 79%.18 _ IR (film): ¥V = 3080 cm—!. 3040. 3020. 2920. 1730. 1600
D T a0l 5 Je i Uhmg. SUSU CIM 7, JUSY, JULVY, 24U, 1/3V, 10UV,
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1500, 1450, 1430, 1420, 1060, 1030, 860, 700. - IH NMR (90 MHz) &
CH,CHS), 3.30 (m, 1H, CHS) 7.33 (m, 5H, C¢Hs), 9.35 (d, 1H, J = 3.0 Hz, CHO). -

181 (2) [M+], 180 (20), 152 (12), 151 (8S), 136 (22), 131 (32), 105 (12), 104 (20), 103 (21), 91 (100), 78 (19),
77 (25), 65 (12), 51 (14). - C;H{30S (181.1): calcd. 181.0646; found 181.0645.

(R)-(+)-2- (Isopropylsulfanyl henylpropanal [(R)-8d]: 0.56 g (1.76 mmol) (S,R)-7f were reacted ac-
cording to general procedure 2, yielding 0.26 g of (R)-8d (70%) as a slightly yellow oil after column chroma-
tography. - [0J2 = +13.1 (¢ = 1.1, CgHg). - ee = 45%.19 - IR (film): ¥ = 3100 cm~1, 3085, 3040, 3000-2800,

2730, 1750-1690, 1610, 1500, 1460, 1390, 1375, 1320, 1260, 1160, 1060, 1040, 920, 865. - 'H NMR (90 MHz)
8= 1.18 (d, 3H, J = 7.2 Hz, SCH(CH3),), 1.22 (d, 3H, J = 7.2 Hz, SCH(CH3);), 2.60-3.20 (m, 3H, CH,CHS,

CH((“ Y)Y QNN TH CHQY 72970 (e SH OO - S (T0ha\VY ml> (O, 1IN (11Y 170
‘1\\/]!5,2}, [O RS AV, \Ill, lll, \11!\)/, LY SAV ) \lll, .JLL, \_/O‘. 3 AYENT \l\l\.r A }, I &, \IU i¥1d £ 1w \I l/’ Al 7
(78), 138 (11), 137 (100), 135 (18), 134 (42), 133 (36), 105 (24), 103 (i6), 92 (i0), 91 (79), 77 (i4), 59 (12), 43

(19). - C;,H,(0S (208.2): calcd. C 69.19, H 7.74; found C 68.98, H 7.66.
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