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A general method is reported for the parallel solution-phase asymmetric synthessubttituted amines

based on the stereoselective addition of organomagnesium reagents to enantiomeridaityiputanesulfinyl

imines. The sulfinyl imines are prepared in high yields by condensatiaerebutanesulfinamide with
aldehydes, followed by quenching and removal of the titanium species with diatomaceous earth saturated
with water. Addition of organomagnesium reagents then proceeds with high diastereoselectivities. After
aqueous workup following the organometallic addition, liquid/liquid separation is readily accomplished using
1PS filter cartridges. Acidic alcoholysis of the resulting sulfinamide products, followed by acid/base extraction
and isolation, affords the desired amine hydrochlorides. The effectiveness of this sequence of reaction and
workup procedures was demonstrated by the parallel synthesisoesiBstituted amines in excellent overall
yields (72-84%) and high enantiopurities (8@7% ee). Notably, all 10 amine hydrochlorides were obtained

in analytically pure form without requiring chromatography or crystallization of any of the intermediates or
products. Finally, reaction times can be reduced by the use of microwave irradiation in the sulfinyl imine
condensation step. Sulfinyl group cleavage and concomitant resin capture using sulfonic acid resin can also
be accomplished through the use of microwave irradiation.

The amine functionality is incorporated intor5% of all Scheme 1. Asymmetric Synthesis afi-Branched Amines
drugs and drug candidatésConsequently,o-substituted ~ Using tert-Butanesulfinamide
amines are essential building blocks in many drug discovery 0 R1CHO Q )H\
efforts. However, with the exception af-amino acids, lrS‘NHQ P —— lrS‘N/ R
relatively few chiralo-substituted amines can be purchased CuSO, or TH(OEN,
in enantioenriched form, and general methods for their 1 ) 2 ,
asymmetric synthesis have only recently been repdGre. R2MgBr ?S.’ R HCI, CHaOH /F"\
these reasons, enantioenricledubstituted amines are rarely ir H R’ cr HeN*” "R!
used as building bocks in the preparation of combinatorial
libraries. As well, the synthesis of enantioenricteedub- 3 4
stituted amine building blocks can be a rate-limiting step in ~ Imine Formation Mediated by Titanium Tetraethoxide
lead optimization efforts. In this paper, we report convenient (Method A). We have previously established that both
parallel synthesis procedures for the solution-phase asym-CuSQ and Ti(OEt) may be used as a Lewis acid and water
metric synthesis ofi-substituted amine building blocks for ~scavenger to condendert-butanesulfinamide with alde-

both combinatorial library production and medicinal chem- hydes! However, to maximize synthesis generality in our
istry efforts. parallel synthesis efforts, we have chosen to employ Ti(QEt)

because it is the more effective reagent for providing good
Results and Discussion conversion for sterically hindered or electronically deacti-
vated aldehydes.

We have previously reported a general method for the  |n our initial studies, the crude product of the Ti(OEt)
asymmetric synthesis af-substituted amines usintgrt- mediated condensation reaction was directly submitted to the
butanesulfinamidé as a chiral amine reagent (Schemé 1). Grignard addition step (Scheme 1). Unfortunately, the
In this methodtert-butanesulfinamide is first condensed with  titanium reagent and byproducts quenched the Grignard
aldehydes to give theert-butanesulfinyl imines2. The reagent, which necessitated that all titanium-derived materials
diasteroeselective addition of organometallic reagents to thebe removed prior to Grignard reagent addition. Removal of
sulfinyl imines2 provides the sulfinamide produ@sAcidic titanium materials is most effectively accomplished by mix-
alcoholysis followed by ether precipitation then affords the ing the condensation reaction mixture with water-saturated
desired enantiomerically enriched amine hydrochloridles  diatomaceous earth in a commercially available syringe-
As described in the subsequent sections, each of these stepstyled cartridge. After straightforward filtration and washing,
can be modified such that the parallel synthesis of analyti- the very small quantity of residual titanium oxide powder
cally pure amines may be accomplished in high yields and can easily be removed by filtration through a silica gel plug
with high enantiopurities. (Scheme 2).
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Scheme 2. Parallel Synthesis of Sulfinyl Imine®

9 1. R'CHO, Ti(OEt)s, CHoCly, 1, 15 h O H
~, S~ . Di , 8 a
NH, 2. Diatomaceous earth, water, CH,Cl, S‘N //kFﬂ
3. Filtration
1 4. Concentration 2

+excess aldehyde

Table 1. Imine Formation Using a Microwave Reactor
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Scheme 4.Reaction of Organomagnesium Reagents with

Unpurified Sulfinyl Imine2

1. R®MgBr (2.4 equiv),
CH,Cly, -48 °C, 6 h

2. sat.NH4ClI soln.

3. Separation and
extract ion with 1PS 3
4. Concentration

(”) H
>rS\N/)\R1
2

; +excess aldehyde + impurities
1. 1-naphthylaldehyde(1.2 equiv), H

0o
Ti(OEt)4 (2.2 equiv), CHoClp S
TV
5

o]
< §\NH2 2. Diaomaceous earth, water Scheme 5.Removal of the Sulfinyl Group to Provide
1

CH,Cly, shaken for 30 min Amine Hydrochloride4

3. Filtration O 1. 2 N HCI / methanol-dioxane,
4. Concentration 9 /F'f ) go min ot /F'f
. Loncentrate
, — , S. . e
entry reaction conditions yield (%) Ar N R 305N HCL CH,Cly CI HgN*" "R
1 rt, 16 h 99 4. Separation and extraction 4
2 150°C, 10 min 41 3 using 1PS .
3 130°C, 10 min 86 + impurities + I *NH,
4 110°C, 10 min 100
5 90°C, 10 min 100 1.2 N NaOH, CH,Cl,
- o . 2. i i 2
a|solated yield based upon mass balance of purified material. Sseiﬁgr?gos“ and extraction i
- + 1
Scheme 3.Thermal Decomposition akrt-Butanesulfinyl 3. HCI/ dioxane CI' HeN™ R
Imine 5 4. Concentration 4

, reaction. Quenching of excess organomagnesium reagent was
N i‘ then performed by addition of saturated ammonium chloride.
O O Phase separation was successfully achieved with 1PS filter
5 O O 6 cartridges, available from Whatman. Because only the
organic solution can pass through these silicone-soaked filter
We have also explored using support-bound diethanol- cartridges, isolation of the desired organic phase was
amine, which was recently reported to scavenge titanium straightforward. Evaporation of the organic solvent afforded
reagents. Although this support-bound reagent effectively a crude mixture of desired sulfinamid® the undesired
removed all of the titanium-based material, a significant alcohol derived from Grignard reaction of the small amount
amount of the resin is required, because excess Tig@&t) of excess aldehyde, and any residigat-butanesulfinamide
utilized in the condensation reaction. that resulted from the decomposition of unreacted sulfinyl
Imine Formation Accelerated by Microwave Irradia- imines.
tion (Method B). Organic reactions accelerated by micro-  Cleavage of the Sulfinyl Group and Isolation of the
wave irradiation are increasingly being used to enhance theAmine Hydrochloride Products. Acidic alcoholysis of
rate of compound production by dramatically reducing sulfinamides3 occurs rapidly upon addition of a hydrogen
reaction times$.The use of microwave irradiation therefore chloride solution in methanol. We have previously isolated
appeared to be applicable to the synthesis of sulfinyl imines. the pure amine hydrochloride produetsby precipitation
Using 1-naphthylaldehyde as a model substrate, condensatioupon addition of ether. However, during the parallel synthesis
reactions mediated by Ti(OGtwere carried out under sequence, impurities accumulate because purifications are
microwave conditions using the Emrys Synthesizer (Personalnot performed after either the condensation or the Grignard
Chemistry, Inc.). addition steps. In addition, amines that are large and nonpolar
Isolated product yields were obtained for the condensationtend to precipitate as amine hydrochlorides in only modest
reactions under various irradiation conditions (Table 1). A yields. We therefore examined the separation of the desired
low yield of sulfinyl imine5 was observed at temperatures amines from any neutral byproducts using acid/base extrac-
above 130C (entries 2 and 3), due to thermal decomposition tion (Scheme 5). The crude reaction product obtained from
of imine 5 to 1-naphthonitrile (Scheme 3). An analogous the Grignard addition step was dissolved in methanol, and a
thermal decomposition of toluenesulfinyl imines has been dioxane solution of hydrogen chloride was added. After
reported by Davis and co-workefg-ortunately, imine5 stirring for 30 min, the reaction solution was concentrated,
could be obtained in quantitative yield when microwave and the residue was then dissolvadLiN hydrochloric acid.
irradiation was performed for 10 min at temperatures between The acidic solution was washed with dichloromethane to
90 and 11C°C (entries 4 and 5). separate the neutral byproducts into the organic phase. The
Nucleophilic Addition of Organomagnesium Reagents  aqueous phase was then treatechWitN sodium hydroxide
to N-Sulfinyl Imines. The nucleophilic addition of organo-  solution to liberate the free amine, which was then extracted
magnesium reagents to sulfinyl imines proceeded with high with dichloromethane. Any ammonia that might have been
diastereoselectivity at 48 °C. After allowing the reaction  formed by decomposition of residuairt-butanesulfinamide
to proceed fo6 h at— 48 °C, the reaction temperature was would remain in the agueous phase. Straightforward isolation
slowly raised to room temperature to ensure complete of the organic phase containing the free amine was then

N
O/ H ir OH
12 X
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Table 2. Parallel Asymmetric Synthesis of-Branched Scheme 6.Resin Capture of Product Amine
Amines4 from tert-Butanesulfinamidel R2
: o R Q-sos
amine overall ee 1 ; J\ 5
entry?  product RCHO RMgBr vyield (%P (%) LrS‘H R OSOG aN" R
4a EtCHO MeMgBr 76 83
2d 4a EtCHO MeMgBr 72 83 3
3 4b EtCHO PhMgBr 82 93 R2
4 4c i-PrCHO MeMgBr 80 97 NH3 , MeOH /l\
5 4d i-PrCHO EtMgBr 82 95 H,N” T R!
6 4de i-PrCHO PhMgBr 82 81
7 4f PhCHO MeMgBr 83 94 7
8 49 BnCHO MeMgBr 77 91 . . . .
o 4g BNGHO MeMgBr 76 20 anglyncally pure form and with comp_arable enantiomeric
10 4h BNCHO EtMgBr 81 87 purity but in slightly reduced overall yields.
11 4i BnCHO PhMgBr 63 93 Microwave-Assisted Resin Capture of the Product
12 4 1-naphthCHO  MeMgBr 71 80 Amines. Romo and co-workers reported a method in which
13 4j 1-naphthCHO MeMgBr 64 79

N-Boc-protected amines are deprotected with concomitant
aUnless otherwise noted, the imine condensation step wasrasin capture by treatment with sulfonic acid resifihe

performed at room temperature (method ADverall yield from o504 ,red amines can be recovered by washing the resin with
tert-butanesulfinamidé& based upon the mass balance of analytically

pure materia#l. ¢ Determined by GC analysis of the-J- and )- an alcohollc_solutlon of ammonia. This re_port inspired us to
MTPA derivativesd Imine formation was carried out using mi- ~ €xplore sulfinyl group removal and amine capture using
crowave heating at 118C for 10 min (method B). acidic ion-exchange resin.

At first, acidic alcoholysis of purified sulfinamid@ was
accomplished using a 1PS filter cartridge 2 M solution attempted using both macroporous sulfonic acid (AG MP-
of HCI in dioxane was then added, and the mixture was 50) resin and highly acidic Nafion (NR50) resin; however,
concentrated to provide the pure amine hydrochloride, aslittle sulfinyl group cleavage in methanol was observed for

determined byH NMR and elemental analysis. either reagent, even under refluxing conditions. In contrast,
Parallel Asymmetric Synthesis ofo-Branched Amines. alcoholysis with Nafion at 130C for 10 min using a micro-

The viability of the parallel synthesis procedure was dem- wave reactor resulted in complete consumption of the

onstrated by the parallel asymmetric synthesis ofiub- substrate (entry 1, Table 3). Washing the resin with methanol

stituted amines using various combinations of aldehydes andand dichloromethane followed by elution with methanolic
Grignard reagents. As shown in Table 2, the desired amineammonia provided the product amid® in pure form but
hydrochloride products were obtained in very high overall in only 69% yield. Interestingly, acetonaphtho®ewas
yields from tert-butanesulfinamidel and with high enan-  isolated in 20% yield from the washing solution. Acetonaph-
tiomeric purities. Notably, all 10 of the amine hydrochloride thone9 likely results from the thermal decomposition of
products were obtained in analytically pure form. As shown sulfinamide8 (Scheme 7). Indeed, Trost and Liu previously
in entries 2, 9, and 13, when microwave-mediated imine reported the thermal decomposition of sulfinamides as a
synthesis was employed, the products were still obtained in method for the preparation of imin&&Vhen the less acidic

Table 3. Optimization of Resin Capture Assisted by Microwave Irradiation

1. Resin, Additive 1. Shake with 4 M NHz/MeCH, 50 min
MeOH, (Microwave) 2. Filter, wash with MeOH,CH4Clo

O
1]
S. ‘ '—SOB' HaN* HQN
ﬁ O 2. Wash with MeOH, CHCl2 8 3. Concentrate
o ® Je

filtrate (IS? o
-.O/ + |D
o [
FF
Resin  Nafion NR50 : O>(\803H, AGMP-SO:OOS%H

entry resin condition additive 9 (% yieldy 10 (% yieldy
1 Nafion NR50 (3 equiv) 130C, 10 min none 20 69
2 AG MP-50 (3 equiv) 130C, 3x 10 min none 16 69
3 Nafion NR50 (3 equiv) 130C, 10 min PhSH 2 72
4 Nafion NR50 (3 equiv) 130C, 10 min BuNBr (1.5 equiv) 0 89
5 Nafion NR50 (3 equiv) 130C, 10 min NHCI (1.5 equiv) 0 8%
6 Nafion NR50 (3 equiv) 110C, 10 min NHCI (0.1 equiv) 3 85
7 AG MP-50 (3 equiv) 110C, 10 min NHCI (0.1 equiv) 0 82
8 AG MP-50 (3 equiv) 110C, 10 min NHCI (0.03 equiv) 3 85

aBased upon the mass balance yield of analytically pure matéiabduct was contaminated with additi¥ed small amount of product
was obtained from the filtrate.
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Scheme 7. Thermal Decomposition of Sulfinamidg Table 4. Parallel Asymmetric Synthesis of Amindsfrom
tert-Butanesulfinamidd. Using Microwave-Assisted Resin
Capture (Scheme 8)

] OH

SV HN ;

“H O amine overall ee
O O entry product RCHO RMgBr yield (%f (%)

~

1 49 BnCHO MeMgBr 64 89

2 4 BnCHO PhMgBr 61 90

3 4 1-naphthCHO ~ MeMgBr 65 87

o 4 4k 4-MeOPhCHO MeMgBr 60 9

Hz0 O 5 4 4-MeOPhCHO PhMgBr 62 920
NHy 4 O 6 4m  4-CIPhCHO  MeMgBr 68 92
7 4n  4-CIPhCHO  PhMgBr 69 84

aQverall yield fromtert-butanesulfinamidel based upon the

Scheme 8. Microwave Assisted Resin Capture Using Crude mass balance of analytically pure materdaP Determined by GC

Compounds analysis of the+)- and ()-MTPA derivatives.
0O R? 1. AG MP-50 Resin, R2
4 NH,4CI (0.03 equiv) MeOH, . . . .
;rs\HJ\m 110°°C, 10 min (Microwave) 0_803. H3N+J\H1 reagents to enant|_opur&art—butanesulflnyl imines. Thls_
, 2. Wash with MeOH, CH,Cl, sequence of reactions and workup procedures provides
T + NH, a-substituted amine hydrochlorides in excellent overall yields
+ impurities and with high enantiopurities. Significantly, the amine
1. Shake with 4 M NHg/MeOH, 50 min B2 hydrgghlorides are obtained in analytic.ally. pure form without
2. Filter, wash with MeOH,CH,Cl, A, requiring chromatography or crystallization of any of the
3. Concentrate N R intermediates or products. The developed parallel synthesis
7 procedures provide an effective means to rapidly prepare

enantiomerically enriched amines as building blocks for both

macroporous sulfonic acid resin was used, complete substrateombinatorial library production and medicinal chemistry
consumption was accomplished by irradiating three times efforts.

for 10 min at 13C°C (entry 2, Table 3). However, once again, _ _
significant quantities of the undesired side prodactere Experimental Section

produced. General Methods. All aldehydes were obtained from
Next, additives were screened to identify an additive that commercial suppliers and were distilled before use. Titanium
would catalyze the formation of the desired amine product tetraethoxide containing-515% 2-propanol was purchased
without generating the ketone byproduct. Ammonium chlo- from Strem Chemicals (Newburyport, MA) and was used
ride was the most effective additive for this purpose (entries without further purification. Organomagnesium reagents in
5-8, Table 3). Presumably, the chloride ion attacks the diethyl ether were purchased form Aldrich. Dichloromethane
electrophilic sulfur to catalyze the release the desired amineas distilled under nitrogen from calcium hydride 4 M
product. The procedure was most effective when only a selution of ammonia in methanol was prepared by dilution
catalytic amount of ammonium chloride was used (entries 7 of a saturated ammonia solution obtained by bubbling
and 8). The optimized reaction protocol to afford free amines ammonia gas into methanol. Sulfinamitievas prepared as
is shown in Scheme 8. It should be noted that because thiSpreWous]y describett Syringe_sty|ed po|ypropy|ene car-
resin capture procedure provides the free amine, thistridges (12 mL, Catalog no. 2427, 6 mL, Catalog no. 2454)
procedure should only be applied to nonvolatile amines.  with 70 um PE frits and PTFE stopcocks (Catalog no. 2406)
Asymmetric Synthesis ofa-Branched Amines Using  were obtained from Applied Separations (Allentown, PA).
Microwave-Assisted Resin Capture.A series of chiral  Diatomaceous earth (Hydromatrix, Part no. 198003) was
amines were synthesized by a reaction sequence incorporatpurchased from Varian Inc. The 1PS Filter Tubes (1PS filter
ing two microwave reactions: (1) imine synthesis and (2) media with polypropylene support and housing, 6 mL,
sulfinyl group removal and resin capture (Scheme 8). The Catalog no. 6987-0699) were obtained from Whatman Inc.
observed overall yields of amindsfrom tert-butanesulfin- (Clifton, NJ). Sulfonic acid resin (AG MP-50 resin, 160
amidel for entries 1-3 (Table 4) were slightly lower than 200 mesh, Catalog no. 143-0841) was purchased from Bio-
obtained when sulfinyl group cleavage was accomplished Rad Laboratories (Hercules, CA), and was activated by the
with acidic methanol (entries 8, 11, and 12, respectively, procedure described by Romo ettdllafion resin (NR50,
Table 2). Nevertheless, a range @fphenethylamine and  10-35 mesh bead, Catalog no. 16889) was obtained from
diphenylmethylamine derivatives, which are frequently found |ancaster. Microwave reactions were performed using the
in biologically active compounds, were prepared in analyti- Emrys Synthesizer from Personal Chemistry Inc. (Foxboro,
cally pure form, in good overall yields, and with high MA). NMR spectra were obtained with a Bruker AMX-300
enantiomeric purity. spectrometer in CEDD unless otherwise noted. 1H NMR
spectra are reported in parts per million using residual €HD
OD as an internal standard at 3.30 ppm. Gas chromatographic
A general method has been developed for the parallel analysis was carried out using an Agilent Technologies
solution-phase asymmetric synthesisxedubstituted amines ~ 6890N instrument with an HP ultra Il column at 20 psi and
based on the stereoselective addition of organomagnesiunat a 0.8 mL flow rate.

Conclusion
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General Procedure for the Synthesis otert-Butane-
sulfinyl Imines 2 (Method A). To a solution oftert-
butanesulfinamidé (0.121 g, 1.00 mmol) and aldehyde (1.2
mmol) in CH,Cl, (2.5 mL) was added titanium tetraethoxide
(purity: 85-95%, 0.46 mL, 2 mmol) under a nitrogen

Mukade et al.

and dichloromethane (2 mL) and was transferred to a 1PS
filter cartridge (12 mL) equipped with a PTFE stopcock. The
organic layer was removed, and the aqueous layer was
washed with CHCI, (3 x 2 mL). A 2 N sodium hydroxide
solution (2 mL) was then added to the aqueous layer, and

atmosphere. The mixture was stirred at room temperaturethe resulting free amine was extracted with dichloromethane

for 15 h. Diatomaceous earth (8 mL) was placed in a
polypropylene SPE cartridge (12 mL, with Z@n PE frit)

(3 x 2 mL). A 4 N solution of HCI in 1,4-dioxane (1 mL)
was added to the latter combined dichloromethane extracts.

equipped with a PTFE stopcock and then was soaked withThe resulting solution was evaporated and dried under
water (2.5 mL). The reaction mixture was then transferred reduced pressure to afford analytically pure amine hydro-

to the SPE cartridge with rinsing with 5 mL of GE&ll,, and

chloride.

the cartridge was plugged with a glass stopper coated with  General Procedure for the Synthesis ofx-Substituted
PTFE seal tape. The cartridge was shaken vigorously for Amine Hydrochlorides (Microwave-Assisted Resin Cap-
30 s so that the diatomaceous earth flowed freely in the ture Procedure for Nonvolatile Amine Synthesis).To a

cartridge. The mixture was shaken for 30 min with a wrist

Smith Process vial (25 mL) containing AG MP-50 resin

action shaker. During the mixing, the cartridge was shaken (3.5 mequiv/g dry resin, 0.571 g, 2 equiv) and ammonium

vigorously with hands at intervals to ensure effective mixing.
The solid phase was filtered and washed with,Chuntil

no product could be found in the elution. The filtrate was
evaporated and filtered through a 0.5-cm plug of silica gel
(Merck 60 236-400 mesh) in a glass pipet. The silica gel
was washed with a small amount of a 9:1 LH/EL,O

mixture. The product imine contaminated with excess

chloride (0.0016 g, 0.030 mmol, 0.03 equiv) was added a
methanolic solution (4 mL) of the mixture obtained according
to the general procedure for Grignard addition. The mixture
was heated at 11T for 10 min using an Emrys Synthesizer.
The resin was separated from the solution phase by filtering
through an SPE cartridge (6 mL) equipped with a PTFE
stopcock. The resulting resin was then washed with methanol

aldehyde was obtained by evaporation of the solvent from (2 x 4 mL for 10 min) and CHCl, (2 x 4 mL for 10 min).

the filtrate.

General Procedure for the Synthesis oftert-Butane-
sulfinyl Imines 2 (Method B). A Smith Process vial (25
mL) containing tert-butanesulfinamidel (0.121 g, 1.00
mmol), aldehyde (1.2 mmol), dichloromethane (dry, 2.5 mL),
and titanium tetraethoxide (purity: 8®5%, 0.46 mL, 2
mmol) was heated to 11 in an Emrys Synthesizer. After

The resin was shaken Wit 4 Mammonia methanol solution

(4 mL) for 50 min. The methanol solution was filtered, and
the resin was washed with methanolX3 mL for 10 min).

The combined filtrate and methanol wash was evaporated,
taken up in dichloromethane, and filtered through a plug of
Celite. The Celite was washed with a small amount ob-CH
Cly. A 4 N HCI solution in 1,4-dioxane (1 mL) was added

heating for 10 min, the reaction mixture was transferred to to this filtrate. Concentration of this filtrate then afforded
the SPE cartridge (12 mL) containing diatomaceous earth analytically pure amine hydrochloride.

(8 mL) and water (2.5 mL). The cartridge was treated in the

same way as method A to afford the product imine
contaminated with excess aldehyde.

General Procedure for Addition of Organomagnesium
Reagents totert-Butanesulfinyl Imines. The mixture ob-
tained by method A or B was dissolved in @&, (5 mL)
and cooled to-48°C. To this cooled mixture, the appropriate

organomagnesium reagent in diethyl ether (3.0 M, 0.800 mL,

2.40 mmol) was added slowly dropwise. The reaction
mixture was stirred at-48 °C for 6 h and then was allowed
to gradually warm to room temperature. After stirring

General Procedure for the Determination of Enantio-
meric Purity. The amine hydrochloride (23 mg) was
separately derivatized with an excess &)-(and §-a-
methoxye-(trifluoromethyl)phenylacetyl (MTPA) chloride
according to Mosher’s procedufe Ratios of the MTPA
amide diastereomers were determined by gas chromatography
(GC) analysis (see General Methods).

Product Characterization. (S)-2-Butanamine Hydro-
chloride (4a). Prepared according to the general procedure
using propanaldeyde and methylmagnesium bromide. The
enantiomeric ratio was determined by GC analysis of the

overnight, the reaction was quenched by the addition of MTPA derivatives (106-250°C, 2°/min; (R)-MTPA deriva-
saturated aqueous ammonium chloride solution (2 mL). After tive of (R)-aminer; = 30.4 min, §-aminer; = 31.1 min).

stirring vigorously for 10 min, the mixture was transferred
to a 1PS filter cartridge equipped with a PTFE stopcock,

H NMR 6 0.99 (t,J = 7.5, 3H), 1.26 (dJ = 6.6, 3H),
1.47-1.75 (m, 2H), 3.16-3.23 (m, 1H). Anal. Calcd for

and the organic phase was isolated. The aqueous phase waS;H,CIN: C, 43.84; H, 11.04; N, 12.78. Found: C, 43.88;

rinsed with dichloromethane (8 2 mL) and evaporated to
afford the desired crude sulfinamide prod@ct

General Procedure for the Synthesis obi-Substituted
Amine Hydrochlorides (Conventional Acid/Base Extrac-
tion Method). The mixture obtained by the general proce-

H, 11.34; N, 12.51.

(R)-1-Phenylpropamine Hydrochloride (4b). Prepared
according to the general procedure using propionaldehyde
and phenylmagnesium bromide. The enantiomeric ratio was
determined by GC analysis of the MTPA derivatives (50

dure for organomagnesium reagent addition was dissolved250°C, 5°/min; (R)-MTPA derivative of R)-aminer; = 16.6

in methanol (2 mL). To this mixture was adtlé N hydrogen
chloride in 1,4-dioxane (2 mL). The mixture was stirred for

min, (§-aminer, = 16.9 min).*"H NMR ¢ 0.87 (t,J = 7.4,
3H), 1.85-2.09 (m, 2H), 4.13 (ddJ = 9.2, 6, 1H), 7.36-

30 min and then concentrated to dryness. The obtained7.48 (m, 5H). Anal. Calcd for §H1,CIN: C, 62.97; H, 8.22;

mixture was distributed in 0.5 N hydrochloric acid (2 mL)

N, 8.16. Found: C, 62.91; H, 8.38; N, 8.00.
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(9)-3-Methyl-2-butanamine Hydrochloride (4c). Pre- (R)-1,2-Diphenylethanamine Hydrochloride (4i). Pre-
pared according to the general procedure using isobutyral-pared according to the general procedure using phenyl-
dehyde and methylmagnesium bromide. The enantiomericacetaldehyde and phenylmagnesium bromide. The enantio-
ratio was determined by GC analysis of the MTPA deriva- meric ratio was determined by GC analysis of the MTPA
tives (106-250 °C, 2/min; (R)-MTPA derivative of R)- derivatives (106-300 °C, 5°/min; (R)-MTPA derivative of
aminer, = 33.7 min, §-aminer, = 34.7 min).'H NMR ¢ (R)-aminer, = 35.6 min, §-aminer, = 35.7 min).*H NMR
0.98 (d,J =7, 6H), 1.22 (dJ = 6.7, 3H), 1.75-1.92 (m, 0 3.14-3.33 (m, 2H), 4.49 (ddJ = 8.9, 6.5, 1H), 7.05
1H), 3.03-3.14 (m, 1H). Anal. Calcd for €H;4CIN: C, 7.12 (m, 2H), 7.157.26 (m, 3H), 7.36-7.43 (m, 5H). Anal.
48.58; H, 11.41; N, 11.33, Found: C, 48.65; H, 11.72; N, Calcd for G4H1sCIN: C, 71.94; H, 6.90; N, 5.99. Found:
11.01. C, 71.66; H, 7.26; N, 5.92.

(9)-2-Methyl-3-pentanamine hydrochloride (4d).Pre- (S)-(—)-1-(1-Naphthyl)ethanamine Hydrochloride (4j).
pared according to the general procedure using isobutyral-Prepared according to the general procedure using 1-naph-
dehyde and ethylmagnesium bromide. The enantiomeric ratiothaldeyde and methylmagnesium bromide. The enantiomeric
was determined by GC analysis of the MTPA derivatives ratio was determined by GC analysis of the MTPA deriva-
(100—-250 °C, Z°/min; (R)-MTPA derivative of R)-amine tives (106-300 °C, 5°/min; (R-MTPA derivative of R)-
re = 38.1 min, §-aminer; = 38.7 min).*H NMR ¢ 0.92— aminer; = 34.3 min, §-aminer; = 34.9 min).*H NMR o
1.04 (m, 9H), 1.49-1.79 (m, 2H), 1.872.01 (m, 1H), 2.86 1.74 (d,J = 6.8, 3H), 5.37 (qJ = 6.8, 1H), 7.52-7.67 (m,

2.96 (m, 1H). Anal. Calcd for g:¢CIN: C, 52.35; H, 11.72;  4H), 7.912-7.78 (m, 2H), 8.12 (d) = 8.5, 1H). Anal. Calcd
N, 10.18. Found: C, 52.22; H, 12.00; N, 10.08. for Cio2H14CIN: C, 69.39; H, 6.79; N, 6.74. Found: C, 69.21;

(R)- 1-Phenyl-2-methyl-1-propanamine Hydrochloride ~ H, 6.77; N, 6.56.

(4e). Prepared according to the general procedure using (S)-1-(4-Methoxyphenyl)ethylamine Hydrochloride (4k).
isobutyraldehyde and phenylmagnesium bromide. The enan-Prepared according to the general procedure for microwave-
tiomeric ratio was determined by GC analysis of the MTPA assisted resin capture using 4-methoxybenzaldehyde and
derivatives (156-250 °C, 5°/min; (R)-MTPA derivative of methylmagnesium bromide. The enantiomeric ratio was
(R)-aminer, = 17.3 min, §-aminer, = 17.5 min).'*H NMR determined by GC analysis of the MTPA derivatives (200

0 0.78 (d,J = 6.7, 3H), 1.12 (dJ = 6.6, 3H), 2.09-2.24 300°C, 5°/min; (R)-MTPA derivative of R)-aminer; = 29.6

(m, 1H), 3.9 (d,J = 9.2, 1H), 7.35-7.48 (m, 5H). Anal. min, (§-aminer, = 30.3 min).*H NMR ¢ 1.59 (d,J = 6.9,
Calcd for GoH16CIN: C, 64.68; H, 8.68; N, 7.54. Found: 3H), 3.78 (s, 3H), 4.38 (q] = 6.9, 1H), 6.97 (dtJ = 8.8,

C, 64.56; H, 8.91; N, 7.37. 3.0, 2H), 7.36 (dtJ = 8.8, 3.0, 2H). Anal. Calcd for &4

(9)-1-Phenylethanamine Hydrochloride (4f).Prepared ~ CINO: C,57.60; H, 7.52; N, 7.46. Found: C, 57.79; H, 7.70;
according to the general procedure using benzaldehyde andN, 7.46.
methylmagnesium bromide. The enantiomeric ratio was (S)-(4-Methoxyphenyl)phenylmethylamine Hydrochlo-
determined by GC analysis of the MTPA derivatives (350 ride (4l). Prepared according to the general procedure for
250°C, 5°/min; (R)-MTPA derivative of R)-aminer; = 15.3 microwave assisted resin capture using 4-methoxybenzalde-
min, (§-aminer; = 15.9 min).*H NMR ¢ 1.61 (d,J = 6.9, hyde and phenylmagnesium bromide. The enantiomeric ratio
3H), 4.43 (9 = 6.9, 1H), 7.35-7.46 (m, 5H). Anal. Calcd  was determined by GC analysis of the MTPA derivatives
for CgH1.CIN: C, 60.95; H, 7.67; N, 8.89. Found: C, 60.74; (100—300 °C, 5°/min; (R)-MTPA derivative of R)-amine
H, 7.97; N, 8.62. re = 38.0 min, §-aminer; = 38.2 min)."H NMR 6 3.78 (s,

(S)-1-Phenyl-2-propanamine Hydrochloride (4g).Pre-  3H), 5.56 (s, 1H), 6.97 (df] = 8.8, 2.1, 2H), 7.29 (dt) =
pared according to the general procedure using phenyl-8.7, 2.1, 2H) 7.357.46 (m, 5H). Anal. Calcd for GHie
acetaldehyde and methylmagnesium bromide. The enantio-CINO: C, 67.33; H, 6.46; N, 5.61. Found: C, 67.05; H, 6.75;
meric ratio was determined by GC analysis of the MTPA N, 5.46.
derivatives (156-250 °C, 5°/min; (R)-MTPA derivative of (S9)-1-(4-Chlorophenyl)ethylamine Hydrochloride (4m).
(R)-aminer; = 17.2 min, §-aminer; = 17.7 min).*H NMR Prepared according to the general procedure for microwave
0 1.22 (d,J = 6.6, 3H), 2.76 (dd,J) = 13.5, 8.2, 1H), 2.95  assisted resin capture using 4-chlorobenzaldehyde and meth-
(dd,J = 13.5, 6.2, 1H), 3.423.55 (m, 1H), 7.26-7.38 (m, ylmagnesium bromide. The enantiomeric ratio was deter-
5H). Anal. Calcd for GH14CIN: C, 62.97; H, 8.22; N, 8.16.  mined by GC analysis of the MTPA derivatives (:0800
Found: C, 62.90; H, 8.36; N, 7.92. °C, 5°/min; (R)-MTPA derivative of R)-aminer; = 28.5

(S)-1-Phenyl-2-butanamine Hydrochloride (4h).Pre- ~ min, (§-aminer; = 29.3 min)."H NMR 6 1.6 (d,J = 6.9,
pared according to the general procedure using phenyl-3H), 4.45(qJ = 6.9, 1H), 7.46-7.49 (m, 4H). Anal. Calcd
acetaldehyde and ethylmagnesium bromide. The enantio-for CsH1:CL.N: C, 50.02; H, 5.77; N, 7.29. Found: C, 50.30;
meric ratio was determined by GC analysis of the MTPA H, 5.97; N, 7.21.
derivatives (156-250 °C, 5°/min; (R)-MTPA derivative of (S)-(4-chlorophenyl)phenylmethylamine Hydrochloride
(R)-aminer; = 18.6 min, §-aminer; = 19.0 min).*H NMR (4n). Prepared according to the general procedure for
01.01 (t,J= 7.5, 3H), 1.5%+1.73 (m, 2H), 2.8+2.98 (m, microwave assisted resin capture using 4-chlorobenzaldehyde
2H), 3.33-3.39 (m, 1H), 7.2+7.38 (m, 5H). Anal. Calcd  and phenylmagnesium bromide. The enantiomeric ratio was
for C10H16CIN: C, 64.68; H, 8.68; N, 7.54. Found: C, 64.29; determined by GC analysis of the MTPA derivatives (200
H, 8.97; N, 7.44. 300°C, 5°/min; (R)-MTPA derivative of R)-aminer; = 36.9
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min, (§-aminer; = 37.2 min).'H NMR ¢ 5.65 (s, 1H),
7.33-7.49 (m, 9H). Anal. Calcd for GH13CI.N: C, 61.43;
H, 5.16; N, 5.51. Found: C, 61.37; H, 5.22; N, 5.44.
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