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Abstract

Follow-up reactions of -2-acetylthionitriles §)-2 and §)-2-benzylthionitriles §)-4, respectively, are des-
cribed. §)-2-Acetylthionitriles were converted via Pinner reaction to ett§)FZ-mercaptocarboxylateS)3
almost without racemization. Two routes for the stereoselective preparation of 1,2-amino$pblsave been
investigated. Hydrogenation o§)-2 with BH3-THF gave §)-5 which, however, could not be isolated directly
under the reaction conditions, but, by reaction with phosgene in an alkaline medium, the 1,2-amin@tsols (
could be trapped asS|-5-alkylthiazolidinones$)-7 in good yields without racemizationSy-Benzylthioamines
(9-6, derived from §)-4 by hydrogenation with LiAlH, were debenzylated with sodium in Nkb give §)-5
which were isolated as hydrochlorides with high enantiomeric excesses. Optically active thiomorpI8pitizs (
are accessible starting froig)¢2-(2-hydroxyethylthio)nitriles$)-10which are first chlorinated with SO&to yield
(9)-2-(2-chloroethylthio)nitriles$)-11which after hydrogenation with LiAlkicyclize to give thiomorpholine -

12. © 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

In the preceding publicatidnwe have described the stereoselective preparation of var@e@- (
sulfanyl nitriles which have been obtained in high enantiomeric excesses starting from sulfonyl-activated
(R)-cyanohydrins by enzyme-catalyzed addition of HCN to aldehydes and ketones, respectively, and
subsequent sulfonylation. 2-Sulfanyl nitriles represgmirotected thiocyanohydrins whose synthetic
potential is assumed to be nearly as high as that of cyanohyadvitisle follow-up reactions of optically
active cyanohydrins have been investigated extensively in recent3eatising is known about reactions
of chiral thiocyanohydrins.

In the present publication we report on follow-up reactions}2-sulfanyl nitriles especially with
regard to stereoselectivity of the transformations.

* Corresponding author. E-mail: franz.effenberger@po.uni-stuttgart.de
t Part of dissertation, Universitat Stuttgart, 1998.
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2. Preparation of optically active 2-mercaptocarboxylic acid estersS)-3

2-Mercaptocarboxylic acids and their esters are of particular interest as components of pharmacolo-
gically active oligopeptides (e.g., AGEor renin inhibitorg). Chiral 2-mercaptocarboxylic acids are
accessible starting from either naturally occurring amino 4&ids from 2-hydroxycarboxylic acid
derivatives?

We now describe an alternative route to optically active 2-mercaptocarboxylates starting=Rrom (
2-(sulfonyloxy)nitriles R)-1 by reaction with potassium thioacetate to yield the correspondsig (
2-acetylthionitriles §)-2 which can be converted directly under conditions analogous to the Pinner
reactiorf to give (§)-2-mercaptocarboxylate§)-3 as outlined in Scheme 1.

NH - HCI
0S0,C¢H,CH, HCl/ H H 1-3 R
/k KSAc R $,CN _EtOH st/m H0  R__,CO,Et
A — \f o OEt |— \,/ a CH,
CN SH SH b Me,CHCH,
(A)-1 (5)-2 (5)-3
Scheme 1.

As can be seen from the results summarized in Table 1, the reaction proceeds almost without
racemization. It was not possible to decide whether removal of the acetyl group or Pinner reaction occurs
first.

With the conversion of compoundR)¢1 to (S)-3 it could also be proved that the reaction Bj-( with
KSAc to 2-acetylthionitriles -2, described in the preceding publicatibmroceeded with complete
inversion of configuration. A comparison of the optical rotation sign $3p with literature data
unambiguously confirms its§(-configuration.

3. Preparation of optically active 1-amino-2-thiols §)-5

Optically active 1,2-amino thiolsS-5, which are of increasing interest as N,S-chelate lig&nds
and as intermediates in the synthesis of chiral heterocycles, have been prepared so faafinimo
acids? In recent times 1,2-amino thiols have been investigated especially with respect to their biological
activities as aminopeptidase N-inhibitér¥? The preparation of3)-1-amino-2-thiols §)-5, as illustrated
in Scheme 2, starts fronSf-acetylthio- and benzylthionitrilesS|-2 and ©)-4, respectively-

Preliminary investigations have shown that 2-acetylthionitrBesould be reacted with LiAll in
diethyl ether to give the corresponding amino thiols. The required aqueous workup, however, is di-

Table 1
Conversion of acetylthionitrile8 to ethyl 2-mercaptocarboxylat@under Pinner reaction conditions

Acetylthionitriles | Ethyl 2-mercaptocarboxylates
2 ee (%) 3 Yield (%) [a]) (c, solvent) ee (%)%

(RS)-2a - |(RS)-3a 58 - -
(S)-2a  (96) | (5)-3a 68  nd. 93
(RS)-2b - |(RS)-3b 79 - -
(S)2b  (90) | (5)-3bb 69  -20.2 (2.18, 87

Et,0)

@ Determined directly by gas chromatography on a Chiraldex B-TA phase. © See Ref4
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H H H
R_*? BH,-THF  R_Z_CN  LiAH, R. =
- . s
Y\NHZ 14h Y 1h \I/\NHz
R'=Bn S
(S)-6

SH R'=Ac SR’
(9)-5 (S)-2 (R'=Ac)
(S)-4 (R'=Bn)
COOCI;/h K,CO, 1) Na/NH,, -35°C
. 2) HCI/Et,0
H - =
y NH COCI,/K,CO, R_: 247 R
)§ - \’/\NHz-HCI a G,
f? N0 o b Me,CHCH,
()7 (S)-5 ¢ cCeHy,
Scheme 2.
Table 2

5-Alkylthiazolidin-2-ones §)-7 from 2-acetylthionitriles §-2 via 1,2-amino thiols$)-5 by reduction
with BH3- THF and subsequent reaction with phosgene

2-Acetylthionitriles | 5-Alkyl-1,3-thiazolidin-2-ones
(92  ee(%) | (57 Yield(%) ee(%)? [a]y (c, CH,CL)

a 96 a 42 96 -97.9 (1.4)
b 91 b 48 91 91.7 (1.0)
c 89 c 46 -b -92.9 (1.0)

@ ee-Values determined directly by gas chromatography on a Chiraldex B-TA phase.

b Compound 7c¢ could not be detected on the used phase.

sadvantageous since amino thiols exist in aqueous media mainly in zwitterionid¥oesylting in an
extremely difficult extraction and isolation in neutral form. Therefore, Lifltr&as replaced by Bgl THF.

In this case, the reduction could be terminated with methanol, whereby excess borane was converted
to methyl borate which could be removed under vacuum. We first investigated this reaction by using
racemic 2-acetylthiopentanenitril®R$-2a. After 14 h reaction time, neither the cyano nor the acetyl
group were detected any more by NMR spectroscopy. The hydrogenatiddSe# with BH3-THF

afforded a product mixture from which the desired 1-aminopentane-2-RR&i5a could not be isolated

by distillation, chromatography or recrystallization of the hydrochloride.

Analogous to the preparation of 1,3-oxazolidin-6-drase treated the crude amino thi®t9-5awith
a solution of phosgene in toluelfén an alkaline medium to yield the stable 5-propyl-1,3-thiazolidin-2-
one R9-7a. Compoundracould be purified by chromatography. By applying these reaction conditions
to optically active 2-acetylthionitrilesSj-2 the correspondingSj-5-alkylthiazolidin-2-ones -7 were
obtained without any racemization (Scheme 2, Table 2).

Since the isolation of §-1-amino-2-thiols -5 failed by this method, we have investigated an
alternative route starting frongf-2-benzylthionitriles §)-4 as outlined in Scheme 2. The cyano group in
(9-4 could easily be hydrogenated to the amino function with LiAlIA diethyl ether within 1 h. The
(9-1,2-benzylthioaminesSj-6, which were obtained thereby in a GC purity of >96% and high chemical
yields (Table 3), could be debenzylated without further purification.

The removal of the benzyl group by using sodium in Nikhs already been described for racemic
2-benzylthioamine$? Based on the published method, sodium was adde®)t@-benzylthioamines
(9-6 in liquid NH3 at —35°C, and the reaction was terminated withJ@H After nonaqueous workup,
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Table 3
Hydrogenation of§)-2-benzylthionitriles §)-4 with LiAIH 4 to (§-2-benzylthioamines3)-6 and their
conversion to §-1-amino-2-thiols -5 with sodium in NH

Benzylthionitriles | (S)-2-Benzylthioamines (8)-1-Amino-2-thiol hydrochlorides
()4 ee (%)@ [(S)-6 Yield (%) [a]? (c,CH:CL) [(S)-5 Yield (%) [a]® (c,s0lvent)  ee (%)P
a 97 a 89 -24.9 (1.4) a 69 -10.4 (1.0,H,0) 97
b 94 b 78 -39.9 (1.0) b 66 -22.3(1.0,MeOH) 92
c 91 c 78 -28.4 (1.0) c 68 -26.1 (1.0,MeOH) €

4 ee-Values of starting (sulfonyloxy)nitriles (R)-1. b Determined by gc on Chiraldex B-TA phase after reaction with phosgene to

S-alkyl-2-thiazolidinones. ¢ ee-Value could not be determined on the used phase; [a]lz)o =-93.2 (c 1.1, CH,Cl,).

(9-1-amino-2-thiols $)-5 were precipitated as hydrochlorides (Scheme 2, Table 3). A direct gas
chromatographic separation of the enantiomers of B@hd5 was not possible. Enantiomeric excesses
of 5were therefore determined again after cyclization to 5-alkyl-2-thiazolidin@n&s can be seen from
Table 3, both reactions — hydrogenation 8f-4 and subsequent debenzylation of benzylthioamigs (

6 to (§-5— proceed without racemization.

4. Preparation of 5-alkyl-2,4-thiazolidinediones 9

Numerous synthetic routes starting from thiocyano derivatives have been published for the preparation
of thiazole, thiazoline and thiazolidine derivati®s2,4-Thiazolidinediones with substituents at the 5-
position are known as components of a new class of antidiabetic d§edymtheses published so far
afford, however, only racemic 2,4-thiazolidinedior€8:9

(9-2-Thiocyanatonitriles appear to open an access to chiral sulfur—nitrogen heterocycles of this type.
Therefore, we have investigated the preparation of 2,4-thiazolidinediones by intramolecular cyclization,
using first racemic 2-thiocyanatopentanenitriR§(8 as outlined in Scheme 3.

_CN
S
conc. HCI/EtOH (1:1) S//<
NH
\ CN 80°C, 14h
(S)-8 (Rs)ye °

Scheme 3.

Owing to the high acidity of the proton at the 5-position of thiazolidinedidi€she acid-catalyzed
cyclization seems to be most suitable with respect to the preparation of optically active compounds
Compound RS-8 was heated in concentrated HCl/ethanol to 80°C for 14 h, and after chromatographic
purification 5-propyl-2,4-thiazolidinedioneRQ-9 was obtained in 57% yield. Under these reaction
conditions, however, §)-thiocyanatopentanenitrileS(-8 reacted with complete racemization. Neither
shorter reaction times nor lower temperatures or replacement of conc. HCI by 10% HCI could prevent
racemization. In all cases, conversiordtdecreased and the formation of by-products became dominant.
Obviously, racemization occurs by an acid-catalyzed keto—enol tautomerism. H-D exchange experiments
also indicate deprotonation in acidic media. With increasing acidity of the medium, H-D exchange and
racemization was accelerated.
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5. Preparation of optically active 2-alkylthiomorpholines (§)-12

A further interesting class of compounds available from 2-sulfanyl nitriles are thiomorpholines,
which were investigated recently with respect to their biological and pharmacological propérties.
Numerous synthetic approaches to racemic thiomorpholines have been described in the ffe(Sture.
2-(2-Hydroxyethylthio)nitrile$ should present suitable chiral starting compounds for the synthesis of
optically active thiomorpholines. Scheme 4 illustrates the synthetic pathway to chiral thiomorpholines
starting from §)-2-(2-hydroxyethylthio)nitriles $-10.

H H H
R ,CN ;—O{cgf R ,CN LiAIH R_?
i
\r #b \I/ —4> \[/\NHz —_— /7\\//NH- HCI
S r.t.,, 14h S 0°C S
~"0H ~ "¢ ~ ¢ SR
(S)-10 (8)-11 (S)-12a
10-12 a b c

R CsH, MeCHCH, cCeH,

Scheme 4.

In the first step, 9-2-(2-hydroxyethylthio)nitriles §-10 were converted with thionyl chloride to the
corresponding §-2-(2-chloroethylthio)nitriles $-11 in high chemical yields after chromatographic
purification (Table 4). CompoundsS)11 should react, after hydrogenation of the cyano group to
the amine, intramolecularly to give thiomorpholing® Nonaqueous workup is favorable in order to
prevent hydrolysis of9)-11to starting §-10. The determination of enantiomeric excessesSpfl(l by
gas chromatography has failed so far. The nearly constant optical rotation values, however, indicate a
racemization-free reaction.

By hydrogenation of nitrilesll at 0°C with LiAlH4, the primarily formed 1,2-(2chloroethyl-
thio)amines spontaneously cyclized to the desired 2-alkylthiomorpholiegScheme 4). Compound
(9-11a was reacted as a single enantiomer & 12a while 11b,c were reacted as racemates. The
enantiomeric excess of)f-12acould be determined by gas chromatography dhayclodextrin phase
after acetylation. Compound)-12a was obtained in 92% yield with only 62%e (determined from
crude free thiomorpholine). In order to achieve this resi)-1a (88% eg was reacted at room
temperature with mercaptoethanol to gi&-10a and then §-11a obtained from §)-10aas described
above, was hydrogenated directly with LiAJRvithout further purification by distillation. Whild.2b
was obtained as the hydrochloride in analytically pure form with 62% yield, the cyclohexyl derivative
12ccould not be isolated as the hydrochloride or as the free thiomorpholine.

Table 4

(9-2-(2-Chloroethylthio)nitriles $)-11 prepared from 9-2-(2-hydroxyethylthio)nitriles $-10 by
reaction with SOC!

Educts (8)-2-(2-Chloroethylthio)nitriles
(8)-10 ee (%)% | (5)-11 Yield (%) [a [2)0 (¢, CH,CL,)
a 96 a 91 -92.4 (1.0)
b 91 b 96 -79.0 (1.0)
c 89 c 97 -58.9 (1.05)

@ ee-Values of starting 2-(sulfonyloxy)nitriles (R)-1.
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6. Experimental
6.1. Materials and methods

Melting points were determined on a Biichi SMP-20 and are uncorretitedMR spectra were
recorded on a Bruker AC 250 F (250 MHz) with TMS as an internal standard. Column chromatography
was performed with glass columns of different sizes packed with silica gel S (Riedel-de Haen) or
silica gel 60 (Merck), grain size 0.032-0.063 mm. Optical rotations were determined in a Perkin—Elmer
polarimeter 241 LC. GC for determination of enantiomeric excess: Hewlett—Packard 6890 Series with
FID, 0.9 bar hydrogen, column 30x0.32 mm, phase Chiraldex B-TA (ICT).

6.2. Preparation of ethyl §)-2-mercaptocarboxylatesS)-3 from 2-acetylthionitriles $)-2; general
procedure

To a solution of2 (6.4-17.5 mmol) in diethyl ether (10-20 mL) at 0°C an ice-cooled 10% solution
of HCI in ethanol (10-20 mL) (foka) or a saturated solution of HCI in ethanol (20-40 mL) was
slowly added dropwise. The stirred reaction mixture was allowed to warm to room temperature (14 h),
hydrolyzed with ice-water and extracted with diethyl ether. The combined extracts were dried {MgSO
and concentrated in vacuo. The residue was chromatographed on silica gel with petroleum ether/ethyl
acetate.

6.3. Preparation of $)-5-alkyl-1,3-thiazolidin-2-onesS}-7 from (S)-2; general procedure

To a 1 M solution of2 (3.2-10 mmol) in THF at 0°C was added dropwise within 10 min a 1 M
solution of BHs- THF (2 equiv.). After being stirred for 36 h, the reaction was terminated with methanol
(2 mL/mmol 2), and the solvent was removed in vacuo. The residue was taken up in water:toluene (1:1)
(2 mL/mmol 2), and K,COs (3 equiv. based of) was added. The reaction mixture was cooled to 0°C,
and a 2 M solution of phosgene in toluene (2 equiv.) was added. After being stirred vigorously for 0.5
h, the reaction mixture was extracted with diethyl ether. The combined extracts were dried {MgSO
and concentrated in vacuo. The residue was chromatographed on silica gel with petroleum ether/ethyl
acetate.

6.4. Preparation of $)-2-benzylthioaminesSj-6 from (S)-2-benzylthionitriles $)-4; general procedure

A solution of 4 (4a,c: 10 mmol,4b: 13 mmol) in diethyl ether (15 mL4@ or 40 mL) was added
dropwise within 1 h to LiAIH, (1.3 equiv.) in diethyl ether (15-40 mL) at 0°C, and the reaction
mixture was stirred for 14 h at room temperature. Water was added until Al-Li-hydroxides coagulated.
The organic phase was decanted, dried (MgS@nd concentrated. The remaining colorless to light
yellow oils (GC purity >96%) were distilled in vacuo. Compour@i#ere reacted t® without further
purification.

6.5. Preparation of $)-1-amino-2-thiols §)-5 from (S)-6; general procedure
According to Carroll et at* sodium metal was added in small portionst(s.4—7.7 mmol) in liquid

NH3 at —35°C until a permanent blue color remained for 45 min. Then®lias added to decompose
excess sodium, and the reaction mixture was allowed to warm up for removal pfANiidr addition of
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diethyl ether (50 mL), the remaining NHlvas removed by heating the solution on a hot water bath. The
reaction mixture was cooled to 0°C, HCI saturated ethanol (2 mL/n@nelas added, and the reaction
mixture stirred for at least 2 h at 0°C. The solid was filtered off and extracted with isopropanol. The
combined extracts were concentrated in vacuo, diethyl ether was added, and the hydrochlorides were
allowed to precipitate at —20°C.

6.6. Determination of enantiomeric excesses by conversion to 1,3-thiazolidin-Z-ones

To a solution o6 (20 mg) in concentrated 4CO3 solution (1 mL) toluene (1 mL) and a 2 M solution
of phosgene in toluene (36L) were added, and the reaction mixture was shaken for 10 min. The reaction
was extracted with ethyl acetate (2 mL). The extract was filtered through a silica gel colut®ub (@n)
with ethyl acetate (2 mL). The enantiomeric excess was determined directly from the filtrate.

'H NMR data and elemental analyses of compounds 3, 5-7

bp
(°C/Torr) 'H NMR (CDCL, &)

3a - 0.93 (t, J=7.3 Hz, 3H, CHa), 1.29 (t, J=7.2 Hz, 3H, OCH,CH), 1.29-1.56 (m, 2H,
CH,CHa), 1.61-1.98 (m, 2H, CH,CH), 2.02 (d, J=9.2 Hz, 1H, SH), 3.31 (dt, J=7.2, 9.2
Hz, 1H, CH), 4.19 (q, J=7.2 Hz, 2H, OCH,CH;)

5aa.b - 0.96 (t, J=6.9 Hz, 3H, CH:), 1.41-1.76 (m, 4H, CH,CH;, CH,CH), 2.85-3.32 (m, 3H,
CH, CH,NH,)

5pa - 0.91 and 0.97 (each d, J=6.6 Hz, 3H, CH3), 1.40-1.58 (m, 2H, CH,CH), 1.86-2.05 (m,
1H, (CH;),CH), 2.85-3.31 (m, 3H, CH, CH,NH,), 4.92 (broad s, 3H, NH;")

5¢4 - 1.09-1.99 (m, 11H, C¢Hy,), 2.84-3.38 (m, 3H, CH, CH-NH,)

6ab  [78/0.005 |0.86 (t, J=7.1 Hz, 3H, CH), 1.24-1.54 (m, 6H, CH,CHs, CH,CH, NH,), 2.47-2.57 (m,
1H, CH), 2.62-2.83 (m, 2H, CH,NH.), 3.70 (d, J=1.1 Hz, 2H, CH,Ph), 7.18-7.37 (m,
5H, Ph)

6b  [84/0.005 |0.77 and 0.85 (each d, J=6.5 Hz, 3H, CH;), 1.24-1.46 (m, 4H, CH.CH, NH,), 1.71-1.92
(m, 1H, (CH:),CH), 2.33-2.85 (m, 3H, CH, CH,NH,), 3.69 (d, J=0.9 Hz, 2H, CH,Ph),
7.20-7.35 (m, 5H, Ph)

6c  [121/0.001 | 1.02-1.79 (m, 13H, C¢H,,, NH,), 2.28-2.35 (m, 1H, CH), 2.59-2.85 (m, 2H, CH,NH>,),
3.71 (d, J=2.7 Hz, 2H, CH,Ph), 7.29-7.37 (m, 5H, Ph)

7a - 0.94 (t, J=7.3 Hz, 3H, CH;), 1.34-1.52 (m, 2H, CH,CHs), 1.67-1.86 (m, 2H, CH-.CH),
3.25-3.32 (m, 1H, CH), 3.58-3.93 (m, 2H, CH,NH), 6.48 (broad s, 1H, NH)
7b 75¢ 0.93 (t, J=6.6 Hz, 6H, CH3), 1.54-1.79 (m, 3H, (CH;),CH, CH,CH), 3.22-3.30 (m, 1H,
CH), 3.65-3.99 (m, 2H, CH,NH), 6.42 (broad s, 1H, NH)
7c - 0.95-1.31 and 1.55-1.83 (each m, 11H, C¢H,)), 3.37 (t, J/=8.9 Hz, IH, CH), 3.60-3.79
(m, 2H, CH,NH), 6.44 (broad s, 1H, NH)
Mol. formula Calculated/found Mol. formula Calculated/found
(Mol. weight) C H N S Cl (Mol. weight)| C H N S
5b |CsHcCINSY | 42.46 9.50 8.25 18.89 20.89|7a |CeH, NOS 49.63 7.63 9.65 22.08
(169.7) 42.63 9.47 8.21 18.68 20.93 (145.2) 49.87 7.72 9.59 2224
6b [C;3H; NS 69.89 9.48 6.27 14.35 7b | C;H,;3NOS 52.80 8.23 8.80 20.14
(223.4) 69.38 9.32 596 14.27 (159.3) 5291 8.24 8.72 20.24
6¢ |C sHaNS 7224 929 5.62 12.85 7¢ | CoH ;sNOS 58.34 8.16 7.56 17.30
(249.4) 72.37 9.15 538 12.86 (185.3) 58.58 8.15 7.47 17.25

4 In methanol-d,. b See Ref. 14 ¢ mp. d As hydrochloride.
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6.7. 5-Propyl-2,4-thiazolidinedion@ by acid-catalyzed cyclization of 2-thiocyanatopentaneniBile

A solution of8 (1.0 g, 7.13 mmol) in ethanol was added dropwise to a solution of conc. HCl in ethanol
(30:30 mL), and the reaction mixture was heated to 80°C for 14 h. Then it was set to pH 5—6 with
NaHCGQ; and extracted with diethyl ether. The combined extracts were dried (Mg&@d concentrated
in vacuo. The residue was chromatographed on silica gel with petroleum ether/ethyl acetate to give 0.64
g (57%)9 as a colorless oil'H NMR (CDClk): § 0.99 (t,J=7.3 Hz, 3H, CH), 1.33-1.61 (m, 2H,
CH>CHg), 1.83-2.23 (m, 2H, 8,CH), 4.29 (dd,J=9.3, 4.2 Hz, 1H, CH). Anal. calcd forgElgNO>S
(159.2): C, 45.27; H, 5.69; N, 8.80; S, 20.14. Found: C, 45.36; H, 5.70; N, 8.55; S, 20.14.

Physical and spectroscopic data as well as elemental analyses of compounds 11,12

bp (°C/Torr) 'H NMR (250 MHz, CDCl;, &)

11a | 72-74/0.005 |0.98 (t, J=7.2 Hz, 3H, CHa), 1.48-1.96 (m, 4H, CH,CH3, CH.CH), 2.90-
3.23 (m, 2H, CH,S), 3.61-3.67 (dd, J=6.5, 8.3 Hz, 1H, CH), 3.68-3.83
(m, 2H, CH,CI)

11b - 0.97 and 0.98 (each d, J=6.5 Hz, 3H, CHj), 1.56-1.98 (m, 3H,
(CH;),CHCH,), 3.02-3.24 (m, 2H, CH,S), 3.64-3.70 (dd, J=6.8, 9.0 Hz,
1H, CH), 3.68-3.84 (m, 2H, CH,Cl)

11c - 1.10-1.36 (m, 5H, C¢H,,), 1.68-2.17 (m, 6H, C¢H,,), 3.00-3.20 (m, 2H,
CH,S), 3.50 (d, J=6.2 Hz, 1H, CH), 3.66-3.82 (m, 2H, CH,CI)
12a¢ - 0.94 (t, J=6.7 Hz, 3H, CH3), 1.25-1.58 (m, 4H, (CH>)2), 2.67-2.74 (m,

1H), 2.86 (dd, J=11.3, 12.6 Hz, 1H), 3.07 (dt, J=2.6, 12.4 Hz, 1H),
3.26-3.38 (m, 2H), 3.60-3.76 (m, 2H)

12b - 0.94 (dd, J=6.7, 2.4 Hz, 6H, 2 CH,), 1.36 (t, /=7.3 Hz, 2H, CH,CH),
1.78 (s, 1H, CH), 2.66-2.73 (m, 1H), 2.83 (dd, J=11.2, 12.6 Hz, 1H),
3.07 (dt, J=2.6, 12.4 Hz, 1H), 3.28-3.47 (m, 2H), 3.59 (dd, J=2.5, 12.7
Hz, 1H), 3.61-3.75 (dt, J=2.8, 12.6 Hz, 1H)

Molecular formula Calculated/found
(Molecular weight) C H N S Cl
11a |C;H;CINS 47.32 6.81 7.88 18.04 19.95
(177.7) 47.61 6.88 8.13 17.79 19.89
11b | CsH4CINS 50.12 7.36 7.31 16.73 18.49
(191.7) 50.14 7.44 7.07 16.93 18.47
11c | C,oH;cCINS 55.15 7.41 6.43 14.73 16.28
(217.8) 54.96 7.39 6.42 14.83 16.44
12a |C;H;sNS-HCl 46.26 8.87 7.71 17.64 19.51
(181.7) 46.14 9.02 7.81 17.60 19.24
12b | CsH7NS-HCl 49.08 9.27 7.16 16.39 18.11
(195.8) 49.17 9.27 7.15 16.50 17.87
4 See Ref.18d

6.8. Preparation of §)-2-(2-chloroethylthio)nitriles $)-11 from (S)-2-(2-hydroxyethylthio)nitriles
(9)-10; general procedure

To a solution of10 (8.8-9.8 mmol) in dichloromethane (20—40 mL) at 0°C SE(C4. 1.5 equiv. with
respect tal0) was slowly added dropwise, and the reaction mixture was stirred at room temperature for
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12 h. Solvent and excess SQ@lere removed in vacuo, and the residue was chromatographed on silica
gel with petroleum ether/dichloromethane.

6.9. Preparation of 2-alkylthiomorpholings from 2-(2-chloroethylthio)nitriled 1; general procedure

A solution of11 (11a 5.6 mmol,11b: 8.9 mmol) in diethyl etheri1a 10 mL,11b: 20 mL) was slowly
added dropwise to a suspension of LiAlHL.6 equiv. with respect til) in diethyl ether (10 or 20 mL)
at 0°C. After being stirred for 3 h, water was added until Li-Al salts coagulated. The organic phase was
decanted, dried (MgSf), and concentrated in vacuo. In the casd ®4, yield and enantiomeric excess
were determined from the concentrate. Compol@iolcrystallized as the hydrochloride without addition
of HCI, and was sonified in diethyl ether to result in analytically pure form.

6.10. Determination of enantiomeric exces4d 2

A solution of crudel2a (10 pL), pyridine (10uL) and acetic anhydride (5QL) in dichloromethane
(0.2 mL) was heated to 60°C for 3 h. The reaction mixture was filtered through a silica gel colu®us (3
cm) with dichloromethane (2 mL). The enantiomeric excess was determined directly from the filtrate.
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