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Enantiopure 1,4-oxazepanes derivatives have been prepared by selenocyclofunctionalization of chiral 3-
prenyl- and 3-cinnamyl-2-hydroxymethyl-substituted perhydro-1,3-benzoxazine derivatives. The 7-endo-
cyclization occurs in high yields and diastereoselection. The regio and stereochemistry of the cyclization
products was dependent of the substitution pattern of the double bond, the nature of the hydroxyl group
and the experimental conditions.

Introduction

1,4-Oxazepanes,' seven-membered heterocyclic compounds containing nitrogen and
oxygen analogues to morpholines, compose an important class of heterocyclic
compounds from both synthetic and biological points of view. 1,4-Oxazepane derivatives
exhibit a wide range of biological activities, including antifungal,? antihistaminic,?
anticonvulsant,* analgesic,” antiviral,® antihypertensive and anti-congestive heart failure,’
or they are potent apoptotic agents.® 1,4-Oxazepanes have also been studied for their
ability to inhibit a broad range of glycosidase enzymes,® specific kinases'® and nitric
oxide synthases,'* and behave as selective dopamine D, receptor ligands.’> 1,4-
Oxazepanes are also important components of skeleton of interesting natural products
such as the neurotoxin batrachotoxin.® In addition, chiral 1,4-oxazepane-5,7-diones are
valuable chiral templates for stereoselective synthesis.**

Despite their importance, very few syntheses of chiral substituted 1,4-oxazepanes have
been reported.’

The electrophile-mediated cyclofunctionalization of alkenes containing and internal
nucleophile® is an useful cyclization reaction for the preparation of heterocyclic compounds
and seven-membered compounds have been synthesized in good yields in this way by a proper
choice of the electrophilic reagents and the substituents at the double bond.*"'"*® In a previous
paper, we have described the regio- and diastereoselective methoxyselenenylation of chiral 2-
vinyl*® and 3-allylperhydro-1,3-benzoxazines®® and the synthesis of enantiopure morpholine
derivatives by selenocyclofunctionalization®** of chiral 3-allyl-2-hydroxymethyl substituted
perhydro-1,3-benzoxazine derivatives.?® In most cases, 3-allyl-2-hydroxymethylperhydro-1,3-
benzoxazine derivatives cyclized in an 6-exo mode with total regioselectivity to the morpholine
ring in the presence of benzeneselenenyl chloride. However, perhydro-1,3-benzoxazines with
two methyl substituents at the terminal position of the double bond lead to a mixture of 6-exo
and 7-endo cyclization products and it is possible to obtain, under certain conditions, the 7-endo
products in a regioselective way (in agreement with Markovnikov’ s rule). For instance,
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treatment of the 3-prenylperhydro-1,3-benzoxazine derivative 10a bearing a secondary
hydroxyl group in C-2 with PhSeCl in CH,CI, at -78 °C in the presence of SnCl, mainly
furnished the 7-endo product 11a together with only a 7% of the 6-exo product 14a.**

Our interest in preparation of enantiopure 1,4-oxazepanes has prompted us to study the
regio and stereoselective selenocyclofunctionalization of 3-prenyl and 3-cinnamyl-2-
hydroxymethylperhydro-1,3-benzoxazine derivatives promoted by benzeneselenenyl chloride.
We envisioned that a phenyl substituent located at the terminal position of the double bond
could greatly improve the endo-regioselectivity. Herein, we report our results in detail.

Results and discussion

The starting chiral perhydro-1,3-benzoxazines 10b and 10g-k were prepared as single
diastereomers, in good to excellent yields, as summarized in Scheme 1.

Treatment of ketone 1%* with sodium borohydride in methanol at -10 °C afforded nearly
guantitative the alcohol 10b. The primary alcohol 10g was obtained by condensation of amino
alcohol 2% with glycolaldehyde dimer in a mixture of CH,Cl,-toluene at reflux. Alkylation of 2-
benzoylperhydrobenzoxazine 3* with cinnamyl bromide and potassium carbonate in refluxing
acetonitrile afforded ketone 4, which was transformed into the alcohol 10h by reduction of the
carbonyl group with sodium borohydride. A similar reduction of ketone 6 obtained by
condensation of aminomenthol derivative 5%° with phenylgyoxal in toluene at reflux, afforded
alcohol 10i. Carbinol 10j was obtained by addition of methylmagnesium iodide to the ester 8,
which was obtained by alkylation of benzoxazine 7** with cinnamyl bromide. Lastly, alcohol
10k, epimer of 10h, was prepared by addition of phenylmagnesium bromide to the aldehyde 9%’
in diethyl ether at -10 °C. As expected, the reduction of ketones 1, 4 and 6 to alcohols 10b, 10h
and 10i with sodium borohydride proceeded with excellent diastereomeric excesses (de >
92%).% The diastereoselectivity in the addition of the phenyl-Grignard reagent to aldehyde 9 is
lightly lower (88% de). After purification by flash chromatography and/or recrystallization, all
these compounds were obtained as single diastereomers and their absolute configuration in the
new created stereocentre was assigned as S for alcohols 10b, 10h and 10i and R for alcohol 10k
in agreement with Eliel’s reports.”®

The synthesis of perhydro-1,3-benzoxazines 10a,* 10c,* 10d,** 10e?’ and 10f*° has
been previously described.

Selenocyclofunctionalization of alcohols 10a-k was tested under different reaction
conditions and with different selenium reagents and additives. After extensive experimentation,
we found that the cyclic endo-products were obtained in moderate to good yields and
stereoselection under two different reaction conditions using benzeneselenenyl chloride as
electrophile, in CH,CI, in the presence of SnCl, at -78 °C or in acetonitrile at room temperature.
The results are summarized in Table 1.

All unsaturated alcohols furnished the selenocyclization products in excellent chemical
yield, with the exception of alcohol 10f. Nevertheless, the behaviour of 3-cinnamyl derivatives
10e-k differs from that show by the 3-prenyl substituted perhydro-1,3-benzoxazines 10a-d. The
selenocyclofuntionalization of cinnamyl derivatives 10e-k turned out with very high or total
endo-regioselectivity (entries 9-19 in Table 1), only a 5% of exo product 13j was detected in the



cyclization of the tertiary alcohol 10j (entry 18). By contrast, the regioselectivity in the
cyclization of prenyl derivatives 10a-d was dependent on both the reaction conditions and the
substitution about the hydroxyl group (entries 1-8).
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Tablel.

Cyclofuntionalization of perhydrobenzoxazines 10a-k induced by benceneselenyl chloride
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Entry Alcohol R* R R® R* R° Conditions® Yield endo/exo ratio endo products ratio  exo products ratio
(%)° (%)° (%)° (%)°
1 10a H Me Me Ph H A 90 93/7 11a (>96)° 14a (>96)°
2  10a H Me Me Ph H B 85 45/55  11a(78)/12a(22) 13a(10)/14a (90)
3 10b H Me Me Pr H A 93 100/0 11b (>96)°
4 100 H Me Me ‘Pr H B 88 43/57  11b(75)/12b(25) 13b (11)/14b (89)
5 10c H Me Me Ph Me A 90 0/100 13c (74) / 14c (26)
6 10c H Me Me Ph Me B 92 0/100 13c (79) / 14c (21)
7 10d H MeMe H H A 94 90/10  11d (64)/12d (36) 13d (>96)°
8 10d H Me Me H H B 90 38/62  11d(30)/12d (70) 13d (35)/ 14d (65)
9 106 H H Ph H H A 87 100/ 0 1le (55)/ 12e (45)
10 106 H H Ph H H B 90 100/0 11e (30) / 12¢ (70)
11 10f M H Ph H H A 58" 100/0 11f (72) / 12f (28)
e
12 10f M H Ph H H B 15° 100/0 11f (>96)°
e
13 109 H Me Phh H H A 92 100/0 11g (57) /12g (43)
14 109 H Me Ph  H H B 92 100/0  11g(23)/12g (77)
15 10h H H Ph Ph H A 95 100/0 11h (93) /12h (7)
16 10h H H Ph Ph H B 92 100/0  11h (67)/12h (33)
17 0i M H Ph Ph H A 84" 100/0 11i (>96)
e
18 10 H H Ph Me Me A 88 95/5 11j (>96)° 13j (>96)°
19 10k H H Ph H Ph A 90 100/0 11k (5) /12K (95)

4Conditions A: PhSeCl, SnCl,, CH,Cl,, -78 °C , 2.5 h. Conditions B: PhSeCl, CH;CN, room temp., 14 h.

®Yield

refers to pure compounds after column chromatography. ‘Determined by *H NMR on the reaction mixtures. “Only
one diastereomer exo or endo was detected by *H RMN spectra of the reaction mixtures. *Reaction was stirring
additional 4 h at -22 °C. ‘Chlorinated products 15f (15%) and 16f (10%) were also isolated. “The major products of
reaction were the chlorinated products 15f (9%) and 16f (31%). "An inseparable mixture of chlorinated products 15i
and 16i (8%) were also isolated.

Excellent yields and levels of regioselectivity in favour of endo products are obtained in
the cyclization of secondary alcohols 10a and 10b in CH,CI; in the presence of PhSeCl and
SnCl, at -78 °C (entries 1 and 3), whereas the regioselectivity in cyclization of primary alcohol
10d in the same conditions slightly decreased (entry 7). The regioselectivity in the cyclization of
primary and secondary alcohols in acetonitrile at room temperature was very poor (entries 2, 3
and 8). Surprisingly, the tertiary alcohol 10c cyclized with total regioselectivity, but, in favour
of exo products in all tested reaction conditions (entries 5 and 6).? This effect (anti-



Markovnicov’s rule) due to the increase of steric hindrance on increasing the substitution about
the carbinol has been previously described.*® The differences in the behaviour of the cinnamyl
and the prenyl derivatives can be explained by the greater stabilizing effect by the aromatic ring
of the developing positive charge in cinnamyl derivatives, favouring the endo process. On the
other hand, the double substitution at the terminal double bond in prenyl derivatives can have a
negative effect due to the increase of steric hindrance which disfavoured the formation of 7-
membered rings.”’

Interesting, the diastereoselectivity in the endo path-way was dependent on both the
reaction conditions and the nature of the hydroxyl group. Nevertheless, the nature of the
substituents at the double bond has less influence. The selenocyclofunctionalization of
secondary alcohols 10a,b,h,i,k and the tertiary alcohol 10j with PhSeCl in CH,CI, at -78 °C in
the presence of SnCl, (method A, entries 1, 3, 15 and 17-19) lead to the oxazepines 11a,b,h-k
with very high or total diastereoselectivity. However, when cyclization was carried out in
acetonitrile at room temperature (method B, entries 2, 4 and 16) the diastereoselectivity
decrease considerably.

With the purpose to evaluate the influence that the chiral centre at the carbon bearing
the hydroxyl group exerts in the asymmetric induction we tested the behaviour of epimeric
alcohols 10h and 10k (entries 15 and 19). Both selenocyclofunctionalizations turned out with
excellent diastereoselectivity but the facial diastereoselection was reversed and oxazepanes 11h
and 12k were obtained respectively as major products. This result seems to suggest that the
chiral centre at the carbon bearing the hydroxyl group is the main responsible for the high
asymmetric induction observed. Nevertheless, the very high diastereoselectivity obtained in
cyclization of the tertiary alcohol 10j (entry 18) without a chiral centre at the carbon bearing the
hydroxyl group can only be due to the asymmetric induction exerted by the benzoxazine moiety.

The diastereselection in the reaction of compounds 10d-g, with a primary hydroxyl
group, with PhSeCl in CH,CI, at -78 °C in the presence of SnCl, was lower than that obtained
for the secondary alcohols (compare entries 7, 9 and 11 versus 1, 15 and 17). Interesting, the
selenocyclization of the primary alcohols turned out with reverse stereoselectivity when PhSeCl
in acetonitrile at room temperature was used (compare entries 7, 9, 11 and 13 versus 8, 10, 12
and 14). Although the diastereoselectivity remained moderate it was better than that obtained in
CH,Cl, at -78 °C in the presence of SnCl,. Alcohol 10f with a methyl substituent at the inner
carbon of the double bond is an exception since it furnished a single diastereoisomer 12f,
although, in low yield (entry 12). In this case, the major products of reaction were the
chlorinated products 15f and 16f that were isolated in 9% and 31% vyield respectively. The
observed result might be explained assuming an initial chloro phenylselenylation of the double
bond followed by activation of the selenium moiety as a leaving group by transformation of the
selenide into selenonium ion by excess of PhSeCl and intramolecular nucleophilic displacement
(Scheme 3).*' This intramolecular substitution occurs with inversion of configuration at the
carbon atom bearing the selenium atom.* The products 15f and 16f were also isolated in 15%
and 10% respectively when selenocyclization was carried out with PhSeCl in CH,Cl, at -78 °C
in the presence of SnCl,.

Cyclization of secondary alcohol 10i with a methyl substituent at the inner carbon of the
double bond also furnished a mixture of two similar chlorinated products, but only in 8%
chemical yield, together with the oxazepine 11i (entry 17).
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Scheme 2. Formation of clorinated products 15f, 15i, 16f, and 16i.

The diastereoisomers formed in each reaction were isolated and purified by flash
chromatography and/or crystallization, and their structure was determined on the basis of *H and
3C NMR spectra. The regiochemistry was also confirmed by reductive deselenenylation with
triphenyltin hydride in the presence of catalytic amounts of AIBN in refluxing toluene (Scheme
3).*¥ As expected, deselenylation of diastereomeric oxazepines 11b and 12b lead to the same
product 17b. Deselenylation of the inseparable mixture of 11e and 12e allowed for the isolation
of pure oxazepines 17e and 18e. On the other hand, deselenylation of compound 11i with



triphenyltin hydride furnished a mixture of the epimeric oxazepines 17i and epi-17i in 70:30
ratio. Interestingly, the stereoselection reaction was reversed when tributyltin hydride was used
instead of triphenyltin hydride, and oxazepine epi-17i was obtained as major product, although
with a low diastereoselectivity.
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The structure and stereochemistry of 11h, 12b, 12h, 19j, 11k, 12k and 18e was
determined from COSY and NOESY experiments, whereas the structure, including the absolute
configuration of compounds 14b, 12f and 15f was established by X-ray diffraction studies.

On the other hand, the absolute configuration of the newly created stereocenters in 11j
was determined by its conversion into the aminomenthol derivatives 20 by nucleophilic ring
opening of the N,O-acetal moiety by aluminum hydride (Scheme 4) and X-ray diffraction
analysis. In the same way, transformation of 18g into 21 (scheme 4) and X-ray diffraction
analysis allowed the assignation of the absolute stereochemistry of 12g, assuming an anti-
addition in the selenociclization step on the basis of the literature precedents.
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Scheme 4. Stereochemical Correlation of Compound 11j and 18g.

The utility of these selenocyclofunctionalization reactions was demonstrated by
transformation of some deselenenylation products into the final chiral, nonracemic 1,4-
oxazepanes, which was achieved with moderate chemical yield as depicted in Scheme 5. The
reductive ring opening of the N,O-ketal moiety in 17a,e,h,i,j and 18e,9,k by aluminum hydride,
generated in situ from lithium aluminum hydride and aluminum chloride, in THF led to the
amino menthol derivatives in good to excellent yields. The elimination of the menthol
appendage in these derivatives was effected by oxidation with PCC in CH,Cl, at room
temperature to the corresponding 8-aminomenthone derivatives followed by B-elimination by
treatment with KOH in H,O-THF-MeOH. The resulting 1,4-oxazepanes were characterized as
N-tosyl derivatives 22a,e,h,i,j and 23eg,k by treatment with tosyl chloride and
diisopropylethylamine in ethyl acetate. The absolute stereochemistry of compound 22i was
established by X-ray diffraction analysis corroborating the absolute configuration of 11i and
that no racemization occurred during the elimination of the chiral auxiliary.

The described 7-endo-selenocyclization reactions using chiral 3-prenyl and 3-cinnamyl-
2-hydroxymethylperhydro-1,3-benzoxazine derivatives as starting products provides a novel
and stereoselective synthesis of enantiopure 1,4-oxazepanes. Both enantiomers can be obtained
simply starting from epimeric alcohols or modifying the reaction conditions. Obviously this



method of synthesis of 1,4-oxazepanes is limited by the type of substituents at the double bond.
With the purpose of increasing the scope of this selenocyclization reaction we have examined
the possibility to obtain 1,4-oxazepanes by 7-exo-selenocyclization reaction starting from 3-
homoallylperhydrobenzoxazine derivatives.

The alcohol 26 was prepared by condensation of the (-)-8-homoallylaminomenthol 24%
with phenylgyoxal in toluene at reflux followed by reduction of the carbonyl group in the
resulting 2-benzoilbenzoxazine 25 with sodium borohydride in ethanol at -10 °C. This reduction
turns out with a diastereomeric excess of 93%, and alcohol 26 was obtained as a single
diastereomer after recrystallization twice. Selenocyclization of alcohol 26 was carried out in
CH,CI; at -15 °C in presence of PhSeCl and SnCl, and a mixture of two diastereoisomeric 1,4-
oxazepanes 27 and 28 in a 80/20 ratio was formed with a good chemical yield (72%) (Scheme
6). COSY and NOESY experiments for the major diastereoisomer 27 allowed the establishment
of their stereochemistry.

1
,RRZ R
o] S
N 5 ..o 'R2
%LRM, TN O
o .
‘RS
Re N
17a,e,h,ijj 22a,R'=R%=H, R?=R%=Me, R* = Ph, 52%
22¢,R"=R?=R*=R®%=H, R®=Ph, 54%
22h,R"=R?=R%=H, R®=R*=Ph, 48%
22i, R' = Me, R? =R®=H, R® = R* = Ph, 50%
22j, R"=R?=H, R®=Ph, R* = R% = Me, 51%
R2

N ® L i, v R
R4 ——— "> TsN 0
o} .,
‘D5
R4 R
18e,9,k 23e, R'=R2=R*=R%=H, R% = Ph, 48%

23g, R'=R*=R%=H, R? = Me, R® = Ph, 45%
23k, R'=R?2=R*=H, R®=R® = Ph, 50%

Scheme 5. Transformation of 17a,e,h,i,j and 18e,9,k into 1,4-oxazepanes 22a,e, h,l,j and
23e,9,k. Reagents and conditions: (i) LiAIH,, AICI;, THF, 0 °C. (ii) PCC, CH,Cl,, 3 A molecular sieves,
rt. (iii) Aqueous solution of KOH 2.5M MeOH, THF, rt. (iv) TsCI, DIPEA, ethyl acetate, rt.



Y Y
HJ/F’/h,COCHO %ii:;1g/

OH Toluene, reflux o

25, 46%
24

SePh

NaBH,
EtOH, - 10 °C

PhSeCl, SnCI4 N‘\\/H\/

“~OH
CH,Cl,, -15 °C

0,
27, 58% o 5,

f{i;;7A\xsePh 26, 96%

28, 14%

Scheme 6. Synthesis and Selenocyclofunctionalization of Alcohol 26.

Conclusions

In summary, the synthetic sequence described above constitutes a short and efficient
procedure for the preparation of a variety of enantiopure 1,4-oxazepanes with up to three
stereocenters. The regio and stereochemistry of the cyclization products was dependent of the
substitution pattern of the double bond, the nature of the hydroxyl group and the experimental
conditions.  The best regio and  diastereoselectivities were achieved in
selenocyclofunctionalization of N-cinnamylperhydro-1,3-benzoxazines bearing a secondary or
tertiary hydroxyl group with PhSeCl in CH,Cl, in the presence of SnCl,at -78 °C.

Experimental section
General experimental procedures

All reactions were carried out in anhydrous solvents, under argon atmosphere, and in
oven-dried glassware. Commercial reagents were used without purification. *H NMR (300
MHz) and **C NMR (75 MHz) spectra were recorded in CDCls. Chemical shifts for protons are
reported in ppm from tetramethylsilane with the residual CHCI; resonance as an internal
reference. Chemical shifts for carbons are reported in ppm from tetramethylsilane and are
referenced to the carbon resonance of the solvent. Data are reported as follows: chemical shift,
multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, sp = septet, m = multiplet, br =



broad), coupling constants in hertz, and integration. High resolution mass spectrometry analysis
(HRMS) was performed by a quadrupole spectrometer with a TOF analyzer. Specific rotations
were measured using a 5 mL cell with a 1 dm path length, and a sodium lamp, and
concentration is given in g per 100 mL. Melting points were determined in open capillary tubes
and are uncorrected. Flash chromatography was carried out using silica gel (230-240 mesh).
TLC analysis was performed on glass-backed plates coated with silica gel 60 and an F254
indicator, and visualized by either UV irradiation or by staining with 1, or phosphomolybdic
acid solution. Chemical yields refer to pure isolated substances.

Compounds 1l1a, 11d, 12d, 13c, 13d, 14a, 1l4c and 17a have been previously
described.?

Compounds 11e, 11f, 12a, 12e, 13a, 13b, 14d, 15i and 16i could not be isolated and
obtained pure after flash chromatography.

General procedure for selenocyclization reactions.

Method A. To a stirred solution of PhSeCl (0.92 g, 4.8 mmol) in anhydrous CH,Cl, (30
mL) cooled to -78 °C, a solution of SnCl, in CH,Cl, (5.0 mL of 1.0 M solution, Aldrich) was
added dropwise under nitrogen atmosphere. The mixture was stirred for 15 min, and then it was
added dropwise to a solution of the appropriate alcohol 10a-k (4.0 mmol) in CH,Cl, (15 mL)
cooled to -78 °C. Stirring was continued for 2.5 h at -78 °C (and additional 4 h at -22 °C for
alcohol 10f and 10i) and then the mixture was treated with a 10 % aqueous solution of NaOH
(40 mL). The layers were separated and the aqueous was extracted with CH,CI, (3 x 20 mL).
The combined organic layers were washed with brine, dried over MgSQ,, concentrated at
reduced pressure, and the residue was purified by flash chromatography on silica gel, using
hexanes-ethyl acetate as eluent.

Selenocyclization of alcohol 26 was carried out starting from 0.45 g of 26 with PhSeCl
in CH,Cl; in the presence of SnCl,at -15 °C for 7 hours.

Method B. To a stirred solution of the appropriate alcohol 10a-k (4.0 mmol) in
acetonitrile (30 mL) was added, in portions, PhSeCl (1.07 g, 5.6 mmol). The stirring was
continued for 14 h at room temperature and then treated with a 10 % aqueous solution of NaOH
(40 mL). The acetonitrile was evaporated in vacuo and the remained aqueous phase was
extracted with CH,CI, (3 x 20 mL) and the products isolated as described for method A.

General procedure for reductive deselenylation.

A mixture of AIBN (33 mg, 0.2 mmol), triphenyltin hydride (0.91 g, 2.6 mmol) and the
appropriated selenenylated compound (1.7 mmol) in degassed toluene (30 mL) was heated at
reflux under argon atmosphere until disappearance of the starting product (TLC, 30-120 min.).
The solvent was removed in vacuo and the residue was chromatographed on silica gel using
hexanes/AcOEt as eluent.



General method for elimination of the chiral auxiliary.

To a suspension of LiAIH, (0.70 g, 18.8 mmol) in anhydrous THF (30 mL) cooled to -
10 °C and under nitrogen atmosphere was added, in portions, dry AICl; (0.85 g, 6,3 mmol). The
mixture was stirred for 15 min at -10°C and a solution of the corresponding benzoxazine
17a,e,h,i,j or 18e,9,k (2.5 mmol) in dry THF (20 mL) was slowly added. The reaction mixture
was stirred at 0 °C until disappearance of the starting product (TLC) and then it was quenched
by addition of 10 % aqueous solution of NaOH (1.5 mL). The resulting mixture was filtered, the
solid was washed with hot EtOAc, and the organic layer was dried over anhydrous MgSO,. The
solvent was eliminated under reduced pressure, the residue was redissolved in anhydrous
CH,CI, (35 mL), and PCC (2.2 g, 10.0 mmol) and 3 A molecular sieves (4.0 g) was added to
this solution. The mixture was stirred under nitrogen atmosphere until the oxidation was
finished (TLC 3-6 h). The mixture was then treated with a 10 % aqueous solution of NaOH (60
mL) and extracted with CHCI; (5 x 25 mL). The organic phase was washed with brine, dried
over anhydrous MgSO, and the solvent were removed under reduced pressure. The residue was
redisolved in THF (30 mL) and MeOH (15 ml), an aqueous solution of KOH 2.5M (15 mL) was
added and the mixture stirred at room temperature for 4.5 h. After elimination of the THF and
MeOH under reduced pressure, the residue was acidified with a 1 M solution of HCI to pH 2
and extracted twice with Et,O (2 x 20 mL). The aqueous solution was neutralized to pH 12 with
a 10% aqueous solution of NaOH and extracted with CHCI; (4 x 20 mL). The organic layer was
washed with H,O, dried over MgSO4, and the solvent eliminated under vacuum. The
morpholines obtained in this way was characterized as N-tosyl derivatives that were obtained
pure by treatment with an excess of tosyl chloride and diisopropylethylamine in ethyl acetate for
50 h, elimination of the solvent under vacuum and cromatography on silica gel using
hexanes/EtOAc 20:1 as eluent.

(2S)-7,7-Dimethyl-2-phenyl-4-tosyl-1,4-oxazepane (22a). This compound was
obtained from 17a (0.9 g). Yield: 0.47 g 52%. Colorless solid. Mp: 125-126 °C (from hexane). [
alo” = +104.9 (c = 4.2, CH,Cl,). *H NMR (8): 1.18 (s, 3H); 1.19 (s, 3H); 1.95 (dd, 1H, J; =
15.5 Hz, J, = 7.4 Hz); 2.12 (dd, 1H, J; = 15.5 Hz, J, = 9.1 Hz); 2.39 (s, 3H); 3.65 (dd, 1H, J;
=12.8 Hz, J, = 9.1 Hz); 2.82 (dd, 1H, J; = 13.4 Hz, J, = 9.1 Hz); 3.87 (dd, 1H, J; = 13.4 Hz, J, =
7.5 Hz); 3.97 (d, 1H, J = 12.8 Hz); 4.83 (d, 1H, J = 9.1 Hz); 7.20-7.38 (m, 7H); 7.62 (d, 2H, J =
8.3 Hz). ®C NMR (8): 21.3 (CH3); 26.1 (CHs); 29.1 (CHs); 41.8 (CH,); 43.6 (CH,); 56.7 (CH,);
73.4 (CH); 74.8 (C); 125.8 (2 CH); 127.0 (2 CH); 127.4 (CH); 128.1 (2 CH); 129.5 (2 CH);
135.0 (C); 140.6 (C); 143.1 (C). IR (Nujol dispersion): 3.065, 3030, 1600, 1495, 765, 725, 700,
660, 620 cm™. HRMS calcd for CoH2sNOsNaS [M + Na]* 382.1447, found 382.1441.

(7S)-7-Phenyl-4-tosyl-1,4-oxazepane (22e). This compound was obtained from 17e
(0.4 g). Yield: 0.22 g, 54%. Colorless solid. Mp: 120-121 °C (from hexane). [a]o*> = +37.6 (¢ =
0.5, CH,Cl,). *H NMR (8): 2.05 (m, 1H); 2.33 (m, 1H); 2.46 (s, 3H); 3.23 (m, 1H); 3.33 (ddd,
1H, J; = 13.0 Hz, J, = 7.8 Hz, J; = 4.5 Hz); 3.57-3.82 (m, 3H); 4.11 (dt, 1H, J;=13.0 Hz, J,=
3.3 Hz); 4.68 (dd, 1H, J; = 9.6 Hz, J,= 4.2 Hz); 7.24-7.39 (m, 7H); 7.72 (d, 2H, J = 8.2 Hz). **C
NMR (8): 21.5 (CHs); 37.7 (CHy); 46.2 (CH,); 51.7 (CH,); 70.0 (CH,); 81.4 (CH); 125.5 (2
CH); 127.0 (2 CH); 127.4 (CH); 128.4 (2 CH); 129.7 (2 CH); 135.9 (C); 142.8 (C); 143.4 (C).
IR (Nujol dispersion): 3040, 1595, 770, 720, 700, 690 cm™. HRMS calcd for CysH»NO3NaS [M
+ Na]* 354.1134, found 354.1139.

(2S,7S)-2,7-Diphenyl-4-tosyl-1,4-oxazepane (22h). This compound was obtained from
17h (0.50 g). Yield: 0.24 g, 48 %. Colorless oil. [a]o® = +18.0 (c = 0.7 CH,Cl,). *H NMR (8):



2.08 (m, 1H); 2.41 (s, 3H); 2.52 (m, 1H); 2.91 (dd, 1H, J; = 13.7 Hz, J, = 10.2 Hz); 3.15 (ddd,
1H, J; = 14.2 Hz, J, = 8.8 Hz, J;= 5.6 Hz); 3.91 (m, 1H); 4.09 (dd, 1H, J, = 13.7 Hz, J, = 2.6
Hz); 4.85 (dd, 1H, J; = 10.2 Hz, J, = 2.6 Hz); 5.00 (dd, 1H, J; = 9.7 Hz, J, = 4.7 Hz); 7.21-7.40
(m, 12H); 7.68 (d, 2H, J = 8.2 Hz). *C NMR (8): 21.5 (CHs); 38.6 (CH,); 46.6, (CH,); 58.7
(CH,); 80.6 (CH); 83.5 (CH); 125.3 (2 CH); 125.9 (2 CH); 126.9 (2 CH); 127.1 (CH); 127.7
(CH); 128.2 (2 CH); 128.3 (2 CH); 129.8 (2 CH); 136.2 (C); 139.6 (C); 143.4 (2 C). IR (Film):
3060, 3020, 1595, 755, 740, 695, 655 cm™. HRMS calcd for CyH;sNOsNaS [M + Na]*
430.1447, found 430.1438.

(2S,6S,7S)-2,7-Diphenyl-6-methyl-4-tosyl-1,4-oxazepane (22i). This compound was
obtained from 17i (0.35 g). Yield: 0.18 g, 50%. Colorless solid. Mp: 156-147 °C (from hexane-
EtOAC). [a]o” = +14.9 (¢ = 1.0 CH,Cl,). *H NMR (3): 1.07 (d, 3H, J = 6.9 Hz); 2.27 (m, 1H);
2.40 (s, 3H); 2.76 (dd, 1H, J; = 12.9 Hz, J, = 10.7 Hz); 3.32 (dd, 1H, J; = 14.0 Hz, J, = 4.9 Hz);
3.62 (d, 1H, J = 14.0 Hz); 4.01 (dd, 1H, J = 12.9 Hz, J, = 3.3 Hz); 4.38 (d, 1H, J = 9.4 Hz); 4.86
(dd, 1H, J; = 10.7 Hz, J, = 3.9 Hz); 7.19-7.35 (m, 12H); 7.67 (d, 2H, J = 8.3 Hz). *C NMR (5):
16.7 (CHs); 21.4 (CHjy); 42.5 (CH); 54.1 (CHy); 59.0 (CH,); 84.1 (CH); 88.9 (CH); 125.8 (2
CH); 126.7 (2 CH); 127.1 (2 CH); 127.4 (CH); 127.6 (CH); 128.1 (2 CH); 128.2 (2 CH); 129.7
(2 CH); 135.5 (C); 139.7 (C); 122.4 (C); 143.3 (C). IR (Nujol dispersion): 3050, 3025, 1600,
1495, 760, 750, 695, 665 cm™. HRMS calcd for CpsHyyNO3NaS [M + Na]* 444.1604, found
444.159.

(7S)-2,2-Dimethyl-7-phenyl-4-tosyl-1,4-oxazepane  (22j). This compound was
obtained from 17j (0.75 g). Yield: 0,38 g, 51%. Colorless solid. Mp: 114-115 °C (from hexane-
EtOAC). [a]o® = -21.6 (¢ = 2.7, CH,Cl,). 'H NMR (3): 1.26 (s, 3H); 1.36 (s, 3H); 2.02-2.11 (m,
2H); 2.41 (s, 3H); 2.98 (ddd, 1H, J; = 12.6 Hz, J, = 9.2 Hz, J; = 7.0 Hz); 3.07 (d, 1H, J = 14.4
Hz); 3.38 (d, 1H, J = 14.4 Hz); 3.52 (td, 1H, J; = 12.6 Hz, J, = 4.6 Hz); 4.70 (dd, 1H, J; = 8.0
Hz, J;, = 3.8 Hz); 7.18-7.33 (m, 7H); 7.68 (d, 2H, J = 8.3 Hz). *C NMR (§): 21.4 (CHj); 23.3
(CHy); 27.7 (CHy); 38.4 (CH,); 49.1 (CH,); 58.8 (CH,); 72.3 (CH); 74.6 (C); 125.6 (2 CH);
127.0 (CH); 127.1 (2 CH); 128.1 (2 CH); 129.6 (2 CH); 135.2 (C); 143.3 (C); 143.6 (C). IR
(Nujol dispersion): 3060, 3030, 1600, 1495, 780, 745, 700, 655 cm™. HRMS calcd for
Ca0H2sNO3NaS [M + Na]* 382.1447, found 382.1462.

(7R)-7-Phenyl-4-tosyl-1,4-oxazepane (23e). This compound was obtained from 18e
(0.80 g). Yield: 0.39 g, 48%. Colorless solid. Mp: 119-120 °C (from hexane). [a]o®* = -33.3 (C =
0.5, CH,Cl,). *H-NMR, *C-NMR and IR data are coincident with those reported for 22e. Anal.
Calcd for C1gH,;NO;NaS [M + Na]* 354.1134, found 354.1134.

(7R)-7-Methyl-7-phenyl-4-tosyl-1,4-oxazepane (23g). This compound was obtained
from 18g (0.75 g). Yield: 0.34 g, 45%. Colorless solid. Mp: 124-125 °C (from hexane). [a]p® =
-19.0 (¢ = 0.6 CH.,Cl,). *H NMR (8): 1.33 (s, 3H); 2.40-2.51 (m, 2H); 2.42 (s, 3H); 3.02-3.12
(m, 2H); 3.48-3.67 (m, 3H); 3.84 (ddd, 1H, J; = 13.6 Hz, J, = 4.6 Hz, J; = 1.9 Hz); 7.26 (m,
1H); 7.29-7.35 (m, 6H); 7.64 (d, 2H, J = 8.3 Hz). **C NMR (8): 21.5 (CHs); 30.9 (CHs); 41.1
(CH,); 43.5 (CHy); 50.8 (CHy); 63.9 (CH,); 79.5 (C); 125.0 (2 CH); 126.8 (CH); 127.2 (2 CH);
128.3 (2 CH); 129.7 (2 CH); 134.7 (C); 143.4 (C); 147.2 (C). IR (Nujol dispersion): 3085, 3045,
3025, 1595, 1490, 765, 720, 700, 650 cm™. HRMS calcd for CigH,sNOsNaS [M + Na]*
368.1291, found 368.1297.

(2R,7R)-2,7-Diphenyl-4-tosyl-1,4-oxazepane (23k). This compound was obtained
from 18k (0.55 g). Yield: 0.28 g, 50%. Colorless oil. [a]o®® = -20.4 (¢ = 0.9 CH,Cl,). *H-NMR,



BC-NMR and IR data are coincident with those reported for 22h. HRMS calcd for
C24H2sNO3NaS [M + Na]* 430.1447, found 430.1443.
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