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Abstract:

A convenient, multikilogram-scale, stereoselective process for
the synthesis of (R,45)-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahy-
dronaphthalen-1-amine hydrochloride 1 is described. The key
steps involve synthesis of sulfinyl imine Rs,4S)-5 from (S)-
tetralone (49)-3 and (R)-tert-butylsulfinamide (Ry)-4, and its
stereoselective reduction with 9-BBN to produce the ®)-amine
center of 1. The process has been scaled up to multikilogram
scale and gives 1 in an overall yield o>50% with a chemical
purity of 99.7 A% by HPLC and stereochemical purity of
>99.9% by chiral HPLC.

Introduction
Recently, drug candidates for blocking the monoamine
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most of the approaches reported for sertraline are not
applicable to the synthesis didue to the substrate preference
for the formation of the cis diastereomer. Fortunately, a great
variety of chemical approaches to optically active amine
compounds have been explored in recent yéarspending

on substrate reactivity and cost of goods, methodologies
ranging from stoichiometric chiral auxiliary-based transfor-
mations to catalytic processes have been developed. When
successful, these processes have been applied to the plant-
scale manufacture of advanced pharmaceutical intermediates.
Herein we describe a practical, scalable, stereoselective
synthesis of the compourtdans-1 at multikilogram scale.

Results and Discussion
Initial Chemical Synthesis. Our discovery chemistry

reuptake transporters have sparked considerable interest i'&olleagues synthesized compounditilizing a route, which

the pharmaceutical industry for treatment of central nervous
system disorders. Various candidateare in clinical evalu-
ation in addition to numerous others at the preclinical stage.
Sertraline? is a selective serotonin reuptake inhibitor (SSRI),
marketed by Pfizer as Zoloft for depressionrR@S)-4-(3,4-
Dichlorophenyl)-1,2,3,4-tetrahydronaphthalen-1-amine hy-
drochloridé 1 is structurally similar to sertralin@ and is
currently under investigation for a number of potential central
nervous system disorder indications at Sepracor.
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There are numerous synthetic approaches documented in

the literature for the synthesis of sertralié> However,
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is not suitable for the manufacture of API at multikilogram
scale (Scheme 1). The discovery rétiterolved preparation

of (9-tetralone(4S)-3 from racemic tetralon€4RS)-3 via
chromatographic separation of sulfinyl imirf®&s4RS)-5
diastereomers, followed by hydrolysis. The sulfinyl imine
isomers were generated by condensation wi)-tért-
butylsulfinamidé ((R)-TBSA), (Ry)-4, in the presence of
titanium ethoxide. The yield of sulfinyl imine diastereomer
(Rs,/49)-5 was~15% after chromatographic purification. The
low recovery yield was due to chromatographic loss and the
instability of compoundb on silica gel. The resultingH-
tetralong(4S)-3 was converted tdl-formyl amine (RS4S)-6

as a mixture of two diastereomers that were again separated
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Scheme 1. Discovery chemistry synthesis
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by chromatography to afford the desired diastereomer from (4S)-3 without isolation, leading to sulfinamide by
(1R49)-6 in 17% vyield over two steps. RA9-trans in situ reduction. Advantageously, the directing capacity of
norsertralinel was obtained after the acidic hydrolysis of the chiral auxiliary(Rs)-4 is strong enough to overcome the
(1IR49)-6 in 71% vyield. The overall yield of this route was intrinsic substrate bias of the tetralone-derived center
less than 2% and involved two chromatographic purifications, favoring the cis diastereomer. Conducting the two-step
making it impractical for an efficient large-scale synthesis sequence in a telescoped fashion, without purification of
of 1. intermediates, avoids the possible degradatiofRg#S)-5,
GMP Synthesis.On the basis of the discovery work and  which is highly susceptible to hydrolysis. The sulfinamide
a tight schedule, it seemed prudent to use Bddtralone 7, resulting from the asymmetric reduction, is then easily
(49)-3 as starting material for the GMP synthesis, without hydrolyzed tol (Scheme 2).
consideration of its cost. This approach allowed us to focus = Formation of Sulfinyl Imine ( Rs,4S)-5. Condensation of
on setting the R-amine chiral center. Also, this ketone enantiopure primary sulfinamides with ketones and aldehydes
starting material can now be readily obtained from com- is well documented in the literatufé:'° The reaction calls
mercial sources of sertralin@ and already contains one of for a Lewis acid dehydrating agent such as titanium alkoxide
the two asymmetric centers present in the target strudture or molecular sieves. Ellman et al. have reported an extensive
Unfortunately, all of our efforts made to take advantage of optimization of the condensation ¢ért-butylsulfinamide
the 4Schiral center 0f49)-3 in a substrate-controlled fashion  with aldehydes and keton&sThey found that magnesium
to set the amine center stereochemistry of the API favored sulfate and copper sulfate are effective for condensation with
the undesirable cis produttWith a desire to rapidly and  a wide range of aldehydes including sterically demanding
more efficiently produce cGMP supplies, we turned our substrates, such as isobutyraldehyde, and electron-rich
attention to a_ chqul auxﬂ@ry-baset_j approaCh to the amine (9) For reviews on the chemistry of sulfinimines see: (a) Davis, F. A.; Zhou,
stereocenter id. With the intermediatéRs,4S)-5 from the P.; Chen, B.-CChem. Soc. Re 1998 27, 13. (b) Hua, D. H.; Chen, Y.;
discovery route as a lead, we explored the use of chiral ~ Milward, G.S.Sulfur Rep1999 2, 211. (¢) Zhou, P.; Chen, B.-C.; Davis,
i ; . : K F. A. Synthesis and Reactions of Sufiniminés Advances in Sulfur
sulfinamide-directing groups to control formation of the new Chemistry Rayner, C. M., Ed.; JAl: Greenwich, Connecticut, 2000; Vol.

chiral center. The key step in this approach involves the 2, pp249-282. (d) Eliman, J. APure Appl. Chen2003 75, 39. (e) Fanelli,
D. L.; Szewczyk, J. M.; Zhang, Y.; Reddy, G. V.; Burns, D. M.; Davis, F.

stereoselective reduction of sulflnyl 'm"QES'A’S)'S’ derived A. Org. Synth200Q 77, 50. (f) Morton, D.; Stockman, R. ATetrahedron
2006 62, 8869.
(8) Hydrogenation of various imine derivatives derived fr¢46)-3 provided (10) Liu, G.; Cogan, D. A.; Owens, T. D.; Tang, T. P.; Ellman, J.JAOrg.
predominantly cis product. Chem 1999 64, 1278.
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Table 1. Effect of solvent and temperature on the
conversion of (48)-3 to (Rs4S)-5

% convil
solvent, to (Rs4S)-5
entry reagent temp. €C) (HPLC)
1 Ti(OPr), neat THF, 75 <50
2 Ti(OPr), neat THF, 75 <50
3  Ti(OEt),20 wt % THF/toluene, <70
soln in EtOH 80—90 1:1 (v/v)  with byproducts
4  Ti(OEt),20 wt % THF, 70-75 >95
soln in EtOH

compounds, such gsanisaldehyde. Unreactive substrates,
such as pivaldehyde, required more Lewis acidic titanium
ethoxide or isopropoxide. Only titanium alkoxides in THF

solvent were found to be effective for the condensation of
ketones.

The strongly Lewis-acidic reagents titanium isopropoxide,
n-propoxide, and ethoxide initially worked with only moder-
ate success for our ketone substréd8)-3 (Table 1). We
optimized these reaction conditions by screening different

Scheme 3. Preparation and reduction of p-toluene sulfinyl
imine (Rs49)-5T
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Table 2. Selectivity in reduction of (Rs4S)-5T
reducing reaction HPLC selectivity?
entry reagent solvent temp. (C) convll (trans/ci9
1 NaBH, MeOH 0 >99 13/87
2 BH;-THF THF 0 >99 98/2
3 9-BBN THF 0 >99 >99/1

a Selectivity based on HPLC analysis after hydrolysigofto 1 with MeOH/

solvent systems. When THF was used as the single solvent,

at 75 °C, less than 50% conversiBnwas obtained as
measured by HPLC (Table 1, entries 1 and 2). Higher
conversion was seen using a THF and toluene solven

mixture, which enabled an increase of the reaction temper-

ature to 86-90°C, but the 70% conversion was accompanied
with byproduct formation (entry 3). Meanwhile, reduced
temperatures gave lower conversions with ethanolic Ti(OEt)
solution. The best conversion, i.e.95%, was obtained using
an ethanolic solution of titanium ethoxide in THF at-716
°C (Table 1, entry 4). The amount of ethanol charged with
the titanium ethoxide (20 wt % in ethanol) was sufficient to
generate a 1:1 (v/v) mixture with THF and allowed the
reaction to proceed to completion without significant forma-
tion of byproducts.

After reaction completion, as evidenced by HPLC analy-

sis, the mixture was quenched with an aqueous solution of

sodium chloride. Although the titanium byproducts precipi-
tated out of solution, filtration of the resulting suspension
was extremely slow. Diluting the slurry with methiért-

butyl ether or ethyl acetate before filtration did not improve
the filtration rate. However, when the slurry was diluted with
THF, the filtration rate improved significantly. Excess THF
from the reaction mixture was removed by distillation under

reduced pressure prior to extracting the product into toluene.

This aromatic solvent was selected for extraction owing to
the favorable solubility of the sulfinyl iminéRs,4S5)-5. In
addition, toluene also enabled the removal of water from
the product by azeotropic distillation prior to the next step
where anhydrous conditions were required with 9-borabicyclo-
[3.3.1]nonane (9-BBN).

Stereoselective Reduction of Sulfinyl Imine Rs,4S)-5
to Sulfinamide 7. Although the asymmetric reduction of
sulfinyl imines, in general, has previously been expldfed,
in 1999 Ellman et al? reported the first screening of
asymmetric reduction ofert-butylsulfinyl imines. Using
various borohydride reagents, Ellman’s group achieved

excellent selectivity with acetophenone-derived substrates.
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In order to evaluate the stereoselectivity of the reduction,
we screened reducing agents using a purified sample of our

tSubstratgR,45)-5. We also briefly evaluated the reduction

of the sulfinyl imine (Rs,4S)-5T derived from R)-p-tolu-
enesulfinamid&(Rs)-4T, which was prepared using condi-
tionst similar to those that were used f(R.,4S)-5 yet that
gave poor yields (i.e., 2530% unoptimized, Scheme 3).
Reduction of (Rs4S)-5T with sodium borohydride in
methanol at 0°C gave predominantly the undesired cis
product (Table 2, entry 1). Both the borartetrahydrofuran
complex and 9-BBN in THF gave the desired product in
>98:2 trans:cisselectivity at 6-5 °C reaction temperature
(Table 2, entries 2 and 3). However, this subst(&4S)-
5T was not pursued further due to the difficulty in its
preparation and the higher c&sassociated witi{Ry)-4T.
Sulfinyl imine (Rs4S)-5 gave similar undesired 13/87
transto-cis selectivity of 7 on reduction with sodium

(11) Conversions were monitored by in-process HPLC methods: Zorbax SB-
CN, 5um, 4.6 mmx 150 mm column; mobile phase 0.2%F0,, 0.005 M
sodium dodecyl sulfate/acetonitrile (60:40 isocratic); temperature, ambient;
flow rate, 1.0 mL/min; injection volume, 10L; UV wavelength, 220 nm.
Approximate retention times fq#S)-3, 20.8 min;(Rs4S)-5, 29.6 min;7,
24.8 min;1, 11.5 min.

(12) (a) Annunziata, R.; Cinquini, M.; Cozzi, B. Chem. Soc., Perkin Tranks

1982 341. (b) Hua, D. H.; Lagneau, N.; Wang, H.; ChenTdtrahedron:

Asymmetry1995 6, 349. (c) Hua, D. H.; Miao, S. W.; Chen, J. S.; Iguchi,

S.J. Org. Chem1991, 56, 4. (d) Hose, D. R. J.; Mahon, M. F.; Molloy, K.

C.; Raynham, T.; Wills, MJ. Chem. Soc., Perkin Trans1b96 691. (e)

Lu, Z.-H.; Bhongle, N.; Su, X.; Ribe, S.; Senanayake, CTetrahedron

Lett 2002 43, 8617. (f) For diethylzinc reduction of preformédsulfinyl

imine catalyzed by Ni(acagpee: Xiao, X.; Wang, H.; Huang, G.; Yang,

J.; Bian, X.; Qin, Y.Org. Lett 2006 8, 139.

For the asymmetric reduction tért-butylsulfinyl imines see: (a) Kochi,

T.; Tang, T. P.; Ellman, J. AJ. Am. Chem. So@003 125 11276. (b)

Kochi, T.; Tang, T. P.; Ellman, J. Al. Am. Chem. So@002 124, 6518.

(c) Borg, G.; Cogan, D. A,; Ellman, J. Aetrahedron Lett1999 40, 6709.

(14) Reaction was run in Gi€l, at 40-43 °C for ~18 h and afforded 28%
isolated yield of(Rs4S)-5T. 'H NMR (400 MHz, CDC}) 6 (ppm) 8.31
(dd, 1H,J = 1.6, 7.6 Hz), 7.74 (m, 2H), 7.35 (m, 5H), 7.19 (d, 1H= 2.4
Hz), 6.88 (m, 2H), 4.15 (dd, 1Hga4= 4.8 Hz,J3, 4= 8.4 Hz), 3.44 (ddd,
1H,J=4.0, 7.6, 13.2 Hz), 2.89 (ddd, 1Hd,= 4.4, 9.6, 13.2 Hz), 2.42 (s,
3H), 2.32 (m, 1H,), 2.17 (m, 1H).

(15) (R)-p-Toluene sulfinamide is listed in the Aldrich 2006 catalogue at 0.5g/
$59.40, whereas theSf-isomer is listed at 5.09/$126.50.

(13)



Table 3. Selectivity in reduction of (Rs4S)-5

reaction HPLC
temp. conv!! selectivity*

entry reagent solvent (°C) to7 (trans/cig
1 NaBH, MeOH 0 >99 13/87
2 BHs;-THF THF 0 >99 98/2
3 9-BBN (0.5M) THF 0-5 >99 >99/1
in THF
4  9-BBN (0.5M) toluene/THF  0-5 >99 >99/1

in THF up to 2:1 (v/v)

a Selectivity based on HPLC analysis after hydrolysi§ 6 1 with MeOH/
Cl.

borohydride in methanol (Table 3, entry 1). As with the
(Rs,4S)-5T case, both boranes also gax68/2 trans-to-cis

selectivity of 7 (Table 3, entries 2 and 3). At temperatures
higher than 5°C, the trans selectivity deteriorated signifi-

cantly, although an increase in the reaction rate was also

apparent. After our work was completed, two independent
groups reported pertinent communications involving the
evaluation of a wide range of hydride reagents for asym-
metric reduction of variougert-butylsulfinyl imine sub-

strates'® Both groups observed a reversal of stereoselectivity

when the reducing agent was changed from sodium boro-

hydride to a sterically hindered L-Selectride in THF solvent.
Their work confirmed the same phenomenon that we
observed during our development wet& reversal of
selectivity with different reducing agent/solvent combina-
tions!” Sodium borohydride in MeOH predominantly gave
cis product, whereas boranes in THF gave predominantly
trans-7 (Table 3).

During initial laboratory development, the toluene solution
of imine (Ry,4S)-5 was concentrated to dryness before
dissolution with THF for the reduction with 9-BBN. How-
ever, at a larger scale in the pilot plant, the complete removal
of solvent was not feasible. In order to telescope the two
steps, the toluene extract @R;4S)-5 was azeotropically

Table 4. Yield and quality data of trans-norsertraline-HCI
(1) from (49)-3

chiral

(9-tetralone (1IR49-1 % overall purity®®

(49)-3  recrystallizedyield from HPLC A% by HPLC

entry input (kg) (kg) (49)-3tol purity (%)
1 0.05 0.031 55.0 99.85 99.98
2 2.30 1.25 48.3 99.67 99.97
3 411 2.57 55.9 99.76 99.95
average 53.1 99.76 99.97

mixing 36% concentrated aqueous HCI and methanol, at O
°C to yield crude product. After removing the methanol
and THF by distillation at reduced pressure, the product was
free-based with aqueous sodium hydroxide and extracted into
MTBE. The free base was converted back to the HCI salt
after drying the MTBE solution azeotropically by treating
with an anhydrous solution of HCI in MTBE. The crude
productl was collected by filtration and recrystallized from
ethanol/heptane to afford the AP1#99.7 A% purity HPLC
with >99.9% chiral purity:® The yield and input data from
the lab and pilot-scale runs are tabulated in Table 4.

Conclusion

In summary, we have developed an effective and robust
stereoselective process for the GMP synthesid af an
overall yield of >50%. The process has been successfully
telescoped to avoid the isolation of unstable intermediates.
It involves two isolations, the crude and recrystallized API,
1. In this process we have demonstrated the successful use
of (R)-TBSA for selectively setting the desired stereochem-
istry at the amine center. The present route offers the potential
for a scalable commercial process.

Experimental Section
General. All reagents were obtained from commercial

distilled to remove water. The reduction with 9-BBN was suppliers and were used without further purification. Only
evaluated using a mixture of toluene and THF. To our anhydrous solvents were used for the reactions, and these

surprise, when compared to THF-only as the reaction solvent,were equally purchased from commercial suppliers. All the

the rate and selectivity did not change when a 2:1 (v/v)
mixture of toluene and THF was used (entry 4).

For the large-scale process, the toluene extra@®g4S)-5
was dried by azeotropic distillation, and a THF solution of
9-BBN (0.5 M) was added after cooling t’G. The reaction
was found to be slower atT or below but reasonably fast
between 0 and 3C (2—3 h). Analysis of the reaction mixture
for selectivity by nonchiral HPLC methétshowed>99.5:

0.5 trans-to-cis ratio.

Primary amines can be easily liberated from sulfinamide
products by treatment with methanolic aéfdlhus,7 was
treated with a solution of 4M HCI in methanol, prepared by

reactions were performed under nitrogen atmosphiie.
NMR and®3C NMR were obtained from a Varian Mercury
400 spectrometer in deuterosolvents with TMS as an internal
standard at room temperature. A Waters 2690 HPLC system
equipped with Waters 2487 UV detector was used for in-
process as well as chiral assays. The HPLC data were
reported in area % and were not adjusted to weight %.
(1R,49)-4-(3,4-Dichlorophenyl)-1,2,3,4-tetrahydronaph-
thalen-1-ylamine HCI (Crude 1) from (S)-tetralone (4S)-
3. (9-Tetralone(49)-3 (4.11 kg, 14.1 mol) andR)-tert-
butylsulfinamide (Rs)-4 (TBSA, 1.9 kg, 15.7 mol) were
charged to a suitable reactor and dissolved in anhydrous THF

(16) (a) Colyer, J. P.; Andersen, N. G.; Tedrow, J. S.; Soukup, T. S.; Faul, M.
M. J. Org. Chem2006 71, 6859. (b) Tanuwidjaja, J.; Peltier, H. M.; Ellman,

J. A.J. Org. Chem?2007, 72, 626.

(17) We observed a similar reversal of selectivity on our subs(ra$4S)-5, as
reported by Andersen et 8when sodium borohydride was used as reducing
agent in methanol as compared to more sterically demanding 9-BBN in
THF. Also, sodium borohydride in THF at® gave 95% conversion and
reverse selectivity of 85/1&ans/cis However, L-Selectride in THF at 0
°C gave>99% conversion and 1/99 ratio tfns/cis

(18) (a) Davis, F. A.; Portonovo, P. S.; Reddy, G. V.; ZhouPRosphorus,
Sulfur Silicon Relat. Elem1997 120, 291. (b) Liu, G.; Cogan, D. A,
Ellman, J. A.J. Am. Chem. S0d 997, 119, 9913.

(19) The chiral purity oflL was analyzed using an HPLC method: Chiracel OD-
H, 5um, 4.6 cmx 25 cm column from Chiral Technology; mobile phase,
hexane/ethanol/ethane sulfonic acigZH 95:5:0.05:0.01; flow rate of 0.8
mL/minute; ambient temperature; 220 nm wavelength. Approximate reten-
tion times for (R49-1, 39 min; for (1IS49-1, 36 min. In addition, this
verified that no epimerization of theStenter occurred during processing.
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(29 L). Titanium ethoxide (31.6 kg, 27.7 mol, 20 wt % 3.30 (d, 1H,J = 3.7 Hz), 2.35 (m, 1H), 1.95 (m, 1H), 1.85
solution in ethanol) was added, and the mixture was heated(m, 1H), 1.75 (m, 1H), 1.23 (s, 9H}3C NMR (100 MHz,
to 70 °C for 20-24h. The reaction was monitored by CDCk) 6 147.1, 138.4, 138.0, 132.6, 130.8, 130.6, 130.5,
HPLCX!! After reaction completion, the mixture was cooled 129.8,128.3,127.9, 55.8, 53.3, 44.0, 28.2, 27.7, 22.9. HRMS
to 22°C and added to a solution of 24 wt % agq Na&i60 calcd for GoH23CILNOS 396.0956, found 396.0968.
L). The slurry was diluted with THF (20 L), filtered, and Recrystallization of Crude (1R,4S)-4-(3,4-Dichlorophe-
washed X with THF (10 L). The mother liqguor and washes nyl)-1,2,3,4-tetrahydronaphthalen-1-ylamine HCI (1).Crude
were concentrated to a minimum volume. The aqueous phas€1R,4S5)-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydronaphthalen-
was extracted with toluene (30 L) and toluene/ethyl acetate 1-ylamine HCI (3.63 kg) was charged to a suitable reactor,
(2:1 viv, 30 L), and the combined organic phases were and denatured ethanol (5% methanol, 128 L) was added. The
washed with aq NaCl (7 L) followed by water (4 L). The mixture was heated to reflux and polish-filtered. The volume
organic phase was concentrated to half volum&Q L) was then reduced to 50% via distillation and cooled to 50
under vacuum. °C (crystallization occurred during the distillation). Heptane
A purified sample from the crude produ@®s4S)-5 was (80 L) was added to the slurry to further crystallize the
analyzed: mp 104C.*H NMR (400 MHz, CDC}) 6 (ppm) product. The slurry was cooled slowly to 0 t6 °C. The
8.23 (dd, 1H,J = 7.9, 0.9 Hz), 7.38 (ddd, 1H] = 14.7, product was isolated by filtration, and the cake was washed
7.3, 1.5Hz), 7.37 (d, 1H] = 8.4 Hz), 7.33 (d, 1H) = 7.7 with ethanol/heptane (1/1 v/v, 2 5.7 L), followed by
Hz), 7.17 (d, 1HJ = 1.8 Hz), 6.93 (d, 1HJ = 7.7 Hz), hexane (6 L). The wet cake was dried under vacuum at 45
6.89 (dd, 1H,J = 8.4, 2.2 Hz), 4.18 (dd, 1H] = 7.3, 4.8 °C to afford 2.57 kg ofl in 56% overall yield from §-
Hz), 3.36 (ddd, 1H,) = 17.5, 8.8, 4.4 Hz), 2.93 (ddd, 1H, tetralone(4S)-3. The HPLC purity ofl was 99.65A% and
J=17.6, 8.3, 4.2 Hz), 2.33 (m, 1H), 2.15 (m, 1H), 1.34 (s, chiral purity*® was >99.9%.
9H). 13C NMR (100 MHz, CDC}) 6 175.8, 144.2, 142.7, H NMR (400 MHz, DMSOds) 6 1.81—1.93 (m, 2H),
132.6, 130.8, 130.7, 129.7, 128.1, 127.6, 127.4, 57.8, 44.3,2.12-2.21 (m, 1H), 2.282.36 (m, 1H), 4.28 (t, 1HJ) =
31.1, 29.4, 22.8. HRMS calcd forgH,1CI,NOS 394.0799, 6.8 Hz), 4.59 (br s, 1H), 6.84 (d, 1d,= 7.6 Hz), 7.05 (dd,
found 394.0767. 1H,J = 8.4, 1.6 Hz), 7.25 (t, 1H) = 7.6 Hz), 7.32 (t, 1H,
The toluene solution ofRs4S)-5 was diluted with THF J=7.6 Hz), 7.37 (d, 1H) = 1.6 Hz), 7.56 (d, 1HJ = 8.4
(12 L) and cooled to-5 to —10 °C. 9-Borabicyclononane  Hz), 7.76 (d, 1HJ = 7.2 Hz), 8.80 (br s, 3H)}*C NMR
(9-BBN, 36.3 kg, 20.3 mol as 0.5 M solution in THF) was (100 MHz, DMSOsg) 6 147.4, 138.9, 133.6, 131.0, 130.5,
added dropwise over-23 h and stirred at €5 °C until 130.4, 130.1, 129.0, 128.9, 128.4, 128.2, 126.8, 47.9, 43.1,
reaction completion to givg€. HCI (4 N)/methanol (8 L) 27.8, 25.2. Anal. Calcd for fgH:sCIbN: C, 58.47; H, 4.91;
was added to the mixture and stirred until the hydrolysis N, 4.26; Cl, 32.36. Found: C, 58.44; H, 4.79; N, 4.21; Cl,
reaction was complete to give(3—4 h). Caution! Hydrogen 32.53.
gas is generated and caution must be taken to properly
ventilate this flammable gas. After neutralization with 6 N Acknowledgment
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was filtered and washed with MTBE (2 8 L). The product
was dried under vacuum at 48 to afford 3.73 kg of crude  Supporting Information Available

productl. H NMR and*3C NMR spectra fo(Rs,49)-5, 7, andl as
A purified sample of the crude product sulfinamidefter ~ well as chiral HPLC assay df. This material is available

reduction was analyzed: mp 15254 °C. 'H NMR (400  free of charge via the Internet at http://pubs.acs.org.

MHz, CDCE) 6 (ppm) 7.58 (d, 1H,] = 7.7 Hz), 7.29 (m,

2H), 7.18 (br t, 1HJ = 7.5 Hz), 7.09 (d, 1HJ = 1.8 H2), _ _

6.87 (d, 1H,J = 7.7 Hz), 6.80 (dd, 1HJ = 8.3, 2.0 Hz),  Received for review March 8, 2007.
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