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Abstract 0 A series of substituted 3,4-dihydro-2/+1,4-thiazines inhibit 
5-lipoxygenase from rat leukocytes and exhibit submicromolar IC,, 
values. A novel synthesis of these compounds was developed based on 
the formation of Iiyclroxymethyleneamine 13 and its cyclization to the title 
compounds. The dihydrothiazines have low oxidation potentials, typically 
€,,2 is near 0.3 V, and a representative compound reduces 
Fe(lll)(phen),, with k = lo5 M-’s-’ . We propose that these lipophilic 
compounds bincl to 5-lipoxygenase and reduce the iron in the active site, 
thus inactivating the enzyme. 

5-Lipoxygenase (5-LO) is the first enzyme involved in the 
conversion of arachidonic acid to the biologically important 
leukotrienes ‘(LT). For example, the diol LTB, is a potent 
chemotaxin for neutrophilsl and the peptidoleukotrienes 
LTC,, LTD,, and LTE, comprise the slow-reacting substance 
of anaphylaxi!~.i!~3 Attentio:n has focused on the role of leu- 
kotrienes in the development of certain physiological disor- 
ders such as allergic asthma and inflammation., The poten- 
tial for treating these diseases by the inhibition of 5-LO is an 
attractive g0al.5-7 

Lipoxygenases are thought to contain an iron atom which 
is necessary to catalyze the oxidation of a double bond in 
arachidonic acid1.R-11 A “horseshoe” conformation for arachi- 
donic acid in the active site of the enzyme has been 
postulated.1‘ ‘This conformation is shown in Figure 1, where 
the dotted lines emphasize its similarity to fused or 1,l’- 
linked unsaturated ring systems. One approach to lipoxyge- 
nase inhibitors is to contrive a compound that can mimic this 
conformation arid that contains an electron-rich group that 
would provide interactions with the electrophilic iron atom.13 
With this in mind, we evaluated 6-phenyl-3,4-dihydro- 
W-1,4-thiaziinesl4 as potential inhibitors of 5-LO. In partic- 
ular, these compounds feature a phenyl ring in 1,l ’-linkage to 
an electron-rich dihydrothiazine ring. Two dihydrothiazines 
have already been reported to inhibit 5-LO. The benzo- 
1,4-thiazine 2 w,as shown to be a potent inhibitor with an IC,, 
value of 2.7 pM15 and the benzoyl-substituted dihydrothiaz- 
ine 1 was recently claimed16 to have LO-inhibiting activity, 
though our results indicate that it is at best a weak 5-LO 
inhibitor (IC5, > 100 pM). We, therefore, synthesized a series 

Figure 1-Horseshoe conformation of arachidonic acid. The dotted lines 
represent a fused aromatic ring system overlayed on the arachidonic 
acid. 
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of substituted dihydrothiazines (Table I) and tested them as 
inhibitors of 5-LO. 

Results and Discussion 
Chemistry-We recently ireported that cyclization of ure- 

thane 3 gave lactam 5 which, upon reduction with lithium 
aluminum hydride (LAH), gave dihydrothiazine 6m as the 
major product along with minor amounts of tetrahydrothiaz- 
ine 714 (Scheme I). Synthesis of 6a, 6b, 6c, 6d, and 6h required 
alkylation of secondary lactam 4 with an  appropriate alkyl 
halide, followed by reduction of the resulting tertiary amide 
with lithium aluminum hydride. 

Alternatively, a more direct route was developed which 
involved the conversion of the amine 11 (R = Ph, R, = H) to 
the dihydrothiazine 6e (R = CH,CH,Ph, R, = H; Scheme 11). 
The reactions of P-mercaptoethylamines with a-haloketones 
represent an important synthetic entrance to dihydro- 
thiazines.17 We felt if we could prepare the aldehyde 12 it 
would readily cyclize to the desired dihydrothiazine. We were 
encouraged by a recent patent of Renfroel6 and a report by 
Chiba et  al.18 who prepared dihydrothiazines by a similar 
method. A dianion generated from amine 11 and lithium 
diisopropylamide was reacted with one equivalent of ethyl 
formate to generate the dianion of hydroxymethylene amine 
13. Quenching the reaction with ammonium chloride directly 
provided dihydrothiazine 6e. 

Biology-Compounds were tested for inhibition of par- 
tially purified 5-LO from rat neutrophils by incubation of the 
inhibitor with the enzyme for 10 min followed by addition of 
the substrate to initiate a 10-min assay. Enzyme concentra- 
tions in control reactions were chosen to give 70-80% con- 
version of the substrate, and IC,, values represent the 
inhibitor concentration necessary to limit substrate conver- 
sion to half that of the control. The results are collected in 
Table I. Under these conditions we were able to confirm that 
the previously described dihydrothiazine 2 was indeed a 
potent inhibitor of 5-LO (IC,, = 0.5 pM). The inhibitory 
potency of a representative dihydrothiazine (6a) is compared 
in Table I1 with those of standard 5-LO inhibitors under these 
assay conditions. 

All the compounds in thiEi study in which a phenyl group 
was directly attached to the dihydrothiazine were good in- 
hibitors of 5-LO. The inhibitory potency was found to be 
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Table C6-Phenyl-3,4-dlhydro-2H1 ,Cthlazine Inhibitors of 5-Lipoxygenase 

6a S Ph (CH,), Ph 0.4 0.23 
6b S Ph (CH,), Ph 0.4 0.23 
6c S Ph CH,CH, Ph" 0.5 0.27 

Ph 0.4 0.29 
- Ph 1.5 0.44 6e S Ph 

6f S 3-MeOPh CH(Me)CH, Ph 0.8 0.24 

6h S Ph CH,CH, OH" 6 0.25 
6i S Hd CH,CH, Me 10 0.27 

S 1 -C,oH, CH,CH, Ph 0.6 0.26 
6k S 4-CIPh CH,CH, Ph 0.2 0.28 
61 S 4-MeOPh CH,CH, Ph 0.3 0.16 
6m S 3-MeOPh CH,CH, Ph 2 0.24 

5m S 3-MeOPh' CH,CH, PhC 100 >1.4 
6n 0 Ph CH, Ph 0.8 0.18 
60 S PhCO CH,CH, Ph >loo 0.77 
6P S 3-MeOPhe COCH, Ph 20 >1.4 
6q S 3,4-(MeO),Ph CH,CH, 3,4-(MeO),Phc 6 0.15 

a IC50 values, measured as described in the text, are reproducible to one significant figure (+-30%). Average of reversible oxidation and reduction 
potentials measured by cyclic voltammetry in acetonitrile containing 0.2 M LiC104, V versus Ag:AgCI. See ref 14. 5-Phenyl. 3,4,5,6-Tetrahydro. 

6d S Ph CH, 

6g 

6i 

S Ph CH,CH, Me 4 

7m S 3-MeOPh' CH,CH, PhC 90 0.99 

3,4,5,6-letrahydro-5-0~0. 

R2 J 
C&S, 

O A N J  
($2)" 

I 
Ph 

Scheme I 

relatively insensitive to variations in the substituent on the 
nitrogen. A majority of the compounds in this study has a 
phenyl group attached to the nitrogen via an alkyl spacer; 
variation in the length or branching of this spacer had little 
effect on the activity (6a-60. Furthermore, while replacement 
of this phenyl ring with methyl (6g) or hydroxyl (6h) groups 
resulted in the loss of approximately an order of magnitude in 
potency, such large effects on the lipophilic character of the 

1 3  R 6 R  

Scheme II 

molecule could have been expected to have a more dramatic 
effect. 

Similarly, there was little effect of varying the 6-phenyl 
substituent. A 6-naphthyl group (63 was equipotent to 6c, as 
were 3- and 4-substituted derivatives (6f and 6k-6m), al- 
though extensive substitution as in the bis-dimethoxy ana- 
logue (6q) resulted in reduced activity. Moving the phenyl 
group from C-6 to C-5 (69 was not deleterious, nor was 
substituting an oxygen atom for the sulfur (6111. The IC,, 
values were, however, sensitive to reduction of the double 
bond of the dihydrothiazine ring (7 and 5).  
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Table Il-Compisrison of &Phenyl-3,4-dihydro-2M1,4-thiazine 
with Standard Inhibitors of 5-Lipoxygenase 

Compound ICm, pMa €1 /za 

6a 0.4 0.23 

Diphenyl disulfido 0.08 
Phenidone' 90 0.05e 
BW 755Cd 80 0.24e 

- 2 
- 

ETYA* 

a Determined as for Table I .  5,8,11 ,lCEicosatetraynoic acid. 2- 
Phenyl-1 H-indene-l,3(2H)-dione. 4,5-Dihydro-l-[3-(trifluoromethyl)- 
phenyll-1 Kpyrazol-Samine hydrochloride. Redox potentials mea- 
sured in aqueous solution. 

Since enzyme inhibition by' this series of compounds is insen- 
sitive to  structural changes on the ring, it is likely that factors i n  
addition to codonnational efixts are important. The dihydrothi- 
azines have low o'xidation pokntials, in marked contrast to  the 
tetrahydrothiazines. Reduction of the 5,6-double bond (5m, 6p, 
and 7m) also has a large, negative effect on enzyme inhibition. It 
seems likely, then, that oxidation of the dihydrothiazines plays a 
role in the mechanism of action. 

requires lipid peroxide for 
activity,lg and tlhe inhibitory effect of the dihydrothiazines 
could result from reduction of these lipid hydroperoxides. 
However, a representative dihydrothiazine, 6c, did not de- 
tectably reduc'e 15-hydroperoxyeicosatetraenoic acid acid un- 
der the conditions of the enzyme assay. 

The role of 1ipi.d hydroperoxides is proposed to  be involved 
in maintaining the iron of t:he enzyme in the oxidized Fe(II1) 
state.s-11 Our inhibitors might  act  by directly reducing the 
iron in the active site of the enzyme. In a model experiment, 
we were able  t o  d.emonstrate that 6m was capable of reducing 
Fe'"(phen), w.ith a rate constant >lo5 M-ls-' . It is probable, 
therefore, that the dihydrot.hiazines studied here are acting 
by  maintaining 5-LO in the reduced state. The lack of 
inhibitory activity of 60, a 6-benzoyl dihydrothiazine of 
higher oxidation potential, c a n  be rationalized by its inability 
t o  affect i ron reduction. 

The inhibitory potency of 5-LO inhibitors is clearly not solely 
a function of reduction potential, however. Despite the modest 
dependence on structure for this  series of dihydrothiazines, 
known inhibitors with a different redox-activity functional 
group, phenidone and  BW 755C (Table II), have markedly lower 
reduction poteiitials but are poorer 5-LO inhibitors. In addition, 
the following compounds were tested as inhibitors of soybean 
lipoxygenase, .which presumably has a similar reaction mech- 
anism: 6 a 4 ,  6h, 6m, 6n, 614 6q, 5m, and 7m. None of these 
inhibited the soybean enzyme (<5% inhibition at 40 fl). There 
is, therefore, some structural specificity i n  the inhibition of 5-LO 
by this series of dihydrothiazines. 

Three of t h e  compounds, 6f, 6k, and 6n, were evaluated to 
determine if t he:y would inhibit LTB, production in calcium 
ionophore (A~!31.87)-stimuliated rat whole blood. The com- 
pounds were ,- 100-fold less potent in this test system com- 
pared with the isolated enzyme system. In addition, 6f was 
evaluated at dose levels of 100 and  400 mg/kg i p  in rats. Blood 
drawn 1 h af ter  c'ompound administration showed no evidence 
of 5-LO inhibition. 

There is evidence that 

Conlclusions 
A s y n t h e t i c  m e t h o d  for p r e p a r i n g  a variety of 6- 

ary1-3,4-dihydro-W-l,Cthiazine analogues has been pre- 
sented. Compounds containing the dihydrothiazine ring and 
a phenyl group on the nitrogen tether provide the most potent 
inhibitors. These compounds probably a c t  by reducing the 
iron in the enzyme. 

Experimental Section 
General-The NMR spectra were obtained with a Varian FT80-A 

or a Varian VXR300 magnetic resonance spectrophotometer in 
CDC1, with Me,Si as an internal standard. Infrared (IR) spectra were 
obtained with a Perkin-Elmer 521 grating spectrophotometer or a 
Perkin-Elmer 1800 FT spectrophotometer as neat smears. The ul- 
traviolet (UV) spectra were recorded with a Perkin-Elmer 350 
spectrophotometer in ethanol. The standard drying agent was MgSO, 
and the solvents were removed under reduced pressure on a rotary 
evaporator. Distillations were done on an Aldrich brand Kugelrohr 
bulb-to-bulb apparatus. All chrolmatography was done using flash 
chromatography20 with E. Merck 230400 mesh silica gel 60. Cyclic 
voltametry was performed with a glassy carbon electrode a t  a scan 
rate of 20 mVis. 

Evaluation of Compounds-5-~Lipoxygenase (5-LO) was prepared 
from rat neutrophils and assayed as previously described.21 Com- 
pounds were tested for inhibition of 5-LO by incubating with enzyme 
in the presence of 2 mM Ca'!+ and 2 mM ATP for 10 min. 
[14C]Arachidonic acid (0.8 pM) was then added to initiate the assay, 
which was continued for 10 min further. Inhibition of soybean 
lipoxygenase (Sigma Chemical) was tested in 0.1 M sodium borate, 
pH 9.5, a t  26°C using 0.1 mM linoleic acid (Sigma Chemical) as 
substrate. Enzyme activity was determined from the maximum rate 
of absorbance change at 235 nm. Reaction of selected compounds with 
Fe(II1) was monitored as an increase in absorbance at  506 nm when 
the compounds (6.7 pM) were incubated at  25 "C in acetonitrile with 
5 pM Fe"'(phen),(C10,),.2* Rea.ction of selected compounds with 
organic peroxides was measured in 0.1 HEPES buffer containing 
1 nM EDTA and 208 ethanol by incubating the compounds (50 pM) 
with 20 pM 15-hydroperoxyeicosa tetraenoic acid for 20 min. Any 
unreduced hydroperoxide was then measured by reaction with glu- 
tathione (10 pM) in the presence of glutathione peroxidase (2 pM/mL) 
for 20 min. Unreacted g1utathion.e was in turn measured with 1 mM 
5,5'-dithiobis(2-nitrobenzoic acid) as the change in absorbance at 408 
nm (A< = 13.6 mM-lcm-l). 

To test 5-LO inhibition in whole blood, the generation of LTB, was 
measured. The test compound wa,s added to the blood and the samples 
were incubated for another 30 min at  37 OF. The samples were then 
stimulated with 30 mM A23187 and incubated for another 30 min. 
Enzymatic activity was stopped by the addition of ice cold saline, and 
the cells were removed by centrifiugation (28,000 g-min). Protein was 
precipitated with aqueous methanol (2:l) and then adjusted to 15% 
methanol with the addition of water prior to solid-phase C,, extrac- 
tion. Samples were washed on the columns with 15% methanol and 
eluted with 100% methanol. The methanolic extracts were diluted to 
75% methanol with water and LTB, is quantitated by reversed-phase 
HPLC (CIS column; 75% methanol: 25% water: 0.01% TFA). 

Scheme I Procedure-2-Phenyl-3-thiornorpholinone 14, R, = Hi- 
A stirred, cooled mixture of a-chlorophenylacetyl chloride (50.37 g, 
0.266 mol) and 2-thiolethanamine S-acetate hydrochloride23.24 (5'- 
acetyl cysteamine, 39.02 g, 0.251 moll in dichloromethane (CH2C12, 
700 mL) was treated in a dropwise manner with triethylamine (55.8 
g, 0.551 mol) in CH2Cl, (70 mL). After 3 h, the mixture was washed 
with 10% HCl, followed by saturated NaHCO,, then dried, treated 
with charcoal, filtered, and concentrated. The residue was treated 
with a solution of sodium methylate [from sodium (7.0 g, 0.304 mol) 
and methanol (500 mL)]. After 18 h, the solvent was removed and the 
residue was partitioned between dilute HC1 and CH,CI,. The organic 
layer was dried, treated with charcoal, filtered, and concentrated to 
a solid which was crystallized from acetone to give 4 (R, = H, 25.16 
g, 52.4%), mp 158-159 "C; 'H NMR (DMSO-D,): 6 2.65-2.95 (2H, m), 
3.28-3.63 (2H, m), 4.72 ( lH,  s), 7.33 (5H, s), and 7.93 ppm ( lH,  v br 
s); IR (KBr): Y 3440, 3200, 1650 cm-l. 

Anal.-Calc. for C,,H,,NOS: C, 62.15; H, 5.74; N, 7.25; S, 16.59. 
Found: C, 62.36; H, 5.75; N, 7.16; S, 16.70. 

G e n e r a l  Pro c ed u r e-2 -P he ny 1 -4 - ( p  hen y la1 k y 1) -3 - t h io - 
morpholinone (5)-A stirred suspension of 50% sodium hydride (25.9 
mmol) in toluene (100 mL) under an argon atmosphere was treated 
with lactam 4 (R, = H, 25.8 mmol) and warmed briefly until hydrogen 
evolution ceased. The warm solution was treated with an appropriate 
halide (28.9 mmol) and heated to boiling for 18 h. The cooled mixture 
was acidified with acetic acid (5 mL), diluted with CH,Cl, (30 mL), 
and extracted with water (100 mL). The separated organic layer was 
dried and concentrated. The residue was purified by chromatography 
(to1uene:ethyl acetate). 

Journal of Pharmaceutical Sciences I 939 
Vol. 78, No. 17, November 7989 



2-Phenyl-4-(4-phenylbutyl)-3-thiomorpholinone 15, R = H, n = 
4)-Yield of 21.4%, mp 83-86°C; 'H NMR: 6 1.461.75 (4H, m), 
2.47-2.69 + 2.78 (4H, m + t), 3.31-3.61 (4H, m), 4.59 ( lH,  s) ,  and 
7.03-7.44 ppm (lOH, m); IR (CHCl,): v 1650, 1640 cm-'. 

A d - C a l c .  for C,,H,,NOS: C, 73.81; H, 7.12; N, 4.30; S, 9.85. 
Found: C, 73.82; H, 7.15; N, 4.07; S, 9.78. 
2-Phenyl-4-[3-phenylpropyl)-3-thiomorpholinone (5, R = H, n = 

3)-Yield of 31.0%, mp 90-92°C; 'H NMR: 6 1.88 (2H, quint), 
2.62-2.78 (4H, pr t), 3.30-3.59 (4H, m), 4.58 (lH, s), and 7.067.41 
ppm (lOH, m); IR (CHCI,): v 1650, 1640, cm I .  

Anal.-Calc. for C,,H,,NOS: C, 73.27; H, 6.80; N, 4.50; S, 10.30. 
Found: C, 73.05; H, 6.81; N, 4.22; S, 10.15. 
2-Phenyl-4-(2-phenylethyl)-3-thiomorpholinone (5, R = H, n = 

2)-Yield of 43.9%, mp 5 6 5 7  "C (ether): 'H NMR 6 2.563.00 (4H, 
m), 3.284.00 (4H, m), 4.59 (lH, s ) ,  and 7.20 + 7.28 pprn (lOH, pr 8); 

IR (KBr): v 1650sh, 1640, cm-'. 
Anal.-Calc. for C,,H,,NOS: C, 72.69; H, 6.44; N, 4.71; S, 10.78. 

Found: C, 72.68; H, 6.53; N, 4.56; S, 10.81. 
2-Phenyl4-(phenylmethyl)-3-thiomorpholinone (5, R = H, n = 

I/-As a liquid (69.7%); 'H NMR: 6 2.73 (2H, t) 3.50 (2H, m), 4.65 + 
4.70 (3H, pr s), and 7.28 ppm (IOH, s); IR (CHC1,): v 1650911, 1640 
cm-'. 

Anal.-Calc. for CI7Hl7NOS: C, 72.05; H, 6.05; N, 4.94; S, 11.31. 
Found: C, 72.16; H, 6.08; N, 4.89; S, 11.14. 

General Procedure-6-Phenyl-4-(phenylalkyl)-3,4-dihydro- 
2H-1,4-thiazine (6n-4 6h)-A stirred suspension of lithium alumi- 
num hydride (26.3 mol) in tetrahydrofuran (THF, 150 mL) was 
treated in a dropwise manner with a solution of 5 (16.6 mol) in THF 
(30 mL). After 24 h, the excess reagent was decomposed by cautious, 
dropwise addition of water and dilute KOH, MgSO, was added, and 
the inorganic salts were filtered and washed with THF. The combined 
filtrate and wash was Concentrated. The residue was purified by 
chromatography (to1uene:hexane) to an oil. 
3,4-Dihydro-6-phenyl-4-(4-phenylbutyl)-2H-l,4-thiazine (6a)- 

Yield of 35.2%; 'H NMR: 6 1.47-1.78 (m, 4H), 2.883.19 (m, 2H), 
3.34-3.56 (m, 2H), 6.56 (s, lH), and 7.00-7.44 ppm (m, 10H); I R  v 
1610, 1590, 745, 690 cm-'. 

Anal.-Calc. for C,,H,,NS: C, 77.62; H, 7.49; N, 4.53; S, 10.36. 
Found: C, 77.30; H, 7.49; N, 4.45; S, 10.37. 

[The tetrahydrothiazine was obtained in 6.9% yield; IR: v 740,690 
crn-l. (Anal.-Calc. for C,,H,,NS: C, 77.12; H, 8.09; N, 4.50. Found: 
C, 75.87; H, 7.98; N, 4.221.1 
3,4-Dihydro-6-phenyl-4-(3-phenylpropyl)-2H-l,4-thiazine (6b)- 

Yield of46.4%; 'H NMR 6 1.85 (quint, 2H), 2.62 (t, 2H), 2.833.14 (m, 
4H), 3.31-3.52 (m, 2H), 6.56 (s, lH), and 7.00-7.4 ppm (m, 10H); IR: 
v 1610, 1585, 1160, 745, 690 cm-'. 

AnaLCalc.  for C,,H,,NS: C, 77.24; H, 7.16; N, 4.74; S, 10.85. 
Found: C, 76.78; H, 7.50; N, 4.66; S, 10.47. 

[The tetrahydrothiazine results were as follows: 'H NMR 6 1.78 
(quint, 2H), 2.31-2.78 (m, 7H), 2.88-3.31 (m, 3H), 4.05 (dd, lH), and 
7.02 ppm (m 10H); IR: v 745, 690 cm-'; (Anal.-Calc. for C,,H,,NS: 
C, 76.72; H, 7.79; N,  4.71; S, 10.78. Found: C, 75.92; H, 7.84; N, 4.38; 
S, 10.04).1 

3,4 -Dihydro-6-phenyl-4 42 -phenylethyl) -2H-1,4 -thiazine 
(Gc)l4-Yield of 22.6%; 'H NMR 6 2.70-2.84 (dt, 4H), 3.40 (dq, 2H), 
3.64 (dt, 2H), 3.83 (s, 3H), 4.59 (s, lH), and 6.69-7.38 ppm (m, 9H); IR: 
v 1610,1590,1360, 1160,750,690 cm-'. 

Anal.-Calc. for C,,H,,NO,S: C, 69.69; H, 6.46; N, 4.28; S, 9.79. 
Found: C, 69.46; H, 6.49; N, 4.06; S, 9.54. 

[The tetrahydrothiazine yield was 3 g (48.4%).1 
3,4-Dihydr0-6-phenyl-4-phenylmethyl-ZH-l ,I-thiazine (6d)-Yield 

of 51.9%; 'H NMR: S 2.78-3.00 (m, 2H), 3.28-3.45 (m, 2H), 4.17 (s, 
2H), 6.76 (s, lH), and 7.03-7.47 pprn (m, IOH); IR: v1610,1590,1360, 
950 em-'. 

Anal.-Calc. for CI7Hl7NS: C, 76.36; H, 6.41; N, 5.24; S, 11.99. 
Found: C, 76.11; H, 6.55; N, 5.16; S, 11.79. 

[The tetrahydrothiazine25 was found in a yield of 0.9 g (20.1%); 
'H NMR: 6 2.31-2.75 (m, 3H), 2.84-3.25 (m, 3H), 3.56 (s, 2H), 4.05 
(dd, lH), and 7.28 ppm ( s ,  10H); I R  ~ 7 3 5 , 6 9 0  cm-'. (Anal.-Calc. for 
C,,H,,NS: C, 75.79; H, 7.11; N, 5.20; S, 11.90. Found: C, 75.57; H, 
6.94; N, 4.98; S, 11.42).1 
3,4 -Dihydro-6-phenyl-4 42 -hydroxyethyl) -2H-1,4 -thiazine (6h)- 

From 2-[3,4-dihydro-6 phenyl-2H-l,4-thiazin-4-yllacetic acid (47%): 
'H NMR: 62.10 (brs, lH, exchangeable), 2.84-3.22 (m, 2H), 3.313.81 
(m, 4H), 6.67 (s, lH), and 6.91-7.47 ppm (m, 5H); IR: v 3400, 1610, 
1585 cm-'. 

Anal.-Calc. for C,,HISNOS: C, 65.12; H, 6.83; N, 6.33; S, 14.49. 
Found: C, 64.33; H, 6.74; N, 6.11; S, 14.04. 

Ethyl 2-[3,4-dihydro-6-phenyl-W-1,4-thiazin-4-y1] acetate- 
Lactam 4 (R, = H, 15.67 g, 81 mmol) was alkylated as above and 
purified by preparative HPLC (hexane:40% ethyl acetate) to  give the 
ester (9.6 g, 42.4%), mp 58-62 "C; 'H NMR 6 1.32 (t, 3H), 2.683.02 
(m, 2H), 3.65 (t, 2H), 4.03 + 4.20 + 4.28 ( s  + q + s, 4H), 4.68 ( s ,  lH), 
and 7.20-7.62 ppm (m, 5H); IR (CHCl,): v 1735,1640 cm-'; UV: A 253 
nm (c 736). 

Anal.-Calc. for C,,H,,NO,S: C, 60.19; H, 6.13; N, 5.01; S, 11.48. 
Found: C, 59.98; H, 6.14; N, 4.93; S, 11.45. 
2-[3,4-Dihydro-6-phenyI-2H-1,4-thiazin-4-y1] acetic acid-A solu- 

tion of the above ester (4.3 g, 16.2 mmol) in methanol (40 mL) was 
treated with a solution of lithium hydroxide (0.75 g, 17.9 mmol) in 
water (15 mL) and stirred for 2.5 h. The solution was concentrated 
and the residue dissolved in water and acidified with 10% HCI. The 
resulting solid was filtered off, washed with water, dried, and 
crystallized from aqueous acetone to give the acid (2.54 g, 62.4%), mp 
149-150 "C, which was used above to prepare 6h; 'H NMR: 6 2.88 (t, 
2H), 3.73 (t, 2H), 4.10 (d, 2H), 4.87 (s, lH), and 4.72 ppm (s, 5H); IR 
(KBr): v 4320,1745,1610 cm-'. 

Anal.-Calc. for C,,H,,NO,S: C, 57.35; H, 5.21; N, 5.57; S, 12.76. 
Found: C, 57.17; H, 5.31; N, 5.70; S, 12.76. 
2-(3-Methoxyphenyl)-4-(2-phenylethyl)-3-thiomorpholinone 

(5m), 3,4-Dihydro-6-(3-methoxyphenyl)-4-(2-phenylethy~)-2~- 
1,4-thiazine (6m), and 3,4,5,6-Tetrahydro-6-(3-methoxyphenyl)- 
4-(2-phenylethyl)-2H-1,4-thiazinc ( 7 m b A  solution of KOH (26.3 g, 
0.399 mol) in 95% ethanol (350 mL) was treated consequently with 
2-thiolethanamine HC1 (41.33 g, 0.399 moll and with 3-methoxy- 
benzyl chloride (56.2 g, 0.399 mol), and then stirred overnight a t  room 
temperature. Most of the solvent was removed and the residue was 
diluted with water (500 mL) and extracted with ether (400 mL). The 
aqueous layer was separated and extracted with ether (400 mL). The 
combined ether extract was dried and concentrated to  a liquid which 
was distilled to give 2-~[(3-methoxyphenyl)methyllthiolethanamine 
(46.1 g, 58.6%), bp 116120 "CiO.25 T; 'H NMR 6 1.30 (s,2H), 2.52 (t, 
2H), 2.82 (t, 2H), 3.67 (s, 2H), 3.80 (s ,  3H), 6.70-686m, lH), 6.914.97 
(m, 2H), and 7.27 ppm (t, 1H); IR: ~3480-3380,1610,1590,1495,1270 
cm-'. 

Anal.-Calc. for C,,H,,NOS: C, 60.88; H, 7.66; N, 7.10; S, 16.25. 
Found: C, 60.07; H, 7.66; N, 7.37; S, 17.21. 

A stirred solution of 2-[[(3-methoxyphenyl)methyllthiolethana- 
mine (33.6 g,  0.17 mol), triethylamine (25.8 g, 0.255 mol), and ether 
(1 L) was treated in a dropwise manner with a solution of phenyl- 
acetyl chloride (26.3 g, 0.17 mol) in ether (75 mL). After 2 h, the 
mixture was extracted with water (500 mL) and saturated NaHCO, 
(250 mL), dried, and concentrated to a liquid which was distilled to 
give N-[2-[[(3-methoxyphenyl)methyllthiolethyl]phenylacetamide 

A stirred solution of N-[2-[ l(3-methoxyphenyl)methyllthioleth- 
yllphenylacetamide (40.2 g, 0.127 moll in THF (370 mL) was treated 
in a dropwise manner with borane:dimethyl sulfide (32 mL, 0.32 moll 
and stirred overnight. Methanol (65 mL) was added in a dropwise 
manner with caution, and the solution was stirred overnight. The 
solvent was removed, and the residue was treated with more meth- 
anol and concentrated. The residue was treated with methanol (100 
mL) and 20% HCl (300 mL) and heated on a steam bath for 30 min. 
The cooled solution was made basic with conc. NH,OH (200 mL) and 
extracted with CH,CI, (3 x 250 mL). The combined extract was dried 
and concentrated to a liquid which was distilled to give N- 
[[2-[(3-methoxyphenyI)methyllthiolethyllbenzeneethanamine (32.2 
g, 83.8%), bp 190-195 W0.25 T; 'H NMR: 6 1.44 (s, lH), 2.58 (t, 2H), 
2.74-2.88 (m, 6H), 3.66 (s ,  2H), 3.80 (s ,  3H), 6.74-6.79 (m, IH), 
6.83-6.87 (m, 2H), and 7.15-7.32 ppm (m, 6H); I R  ~3310,1605,1500, 
1460 1285, 700 cm-'. 

Anal.-Calc. for C,,H,,NOS: C, 71.72; H, 7.69; N, 4.65; S, 10.64. 
Found: C, 71.20; H, 7.52; N, 4.56; S, 10.84. 

A stirred solution of the above amine (16.5 g, 54.7 mmol), trieth- 
ylamine (11.1 g, 109.4 mmol), and ether (500 mL) was cooled in an ice 
water bath and treated in a dropwise manner with methyl chloro- 
formate (5.17 g, 54.7 mmol) in ether (100 mL). After 1 h, the reaction 
mixture was extracted with water (2 x 500 mL), and 5% HCl(1 x 500 
mL), and then dried, filtered, and concentrated to a liquid which was 
purified by chromatography (toluene:25% hexane, toluene, 
toluene:30% ethyl acetate) to give [2-~[(3-methoxyphenyl)methyll- 
thio]ethyl][2-phenylethyl]carbamic acid methyl ester (3, R, = 

(40.2 g, 74,9%), bp 222-226 "CI0.25 T. 
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3-Me0, 17.9 g, 90.9%) as a liquid; 'H NMR: 6 2.31-2.91 (4H, m), 
3.09-3.53 (4H, m), 3.66 (5H, s), 3.78 (3H, s), 6.66-6.94 (3H, m), and 
7.03-7.34 ppm 1;6H, m); IR: v :1700, 1600, 1580 crn-l. 

Anal.-Calc. for C,,H,,NO,S: C, 66.82; H, 7.01; N, 3.90; S, 8.92. 
Found: C, 67.04; H, 7.13; N, 3.94; S, 8.84. 

A solution of the above carbarnate (17.9 g, 49.8 mmol) in THF (1 L) 
under an argon atmosphere was cooled to -78 "C and treated with a 
solution of 1.87 M lithium diiscipropylamide26 (53.3 mL, 99.6 mmol) 
after which it was stirred at room temperature for 2.5 h. Saturated 
NH4C1 (400 mL) and water (100 mL) were added. The organic layer 
was separated, dried, and concentrated to a liquid which was purified 
by chromatography (toIuene:l5% ethyl acetate) to give 5m (12.3 g ,  
75.5%) as a liquid; 'H NMR: 6 2.70-2.84 (4H, dt + pr d), 3.40 (2H, dq), 
3.64 (2H, dt), 3.83 (.3H, s), 4.59 (:lH, s), and 6.69-7.38 ppm (9H, m); IR: 
v 1700(w), 1660, 1630, 1580, 1480 cm-'. 

Anal.-Calc. for CIgH,,N0,9: C, 69.69; H, 6.46; N, 4.28; S, 9.79. 
Found: C, 69.46; H, 6.49; N, 4.06; S, 9.54. 

Lactam 5m (3.05 g, 9.31 mmol) was reduced as above to give 6m (0.8 
g, 27.6%); 'H NMR: 6 1.46 (lH, s), 2.69-3.03 (4H, m), 3.14-3.59 (4H, 
m), 4.70 (3H, s), 6.52 (lH, s), and 6.59-7.34 ppm (9H, m); IR: v 1615, 
1590, 1150 cm--l. 

Anal.-Calc. for C,,H,,NOS: C, 73.27; H, 6.80; N, 4.50; S, 10.30. 
Found: C, 73.38; H:, 7.02; N, 4.29; S, 9.76. 

[The tetrahydrothiazine 7m was obtained as a liquid (1.0 g, 34.5%); 
'H NMR: 6 2.25'4.94 (8H, m), 3.00-3.34 (2H, m), 3.75 (3H, s), 3.98 
( lH,  dd), and 6.62--7.34 ppm (9H, m); I R  v 1600, 1580, 1270 cm-'. 
(Anal.-Calc. for C:,,H,,NOS: 1C, 72.80; H, 7.40; N, 4.47; S, 10.23. 
Found: C, 72.87; H ,  7.42; N, 4.38; S, 9.941.1 

Using Scheme 11-Synthesis of [(aryl)methyll-N-(substituted)- 
acetamides. 
(Phenylmethy1)thioacetanilide (10, R = Ph, Rz = H)-A mixture of 

the chloroacetariililde 9 (R = Ph, 24.4 g, 0.144 mol), benzyl mercaptan 
(17.9 g, 0.144 mol), K,C03 (19.2 g, 0.158 rnol), Adogen 464 (60 mg), 
and toluene (150 nnL) was vigorously stirred for 20 h.27 Water (500 
mL) was added and the mixture was extracted with CH,Cl, (2 X 300 
mL). The combined extract was dried and concentrated to  a solid 
which was purified by chromatography (to1uene:ethyl acetate) to give 
10 (R = Ph, R, = €I); 'H NMR: 6 3.14 (s, 2H), 3.68 (s, 2H), 6.93-7.57 
(m, 10H), and 8.50 ppm (br s, 1H). 

General Procedure-A solution of KOH (0.173 moll in 95% 
ethanol (250 mL) was treated with the thiol(0.147 mol) and then with 
N-(2-phenylethyl)chloroacetamide (0.147 mol) and stirred for 3 h. 
Most of the solvent was removed and the residue was diluted with 
water (BOO mL) and extracted with CH,Cl, (2 x 300 mL). The organic 
layer was dried and concentrated to  a solid which was crystallized. 

2 -[l -Naphthalen.eylmethyl)th.ioj-N-(2 -phenylethyl)acetamide (10, 
R = PhCH,Chr,, R, = 1-C,,,H,)-Yield of 78.9%, mp 89-90°C 
(acet0ne:hexane); 'H NMR 6 2.51 (t, 2H), 3.09 (s, 2H), 3.22 (9, 2H), 
4.02 (s, 2H), 6.55 (Lmres t, lH), and 7.03-8.03 ppm (m; 8H); IR (KBr): 
v 3440-3320, 1660, 780 cm-'. 

Anal.-Calc. for C,,H,,NOS~ C, 75.19; H, 6.31; N, 4.18; S, 9.56. 
Found: C, 75.20; H:, 6.43; N, 4.00; S, 9.52. 

2 -[[(4 -Chlorophenyl) methyljthioj-N-(Z -phenylethyl)acetamide (10, 
R = PhCH,CH2!, E l ,  = 4-C1j--'Yield of 93.776, bp 195-200 "Ci0.1 T, 
solidified on standing; 'H NMR: 62.81 (t, 2H), 305 (s, 2H), 3.49 + 3.50 
(q + s, 2H) 6.63 (br s, lH), 7.08--7.14 (m, 2H), and 7.19-7.38 ppm (m, 
8H); IR (KBr): v 3300, 1650, 1560, 1495 cm 

Anal.-Calc. for C,,H,,ClNOS: C, 63.84; H, 5.67; N, 4.38; S, 10.02. 
Found: C ,  63.88; H:, 5.71; N, 4.:31; S, 10.00. 
2-[[(4-Methoxyphenyl)methyl]thiof-N 42 -Phenylethyl)acetamide 

(10, R = PhCH,CH,, R, = 4-MeOJ-Yield of 62.88, mp 64-65 "C; 'H 
NMR 82.78 (t, 2H), 3.05 (s, 2H). 3.47 + 3.50 (q + s, 4H), 3.76 (s, 3H), 
6.73 (br s, IH), 16.784.85 (m, 2H), 7.05-7.11 (m, 2H), and 7.18-7.38 
ppm (m, 5H); IR (KBr): v 3400, 1650, 1610, 1510, 1250 cm-'. .. 

Anal.-Calc. for C,,Hz,NOzS: C, 68.54; H, 6.71; N, 4.44; S, 10.16. 
Found: C, 68.50: H, 6.83: N, 4.37: S, 10.18. 

Synthesis of 'N~-[2-[(Arylmethyl~thiojethylj-substituted Amines 
(II)-N-[Z-[(phe~nylmethyl~thio,'ethyl/be~eneethanamine (11, R = 
Ph, R, = HI-A suspension of lithium aluminum hydride (2.98 g) in 
THF (400 mL) waE, treated in a. dropwise manner with a solution of 
10 (R = Ph, R, := €I, 9.0 g, 35 mmol) in ether:THF (l:l, 300 mL) and 
stirred overnight a t  room temperature. The excess hydride was 
decomposed by cautious additio'n of water and dilute NaOH, MgSO, 
was added, and then the solids were filtered and washed with ether. 
The combined filtrate and wash was concentrated to a liquid which 
was distilled to give 11 (R == Ph, R, = H, 6.99 g, 82.1%), bp 

155-160 "CiO.025 T; 'H NMR 6 1.54 (s, lH,  exchangeable), 2.68 (t, 
2H), 3.20-3.30 (m, 2H), 3.72 (s, 2H1, 3.97 (br s, lH), 6.59 (d, 2H), 6.73 
(t, lH), 7.18 (t, 2H), and 7.22-7 37 ppm (m, 6H); IR: u 3380, 1600, 
1505, 745,680 cm-'. 

Anal.-Calc. for C,,H,,NS: C, 74.03; H, 7.04; N, 5.76; S, 13.17. 
Found: C, 73.38; H, 6.84; N, 5.17: S, 13.50. 

General Procedure-A stirred solution of amide 10 (0.115 moll in 
THF (350 mL) was treated in a dropwise manner with borane:di- 
methyl sulfide (29 mL, 0.29 mol) and stirred overnight. Methanol (60 
mL) was added in a dropwise manner with caution and the solution 
stirred overnight. The solvent was removed, and the residue treated 
with more methanol and then concentrated The residue was treated 
withmethanol (100 mL) and 20% HCl(275 mL) and heatedon a steam 
bath for 45 min. The cooled solution was made basic with conc. 
NH,OH (250 mL) and extracted1 with CH,Cl, (3 x 250 mL). The 
combined extract was dried and concentrated to  a liquid which was 
distilled. 

N-[Z-[(l -Naphthalenylmethyl)throlethyl lbenzeneethanamme (11, R 
= PhCH,CH,, R, = 1 -C,JZ7)-Y ield of 62.68, bp 220-228 "C10.75 T; 
'H NMR: 6 1.38 (s, lH), 2.59 (t, ZH), 2.662.82 (m, 6H), 4.13 (s, 2H), 
7.13-7.37 (m, 7H), 7.42-7.54 (m, 2H), 7.70-7.77 (m, lH), 7.80 (d, lH), 
and 8.10 ppm (d, 1H); IR: Y 3320, 1575. 1460, 780, 700 em-'. 

Anal.-Calc. for C,,H,,NS: C, 78.46; H, 7.21; N, 4.36; S, 9.47. 
Found: C, 78.40: H, 7.17; N. 4.48: S. 9.94. 

N-[Z -[[(4-Chlorophenyl)methyl]thiojethyljbenzeneethanamine (11, 
R = PhCH,CH,, Rz = 4-C1)-Yield of 74.9%, bp 187-189 "CiO.3 T; 'H 
NMR: 6 1.42 (s, lH), 2.53 (t, 2H), 2.73-2.91 (m, 6H), 3.61 $c+ ZH), and 
7.18-7.36 ppm (m, 9H); IR: v 3310, 1495, 1095, 795 cm- . 

Anal.-Calc. for C,,H,,ClNS: C, 66.76; H, 6.59; N, 4.58; S, 10.48. 
Found: C, 66.71; H, 6.54; N, 4.55; S, 10.25. 

N-[2 -[[(4 -Methoxyphenyl)methyljthiolethyl lbenzeneethanamine 
(11, R = PhCH,CH,, R2 = I-MeO)-Yield of93.41, bp 191-195 "Ci0.3 
T; lH NMR 6 1.48 is, lH), 2.55 (t, 2H), 2.73-2.87 (m, 6H), 3.55 (s, 2H), 
3.77 (s, 3H), 6.81 (d, 2H), and 7.14-7.31 ppm (m, 7H); IR: ~3320,1615, 
1510, 1250 cm-'. 

Anal.-Calc. for C,,H,,NO,S: 'C, 72.72; H, 7.69; N, 4.65; S, 10.64. 
Found: C, 71.76; H, 7.70: N. 4.691: S. 10.68. 

2 -[[(3-Methoxyphenyl)hethyljt,~io]ethanamine"" (11, R = H, R, = 
3-MeOl-A stirred solution of KOH (26.3 g, 0.40 moll in 95% ethanol 
(350 mL) was treated with 2-thiolethanamine hydrochloride (41.3 g, 
0.40 moll and then in a dropwise manner with benzyl chloride (56.2 
g, 0.40 moll. Most of the solvent was removed. The residue was 
dissolved in water (500 mL), made acidic with 10% HCl(250 mL), and 
washed with ether (2 x 250 mL). The aqueous layer was made basic 
with conc. NH,OH and extracted with ether (2 x 250 mL). The 
combined ether extract was dried, filtered, and concentrated to a 
liquid which was distilled to  give 11 (R = H, R, = 3-Me0, 46.1 g, 
58.6%), bp 108-112 "Ci0.01 T; '€1 NMR: 6 1.30 (2H, s),  2.52 (2H, t), 
2.82 (2H, t), 3.67 (2H, s), 3.80 (3H, s), 6.70-6.86 (lH, m), 6.91 (2H, m), 
and 7.27 ppm ( lH,  t); IR: v 3480-3380,1610,1590,1495,1279 cm-'. 

Anal.-Calc. for C,,H,,NOS: C, 60.88; H, 7.66; N, 7.10; S, 16.25. 
Found: C, 60.07; H, 7.66; N, 7.37; S, 17.21. 

N-[[2 -[~3-methoxyphenyl)methyljthiolethylj~2 -phenyl)propan- 
amine (11, R = Ph, R, = HI-A solution of 11 (R = H, R, = 3-Me0, 
18.7 g, 94.8 mmol), phenylpropan-2-one (12.7 g, 94.8 mmol), 4- 
toluenesulfonic acid (0.5 g), andl benzene (500 mL) was heated to 
boiling under a Dean-Stark wetter separator for 4 h. The cooled 
solution was extracted with saturated NaHCO, (100 mL), dried over 
K,C03:MgS04, filtered, and concentrated to a liquid which was 
dissolved in anhydrous ethanol (500 mL) and treated in a portionwise 
manner with NaBH, (3.6 g, 94.7 mmol) while cooling in a water bath. 
After 3 h, acetone (100 mL) was added. After 40 min more, the 
reaction was Concentrated. The residue was diluted with water (600 
mL) and acidified with conc. HCl(100 mL). The mixture was washed 
with CH2Cl2 (2 x 200 mL), made basic with conc. NH,OH, and 
extracted with CH,Cl, (2 x 300 mL). The combined extract was dried 
and concentrated to a liquid which was purified by flash chromatog- 
raphy (toluene:0.5% triethy1amine:ethyl acetate) to give 11 (R = 
CH[Me]CH,Ph, R, = 3-Me0,lg.l. g, 63.9%); 'H NMR 6 1.01 (m, 3H), 
1.53 (br, lH),  2.41-2.88 (m, 7H), 3.53 ( s ,  2H), 3.71 (s, 3H), 6.64-6.91 
(m, 3H), and 7.05-7.30 ppm (m, 6H); IR: v 3300, 1600, 1265, 1150 
cm-'. 

Awl.-Calc. for C1,H,,NOS: C, 72.34; H, 7.99; N, 4.44; S, 10.16. 
Found: C, 72.59; H, 8.02; N, 4.39; S, 9.84. 

General Procedure-6-Phenyl-4-(phenylalkyl)-3,4-dihydro- 
2H-1,4-thiazine (fie, f ,  j ,  k, 1)-A stirred solution of diisopropylamine 
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(0.20 mol) in THF (550 mL) under argon atmosphere was cooled to 
-78 "C and treated with 2.3M butyl lithium (0.20 mol). After 10 min, 
the reaction was treated with a benzeneethanamine 11 (66.8 mmol) 
inTHF (30 mL). The reaction was warmed to 0 "C for 1 h, then treated 
with ethyl formate (66.8 mmol). After 3.75 h, the reaction was cooled 
back to -78 "C and quenched with saturated NH,OH (400 mL). The 
aqueous layer was separated and extracted with ether (150 mL). The 
combined organic layer and ether extract was dried and concentrated 
to a liquid which was purified by chromatography (toluene:50% 
hexane). 
3,4-Dihydro-4,6-diphenyl-2H-l,4 -thiazine (6e)-Yield of 42.2%; 'H 

NMR: 63.123.19(m,2H),3.823.88(m,2H), 6.94-7.00(m,3H), 7.06 
(s, lH), 7.14-7.22 (m, lH), 7.25-7.33 (m, 4H), and 7.42-7.47 ppm (m, 
2H); IR: u 1615,1590 cm-'; UV: A 225 ( E  11,610), 271 (6,870), 342 nm 
(21,580). 

Anal.-Calc. for C,,H,,NS: C, 75.85; H, 5.97; N, 5.53; S, 12.66. 
Found: C, 75.86; H, 6.04; N, 5.30; S, 12.87. 

3,4-Dihydr0-6-(1 -naphthyl) -442-phenylethyl) -2H-1 ,I-thiazine 
16j)-Yield of 26.6%; 'H NMR: S 2.82 (t, 2H), 3.07 (t, 2H), 3.23 (t, 2H), 
3.53 (br s, 2H), 6.19 (s,  lH), 7.33-7.68 (m, 9H), 7.71-7.91 (d, lH), 
7.96-8.03 (m, lH), and 8.38-846 ppm (m, 1H); I R  u 1620 cm-'; UV: 
A 224 ( E  64,030), 273 (11,440), 373 nm (4,160). 

Anal.-Calc. for C,,H,,NS: C, 79.72; H, 6.39; N, 4.23; S, 9.67. 
Found: C, 79.72; H, 6.48; N, 4.19; S, 9.76. 
3,4-Dihydro-6-(4-chlorophenyl) -4 -(2-phenylethyl) -2H-1 ,I-thiuzine 

(6k)-Yield of 58.9%; 'H NMR: 6 2.84 (t, 2H), 2.93-2.98 (m, 2H), 3.30 
(t, 2H), 3.44-3.49 (m, 2H), 6.48 (s ,  1H), and 7.12-7.33 pprn (m, 10H); 
IR  Y 1615, 1165 cm-'; UV: A 224 ( E  12,5301, 250sh (9,670), 339 nm 
(14,980). 

AnaLCalc.  for C13H13C1NS: C, 68.45; H, 5.74; N, 4.43; S, 10.15. 
Found: C, 68.65; H, 5.69; N, 4.24; S, 10.21. 
3,4-Dihydro-6-(4-methoxyphenyl) -442-phenylethyl) -2H-1,4- 

thiazine(61,LYield of 29.2%; 'H NMR: 62.78 (t, 2H), 2.95 (t, 2H), 3.23 
(t, 2H), 3.42 (t, 2H), 3.78 (s, 3H), 6.39 (s, lH), 6.81 (d, 2H), and 
7.15-7.36 ppm (m, 7H); IR: v 1620,1510,1245,820 crn-'; MS ((21): mlz 
311(100%,P+);MS(EI):m/z311 (65%,P+),220(100%,P-PhCH2), 192 
(45%). 

AnaLCalc.  for ClgH,,NOS: C, 73.27; H, 6.80; N, 4.50; S, 10.30. 
Found: C, 73.45; H, 6.94; N, 4.54; S, 10.10. 

3,4 -Dihydro-6-phenyl-4-(1 -phenyl-2 -propyl) -2H-1,4 -thiazine (60- 
Yield of 30.0%; 'H NMR: S 1.20 (3H, d), 2.69 (lH, dd), 2.80-2.90 (3H, 
m), 3.33-3.46 (3H, m), 3.78 (3H, s), 6.59-6.66 (2H, s + m), 6.84-6.94 
(2H, m), and 7.12-7.32 ppm (6H, m); IR: v 1610,1590 cm-'; MS (CI): 
mlz 325 (6510, P + l), 234 (loo%, P - 91); UV: A 254 ( E  6,900), 339 nm 
(11,100). 

And-Calc. for C,,H,,NOS: C, 73.81; H, 7.12; N, 4.30; S, 9.85. 
Found: C, 74.08; H, 7.22; N, 4.11; S, 9.80. 

3,4-Dihydrod-pheny1-4-(1 -propyl)-2H-1,4-thiazine (6i)-A solu- 
tion of KOH (13.18 g, 0.20 mol) in 95% ethanol (1 L) under nitrogen 
atmosphere was treated with N-(2-mercaptoethyl)propionamide 
(26.64 g, 0.20 mol) and then immediately with a-bromoacetophenone 
(39.81 g, 0.20 mol). After stirring overnight at room temperature, the 
solvent was removed and the residue was diluted with water and 
extracted with ether (2 x 500 mL). The ether extract was dried and 
concentrated, and the residue was chromatographed (to1uene:ethyl 
acetate) to  give a solid. The latter was crystallized from ether:hexane 
to give a keto-amide (21.4 g, 42.6%), mp 44-48 "C; 'H NMR 6 1.16 (t, 
3H), 2.22 (q, 2H), 2.74 (t, 2H), 2.92-2.98(m, 2H), 3.47 (q, 2H), 3.89 (s, 
2H), 6.14 ibr s, 1H), 7.47-7.55 (m, 2H), and 7.59-7.66 ppm (m, IH); 
IR (KBr): u 3500-3300, 1675, 1660, 1640, 1550, 1540, 1280 cm-l. 

And-Calc. for C1,Hl,NO2S: C, 62.12; H, 6.81; N, 5.57; S, 12.76. 
Found: C, 62.04; H, 6.88; N, 5.49; S, 12.97. 

A vigorously stirred mixture of above keto-amide (21.16 g, 84.2 
mmol), ethylene glycol (40 mL), 4-toluenesulfonic acid (0.5 g), and 
benzene (400 mL) was heated to  boiling under a Dean-Stark water 
separator for 4 h. The cooled mixture was extracted with saturated 
NaHCO, (200 mL), and the separated aqueous layer was extracted 
with ether (100 mL). The combined organic layer was dried over 
K,C03:MgS04 and concentrated to a liquid which was chromato- 
graphed (toluene and toluene:25% ethyl acetate) to give an amido- 
ketal(l6.1 g, 64.8%); 'H NMR: 6 1.11 (t, 3H), 2.18 (q,2H), 2.64 (t, 2H), 
2.96 (s ,  2H), 3.38 (9, 2H), 3.76-3.88 [m, 2H), 4.04-4.16 (m, 2H), 6.08 
(br s. 1H). 7.24-7.36 (m, 3H). and 7.41-7.47 m m  (m, 2H); I R  ~ 3 3 2 0 ,  - -  
1655,1540,1220, 1040 cm-'. 

Found: C, 61.11; H, 7.32; N, 4.72; S, 10.83. 
AnuLCalc.  for C,,H,,NO,S: C, 60.99; H, 7.17; N, 4.74; S, 10.85. 

A stirred suspension of lithium aluminum hydride (1.2 g) in ether 
(100 mL) was treated in a dropwise manner with a solution of the 
above amido-ketal (4.8 g, 16.2 mmol) in ether (30 mL). The excess 
hydride was decomposed by cautious, dropwise addition of water, 
MgSO, was then added, and the salts were filtered off and washed 
with ether. The combined filtrate and wash was concentrated to a 
liquid which was distilled to give an amino-ketal (3.7 g, 81.0%), bp 
155-158 "Ci0.05T; 'HNMR 60.91 (t, 2H), 1.48 (hex, 2H), 2.53 (t, 2H), 
2.62-2.77 (m, 4H), 3.00 (s,  2H), 3.7G3.86 (m, 2H), 4.04-4.16 (m, 2H), 
7.24-7.36 (m, 3H), and 7.43-7.50 ppm (m, 2H); IR: u 1450,1045,695 
cm-l. 

Anal.-Calc. for C15H2,N0,S: C, 64.02; H, 8.24; N, 4.98; S, 11.39. 
Found: C, 63.72; H, 8.34; N, 4.97; S, 11.48. 

A solution of the above amino-ketal (3.5 g, 12.4 mmol) in acetone 
(50 mL) was treated with 10% HCl (20 mL) and stirred at  room 
temperature for 3 h. The reaction was made basic with K,CO,, 
diluted with water, extracted with ether (100 mL) and ethyl acetate 
(100 mL). The combined organic extract was washed with water, 
dried, and concentrated to a solid which was chromatographed 
(to1uene:ethyl acetate) to  give 6i (0.3 g, 11%); 'H NMR: 8 0.78 (t, 2H), 
1.49 (hex, 2H), 2.52-2.58 (m, 2H), 2.81-2.86 (m, 2H), 3.37-3.44 (m, 
2H), 5.37 (s, lH), and 7.23-7.44 ppm (m, 5H); IR: ~750,695 cm-'; UV: 
A 230 ( E  11,320), 306 nm (7,730). 

Anal.-Calc. for C,,HI7NS: C, 71.18; H, 7.81; N, 6.39; S, 14.62. 
Found C, 71.42; H, 7.71; N, 6.10; S, 14.39. 
3,4-Dihydro-6-phenyl-4-(phenylmethyl)-2H-1,4-oxazine (6n)-A 

solution of 6-hydroxy-3,4-tetrahydro-6-phenyl-4-(phenylmethyl)- 
2H-1,4-0xazine29~30 (19.1 g, 70.9 mmol) and 4-toluenesulfonic acid 
(14.8 g, 77.8 mmol) in benzene (500 mL) was heated at reflux using 
a Dean-Stark water separator for 2 h during which time a solid 
material formed. The mixture was cooled to room temperature and 
the crystals were filtered off, washed with benzene and then with 
ether, and dried to  give 6n~4-toluenesulfonic acid salt (22.2 g, 74.0%); 
'H NMR: 82.30 (2,3H), 3.41-3.66 (m, 2H), 4.28-4.56 (m, 4H), 5.78 (s, 
lH), 7.00-7.60 (m, 14H), and 7.77 ppm (d, 3H, 1 exchangeable proton); 
IR (KBr): u 3440, 2400-2600, 1665(w), 1225,1155 cm-'. 

Anal.-Calc. for C,,H,,NO,S: C, 68.06; H, 5.95; N, 3.31; S, 7.57. 
Found: C, 67.86; H, 5.90; N, 3.24; S, 7.60. 

The above salt (12.0 g) was suspended in CH,C1, (500 mL) and 
extracted with saturated NaHCO, (2 x 250 mL). The organic layer 
was dried over K,CO,:MgSO,, filtered, and concentrated to a yellow 
liquid which was purified by chromatography (hexane:ethyl acetate) 
to  give 6n (5.9 9); 'H NMR: 6 3.08 (t, 2H), 4.03 (s, 2H), 4.13 (t, 2H), 
6.48 (s, lH), and 7.24-7.47 ppm (m, 10H); I R  u 1725(w), 1680, 1650, 
1600 cm-'. 

Anal.-Calc. for C,,H,,NO: C, 81.24; H, 6.82; N, 5.57. Found C, 
79.60; H, 6.74; N, 5.55. 
6-Benzoyl-3,4-dihydro-4-(2-phenylethyl)-2H-1,4-thiazine (60)-A 

magnetically stirred suspension of 60% sodium hydride:mineral oil 
(0.33 g ,  8.12 mol) in  DMF (35 mL) was t reated with 
6-benzoyl-3,4-dihydro-W-l,4-thiazine16 (1.15 g, 5.6 mmol). After 30 
min the solution was treated with phenylethyl bromide (1.04 g, 5.6 
mmol) and stirred at  room temperature for 3 h. The reaction was 
quenched with 5% HCl(5 mL), diluted with saturated NaHCO, (150 
mL), and extracted with CHzC1, (2 x 50 mL). The organic layer was 
washed with water (3 x 75 mL), dried, filtered, and concentrated to 
a yellow mixture. Ether was added and the solid was filtered off, 
washed with ether, and dried to give the starting amine (0.56 g, 
48.7%). The filtrate was concentrated and residue purified by chro- 
matography (toluene and toluene:25% ethyl acetate) to give 60 (0.3 g, 
50.8% based on recovered amine), mp 144-145 "C (CH,CI,:MeOH); 
'H NMR: S 1.60 (s, 2H), 2.85 (t, 2H), 2.92-2.97 (m, 2H), 3.42 (t, 2H), 
3.56-3.64 (m, 2H), 6.94 (s ,  lH), 7.18-7.28 (m, 4H), and 7.32-7.49 pprn 
(m, 6H); IR (KBr): u 1655,1585, 1565-1550,1350, 735 cm-'. 

Anal.-Calc. for CI9Hl9NOS: C, 73.75; H, 6.19; N, 4.53; S, 10.36. 
Found: C, 73.71; H, 6.18; N, 4.60; S, 10.41. 
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