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Abstract. Diastereoselective ring-closing metathesis reactions on chiral trienic perhydro-1,3-benzoxazines
_derived from (-)-8-aminomenthol featuring two diastereotopic olefin chains is described. The
diastereochemical outcome of the cyclization appeared to be dependent on the length and position of the
olefin chains in perhydro-1,3-benzoxazine, the degree of substitution of the double bonds and the ruthenium
catalyst used. After separation of the diastereomers, and removal of the chiral auxiliary, enantiopure oxygen-
and nitrogen-containing heterocycles were obtained.
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1 Introduction

Partially unsaturated oxygen and nitrogen-containing
heterocycles are common subunits displayed in a
broad array of interesting and useful biologicall}/
active molecules as well as natural products.™
Among a large number of synthetic approaches, the
ring-closing metathesis (RCM) reaction has emerged
as one of the most efficient ways to prepare different-
sized heterocycles.” A" wide range of
enantioenriched heterocycles can be accessed by
asymmetric  ring-closing  metathesis (ARCM),
asymmetric ring-opening/cross-metathesis (AROCM)
or asymmetric ring rearrangements (ARR) starting
from racemic or pro-chiral compounds in the
presence of chiral well-defined molybdenum- and
ruthenium-based metathesis catalysts.”! Despite
progress in chiral catalyst design, however, a
significant challenge remains, ARCM of unhindered
trienes has so far been unsuccessful, resulting in
extremely low enantioselectivities.”® In these cases,
the diastereoselective ring-closing metathesis reaction
(DSRCM) in substrates in which an existing chiral
centre controls the direction of cyclization could
compete advantageously over an enantioselective
RCM reaction using chiral alkylidene complexes.
Under certain reaction conditions the DSRCM

cyclization may be reversible and the observed
diastereomer ratios reflect a thermodynamic
preference. If one of the diastereomers is
energetically  much  more  favoured  good
diastereoselectivities can be achieved not only under
kinetic control, but also under thermodynamic
control.”™ On the other hand, the diastereomers could
be easily separated by chromatography and the
desired product can be obtained optically pure.*!

Over the last few years, we have shown that chiral
perhydro-1,3-benzoxazines derived from (-)-8-
aminomenthol constitute useful chiral auxiliaries in
different  diastereoselective  cycloaddition and
cyclization processes.™ We now report on the
synthesis of enantiopure cyclic ethers and amines by
DSRCM  reaction on trienic  perhydro-1,3-
benzoxazines with two diastereotopic olefinic groups
derived from (-)-8-aminomenthol acting as chiral
template.*? Scheme 1 summarizes our intentions. In
general, performing DSRCM metathesis reactions
with high diastereoselectivity requires that the olefins
at the prochiral centre do not react with each other
and also that the primary attack of the catalyst occurs
at the double bond of the other olefin.[™
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Scheme 1. Retrosynthetic approach to chiral oxygen and
nitrogen-containing heterocycles.

Results and Discussion

Synthesis of chiral cyclic ethers

The starting trienic perhydro-1,3-benzoxazines 4a-j
were prepared as single diastereomers in good
chemlcal yields from (-)-8-(benzylamino)menthol
1,22 in three steps, as summarized in Scheme 2.
Condensation of the amino alcohol 1 with ethyl
glyoxylate in toluene at reflux furnished a mixture of
equatorial 2a and axial 2b esters in 85:15 ratio which
could be separated by silica column chromatography.
However, 2b is quite conflguratlonally unstable and
quickly reverts to 2a. [l Treatment of either 2a or the
epimeric mixture of 2a and 2b with vinylic or allylic
Grignard reagents gave the same equatorial carbinols
3a-d that were converted into the final
perhydrobenzoxazines 4a-g by allylation the
hydroxyl group.

Initial experiments were conducted on perhydro-
1,3-benzoxazine 4a with monosubstituted olefinic
appendages. Reactions were carried out in CH,Cl, at
room temperature. In the presence of a 4 mol% of the
first-generation Grubbs’ catalyst 5, 4a was converted
in a mixture of dihydrofurans 7a and 8a in good yield

and moderate diastereoselectivity (entry 1 in Table 1).

Employment of the Grubbs’ second generatlon
catalyst 6 resulted in a reverse stereoinduction,™ but
the stereoselectivity remained moderate (entry 2 in
Table 1).

Although it is conceivable that the difference in the
product ratios of the cyclization in the presence of 5
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Scheme 2. Synthesis of perhydrobenzoxazines 4a-g.

or 6 reflect a kinetic or thermodynamic preference, it
is quite unlikely that the reaction of 4a with the most
active ruthenium(II)-N-heterocyclic carbene complex
6 will take under thermodynamic rather than kinetic
control in the tested reaction conditions for several
reasons: (i) the product ratios do not change with
time; for example, the reaction of 4a in the presence
of 6 for 30 h led to 7a (35%) and 8a (65%), almost
the same ratio of diastereomers as after 55 h (entry
3); (i) running the reaction in CH,Cl, at 40 °C or in
toluene at 110 °C for 30 h resulted in partial
degradation of the material without any significant
change in the diastereoselectivity (entries 4 and 5);
(iii) once isolated, diastereomers 7a and 8a do not
interconvert when subjected to the reaction
conditions even in ethylene atmosphere. We believe
that this catalyst-specificity is attributed to the
different spatial arrangements of the respective
ligands during the cyclization.

In a similar way triene 4e with monosubstituted
olefinic appendages provided dihydropyran 7e as
major isomer in the presence of 5 and dihydropyran
8e in the presence of 6 (entries 11 and 12). When the
first-generation Grubbs’ catalyst 5 was used, the
cyclopentene resulting from RCM reaction of the
diastereotopic olefin chains was also isolated in a
20% yield. This compound was also formed initially
when the second-generation Grubbs’ catalyst 6 was
used but over time it was transformed in a mixture of
7e and 8e by a rearrangement involving a
diastereoselective ring-opening metathesis reaction.
As with 4a, a detailed monitoring of the reaction of
4e in the presence of 6 showed that proportion of
diastereoisomers 7e and 8e do not change with



Table 1. DSRCM reaction of trienes 4a-g.
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Entry 4 n R' R? T. (°C) Catalyst (mol)®  t (h)[@ Yield (%) dr (%)M
1 4a 0 H H 20 5(2+2) 15 + 10 89 7a (64)/8a (36)
2 4a 0 H H 20 6(2+2) 15 + 15 79 7a (35)/8a (65)
3 4a 0 H H 20 6(2+2+2) 15+15+25 56 7a (33)/8a (67)
4 4a 0 H H 40 6(2+2) 15 + 15 68 7a (33)/8a (67)
5 4a 0 H H 110t 6(2+2) 15+ 15 55 7a (32)/8a (68)
6 4 0 H Me 40 5(2+2) 15+ 10 —
7 4 0 H Me 40 6(2+2) 15+ 15 30 7b (47)/8b (53)
8 4c 0 Me H 40 5(2+2) 15+ 15 53 e 7c (>98)1"
9 4c 0 Me H 20 6 (2) 12 92 7c (>98)1"
10 4d 0 Me Me 40 6(2+2+2) 15+ 15 +10 86 7d (83)/8d (17)
11 de 1 H H 20 5(2) 15 75 7e (77)/8e (23)
12 de 1 H H 20 6 (2) 15 96 7e (36)/8e (64)
13 4f 1 Me H 20 5(2) 12 94 7f (78)/8f (22)
14 4f 1 Me H 20 6 (2) 12 93 7f (36)/8f (64)
15 49 1 Me Me 40 6(2+2+2) 15 +15 +10 84 79 (72)/8g (28)

[l Catalyst was replenished after the time indicated in the Table; see also Experimental Section. ™ Yield refers to pure
compounds after column chromatography. ! Determined by *H NMR on the reaction mixtures. ™ Toluene was used as
solvent. ! Different amounts of the starting materials were recovered. ™ Only one diastereomer was detected by *H NMR

spectra of the reaction mixture.

reaction time. The low diastereoselectivity observed
in the cyclization of 4a and 4e is presumably due to
competing initiation at the various olefinic sites.

The effect of olefin  substitution on
stereoselectivity was studied in trienes 4b-d and 4f-g
(entries 6-10 and 13-15). Triene 4b with two
diastereotopic vinyl chains and a 1,1-disubstituted
olefinic chain cyclized with difficulty only in the
presence of the most active catalyst 6 and with almost
no diastereoselectivity (entries 6-7). On the contrary,
the reaction of DRCM occurred with greater
diastereoselectivity and better chemical yields when
the two diastereotopic olefinic chains are 1,1-
disubstituted at the double bond. Even dihydrofurans
and dihydropyrans with a tetrasubstituted double
bond can be prepared with good chemical yield in the
presence of 6 (entries 10 and 15). The best result in
terms of diastereoselectivity was obtained in the
cyclization of 4c which gave rise to the formation of
a single diastereomer 7c, in the presence of both 5
and 6 (entries 8 and 9).

The diastereomers formed in each reaction were
isolated and purified by flash chromatography and the

absolute configuration of the newly created
stereocentres in 7c, 8d, 8e and 8g was established by
X-ray diffraction studies.’® On the other hand, the
absolute configuration of the newly created
stereocentre in 7f was determined by its conversion
into  the  perhydro-1,3-benzoxazine 9 by
hydrogenation of the double bonds and
hydrogenolysis of the benzyl 8roup (Scheme 3), and
X-ray diffraction analysis.'® In the same way
hydrogenation of 7a led to perhydro-1,3-benzoxazine
10. Unfortunately, 10 turned out to be an oil that does
not crystallize. However, 10 can be synthesized by
another way that allows to determine without
ambiguity its absolute stereochemistry (Scheme 3).
The treatment of the ketone 111  with
vinylmagnesium chloride provided the alcohol 12.
The absolute configuration in the newly created
stereocentre was assigned as R in agreement with
Eliel’s reports.'**l O-Allylation of alcohol 12
followed of RCM reaction and hydrogenation led to
10.
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Scheme 3. Transformation of 7f and 7a into 9 and 10
and synthesis of 10 from 11

The utility of these DSRCM reactions was
demonstrated by the transformation of some products
into the final enantiopure dihydrofurans 15a, 15c¢ and
15d and dihydropyrans 15e-g which was achieved in
moderate chemical yield as depicted in Scheme 4 by
hydrolysis of the N,O-acetal moiety by treatment
with dilute (~2%) aqueous alcoholic hydrochloric
acid™ followed by reduction of the resulting
aldehyde with sodium borohydride.

Synthesis of chiral cyclic amines

The starting trienic perhydro-1,3-benzoxazines 19a-e,
20a-e, and 21a-e were prepared in good to excellent
yields, as summarized in Scheme 5. Addition of
vinylic or allylic Grignard reagents to
perhydrobenzoxazine 16 led to the alcohols 19a-c.
Condensation of the amino alcohol 17™1 with ethyl
glyoxylate in toluene at reflux furnished a mixture of
equatorial 18a and axial 18b esters in 76:24 ratio.
Treatment of either 18a or the epimer 18b with
vinylic or allylic Grignard reagents gave the same
equatorial carbinols 19d-e.

Since protection of the hydroxyl group could be
important to achieve optimal chemical yield and
diastereoselectivity in the DSRCM reaction of
hydroxyl-containing trienic substrates,*® a set of
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Scheme 4. Transformation of 7a,7c-g into dihydrofurans
15a,15c¢-d and dihydropyrans 15e-g.

substituted metathesis precursors was obtained from
19a-e introducing two hydroxyl protecting groups of
different steric demand. The treatment of alcohols
19a-e with NaH and Mel in refluxing THF led the
corresponding methyl ethers 20a-e with excellent
chemical yield. On the other hand, conversion of the
same alcohols into the corresponding TBDMS ethers
21a-e can be easily performed by reaction with tert-
butyldimethylsilyl trifluoromethanesulfonate in the
presence of 2,6-lutidine in dichloromethane at room
temperature.

With the trienic substrates 19a-e, 20a-e and 21a-e
in hand, we next examined the DSRCM reaction
using the Grubbs’ ruthenium carbene complex 5 and
6 as catalyst in CH,Cl, as solvent. The results are
summarized in Table 2.

First, the DSRCM reaction of trienic alcohol 19a,
with monosubstituted olefinic appendages, in the
presence of 5 was examined but, low conversion to
cyclic products 22a and 23a and moderate
diastereoselectivity was observed (entry 1 in Table 2).
In the presence of the most active ruthenium carbene
6 a reversal of the stereoinduction occurred but the
conversion and stereoselectivity remained moderate
(entry 2).

The low conversion to cyclic products, even in the
presence of high amounts of catalyst, could be due to
coordination of the nitrogen atom of the perhydro-
1,3-benzoxazine to the ruthenium catalyst, resulting
in deactivation of the metal complex through
heteroatom-metal  chelation.®® To avoid the
formation of unreactive chelates we tested the
protonation of perhydrobenzoxazine 19a.%! However,
treatment of the hydrochloride salt of 19a with 4 mol-
% of Grubbs’ catalyst 5, followed by a basic workup,
gave the desired cyclic products 22a and 23a with
only a slight improvement in the conversion and
unfortunately, as an almost equal mixture of
diastereomers (entry 3). To our delight, the ruthenium
carbenes 5 and 6 promoted efficient ring closure of
the methyl ether 20a and the silyl ether 21a (entries
4-7). The best results in terms of diastereoselectivity
were achieved with the bulkier tert-butyldimethylsilyl
protecting group. In the presence of the Grubbs’
ruthenium carbene complex 6 perhydrobenzoxazine
21a led to 26a and 27a in a ratio of 13:87 (entry 7).
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Scheme 5. Synthesis of perhydrobenzoxazines 19a-¢, 20a-
e and 21a-e.

Neither the trienic alcohol 19b nor the
corresponding silyl ether 21b with two 1,1-
disubstituted diastereotopic olefinic chains cyclized
to the tetrahydropyridine ring (entries 8 and 11). The
referable methyl ether 20b failed also to cyclize if the
catalyst used is 5 (entry 9), however, in the presence
of 6, cyclized easily to a mixture of diastereomeric
tetrahydropyridines 24b and 25b with a trisubstituted
double bond with good diastereoselectivity (92:8,
entry 10).

Similarly, tetrahydro-1H-azepines can be prepared
by DSRCM reaction of trienes 19c, 20c, 21c, 20d and
21d (entries 12-22). Again, the best results in terms
of stereoselectivity were achieved when the hydroxyl
group was protected as methyl ether if the
diastereotopic olefin chains are 1,1-disubstituted

entries 14 and 15) or as tert-butyldimethylsilyl ether
if the diastereotopic  olefin  chains are
monosubstituted (entries 21 and 22). In both cases,
only the formatlon of a single diastereomer was
detected by *H NMR spectra of the reaction mixture.
More interesting, the ruthenium carbene 6
catalyzed the DSRCM reaction of substrates 19e, 20e
and 21e providing the eight-membered cyclic amines
(entries 23-25). As in 19c, the OH group in 19e does
not seem to play a detrimental role in the
diastereoselectivity (entry 23). Starting from the
methyl ether 20e, the corresponding
hexahydroazocine 24e with a trisubstituted double
bond was obtained with good chemical yield and an
excellent diastereoselectivity of 97: 3 (entry 24).

After isolation and purification by flash
chromatography of the diastereomers formed in each
reaction, the absolute configuration of the newly
created stereocenters in 25a, 24c and 27d was
established by X-ray diffraction studies."® The
absolute configuration of the newly created
stereocenters in 24e was determined by its conversion
into the aminomenthol derivatives 28 by nucleophilic
ring opening of the N,O-acetal moiety by aluminum
hydride (Scheme 6) and X-ray diffraction analysis."®
On the other hand, the NOESY spectra of 24b
showed a cross signal for the hydrogen attached to
the N,O-acetallic carbon of the oxazine ring and the
hydrogens of the methoxy group indicating their cis
relationship and that, therefore, the absolute
configuration of the new stereocenter created at the
DSRCM reaction is R.

On the other hand, O-methylation of 23a provided
25a, while the tert-butyldimethylsilyl ether cleavage
of an inseparable mixture of 26a and 27a (13: 87%
with tetrabutylammonium fluoride in THF®#
furnished a mixture of 22a and 23a in a 15:85 ratio,
which allowed the assignation of the absolute
stereochemistry of 25a, 27a and their epimers 24a
and 26a respectively. In a similar way, the absolute
configuration of the other RCM reaction products of
Table 2 was assigned. Methylation of 22c¢ provided
24c, while deprotection of tert-butyldimethylsilyl
ether in 27c furnished alcohol 23c. Deprotection of
silyl ether in 27d followed by methylation of the
resulting alcohol led 25d. Last, methylation of 22e
provided 24e, while the tert-butyldimethylsilyl ether
cleavage of an inseparable mixture of 26e and 27e in
a 45:55 ratio furnished a mixture of the epimeric
azocines 22e and 23e in 41:59 ratio.

Transformation of compounds 25a, 24b, 22c, 24c,
25d and 24e into the final enantiopure
tetrahydropyridines 29 and 33, the tetrahydro-1H-
azepines 30, 32 and 34 and the hexahydroazocme 32
was performed in three steps 22 as depicted in
Scheme 7. The reductive ring- opening of the N,O-
acetal moiety by treatment with aluminium hydride
generated in situ from lithium aluminium hydride and
aluminium chloride, in THF at room temperature led
to amino menthol derivatives in good to excellent
yields. For a complete reduction of 24b was



Table 2. DSRCM reaction of trienes 21-23.

5 or 6 (mol%)
_—

CH,Cl,
22, 24, 26 23, 25, 27
19-21
[\
PCy3
cv;,'au_ dN Nb
o by, Ph ClrrRu=
s o Ly, Ph
Entry m n R R T(°C) Catalyst t (h)® Yield  dr (%)M
(mol)® (%)™
1 19a 1 0 H H 40 5(2+2+2+2) 15+15+15+10 279  22a(64)/23a (36)
2 19a 1 0 H H 40 6(2+2+2) 15+15+10 38l 22a(35)/23a (65)
3 19a-HCI 1 0 H H 20 5(2+2) 15 + 50 451 22a (48)/23a (52)
4 20a 1 0 H Me 20 5(2+2) 15+ 15 90 24a (67)/25a (33)
5 20a 1 0 H Me 20 6(2+2) 15 + 10 85 24a (27)/25a (73)
6 21a 1 0 H TBDMS 20 5(2+2) 15 + 15 83 26a (74)/27a (26)
7 21a 1 0 H TBDMS 20 6(2+2) 15 + 15 88 26a (13)/27a (87)
8 19b 1 0 Me H 40 6(2+2) 15 +12 -
9 20b 1 0 Me Me 40 5(2+2) 15 + 15 +10 S L —
10 20b 1 0 Me Me 40 6(2+2) 15 + 12 81 24b (92)/25b (8)
11 21b 1 0 Me TBDMS 40 6(2+2) 15+ 12 e
12 19¢ 1 1 Me H 40 5(2+2+2+2) 15+15+15+10 78 22¢ (92)/23c (8)
13 19¢ 1 1 Me H 40 6 (2 +2+2) 15 +15 +10 78 22¢ (73)/23c (27)
14 20c 1 1 Me Me 40 5(2+2) 15+ 10 94 24¢ (>98)%
15 20c 1 1 Me Me 40 6(2) 12 92 24c (>98)"
16 21c 1 1 Me TBDMS 40 5(2+2) 15 + 10 90 26¢ (35)/27¢ (65)
17 21c 1 1 Me TBDMS 40 6(2+2) 15 + 10 92 26¢ (12)/27c (88)
18 19d 2 0 H H 20 6(2+2) 15+ 10 -l
19 20d 2 0 H Me 20 5(2+2) 15 + 10 91 24d (45)/25d (55)
20 20d 2 0 H Me 20 6 (2) 12 85 24d (30)/25d (70)
21 21d 2 0 H TBDMS 20 5(2+2) 15+ 10 45 27d (>98)%
22 21d 2 0 H TBDMS 20 6(2+2) 15 + 10 94 27d (>98)
23 19 2 1 Me H 40 6(2+2+2) 15+ 15+ 10 52 22e (90)/23e (10)
24 20e 2 1 Me Me 40 6 (3) 4 90 24e (97)/25¢ (3)
25 21e 2 1 Me TBDMS 40 6 (3) 4 91 26e (45)/27e (55)

[l Catalyst was replenished after the time indicated in the Table; see also Experimental Section. ™ Yield refers to pure
compounds after column chromato?raphy. [ Determined by *H NMR on the reaction mixtures. ! Different amounts of the
e]

starting materials were recovered.

necessary to heat to 60 °C and under these reaction
conditions demethylation of the tertiary methyl ether
also occurs. Elimination of the menthol appendage in
these derivatives was effected by oxidation with PCC
in CH,CI, at room temperature to the corresponding
8-aminomenthone derivatives followed by p-
elimination by treatment with KOH in H,O-THF-
MeOH (Scheme 7).

Conclusion

In summary, the synthetic sequence described above
constitutes a short and efficient procedure for the

Only one diastereomer was detected by *H NMR spectra of the reaction mixture

preparation of a variety of chiral oxygen- and
nitrogen-containing heterocycles. The
stereochemistry of the DSRCM reaction products is
dependent on the length and position of the olefin
chains in the perhydro-1,3-benzoxazine, the
substitution pattern of the double bonds and the
ruthenium carbene complex used as catalyst. The
results collected in Table 1 and 2 show that the two
catalysts, 5 and 6, behave differently both in terms of
efficiency and diastereoselectivities, leading to the
opposite epimers for the final heterocycle except in
the case of very high selectivity were reached, where
the major product obtained with catalyst 6 correspond
to the one which is mainly produced by catalyst 5
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Scheme 7. Transformation of compounds 25a, 24b, 22c,
24c, 25d and 24e into the final enantiopure
tetrahydropyridines 29 and 33, the tetrahydro-1H-azepines
30, 32 and 34, and the hexahydroazocine 32.

when the diastereoselectivity is moderate. In addition,
the results seem to show that the substrate plays a
major role in the selection of the final stereoisomer as
compared to the catalyst. Although in some cases
only moderate diastereoselectivities are achieved in
the cyclization, after separation of the diastereomers
and removal of the chiral auxiliary enantiopure
oxygen- and nitrogen-containing heterocycles are
obtained.

Experimental Section
General information

All reactions were carried out in anhydrous solvents, under
an argon atmosphere, and in oven-dried glasswa{e
Commercial reagents were usged without purification.

NMR (300 or 400 MHz) and °C NMR (75 or 100 MHz)
spectra were recorded in CDCl;. 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, g = quartet, m = multiplet, br = broad), coupling
constants in hertz, and integration. High resolution mass
spectrometry (HRMS) analysis was _performed using a
guadrupole spectrometer equipped with a TOF analyzer.
pecific rotations were measured using a 5 mL cell W|th a
1'dm path length and a sodium lamp, and the 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 either by UV irradiation or by stammg with 1, or
phosphomo(}/bdlc acid solution. Chem[gﬂl r]i Fg?r to
[ isolated substances. Compounds 1, and
Thave been described previously. Compounds 2b 2643,
27a 25b, 26¢, 23e, 26e and 27e could not be isolated and
obtained pure after flash chromatography.

General procedure for the synthesis of benzoxazines 2
and 18. To a solution of 50 mmol of 1 or 17 in 150 mL of
toluene was added 13 mL of a commercial solution of
ethyl gyoxalate 50% in toluene (65 mmol). The solution
was heated at reflux with a Dean-Stark trap until
disappearance of the starting material (TLC, 12-24 h). The
solvent was removed in vacuo and the residue was
cPromatographed on silica gel using hexanes/AcOEt as an
eluent.

Ethyl (2S,4aS,7R,8aR)-3-benzyl-4,4,7-
trimethyloctahydro-2H- benzo[e][l 3]oxazme -2-
carboxylate (2a). This compound was obtained from 1
§25 .0 g) and purified by flash chromatogra hy
hexanes/ethyl acetate 15:1) to give 20.37 g of 2a and
g of a mixture of diastereomers 2a and 2b (90% yield). 2b
was quite configurationally unstable and quickly reverts to
2a. White solid. Mp 81-82 °C from hexane). iD =-51.
¢ = 0.7 ethyl acetate); "H NMR (400 MHz, CDCl,): §0.93
d, J = 6.5 Hz, 3H); 0.94-1.03 (m 2H); 0.98 (t, J = 7.2 Hz,
Hg 1.03 (s, 3H) 1.24 (m, 1H); 1.28 (s, 3H); 1.46 (m,
1H); 1.54-1.62 (m, 2H); 1.70 (m, 1H); 1.99 (m, 1H); 3.54
Std J, = 105 Hz, J, = 4.0 Hz, 1H); 368 (dq, J; = 10.8 Hz,
» = 7.2 Hz, 1H); 385ﬂq J. = 10.8 Hz, J, = 7.2 Hz, 1H):
388|§d,J—174H21 3.95 (d J—174Hz lH)519
g/_s,l ); 7.12 (t, J-75H%3 ’\P 7.22 (t, J =75 Hz, 2H);
6 (d, J =7.5 Hz, 2H). °C NMR (100 MHz, CDCI 0
13.7 (CHy); 207(CH 222(CH) 24.9 (CH,); 26.9
CH3; 314((CH) 34.9 (CH,); 41.1 (CH,): 456(CH) 48.1
CH,); 57.4 (C); 61.0 (CH,); 763( H); 85.7 (CH); 126.1
CHg 127.3 (2 CH); 127.7 (2 CH); 142.2 (C); 168.8 (C).
Nujol dlspersmn) 3080 1750, 16Q0, 25 695 cm
3H4I%I\g§7galcd for C21H32N03 M + H]* 346. 2377 found

Ethyl 2S,4aS,7R,8aR)-3-(but-3-en-1-yl)-4,4,7-
trimethyloctahydro-2H- benzo[e][l Joxazine-2-
carboxylate (18a). This compound was obtained from 17

12.0 ) and  purified flash chromatograph
hexanes eth?/I acggate 15:1). VYield: 10.83 66%.
olorless oi -35.7 (c = 1.6 CHyCl,); NMR

m, 2H 111m1H (s, 6H); 1.28 (t, J = 7.2 Hz,
H); 135 148 m, 2 156 169 m, 2H); 1.93 (m, 1H3
2.08-2.17 (m, 2H 2.57'(m, 1H{ 1 (m, 1H); 3.46 (td,

='10.6 Hz, J2—4OHz 1H 44323(m 2H); 4.88-4.98
m, 2H); 5.04 (s, 1H);'5.79'(m, 1H). **C NMR (75 MHz,
DCly): §14.1 (CH,);' 19.9 ( 3z7, 221(CH3) 24.9 (CH,):

§3OOMHZ CDC 5088 d, J = 6.5 Hz, 3H); 0.89-0.98

26.1 (CHj 31 2 CH 34.8 (CH,); 37.2 (CH,); 40.9
CH,); 44 (CH); 57.1 (C); 61.3 (CH,); A 76 0
CH); 85.7 ( H) 115 3 (CH,); 136.1 (Cw 169.0 (C). IR

elicula): 3075, 1760, 1640, 910 cm RMS ca cd for
1sH3NO3 [M + H]" 310.2377, found 310.2373.

Ethyl (2R,4aS,7R,8aR)-3- % ut-3-en-1-yl)-4,4,7-
trimethyloctahydro-2H- benzo[e][l Joxazine-2-
carboxylate (18b). This compound was obtained from 17
120 g) and purified flash  chromatography
hexane ethyl acetate 15: 1) Yield: 342?\I 1%. Colorless
oil. % =+35.5 (c = 1.4 CH,Cl,); *H NMR (300 MHz,
CDCly): 50.88-1.09 (m, 3H); 0.93(d, J = 6.5 Hz, 3H);



1.01 (s 3H); 1.16 (s, 3H); 1.30 (t J=17.1 Hz, BH% 1.39-
1.60 (m, 2H); 1.63-1.75 (m, 2H 1.99 (m, 1H) 2.20-2.32
mzw 288301m2 ) 3 (td J;=10.6 Hz, J, =4.0
Hz, 1H); 418425 q} 2H "4.80 (s, 1H); 4.98-5.09 (m,
2H); 5.82 (m, 1H). R (75 Hz, CDCI3) 614.0
CH3) 19. gCHs 221 (CH3 24.8 (CH 275 (CH3),
10(CH) 4.7 (CHy); 348 CH)| CH 46.6
CHZ) 47.9 (CH); 55.3 C 707 (CH); 83.7
CH); 115.6 CH) 1§63( H) 17 6( ) IR(flIm 3075
740, 1640, 910 cm”. HRMS calcd for CgH3oNO; [M +
H]* 310.2377, found 310.2377.

General procedure for addition of Grignard reagents to
2a, 11, 16 and the mixture of 18a and 18b. A commercial
solution of the app_ro%rlate vinyl- or allyl-Grignard
derivative in ether or (46 mmol) was slowly added at
0 °C to a solution of the a proprrate benzoxazine (20
mmol) in diethyl ether (70 mLs) The mixture was stirred at
this temperature until disappearance of the starting material
(TLC, 20-45 min). The reaction mixture was quenched
with saturated ammonium chloride and the product was
extracted with diethyl ether (3 x 40 mL). The organic
extracts were washed with brine, dried over anhydrous
MgSO,, and the solvent was evaporated in vacuo. The
residue was chromatographed on silica gel using
hexanes/AcOEt as an eluent.

For ketone 11, the addition of vinyl magnesium choride
(1.2 eq) was carried out at -40 °C and THF was used as
solvent instead of ether.

3- |((28 ,4aS,7R,8aR)-3-benzyl-4,4,7-trimethyloctahydro-
benzo[e][l 3]oxazin-2- yI)penta 1,4-dien-3-ol = (3a).
ThIS compound was obtained from 2a (7.0 g) and purified
\)/ flash chromatography (hexanes/et }/I acetate 60:1).
eld: 3.96 g, 83%. Colorless oil. [ o~ =+1.8 (c =0.9
EtOH); H NMR (300 MHz, CDCI,): 50.89-1.04 (m, 2H);
0.96 (s, 3H); 0.97(d, J = 6.5 Hz, 3H); 116%m 1Hf 1.32 (s
3H); 132 64 (m, 3H) 1.73 (m, TH); 1.96 (m, 1H); 2.82
(s, 1H); 3.57 (dt, J; = 10.5 Hz, J, = 4.0 Hz, 1H); 3.85 d J
='18.5 Hz, 1H); 4.55 (d, J = 18.5 Hz, 1H); 472((
4.99 (dd, J, =106 Hz, J, = 1.6 Hz, 2H 5.08 (dd, J;
17.3 Hz, J, = 1.6 Hz, 1H); 5.22 (dd, Jl:173Hz J2—16
Hz, 1H); 6.02 (ddd, J, = 17.3 Hz, J, = 10.6 Hz, J;= 0.6 Hz,
1H); 6.12 (dd, J =173 Hz, J, = 10.6 Hz, 1H); 7.16 (m
1H); 7.25-7.34 (m, 4H). °C NMR 75 MHz CDCI%
222(CH) 229(CH 24.9 (CH,); 26.6 (CH 1.4
CH); 35.1 (CH,); 41.3 CH) 44.6 CH) 467(CH2) 58.6
C); 761(}8 7 9(C ); 9 CH); 112.7 (CH,); 113.0
CH,) (CH); 126.6 (2 CH); 127.9 (2 CH); 139.8
CH); 1402%CH% 1437(C) IR (film): 3535 (broad), 3025,
605, 760, 720, 695 cm™. HRMS calcd for C,3H3,NO, [M
+ H]* 356.2584, found 356.2586

1

3- |((25 ,4aS,7R,8aR)-3-benzyl-4,4,7-trimethyloctahydro-
benzo[e][1, %]oxazm -2-yl)- -2,4- dimethylpenta-1,4-
dien-3-ol (3 his compound was obtained from 2a (7.0
g) and gurlfled bP/ flash chromato%ralp ?/ (hexanes/e pyl

acetate 60: 1) Yield: 6.22 g, 88%. Colorless oil. Eé
+22.5 (c = 0.9 CH,Cl,). '"H NMR (300 MHz, Cl,):
o) t077 (s, 3H); 0.79-1.05 (m 2H) 94 (d, J = 6.5 Hz,
3H); 114(m 1H); 1.27 (m, 1H); 1.31 53H) 1.43-1,59
m, 2H) 1.67 (s, 3H 1685m 1H) 1.77 (s, 3H); 1.85 (_|
H 300(slH 1(d 1—106HzJ2—39H213
3.78 d, J =17. Hz 1|I—_|2 466 (t, J =15 Hz, 1H
5.01 (m, 4H); 5.23 ( s, 1%711 m, 1 H): 7.19-7.2
Hg c NM 75 MHz DCl,): 518.9(CHs); 19.4( 3)
2 ( 5 (CHs 248(CH) 7.3 (CHy); 314
CH); 351 CHZ) 41.3 CH ; 43.3 CH 475(CH) 58.6
)_|770 H); 805 g 8 2 (C 1108 CHZ 113.1
C g 1249(]CH (ZCH ); 12 1(2CH 1413(C
(C); 14 C). IR (fil g 355() (broad), 3085, 2868,
1640 1605, 750, 720, 69 HRMS calcd for
CasHasNO, [M + H] 384.2897, found 384.2900.

3- |((28 ,4aS, 7R 8aR) -3-benzyl-4,4,7-trimethyloctahydro-
benzo{e][)l oxazin-2-yl)- -2.4- -dimethylpenta-1,4-
d|en 3-ol is compound was obtained from 2a (3. 6

) and gurlfled by flash chromato/%ra phy (hexanes/et g/
acetate 0:1). Yield: 3.61 g, 90%. White solid. Mp 82-84

(?rom hexane). ézx] » = +62.0 (c = 0.8 CHZCIZ
300 MHz, CDCls): & 0.80- 93 m 2H l_(s
3H 094dJ—65H23H 1.09 553
152168m4H) 192m1H 2. 424 243
(s, 1H); 1td J; = 10. HzJ2—39Hzl)388(dJ
—18 Hz ; 450 (s, 1H); 4.96 (d, J = 18.3 Hz
5.02-5.08 m H) 5.78-6.00 (m, 2H),, 711'\2m 1H);
7.22 (m, H); 7.36-7.39 (m, 2H). g MHz
CDCly): 5223(CHC) 227 CH) 249(CH2) 2 9(CH3)
31.5 (CH); 35.2 Hf 7 (CH,); 41.4 (CH,); 436
CH,); 439 CH); 47.1 (CHy); 58.4 (C); 756éC 77.6
CHi 880 Hf 118.0 CHZ 1181
27.8 (2 CH); 134.0 CH) 134.2 CH
1444(] ) IR gNugol dlspersmn) 3399 road) 3070, 1720,
1640, 720, 695 650 cm . HRMS calcd for CosHsNO, M
+ H]* 384.2897, found 384.2905.
4|((ZS ,4aS,7R,8aR)-3-benzyl-4,4,7- trlmeth%Ioctahydro-
benzo[e [1 3Joxazin-2-yl)- -2,6-dimethyl epta-1,6-
dien-4-ol (3d). This com ound was obtained from a
mixture of 2a and 2b (7.0 g) and purified by flash
chromatography (hexane% thyI acetate 60:1). Yield: 7. GA} |_g|
92%. Colorless oil. [o] 3 (c =14 CH.Cl);
NMR (300 MHz, CDCI) 079 098 Sm 2H); 089 s, 3H);
0.94 (d, J = 6.5 Hz, 3H):; 1.11 (m, 1H); 1.26 (s, 3H); 1.26-
167 m, 4H); 1.68 (s, 3H); 1.77 (]s 3H); l85(|r_r|1 1H);
d, J = 14.9 Hz, 1H); 2.22'(d, J = 149 Hz, 1 232
=14.9 Hz, 2H); 2. 8(s 1H) 3.49 (td, J, = 106 H
4.0 Hz, 1H) 391(d J'=185 Hz, 1H); 4.59 (s, 1H
-4, £ 7.13(m, 1 H): 7.23-7.32 (m, 2H); 7.39-
NMR (75 MHz, CDCly): & 22.4(CH,);
S ); 247 (CHy); 24.7 (CH) 24.9 (CH,); 26.9
(CH3 CH 35.2 (CHy); 41.3 (CH,); 43.4 CHZ)
2 CH 7.4 (CH,); 58.7 (C); 76.5 (C
; 884 CH ' 1135 (CHy): 114.1 CHy); 1255
8(2C 1279 (2 CH); 143.4 (C); 1438§C8
476 C). IR (fllmF) 3545 (broad) 3070, 287 1640
695 650 cm’ MS calcd for C27H42N02 [M + H]
412.3210, found 412.3212.

(R)-3- (128 ,4aS,7R,8aR)-3-benzyl-4,4,7-
trimet onctah dro-2H-benzo e][l 3]oxazin-2- -yDpent-
1-en-3-ol (12). This compound was obtained from 11 (2.5
g) and gurlfled b?/ flash chromatography (hexanes/et gl
acetate 50:1). Yield: 2.30 g, 85%. White solid. M
119 °C (from hexane). [a] =+8.9 (c = 1.1 CH, Iz)
NMR (300 MHz, CDCl): 6 0. 82 (t J=7.4Hz, 3H) 0. 88
m, 2H); 094(d J = 6.5 Hz, 3H); 096 s, 3H) 114(m
H)133(s 3H)143168(m O(m 1H); 1.91
m 1H) 2.50 (s, 1H); 3.53 (td, J1=105 Hz, J, = 3.8 Hz,
; 3.83 (d, J =18.6 Hz, 1H); 4.61 (d, J=18%6 Hz, 1H);
46 (s 1 CH) 4.94 (d J-171 z, 1H); 4.95 (d J=
11.1 Hz, ll—||_) 5.97 (dd, J; = 17.1 H% Jz— 11.1 Hz, 1H);
7.13 ( m 1 724732 (m, 4H) *C"'NMR (75 MHz,

CDCly 3 ; 22.3 CH3 ); 22.9 (CH3); 24.9 CHy);
26.6 H3) 314 (C and '35.1 CHg 41.3 (CH;
0 (CH); 909

44.6 (CH); 46.8 CH) 58.3 C 760
CH); 1131 (C ) 25.6 ( H 1263 2CH 1815()2
H) '140.8 CH 43.9 C IR fllm) 3540 (broad 302
1605, 765, 725, 695 cm calcd for Cy3HzNO, [M
+ HJ" 358. 2741, found 358. 2746

SA(ZS ,4aS,7R,8aR)-3-allyl-4,4,7-trimethyloctahydro-
benzo[e][l 3]oxazin-2- yl)]penta 1,4-dien-3-0l  (19a).
Th|s compound was obtained from 16 (10 0 g) and purified
\)/ flash chromatography (hexanes/ethyl acetate 45:1).
eld: 8.70 g, 84%. Colorless oil. [a ]I =-428 (c=14
CH,Cl,). 'H NMR 300 MHz, CDCly): 6 0.84-0.94 (m,
2H); 0.92 (d, J = 6.2 Hz, 3H '1.06 m 1H); 1.09 (s, 3H);
1.21 (s, 3H); 1.43-151 H); 1. ém 1H); 1.69 (m,
1H42 90(m 1H); 2.97 s 1H) 3.24 (dd, J, = 18.3 Hz, J,
= 49 Hz, 1H); 3.47 (td, J; = 10.6 Hz, J, = 3.9 Hz, 1H);
3.79 (dd, J, =183 Hz J,= 4.9 Hz, 1H); 4.56 (s, 1H); 4.97-
5.17 (m, 4H); 5.32 (dd, J; = 12.8 Hz, Jz— 1.7 Hz, 1H);
38 (dd, J; = 12.8 Hz, J, = 1.7 Hz, 1H); 5.85 (m. 1H);
.00 (dd, Jl = 17.3 Hz, J2—3108 Hz, 1H): 6.15 (dd, J; =
7.3 Hz, J, = 10.8 Hz, 1H) CNMR(75 MHz, CDCly): &
22 (CHy); 228 (CHy); 24.9 (CH,); 263 (CH); 314
CH); 35.1 (CH, 412 CH 450(CH) 45.3 CH) 58.0
C); 75 7 (C) 779 (CH); 90’7 (CH); 112.5 (2 CHy); 1135

N O 01¢

M
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CH,); 140.1 (CH); 140.6 (CH)) 141.4 (CH). IR fllm)
524 (broad), 30 5, 1640, 820, 720, 635 cm™. HRMS
calcd for C1gH3NO, [M + H] 306. 2428 found 306.243

3'((28 ,4aS,7R,8aR)-3-allyl-4,4,7-trimethyloctahydro-
benzo[f&l ,3Joxazin- -yI) -2,4- -dimethylpenta-1,4-
dien-3-ol (19b).” This compound was obtained from 16
10.0 g) and purified by flash chromatography
hexanessethyl acetate 45:1). Yield: 980% 87%. Colorless
oil. [a]p™ = +8.3 (c = 1.0 CH,Cl, MR (300 MHz,
CDCl3): 6 0.90-1.00 (m, 2H); 0.9: J = 6.5 Hz, 3H);
1.05 (m, 1H); 1.07 (s, 3H); 1.23 s 3H) 1.43-1.62 (m,
3H); 1.69 (s, 6H); 1.71 (m, 1H); (m 1H); 3.02 (s,
1H); 3.34 (dd, J1—174HzJ—64Hz SStd J, =
10.6 Hz, J, = 3.9 Hz, 1H): 4056dd 3 =174Hz, 3, =43
Hz, 1H) 4794]98&/I 6 (s, 1H); 5.21 (m, 1H);
5.89 (m, 1H). “C N MHz, CDCL,): 5 19.0 (CH,):
19.1 (CHy); 22.2 (CHs 226 (CH) ot 0 CH,), 27.1
CHy); 31.4 (CH); 35.2 CHZ); 41.4 (CH,); 44.4 (CH): 46.9
CHy); 58.3 (C); 77.0 (CH); 80.3 (C); 85.5 (CH); 110.9
CHy); 111.3 (CH) 112.0 (CH,); 142.8 (CH): 1435 (CH);
1474 (CH). IR (film): 3550 (broad), 3085, 1640, 735, 610
cm™, HRMS calcd for CxH3NO; [M + H]' 334, 2741

found 334.2748.

4- '((28 ,4aS,7R,8aR)-3-allyl-4,4,7-trimethyloctahydro-
benzo[ 51 3Joxazin-2- yI) -2,6- -dimethylhepta-1,6-
dien-4-ol (19c). This compound was obtained from 16
10.0 ) and purified by flash chromatogragty

hexanes eth)/l acggate 45:1). Yield: 12.02

olorless oi =-253(c=18 CHZCIZ) H NMR
(300 MHz, CDC3) 6 0.83-0.94 (m, 2H); 0.92 (d, J = 6.5
Hz, 3H); 099 m, 1H)01 .07 (s, 3H); 1.17 (s, H) 1.43-

168|(m 3Hg 1701 1.76 (m, 2H) 181Ss 3H); 1.83
2.1 Sd J = 14.6 Hz, 1H): 2.27 (d, 6 Hz,
H): 233(d 14.6 Hz, 1H); 2.45 (d, J—146Hz 1H):

2.69 (s, 1H); 3.33 (dd, J, = 183 Hz, J, = 5.5 Hz, 1H); 3.41

Std J; = 106 Hz, J;2= 3.9 Hz, 1H); 4.07 (dd, J, = 18.3 Hz,
2 =4.7 Hz, 1H); 4.44 (s, 1H); 4.72-4.88 m4H 4995dd
J; =10.4 Hz, J, = 1.9 Hz, 1I-g)515(dd, =175 Hz

1.9 Hz, 1H); 5.95 (m, 1H). °C NMR (75 MHz, CDCI )
220(CH) 225(CH) 243(CH3) 24.4 CH 4.7
CH,); 26.6 (CH) 31.1 (CH); 349 CH() 410 CH2,
3.1 CH) 43.9 (CH); 45.6 CH ; 47.0 (CH,) 580 (C);

75.9 (CH); 76.5 (C); 877SCH 1130(CH2 1132(CH2

114.0 (CHz) 1415 (CH); 143.2 (C). IR (film): 3550
broad), 3070, 1640, 735 cm™~. HRMS calcd for C;3HyNO;
M + H] 362.3054, found 362.3057.

3-((2S,4aS,7R,8aR)-3-(but-3-en i/?%
trlmethyloctahydro -2H- benzo[e][ ]oxazm -2-yl)penta-
1,4-dien-3-ol (19d). This com ound was obtained from
18a (9.30 ) and purified )/ flash chromatography
(hexanes!sethy acetate 45:1). Yield: 7.90 RI 82%. Colorless
oil. ="-47.3 (c = 1.2 CH,Cl,). '"H NMR (300 MHz,
CD I3 6 0.85-0.94 (m, 2H); 0.91 (d, J = 6.6 Hz, 3H);
1.06 (m 1H); 1.15 (s, 3H); 1.18 (s, 3H); 1.48-1.52 (m,
2H); 1.57 (m, 1H); 169 m, 1H); 190(m 1H); 2.08-2.21
Sm 2H)246§m 1H 5m1H 3.14 (s, 1H); 3.44 td
1= 105 Hz, Hz 1H)44 (s, 1H 491499
2H); 5.07 (dd, J1—105Hz J,=18Hz 1 ) 5.10 (dd,
10.5 Hz, J, =1.8 Hz, 1H); 537(dd J;=17.1 Hz, J2—18
Hz, 1H) 548 (dd, J;=1 "1 Hz, J, = 1.8 Hz, 1H); 561(m
1H); 6.02 (dd, J, = 17.1 Hz, J, = 10.5 Hz, 1H): 15 (dd., J;
=17.1 Hz, J, = 10.5 Hz, 1H) CNMR(?SMHZ CDCly):
6221 (CH3 ,.229 (CH3) 24.8 (CH,); 26.1 CH3), 31.3
CH); 34.9 CH 374 (CHZ 1.0 ( CHS; 22 (CH,);
4.5 (CH); 57.8 (C); 74.9 (C); 77.9 1.1 ( 1120
( f 1121(2C ) '115.2 CH2) 13 8 CH 1394(CH)

(CH). IR (film): 3460 (broad), 3075, 1640 735, 630
cm™’. HRMS calcd for CyHuNO, [M + H]* 320. 2584
found 320.2584.

4-((2S,4aS,7R,8aR)-3-(but-3-en- 1

trlmethyloctahydro -2H- benzo]e] _]oxazm -2-yl)-2,6-
dimethylhepta-1,6-dien-4-ol (19e). This com ound’ was
obtained from a mixture of 18a and 18b (5.5 g) and
gurlfled b)/ flash chromatography (hexanes]sethyl acetate
0:1). Yield: 6.64 g, 95%. Colorless oil. [a]p” =-26.5 (c =

1.4 CH,Cl,). "H NM R 300 MHz, CDCls): § 0.85-0.96 (m
2H,092 J= z 3H 097102gm 1H); 114
6H 1.21- 1(m m, 1H); 1.68-1.7 )
184(53H 185(s3 221244(m 6H 263m1H
2.77 (s, 1 307m1 3.39 (td, J;= 1 '5 Hz, J

Hz, 1H); 446 (s, H) 4734903m 4H); 4.95 dd J
10.3 Hz, 32—19Hz 1H 15502 dd, J —172Hz J2—19
Hz, 1H); 575 m, 1H). ) C NMR (75 MHz, CDCI S
223( 9 (CH 24.6 (CHs); 24.7 CH 50
CHy); 26 314 CI—(I) 35.2 gCHz 80 (CH,
12((CH2 (( 440|( H§44 CH 46.4 CH2
58.4 (C):75.7 7 .0 Cg 8.0 (C 1137 CH,);
114.4 (CHZ) 1 52 CH,); 136.6 CH 1434 (C 1437
(C) IR (film): 3548 road) 3075, 1640 730 cm . HRMS
calcd for Cy4H4,NO, M+H] 376. 3210, found 376.3209.

General procedure for O-allylation of alcohols 3a-d and
12. To a solution of alcohol 3a-d or 12 (8.0 mmol) in THF
640 mL) was added NaH (60% dispersion in mineral oil,

96 g, 24 mmol). The mixture was heated to reflux for 20
min and cooled to ambient temperature. Allyl bromide or
methallyl bromide (10 4 mmol) was added, and the
mixture was again refluxed until the starting material was
fully consumed as indicated by TLC. After aqueous
workup, the THF was evaporated and the aqueous residue
was extracted with diethyl ether (3 x 30 mL). The organic
extracts were washed with brine, dried over anhydrous
MgSO,, and the solvent was evaporated in vacuo. The
residue was chromatographed on silica gel using
hexanes/AcOEt as an eluent.

(2S,4aS,7R,8aR)-2-(3- (aIIonxy)penta 1,4-dien-3-yl)-3-
benzyl- -4.4,7-trimet yloctahydro-2H-
benzoge][l 3goxazme (4a). This compound was obtained
from and purified by flash chromatography
(hexanes!ethyl acetate 60:1). Yield: 3. 04 %I 98%. Colorless
oil. ] =-185(c = 1.6 CHZCI MR (300 MHz,
CDCl3): 60.84-0.95 (m, 2H); 0.86 s, 3H) 094 (d, J= 6.5
Hz, 3H); 1.12 (m, 1H); 1. Sés 3H); 1.32-1.57 (m, 3H):
169(m 1H) 196 m, 1H) 3.53 (td, J1-105Hz J,=39
Hz, 1H); Sd =164 Hz, 1H); 3.89-4.00 (m, ZH)
4.59 (d, J 18 Hz, 1H); 4.75 (s, 1H); 504517(m 6H
5.84-6.06 m, 31[3—2 711((m 1H); 72 725(m, 2H); 7.34-
7.37 (m, 2 NMR (75 MHz, CDCI3) 06222 (CH3)
22.5 (CH3) 22.8 (CHy); 26.8 314 (ZCI—C|) 35.1
CH, 414(CH 441(CH) 4 5( H) 58 %) 64.4
CH 77.6 (CH 821 (C) 91.7 (CH); 114.8 (2 CHy);
(CH) 125. CH) 271 (2 C ) 127.4 (2 CH);
1359 CH 137.6 (C 1379(CH) 1442(N) IR (film):
3080, 1635, 1450 720, 695 cmX. HRMS calcd for
C26H38N02 [M + H] 396.2897, found 396.2900.

(2S,4aS,7R, 8aR) -3-benzyl-4,4,7-trimethyl-2-(3-((2-
methylallyl oxy)penta-1,4- dien-3- -yl)octahydro-2H-
benzo e][l oxazme (4b) This compound was obtained
from ) and ur|f|ed by flash chromatography
(hexanes!gthyl acetate 0:1). Yield: 2,75 g, 85%. Colorless
oil. 93 (c =13 CHZCIA) H NMR 300 MHz,
CDI 60830 6 (m, 2H); 0.84 (s, 0.94 (d, J=
65Hz 3H 1.15 (m, 1|_) 126 (s, 3H 1 6172(m 4H);
1.66 (s, 3 1968m 1 ) 353 td J1—105 Hz, J, =39
Hz, 1H 3.80-3.9 , J'=18.0 Hz, 1H);
4.78'(s, 1H) 4.79 d J—lle 1H 5.03-5.31 (m, 5H);
5.89- m, %]—8 714 m, 1H){ 17.24 (m,2 ); 7.34-
7.37 (m 2 NMR 75 MHz, CDCly): 6 19.6 (CHx);
22.2 (CH3), 225 (CH3); 24.8 (CH) 268 (CHy); 313
CH); 35.1 CHZ) 41.3 CHZ) 44.0 CH) 475 (CH,); 58.2
C)_|66 77.5 (CH); 81.9 O 917|§ H) 1096
11 7 CHZ 116.7 (CH,); 27.
1274 2 CH); 137.6 (CH); 1379é H_/) 143. 1(C
]_4 2 S) IR (film): '3080, 2925, 1650, 1450, 720, 700 cm’
415|F32(I;g4 calcd for CpHaoNO, [M + H] 410.3054, found

(2s,4aS,7R 8aR) -2- (35 llyloxy)-2,4- dlmethylpenta 1,4-
dien-3-y I[) -3-b enzyl-4,4,7- trlmethyloctahydro -2H-
benzoge] 1, 3$oxazme (4c) This compound was obtained
from and purified by flash chromatography
(hexanes/ethyl acetate 60:1). Yield: 2.90 g, 88%. Colorless



oil. ] =-18.6 (c = 1.3
CDCly): 50.78 (s, 3H) 0.8 8 m, 2H); 0.96 (d, J = 6.6
Hz, 3H); 1.04 (m, 1H); 129 H 15415 m, 2H);
157s3H) 1661 5(m2)17853H 838

A7 (td, J;= 10.5 Hz, J, = 3.9 Hz, 1H); 84(d
175 Hz, 1H) 3.95 (dd, J; = 14.2 Hz, J, = 4.6 Hz, 1H);
4.44 dd J1=14.2 Hz, J, = 4.6 Hz, 1H); 4.76 (s, 1H)50
530 m, 7H); 5.93 m 1 7.10 (m, 1H): 7.18-7.23 (m,

27734 m, C NMR (75 MHz, CDCly): &
194 (CHy); 199 CH 223 (CHy); 22.4 (CHy); 24.9
CHy); 275(CH% ; 35.3 (CHy); 416(CH2
3.3 (CH); 4 H 587

g 666 CH;); 77.0 (CH);
85.5 (Ci 87.5 '113.8

113.9 (CH,); 115.3
CH2 1 124.8 éc 1271 e CH) "127.1 (2 CH): 1370
g 142.3 (C)

143.8 (C) 146.1 (C) IR (film): 3060,
1640, 1450 720, 695 cm™”. HRM caled for
C28H42N02 [M + H] 424, 3210 found 424.3214.

,Cl,). *H NMR (300 MHz,

(2S,4aS,7R,8aR)-3-benzyl-2-(2,4-dimethyl-3-((2-
methyIaIIyI)oxy penta- 1 4-dien- 3-y| -4,4.7-
trimethyloctahydro-2H- benzoge][ ]oxazme (4d) This
compound was obtained from 3b and urified b
flash chromatography (hexanes]gthyl acetate :1). Yield:
3.29 R/I 93%. Colorless oil. [a]p™ =-20.9 (¢ = 1.0 CH Clz)
H NMR (300 MHz, CDCls): 5076 (s, 3H); 0.82- 099
2H); 094(d J=66Hz 3 )_|112 (m, 1 ; 1.27 (s, BH)
1.52-1.76 (m, 4H); 1.54 (s, 3 170(s 3 ; 1.75 (s, 3H
1.88 (m, 1H)345 td, J; = 10. J, =39 Hz, 1H ; 3.80
(d, J = 14.0 Hz, 1H); 382(dJ—171Hz 1H): (dJ
= 14.0 Hz, 1H); 4.73 (d, J = 1.1 Hz, 2H): 4.9 d J=11
Hz, 1H); 5.07-5.17 (7m 4H); 5.20 (s, 1H) £0 (m, 1H):
7.15-7.20 (m, 2H); 247315m ZH% BC NMR (75
MHz, CDCI3) o 94|(CH\)3 Hj); 22.3 (2 CHy);
249 (CHy; 274 15 3 3 CHzg; 41.6
CH,); 43:3'(CH); 47.2 (CH,); 58 6 (C 69 0 (CHy); 77.0
CH); 85.3 (C); 87.7 (CH); 109.2 (CH,); 113.9 (CHy);
15.3 (CH,); 124.8 (CH,); 127.0 (2 CH) 127.1 (2 CH);
142.4 (C); 143.8 gC) 144, 1(6 ); 146.0 (C). IR (film): 3065,
2915, 1635, 1450 95 cm™.  HRMS calcd for
CagHaNO, [M + H] 438 3367, found 438.3377.

(2S,4aS,7R,8aR)-2- (14 (aIIonxy)hegta 1,6-dien-4-yl)-3-
benzyl- -4.4.7-trimet yloctah_}/
benzoge][l 3]oxazrne (4e). This compound was obtained
from and é)urlfled by flash chromatography
(hexanesjethyl acetate Yield: 3. £L5
oil. ='+40.6 (c = 1.7 CH ,Cl). IMR (300 MHz,
CD I3 60.82-1.01 (m, 2H); 089 s, 3H) 0.96 (d,J = 6.5
Hz, 3H); 1.12 (m, 1H); 1.24 (s, 3H); 1.43-1.62 (m, 3H):
1.70 (m, 1H); 1925m 1H) 227(dd 3, =14.0Hz, J,=69
Hz, 1H): 2.36 (dd, J, = 14.0 Hz, J, = 7.4 Hz, 1H); 2435dd
J1= 144 Hz, J, = 85 Hz, 1H); 2.67 (dd, J; = 14.4 Hz
54 Hz, 1H); 3.37 (id, J1—104 Hz, J, = 4.0 Hz, 1H); 392
d J =184 Hz, 1H); 4.07 (dd, J; = 13.2 Hz, J, = 5.1 Hz,

; 4.43 (dd, J1—132Hz J, =5.3 Hz, 1H); 4.48 (s, 1H
49 -5.16 (m, 7H) 5.75-5.98 (m, 3H3714|\ﬁm 1Hg

C N 7 |\/|HZ

92%. Colorless

7.27 (m, 2H); 7.31-7.45 (m, 2H

CDCly): '622.3 (CH; 224(§3H) 248(CH) 26.7 (CHs),
31.3 (CHy); 351 39.4 (CH,); 41.6
CH,); 43.9'(CH); 46.6 (CH,); 5 3 C): 64.8 CH 775
CH);'80.3 (C); 899(CH 114.5 ( H() 1176 (; 'CH,

251 (CH); 1265 (2 CH): 1276 H): 134.2 CH

1346(CH 1361(CH) 1448 Q). | (fllm 3075,

1640, 1450, 725, 695 cm™". HRMS calcd for 23H42N02 [M

+ H]" 424. 3210, found 424.3217.

(2S,4aS,7R,8aR)-2- (45 Ilyloxy)-2,6- dlmethylheﬂta-l,G-
dien-4-yl -3- benzyl-4,4,7- trlmethyloctahydro 2
benzog(] 1 3]oxazme (4f) This compound was obtained
from and purified by flash chromatography
(hexanes!sethyl acetate 50:1). Yield: 3,37 g, 96%. Colorless
oil. alo -51(c=12CH Clz 'H NMR (300 MHz,
CDCly): 6 0.86-0.98 (m, 2H); 09053H 094dJ 6.5
Hz, 3H 111§ 1Hf 122 S, 3H 1. 5156 m, 3H);
160(53H 1.72 (m, 1H); s3H)_|188(m1)223
d, J=15.0Hz, 1 dJ 14.1 Hz, 1H); 2.56 (d, J =
5.0 Hz, 1H); 2.69 d J 141Hz 1H); 336(td Ji —105
Hz, J, = 40Hz 1H); 3.92 (d . J ='18.2'Hz, 1H); 414de
J = 13.2 Hz, J, —49Hz 1H 449 (dd, J; =1 2 Hz
51Hz 1H); 458(s 1H) 4.81 (s, 2H); 490(s 2H); 4.91-

506 m, 2H); 583§m

1) TAL (m. 1) 7.24.7.27 (m,
40742 m B Givm ) (

C NMR (75 MHz, CDCly):

223 (CH5) © 24.9 (CH) 25.1 (2CH,); 68
CH3) 314 (CH 35 "(CH,); 38.7 (CH,); 415 (CH,):
2.0 (CH,); 44.0 (CH): 46.7 (CH,); 586 ); 64.7 (CH);
77.0 CH 820 898 (CH); 114.0 (CH,); 114.4 (CH,)’
114.6 12 1 CH); 126.9 (2 CH): 127.6 (2 CH):
136.4 1427 1436 (7() 14;)0 &) IR (film):
3075, 92 ' 1640, 14 0, 720, 670 cm MS caled for
CaoHisNO, [M + H]* 452.3523, found 452.3532.

(2S,4aS,7R, 8aR% -3-benzyl-2-(2,6- dlmethyl -4-((2-
methyIaIIyI)oxy hepta-1,6-dien-4-yl)-4,4,7-
trimethyloctahydro-2H- benzog(][l ]oxazme (492 This
compound was obtained from and purified b
flash chromatography (hexanes/ethyl acetate 55:1). Yield:
§26 ;_\;/I 93%. Colorless oil. g o]p” =+23(c=1.7 CHZCIZ
H NMR (300 MHz, CDCl, 5085101|_(m 2H); 0.90 (s,
3H)094d J =65 Hz, 3H); 1.14 (m, 1 (s, 3H);
1.35-1.61 (m, 2H); 1.59 (s, 3H 166 (Js 3H 1.68 (_|m
s, 3H): 189(m 1H) d, 150Hzl
13. Hz 1H); 7§d = 15.0 Hz, 1H); 274
Hz, 1H): 3.35 (td, J; 105 Hz, J, = 3.9 Hz,
,J =18.3 Hz, 1H;399(d J =127 Hz, 1H);
12.7 Hz, 1H); 459 (s, 1H); 4.72 (d, J'= 0.9
1H)' 4.80 (s, 1H_); 4.83 (s, 1H); 4.90 (s, 1H);
, J = 1873 Hz, ; 7.17 (m, 1H); 7.31-7.40
2-7.47 ém 2H£ CNMR 75 MHz, CDCI} 52
CH3) 22. 3 2.6 (CHa); 24.9 (CH,); 25 (CH3)

5.2 (CH 26 8 CH 31 4 (CH); 35 38.6
CHz), 41. 6 (CH,); & 44 8 46 7 CH
(Cg 673£CH3 769 H 820 gg 898 CH

1100 H,); 114.0 H2,1147 H2,12 26.9

2 CH); 1275 (2 CH); 142.8 (C); 143.6 C) 14 7 (VI)
45.0 (C) IR (film): 3075 1640, 720, 69 cm™. HR
calcd for C3;HigNO, [M + H] 466. 3680 found 466.3687.

(2S,4aS,7R,8aR)-2-((R)-3- (aIIonxy)pent 1-en-3-yl)-3-
benzyl- -4.4,7-trimet oncta_F ro-2H-
benzo£2][1 3]oxazrne (13). This compound was obtained
from and purified b
(hexanes!ethyl acetate 45:1). Yield: 2, 35 %I 96%. Colorless
0|I =-113 (c =13 CH2CI2) MR (300 MHz,
5 08(t J=74 Hz3H) 087 (s, 3H) 0.89-1.11
)094(d = 6.5 Hz, 3H): 1.17 (m, 1H); 1.28 (s, 3H,
H3) 1.42-1.63 (m, 3H); 1. 4-1.73 (m 3H); 1.9 (]m,
1H); 3.46 (td, J; = 10.6 Hz, J, = 3.7 Hz, 1H); 3.82 (d,
179 Hz, 1 ) 4.14 (m, 1H) 4.34 (m, 1H) 4.76 (s, 1H)
4.84dJ 7.9 Hz, 1H); 503514m2H 5.14- Am
2H); .85-5.95 (m, 2]-3|) 711 (m, 1H 719724
7.36-7.39 (m, 2H). °C NMR (75 MHZ CDCI3 574
gCH3) 22, (2CH) 24.9 (CH) 27.1 (CH3) 28.1 (CHy);
5.5 (CH); 35.2 CHZ) 41.5 CHZ)' 441 (CH); 475
CHZ) 58. 3 (Cg .8 (CH2) 7 8 (CH); 80. (CQ 90.0
CH); 114.6 H2 115.0 7.

CH 2
H); )12505652 %21363(C fssg(cr-r) 342((:) ﬁa

flash chromatography

grlm 721, 695 cm’. HRMS calcd for
26H40NO, [M + H]" 398. 3054 found 398.3054

General procedure for methylation of alcohols 19a-e.
To a solution of alcohols 19a-e (9.0 mmol) in THF (45
mL) was added NaH (60% dispersion in mineral oil, 1.1 g,
27 mmol). The mixture was heated to reflux for 20 min
and cooled to ambient temperature. lodomethane (1.8 mL,
28.8 mmol) was added, and the mixture was again refluxed
until the starting material was fuII consumed as indicated
by TLC. After aqueous workup, the THF was evaporated
and the aqueous resrdue was extracted with ethyl acetate (3
x 40 mL). The organic extracts were washed with brine,
dried over anhy rous MgSO,, and the solvent was
evaporated in vacuo. The residue was chromatographed on
silica gel using hexanes/AcOEt as an eluent.

(2S,4aS,7R,8aR)-3-allyl-2-(3-methoxypenta-1,4-dien-3-
yl)-4,4, 7-trimet yloctahydro-2H- benzo[efgl 3]oxazrne
(20a). This compound was obtained fro and
Eurr ied b?/ fIash chromatography (hexanes!EethyI acetate
Yie d 98%. Colorless oil. 5 49.2 (c
HZCIZ) H NMR (300 MHz, CDCls): 6 0.86-0.96 (m
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2H); 0.91 (d, J = 6.5 Hz, 3H); 1.07 (s, 3H); 1.10 (m 1H);
1.16 (s, 3H); 1.21-1.57 (m, 3H); 1.68 (m, 1H); (_r|n
1H); 3.19 (s, 3H); 3.32 (dd, J, = 17.9 Hz, J, = 5.3 Hz, 1

3.45 (td, J, = 106 Hz, J2—39Hz 1 383de 31_179

Hz, J, = 5.3 Hz, 1H 457(] ) 1(dd, J; = 10.3 Hz,
J2—19Hz 1H: 3dd 4 Hg, J2—19H21H)
520534 -6.05 (m 3H). CNMR(?S MHZ,
comg 21( H3 225(c 9); 24.9 (CH,); 26.4 (CHy):
31.3 (CH); 351gCH 413 (CH,J; 44.7 (CHY); 46.4 (CH,)
51.4 (C 774(0 . 82.0 (C); 91.3 (CHY):
1127 CHg 1152({ z) 1369(CH) 137.9
(CH); (CH). IR (film): 3085, 165830cm HRMS

calcd for CoHyNO, [M + H]* 320. 2584, found 320.2587.

(2S,4aS,7R,8aR)-3-allyl-2- (3 -methoxy-2,4-
dlmethy enta-1,4-dien-3-y 2 -4,4,7- trlmethyloctah dro-
2H- benzo e][1, 3]oxazrne (20b). This com oun was

obtained from 19b (3.0 ) and urrfre flash
chromatography (hexang§/ethg/ acetate Yrel 2.80 g
89%. Colorless oll. [a 8(c=10 C .Cl 2)- H NM

(300 MHz, CDCl,): 6 0.87-0.94 (m, 2H); 0202°(d, J = 6.5
Hz, SH) 1.05 (m, H); 1.06 (s, 3H); 1.18 (s, 3H); 1.26-1,55
m, 2H); 1,57 (s, 3H): 1.65 (s, 3H): 1.69 (m, 1H); 1.86 m
H); 3.31-3.48 (m, 2H); 3.38 (s, 3H): 4.16 (gd Ji= 17,
Hz, J, = 4.5 Hz, 1H); 4.77-4.94 (m, 3H): 02 s, 1H)
5.13-6.00 (m 3H); 6.04 (m, 1H). °C NMR MHz,
CDCly): 619.6 (CHs); 19.8 (CHa); 22.3 (CHy); 2 4(cr—|)
25.1 (CH,); 27.2 ECH 1.5(CH); 35.2" (CH, ; 4177
CH,); 44.4 (CH); 46.7 CH2), 53.9 CH3,584 770
CH); 855 (C); 87.7 (CH 1110 2 112. ( g
15.6 (CH,); 143.4 (C); 14 9(C): 43 CH). IR (film
3070, 1640, 830, 730 cm™. HRMS calcd for C2,H3sNO, [M
+ H]* 348.2897, found 348.2900.

(2S,4aS,7R,8aR)-3-allyl-2- (4 methoxy-2,6-
drmethylhe ta-1,6-dien-4- yg -4.4,7- trrmethyloctah dro-
2H-benzole][1, 3]oxazrne (20c). This com oun was
obtained from 19c¢ (3.0 g) and urifie flash
chromatography (hexanes{gthy acetate 75:1). Ylel 8q lg
90%. Colorless oil. -41.4 (¢ = 1.0 CH, CI
NMR (300 MHz, CD I3) 60.86-0.96 (m, 2H); 091(
6.5 Hz, 3H); 105 m, 1H); 1.09 (s, 3H); 1.11 (s, 3H 142-
1.59 (m 3H) 0 (m, 1H); 1.78 gs 3H); s, 3H);
1.84 (m 1H 221(d J=1510 Hz, 1H); 242(d =142
Hz, 1H); 7 = 15.0 Hz, 1H); 2.64 (d, J= 14.2 Hz,
1H); 3. 8(td J1—104Hz J, = 3.9'Hz, 1H); 341(3 3H):
3.43 (dd, J, = 17.7 Hz, J, = 5.4 Hz, 1H); 4.11 (dd, Ji=17.7
Hz, J, = 5.4 Hz, 1H); 4.41 (s, 1H); 4.8 486(m 4H); 4.94
de Jy=10.3 Hz, J, = 1.9 Hz, 1H); 53‘L0 dd, J; = 17.3 Hz,
= 1.9 Hz, 1H); 6.04 (m, 1 ). MR (75 MHz,
CDCI? 5222 (CH;); 22.4 (CHy); 248(CH3) 24.9 (CHy);
25.2 (CHy); 268 CH 1.4 CH 352(CH) 38.3
CH,); 41.4 CHZ) "(CH,) CH): 46.0 ( CHzg
1.2 (CH3) 8.37(C); 766 (CH) 81 ( }; 89.6 (CH
112.6 ( CHZ) 1141( CH2 142.4 CH 427(C) 143.1
gC) IR (film): 3075, 1640, 890 785 cm HRMS calcd for
2aH42NO;, [M + H]" 376. 3210, found 376.3209.

SZS ,4aS,7R,8aR)-3-(but-3-en-1-yl)- éS methoxypenta-
4-dien- 3-yl)-4,4,7-trimethyloctahydro-2H-
benzo{e](gl 3 oxazme (20d). This compound was obtained
from ) and urrfred by flash chromatography
(hexanes!set yI acetate 5 - Yield: 2.91 %l 93%. Colorless
oil. -69.6 (c = 1 CHZCIZ MR (300 MHz,
CD I 5088(m 2H); 0.90 (d, J = 65Hz 3H); 1.03 (m,
1H); 113S3H CH3,116 3H, CH3,13 -1.47 (m,
2H): 132m1H 1|_) 191m1H 2.12 (m,
1H); 2.29 255(m 1 312(m 1H 323|_(
3H); 344(td J1—106Hz J, =338 Hz, 1H); 4. 7 (s 13
4.91 (dd, J,='9.9 HZ, J,= 2.0’ Hz, 1H); 496 m, 1H) 5.2
5.35 (m, 4H) 566§m 1H); 5.96 ( d, J; = 176 Hz, J, =
?9 Hz, 1H); 6.05 (dd, J;= 17.6 Hz, Jz 9.9 Hz, TH).
C NMR (75 MHz, CDCI) 5222 (CHy); 22.5 (C 2);
25.1 (CHy); 26.2 (CH 31.4 (CH); 35 CH,), 373
CH,); 414 CH) 43. (CH) 44, 1.4 (CHy);
76(C CH 81.5 C 908(H 1147 CH,);
1150( CH 9 (CH); ZHCW 140.0
( |Im) 307 1 40 1455 91 cm S calcd
21H3sNO, [M + H] 334.2741, found 334.2747.

(2S,4aS,7R,8aR)-3-(but-3-en-1-yl)-2-(4-methoxy-2,6-
dimethy Ihepta-1,6-dien- 4-y 2 -4,4,7- trlmethyloctah dro-
2H- benzo[e [1, 3]oxa2|ne (Oe) This com oun was
obtained from 19e and purifie 3/ fIash
chromatography (hexanes!sethy acetate 80 1). Yield: 2.1
97%. Colorless oil. = -52.6 (c = 1.2 CH,Cl,).
NMR (300 MHz, CD I) 60.84-0.91 (m, 2H); 0.90 (d, J—
6.5 Hz 3H)_|098 gm 1H% 109 s, 3H); 1.14 (s, 3H); 1.17-
1.79 Hg 2 (s, 3H); 1.83 (m, 1H);
2.16 J—144Hz 1H) 25 (m, 1H); 2.44 (d, J = 144
Hz, 1H) 2.48-2.62 (m 2H); 2.63 (d, J = 14.4 Hz, 1H);
2.69 (d, J = 14.4 Hz, 1H) 26 (td, J,=103 Hz J2—40
Hz, 1H); 3.33 (m, 1H ); 3:4L (s, 3H); 4.33 (s, 484-
5.16 (m, 6H); 5.53 (m, 1H) C NMR (75 MHz, C Cly): &
22.3 (CH3); 22.6 (CHg); 25.1 (2CHjy); 25.3 CHZ) 26.5
CHg); 315 (CH :35.2 (CH,); 379 CHz); 8.2 (CHy);
15 (CH ); 41.8 (CH,); 43.2 %CHE) (CH); 51.5 (CHs);
582(C 769( H); 81.4 9.7 (CH); 114.1 (CH,):
114.4 ( H 1146 (CHy); .6 (CH); 142.8 (C); 1434
&C) IR (Sf 3075 1640 750 cm™. HRMS calcd for
25H44N [M +H] 390.3367, found 390.3376.

General procedure for silylation of alcohols 19a-e. To a
solution of alcohols 19a-e (4.5 mmol) and 2,6-lutidine (1.1
mL, 9.0 mmol) in anhydrous CH,CI, (25 mL) was
dropW|se added tert-butyldimethylsilyl-triflate (1.7 mL,
7.2 mmol). The solution was stirred at room temperature
until the starting material was fully consumed as indicated
by TLC (for total transformation of alcohols 19b, 19c and
19e it was necessary to add an extra amount of 2,6-
lutidine ,0.3 mL, and TBSOTf, 0.45 mL). The reaction
liquid was diluted with CH,CI, (60 mL), then washed with
water, aqueous saturated ammonium chioride solution and
aqueous saturated sodium chloride solution, then dried
over anhydrous magnesium sulphate and concentrated. The
residue ~was purified through silica gel column
chromatography using hexanes/ ethyl acetate as an eluent.

(2S,4aS,7R,8aR)-3-allyl-2-(3- (&tert—
butyldrmethylsrlyl)oxy)penta 4-dien-3-yl)-4,4,7-
trimethyloctahydro-2H- benzo[e][l 3]oxazine (21a This
compound was obtained from 19a (1 4 @) and ur| ied b
flash chromatography (hexanes/e'thy acetate 100:1). Yield:
g_ 85 g, 96%. Colorless oil. a]D =-345(c=1. O HZCIZ
HN R(300 MHz, CDCl3): & 0.08 (s, 3H); 0.10 (s, 3H);
0.85-90 (m, 2H); 0.89 (s, 9H) 0.93 (d, J £ 6.5 Hz, 3H):

1.04 (s, 3H); 1.08 (m, 1H); 1.14 (s, 3H); 1.42-1.58 (m.
3H); 1.69 (m, 1H); 190(m 1H); 3.25 (dd, J, = 17.7 Hz,
J, = 6.0 Hz, 1H); 3143 (td, J;= 10.6 Hz, J2:39Hz,1H);
3.88 (dd, J; = 17.7 Hz, J, = 5.0 Hz, 1H) 5 ,1H): 4.85
de J1=10.6 Hz, J, = 1.8 Hz, 1H); 4.93 (dd, 41ﬂ§’

z, 1H);

, =1.8 Hz, 1H); 5115dd Ji=1 6 H ) = 18
5.16 (dd, J;=1 6 Hz ,=1.8 Hz, 1H) 5.28 (dd, J;=174
Hz, J, = 1.8 Hz, 1H); 5.29 (dd, J, = 17.4 Hz, Jz
1H);5.89 (m, 1H) 6.06 (dd, Jl— 17.4 Hz, :1310.6 Hz,
1H); 6.12 (dd, J; = 17.4 Hz, J =10.6 Hz ,1H) C NMR
7 MHz CDCI3) 5-19 (2 CH3) 18.7 (C); 22.4 (CHy);
2.8 (CH) 25.0 (CH,); 26.1 (3 CH) 269 (CH5); 315
CH) 35.2 (CH,); 41.4 CHZ) 415 CH) 46. (CH) 57.9
C); 773( H); 80.0 (C); 911(C f)t 1122 (CH,); 114.2
CH,); 114.5 CHZ) 139.7 (CH); 14 1428(CH
R (film): 3080, 1635, 835 80, 685 cm H MS calcd for
C25 46 Ole [M+H] 420 3292 found 420 3292.

(2S,4aS,7R,8aR)-3-allyl-2- 53 ((tert-
butyldlmethylsnyl oxy)-2,4-dimethylpenta-1,4-dien-3-
yl)-4,4,7-trimethylocta dro 2H-benzol[ eﬂ&l 310xa2|ne
(21b This compound Was obtained from and
urified by flash chromatography (hexanes/C ZCIZ 3 1).
ield: 133 g, 6 60%. White solid. Mp p 53-54 °C (from
hexane& H =-20 (c = 1.0 CH,CL,). H NMR (300
MHz, CDCI;): 6 0.07 (s, 3 Z202353 87105m
2H); 09159H 3CH |_(d 3H, J = 6.5 Hz); 1023
3H): 1.16 (m, 1H): (/s )138160(m )
56H)1 3(m, H)18 8312(dd Ji = 73Hz
» =7.6Hz, H 3.51 (td, Jl— 6 Hz, J, = 3.8 Hz, 1H);
4.19 (m, 1H()) 471 m, 1H); 4.82-4.88 (m, 2H); 497(
1H); 4985 0 (m, 2H 5 (7m 1H) 5.77 (m, 1H). c
NMR (75 MHz, CDCI() . -1.3 (CHy); 18.1
(C); 19.4 (CHy); 19.9 (CHy); 224 (C 3); 225 (C 3); 25.1

(S pn ]
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SCH) 26.8 (3 CHC) 27.9 %CH )' 317 (C 8 35.3 (CHZ;
1.4 (CH,); 43.8 (CH); 584( 76.9 (CH
84.9 (CH) 85.5 ( ); 1102 (CHZ 112 Fg 13.7
(CHy); 1445 ;CH{ 1447 (C); 1464 C (nu oI
dlspersmn) 3070, 1638, 835, 6 7 cm™. HRMS calcd

C7HsoNO3Si [M + H]* 448.3605, found 448.3617.

(2S,4aS,7R,8aR)-3-allyl-2 é4 ((tert-
butyldlmethylsnyl oxy)1 dimethylhepta-1,6-dien-4-
yl)-4,4,7-trimethylocta ydro -2H-benzo[e][1, 3loxazine
(Zlc This compound was obtained from 19c¢ (1.7 g) and
puri ied by flash chromatography (hexanes/ e yI acetate
100 1). Yield: 1. 75 78% Colorless oil. [a]p” =-31.0 (c
=15 CH Cls) 300 MHz, CDC ) 6 0.12 (s,
3H); 0. 22 H); 0. 86 1 04 (m, 2H): 0.89 s, 9H); 0.94 (d,
J=6.5 Hz, SH 1.05 (s, 3H); 1.09 (m, 1H); 1.12 (s, 3H);
1.45-1.58 H); 1.70 (m, 1H); 1.83 (s, 6H): 1.88 (m,
1H); 2.16 d ‘=145 Hz, 1H); 2.52 (d, J = 13.8 Hz, 1H)
2.66 (d, 1H, J = 13.8 Hz): 2.68 (d, J = 14.5 Hz, 1H): 3.25
de Ji=1812 Hz, J, = 5.7 Hz, 1H); 3.39Std, J, =106 Hz,
» = 3.8 Hz, 1Hg
42H,1 5496m5|—1)511 dd, J; =174 Hz, J,
1.8 CNM

1
s 4741 (s, 1H): 4.4 (dd, J,= 18.2 Hz, J, =
7 ) 598 m, 1H). (75 MHz, CDCl):

5-09(2 c 224 (CH, 229(2CH) 25.0
gCHz), 5.1 & () 266 3CH,); 27.1°(CHy);
15(C||4_) Z(H 413 421 (CH, 437(CH
45.0 CH2,582 765 (CH); 81.9 (C);
86.9 (CH): 1124(CH) 114.6 ) 1150 CH) 14277

R (film): 3075, 1640 775, 700, 670 cm’

(Ch 14 9 (20)
. MS calcd for C29H54NOZS| [M + H] 476 3918 found
476.3917.

(2S,4aS,7R,8aR)-3-(but-3-en-1-yl)-2-(3-((tert-
butyld|methyIS|IyI)oxy)penta 1,4-dien-3-yl)-4,4,7-
trimethyloctahydro-2H- benzo[ed[ %oxazme (21d This
compound was obtained from 19 ) and purifi ied b
flash chromato%rapha( (hexanes/ eth E acetate 100:1).
Yield: 1 33 g, 98% olorless oil. Ll)é =-271(c=10
CH,Cl,). "H NMR (400 MHz, CDCl; 5 0.09 (s, 6H),
0.84-0. 5(m 2H), 089 9H 090( 3H, J = 6.5 Hz),
m, 1H), 1.09 (s 3H (s 3H), 1.39-1.48 (m, 2H),
m, 1H), 1.67 H . 1.88 (m, 1H), 2.06 (m, 1H),
m, 1H).
HZ -]2

2.46 m 1H), 3.19 (m, 1H 41 td, J; =

3.8 Hz, 1H), 4.43 (s, 1H), 4. .93 m, 2Hg,

10.6 Hz, 1H '5.15 (d, -
5 (m, 2H 5.62 6.
9306 Hz, 1H), 6.14 dd Ji=1
CNMR 75 MHz, CDCl5): 5-1.8 ;
CHy); (CH;); 25.2 (CH,); 26.1 (3 CH;
15 (CH 353 CH 37 CHZ) 41
CH,); 44.4 CH%
CH); 1140( 114.2 CH)1147( Hz ); 13
404%CH) 41.3(CH). IR (film): 3080, 2975, 1640, 1470,
1460, 835, 780, 685 cm™. HRMS calcd for C,HasNO,Si
[M+H] 434.3449, found 434.3456.

.07
.55
.23
0.4
10
3

GO N

CH 236
4 (CHy: cé
L (CH):

(2S,4aS,7R,8aR)-3-(but-3-en-1-yl)-2-(4-((tert-
butyldlmethylsdyl)oxy -2,6-dimethyl e ta 1,6-dien-4-
yI)-4,4,7-trimethylocta ydro -2H-benzole }gl 310xazme
(21 2 This compound was obtained from and
purified by flas chromatography (hexanes/ egtyl acetate
100 1). Yield: 1123 ?\I 83%. Colorless oil. [ ? -35.3 ( c
=15 CHZCI% MR (300 MHz, CDC 3 6 0.12
3H); Olgés H); 89- 104(_{ SHB 091 (s, 9H); 0.93
3H, J = 6.6 Hz); 108( 1) OésSH 112(33)
132162m 3) |_(|s 3H% 1.84 (m,
lH)lSQEs 3H)217d1H J—146 z 8m1H)
2.38-2.50 (m, 3H); -2.6 272(m 2H), 3. 8 (td, 1H, J,=
10.6 Hz, J, = 3. Hz) 3.68 (m, 1H); 3.36 (s, 1H); 4.85-
5.04 (m, 6H); 5.78 (m, 1H). * C NMR'(75 MHz, CDCLy): &
-0 91 2 CH 19. 2 (C); 22.3 (CHa); 23.0 (CHy); 25.0

©eq i Ha): 263 (CH); 26.6 (3CHy); 26.8 (CH):
15 (CH 5.2 CH 38 "(CH,); 41. (CH 424
CH)431(CH§ (CH); 4 OCH)581 765
CH); 81.8 7.1 CH 1148 (2 CHy); 115. C))
37. 2 (CH 142 9 (C) 14 3.0 R (fllm) 3080, 295
1640, 1460, 835, 775 cm™. HR S calcd for C30H56NOZS|
[M+H] 490.4075, found 490.4078.

General procedure for DSRCM Reaction of trienes 4a-
0, 19a-¢, 20a-e, 21a-e and diene 14. The triene (3 mmol)
was_dissolved in dry CH,Cl, (90 mL) and argon was
bubbled. Grubbs first- or second-generation catalyst (0.06
mmol) was added and the resultlng mixture was stirred at
room temperature or at reflux under argon. The reaction

%ress was monitored by TLC and addltlonal portions of
resh catalyst were added after the times indicated in
Tables 1 and 2. When the reaction was found to be
comOFIete the solvent was evaporated in vacuo and the
residue was purified by flash chromatography on silica gel
using mixtures of hexanes/ethyl acetate as eluent.

(2S,4aS,7R,8aR)-3-benzyl-4,4,7-trimethyl-2-((R)-2-
vinyl-2, 5-dihydrofuran-2- yI octah dro-2H-

benzoge][l 3£oxazme (7a). This compound was obtained
from and catalyst 5, and purified by flash
chromato%raf) Y (hexanes/ eé[.’hyl acetate 45 1). Yield: 0. ?2

56%. Colorless oil. [I =-329 (c =18, CHCI3
MR (300 MHz, CDCls): 6§ 0.84-1.02 (m, 2H I—S

3H); 0.93 (d, J—65Hz 3H); 1.14 (m, 1H 1 3H);
; 51 (td J1

: 8.3 Hz, 1H):
4525m 2H); 458(d 183 Zng478(S 1H
7 Hz, J, = 1.7 Hz, 1H): 5.02 (dd, J;
L J5 —17Hz 1H); 5.73-5.81 (m, 2H) 6.16 dd Jl
z,J,=10.7 Hz, 11[3-2 7.14 (m, 1H); 7.21-7.
H) 36771 (m, 2H). NMR 75 MHZ CDCIg
22.3 (CH,); 228 CH 25.0 (CH,); 26.7 CH 1.4
CH); 35.2 CH L 41.4 CH) 44.3 (CH); 472(CH) 57.9
C); 753 &774 CH); 906 CH); 93.5 (C); 113.3
CH2 H); 126.6 CH 127.0 ( 2CH) 275()2
H); 1303 C ); 1%87(% 444(C) IR (film): 306
1730, 720, 695 cm MS calcd for C4H3sNO, [M +
HY* 368.2584, found 368.2586.

528 ,4aS,7R,8aR)-3-benzyl-4,4,7-trimethyl-2-((S)-2-vinyl-
5 dlhydrofuran -2- yleoctah dro-2H-

benzo[e e][1,3]Joxazine (8a). This compound was obtained
from 4a (1 g) and catalyst 6, and purified by flash
chromatography (hexanes/ gthyl acetate 45: 1). Yield: 0.57

0. SS Oi = =

g, 51%. Colorless oil. EC]: +1.9 (c = 0.5, ethyl acetate)
H NMR (300 MHz, C I3)|5 0.86-1.03 (m, 2H); 088|_(
3H)092£dJ-65Hz32118(m 1H 1.2 )

1.29-1.67 (m, 4H); 1.93 (m 351 (td, J; = 10.
= 35 Hz, 1H); 3.96 (d, J = 18.6 Hz, 1H); 4.37-4. 53 (m,
2H); 4.42 (d, J'= 18.6 Hz, 1H); 4.74 (s, 1H); 4.99 (dd,

10.6 Hz, J, = 1.7 Hz, 1H); 5.16 (dd, J1—173 Hz, J, -17
Hz, 1H); 5.63 (m, 1H) 79§m 1H); 6.07 (dd, J; = 17.3
Hz, J, = 10.6 Hz, 1H); 7.13 (m, 1H); ' 7.20-1.25 (m, 2H);
732761 m, 2H C NMR 75 Hz, CDCI3) 6 22.0
CH3); 2 (CH 249 CH 26.6 CH ; 31.4 (CH);
51(CH2; 41.4 CHZ CH 46. C ) 58.2 (C);
74.8 (CH,); 77.8 CH% 905( H) 940( ); 1130(CH2
125.2 (CH); 126. H); 127.0 (2 CH); 127.3 82
129.4 (CH) 1§99 (g:H) 1442(f ) IR ( |Im) 306 160
720, 700 cm S calcd for CyHyyNO, [M + H]
368.2584, found 368.2589.

(2S,4aS,7R,8aR)-3-benzyl-4,4,7-trimethyl-2-((R)-4-
methyl- -2- -vinyl-2,5- d|h}7/drofuran -2-yloctahydro-2H-
benzoge][l 3£oxazme (7b). This compound was obtained

from and catalyst 6, and urlfled b flash
chromatogralp ?/ (hexanes/ gghyl acetate 0 1). Yield: 0
13% rle =-20.1 CHZCIZ

ss oil.

MR (300 MHz, CDC[I} 5 0.82-1. 6 m 2H):
3H); 0.93 (d, J=6.5Hz, 3H)112m1H 1. 7
1.40-1.76 (m, 5H); 159(d J=11 23H 193(m 1H
349(td J1—10 Hz J,=3.8 Hz, 1H); (dJ =18.4

422434(] 2H)4615d J= 84Hz 1H)473(s

1 4.94 (dd, J; = 10.7 Hz, J,= 1.8 Hz, 1H); 5.03 (dd, J;

= 17.3 Hz, J,= 1.8 Hz, 1H); 5.36 (m, 1H); 613$d Jl—
17.3 Hz, J, = 10.7 Hz, 1H3) 7.11 (m, 1H); 7.17-7.26 (m,
2H); 7.30-7.43 (m, 2H C NMR 75 MHz, CDCLy): &

12.3 CH3 223 (g:He 22.6 (CHy); 25.0 (CH,); 26.7
CHa); );.35.2 (CH,); 414 CH,): 44, (CHY; 47.2
ChHa) 579(0) 77.4 (CH); 77.7 (CH,); 90.8 (CH); 93.9
% 125(CH% 124.0 (CH); 125.2 (CH); 127.1 (2 CH);
275 (2 CH); 139.4 (C); 144.5 (CH); 158.7 (C). IR (film):
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3060, 1450, 720, 695 cm™, HRMS calcd for CpsHgsNO, [M
+ H]* 382.2741, found 382.2750.

(2S,4aS,7R,8aR)-3-benzyl-4,4,7-trimethyl-2-((S)-4-
methyl- -2- -vinyl-2,5- drhgdrofuran -2-yl)octahydro-2H-
benzog 101, 3£oxazme (8b). This compound was obtained

from and catalyst 6, and urlfled by flash
chromatograi) y (hexanes/ ezg“ryl acetate O 1). Yield: 0. }9
olorless oil. = -2.8 (¢ = 0.5, CH,CL,).

17%
RIMR (300 MHz, CDC 3) 5 0.82-1.05 m 2H) 089|_(
3H); 092 d J—65Hz 3H); 1.22 (m, 1H); 1.27 (s, 3H);
128(_1 140178(m 4H)193(m 1H)349 td Ji=
10.5 Hz, J2—39 Hz, 1H); 3.92 (d, J = 18.7 Hz, 1H); 407
dJ= 123Hz 1H); 4.3 (d,J:12.3 Hz, 1H); 4.56 (d,J:
87Hz 1H); 47135 1H); 4.98 (dd, J,=10.6 Hz, J2-17
Hz, 1H)516(dd 3HzJ-17Hz 1H)536

1H); 6.05 dd J1-172 Hz, Jz— 10.6 Hz, H—l 7.08

1H); 7.14- m, 2H); 726 7.45 (m, 2H). ¢'NMR 75
MHz CDCI3 120 CH ; 22.3 (CHy); 25(CH3),2 .0
263éCHC) 315 H 3 41.4 (CHy);
46 CH) H2,5812 1 77.2 (C 2),779 CH);
89.9 (CH); 94.5 (C); 1123(CH 1236 CH); 1250 CH);
126.8 (2 CH); 173( CH); 13 9(C) 410 446
(:C) IR(frIm 3020, 1600, 720 695 cm™. HR Scalcd for
25H3NO, [M + H]™ 382. 2741 found 382.2744.

2 (CH);

(2S,4aS,7R,8aR)-3- benzyl -4,4,7-trimethyl-2- (gR) -3-
methyl- Zépro -1-en-2- 2 5 d|hydrofuran— -
yl)octahydro-2H- benzoi 3]oxazine (7¢). This
compound was obtained rom 4c¢ (1.2 g) and catalyst 6, and
puritied by flash chromatography (hexanes/ ethyl acetate
45 1). Yield: 1.03 g, 92%. White solid. Mp 160-162 °C
from hexane). g % =-64.2 (c =1, CHCIs). "H NMR (300
Hz, CDCly): 83-101 (m, 2H); 0.84 (s, SH% 0.92 (d, J
= 6.5 Hz, 3H): 1.13 (m, 1H); 1.29 (s, 3H); 1.39-1.70 (m,
4H) 1.72 (s, 3H); 179 (d, Y=1.7 Hz, 3H): 1.86 (m, 1H):
td, J, = 10.5 Hz, J, = 4.0 Hz, 1H): 3.84 (d,J=177
Hz 1 ) 4.44 (m, 1H); 4.57 (m, 1H 82(d J=1.7 Hz,
1H); 498dJ—17 Hle J—17H21H)
506 S, _/) 5.48 (m, 1H) 08(m 1H); 7.17-7.25 (m,
37 (m, 2H). C NMR|_(75 MHz, CDCI o
130(CH 20.0 (CH,); 22.2 (2 CHa); 24.9 (CH,); 27.2
CHy); 31. (CH 5.1(CH,); 41.3 CH2) 439 (C ) 47.6
CH,): 58.4 (C)! 74.5 gCH) 77.9 CH) 85.9 (CH); 96.0
C% 111.7 CH2 121. 124, ( ; 127.1 (2 CH);
3(2 CH 1389 C) 145.0 C) '(C). IR (Nu*ol
dispersion): 3060, 1640, 720, 69 'HRMS calcd
CasHsNO3 [M + H]* 396.2897, found 396.2906.

gZS ,4aS,7R,8aR)-3-benzyl-2 (Z(R) -3,4- dlmethyl -2-(prop-
en-2-y I) -2.5- dihydrofuran
trimethy octahydro -2H-benzo[e [1 3£oxazme (7d). This
compound was obtained from 4 g) and catalyst 6,
and purified by flash chromatography (hexanes/ 2%thyl
acetate 60:1). Yield: 0.82 g, 73%. Colorless oil.
74.7 (¢ = 1, CH,CI,). 'H NMR 300 MHz, CDCly): 5 0.83
53)084106m2H)09 d, J =65 Hz, H)114
m, 1H): 1.28 (s, 3H); 1.39-1.72 (m, 4H): 1.56 (s, 3H):
66 (d, J = 1.0 Hz, 3H 1.71 (s, 3 184 (m, 1H); 3.43
td, J; = 10.5 Hz, J,= 4.0 Hz, 1H); 386 (d, J = 17.5 Hz,
H) 4.32-4.45 (m, 2H); 4.78 (m, 1H 492 (d, 1H, J =
17.5 Hz); 4.95 (s, lH 5.03 (s, 1H) 07 (m, lH : 7.16-
7.21 (m, 2H); 37 (m, 2H8 C NMR 'MHz,
CDCly): 6§ 101 (CH 105 Hg 20.1 (C 5) 22.1
CHa); 22.3 (CHy); é
5.2 CHZ),414 CH2, éH 47. éC 2,58
77.8 (CH); 78.4 ( 86.4 (CH); 97.4 111.2 CHZ
124.9 (CH):; 1271 2CH 127.2 ( 2CH% 1282 C7) 1299
(C); 1455 (C) 1456 (C) IR (film): 3020, 1600, 720, 695
cm™. HRMS calcd for Cy/H4oNO, [M + H]' 410. 3054
found 410.3058.

EZS ,4aS,7R,8aR)-3-benzyl-2-((S)-3,4-dimethyl-2-(prop-
-en-2-y I? -2.5- -dihydrofuran-2- 4,7-

trimethy octahydro -2H-benzo[e [1 3£oxazme (8d). This

compound was obtained from 4 and catalyst 6,

and purified by flash chromatography (hexanes/ eth i

acetate 60:1). Yield: 0.15 ¢, 13%. White solid. M

130 °C (from hexane). [a]p™ = +64.3 (¢ = 1.5, CH I3) H

NMR (300 MHz, CDCly); & 0.83-1.03 (m, 2H); 089

3H); 0.90 (d, J = 6.6 Hz, 3H); o 2(s, 3H); 1.2

1.34 (s, 3H): 1421745m 4 65( 3H3 167(5 3H

1.93 (m, 1H); 3.50 (td, 1_105 iz, J,= 3.9 Hz, 1H) 3.86

(d, 3=19.0 Hz, 1H): 3.91 (m, 1H): 4.26 (m, 1H); 4.77 (d, J

=19.0 Hz, 1H); 4. 9490&m 2H) 5.14 (s, 1H); i m,
57.2 NMR (75

1H); 7.15-7.21 m, 2+ &m 2Hf
MHz, CDCly): 103 (CH) 97 (CH,); 22.2
262 (CHy), 315 CH
éH oo i v,

CHa); 227(CH({
862 H); 97.4 ( 196 CH2

5.2 (CH,): 41.4 CH2
78.1 (CH); 78.3
1248 (CH); 126. 2CH 2 2CH 1286(C) 128.8
g 1452 (95) 1%85 ﬁ\/l) IR NUJO| dlsper3|0n 3085,
600 720, 695 cm™. HRMS calcd for Co;H4,NO, [ +H]
410.3054, found 410.3062.

(2S, 4aS 7R,8aR)-2-((R)-2-allyl-3,6-dihydro-2H-pyran-2-
I) -3-benzyl-4,4,7- trlmethyloctahydro -2H-

enzoge][l 3 oxazme (7e). This compound was obtained
from ) and catalyst 5, and urlfled b flash
chromatography (hexanes/ gthyl acetate 0 1). Yre
,gl 60%. Colorless oil. =+27.1(c= CH, CI

MR (300 MHz, CDC 50 87-1.04 (m, 2H) 0.92 (d J—
6.4 Hz, 3H); 093(s 3H 124 m, 1H); 129 (s, 3H); 1.47
m, 1H); 1:55-1.78 (m, 3H): 181201m2H)225m
HS) 240 m, 1H); 2.55 (m, 1H); 346g J1=10.6 Hz, J,
8 Hz, 1H 386399( 2H); 4.12 (m, 1H); 4.38 (s
1H); 5.02-5.0 (m 3H); 562(m 1H) 5.70 (m, 1H) 6.12
gm 1H); 7.13 (m, 1H); 7.24-7.29 (m 2H); 7.40- 7.43 (J_m
C NMR (75 Hz, CDCI 223 (2 CHy); 2

CHz), 27.0 (CHy); 285 316 (9CI-8 35.2 ( CHZ
5.4 (CH,); 415 CH; l CH H2,586 C);
60.7 CH2 ; 76.4 8.3 9, 4 CH 118 0 (CH
123.1 (CH); 1249(CH ); 12 2 CH 1268 (2 CH); 1278
2 CH); 134.9 (CH); 145.2 (C). f|Im) 3060, 1740,
640, 30 670 cm™. HRMS calcd for CysH3sNO, [M +H]*
396.2897, found 396.2893.

(2S,4aS,7R,8aR)-2-((S)-2-allyl-3,6-dihydro-2H-pyran-2-
I) -3- benzyl -4,4,7- trrmethyloctahydro -2H-

enzog][l 3%oxazme (8e). This compound was obtained
from 4e (1 and catalyst 6, and purified b?/ flash
chromatography (hexanes/ et g/l acetate 60: 1). Yield: Q 71
g, 63%. White solid. Mp 76-78 °C (from pentane). )
-18.7 (c = 1.5, CHZCIS H NMR (300 MHz, 3
0.89-1.06 m 2H); 94°(d, J = 6.5 Hz, 3H); 0.99 (s H);
1.23 (m, 1H); 1.27 gs H); 1.40-1.75 (m, 5H) 1.95 (m,
1H): 2.39 (dd J;=13.4Hz, J,= 6.9 Hz, 1H 2.51 (dd,
17.4 Hz, J,= 7.6 Hz, 1H%270 (m, lHi 9(td J1—108
Hz, J,= 3.8 Hz, 1H); 3.89 (d, J = 18.1 Hz, 1H); 3.95 (m,
1H) 4.09 (m, 1H); 45551H 468 J=18.1 Hz, lH;
5.12 (m, 2H); 548§m 1H) (/_m 1H)589%m 1I—§
7.14 (m, 1 7.20-7.29 (m, 2H 31-7.42 (m
NMR (75 MHz, CDCI,): 5223 CH) 230 (CH,): 250
%Z)CIZJ 0 4 4%2'30-%7 : % gCHgH 3)5 52>8 é:'(*é :
60.5 (CHJ 76.6 %8 0 82 (ZCH() 117.8 (CH,);
122.2 (CH); 1244(CH) 12 1 CH 2 CH); 127.6
gz CH 134, GI\SCH) 144.6 (C). |R(|Im 3060, 1640 720,
70 cm HRMS calcd for CysH3sNO, [M + H] 396. 2897
found 396.2895.

methyl- 2-(2-meth lallyl)-3, 6- d|h dro-2 pyran -2-
yI)octahy ro-2H-benzo[e][1, 4]oxazme This
compound was obtained from 4f (1.2 g) and catalyst 5, and
uritied by flash chromatography (hexanes/ _ethyl acetate
0:1). Yield: Q.82 gvl73% Colorless oil. [a]p™ = +21.6 (c =
1.8, CHZCIZ H NMR (300 MHz, CDCl, 50 78-0.96 (m,
2H) 0.85 d J—65Hz 3H)| 091 (s, 3H); 1.08 (m, 1H);
1.16 (s, 3H); 1.28- 165(m 5 ) 152(s 3H% 1.70 (s, 3H);
1.82m1H)216 ,J =13.7 Hz, 1H 95 J=137
Hz, 1H); 2.45 (m, 1H); 3.38 (td, J; = 10.4 Hz, J, = 3.9 Hz,
1H); 3.81-3.91 (m, 2H); 4.00 (m, 1H); 4.50 (s, 1H): 4.64
(irrl41%—|%34 78480§m 2H); 5.14 (m, 1H); 7.05 (m, 1H);

(2S,4aS,7R,8aR)-3- beanI -4,4,7-trimethyl-2-((R)-4-

m, 2H); 7.27-7.43 m2H C NMR ( 5MHz
CDCl, 5207 ): 22.2 CH)2 0(CH)247(CH)
252 (CH,); 5 CHg 15 CH 340 (CH,); 352
CH,): 394 CH (C

c? |_)480 (CH,
8.9 (C); 608( H,): 772() 773((: ) 897(CH§
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114.4 (CH,); 117.8 (CH); 125.1 (CH); 127.2 (2 CH); 127.5
(2 CH)7 130 7 (C) 142.9 (C); 145.0 (C). IR (film): 3060,

640, 730, 700 cm™. HRM calcd for CsHioNO, [M + H]
424.3210, found 424.3207.

methyl- -2-(2-meth lallyl)-3, 6- d|hydro -2 pyran -2-
yl)octahydro-2H-benzo|e][1,3]oxazine This
compound was obtained from 4f (1.2 g) and catalyst 6, and
gurl ied bY flash chromato/%/raphy (hexanes/ ethyl acetate
0:1). Y|e d: 9566 g, 59%. White solid 93-95°C (from
hexane% ] = -52.0 c = 2.0, CH,Cl,). "H NMR (300
MHz, CDCl;): 6 0.83-1. m2H)093dJ—64Hz
)098(5 3H 123(m1)125(53H 141174
5H); 1.52 (s, 3 8 (s, 3H)190(m1 ); 2.3
J= 132Hz)2 Sd 1H, J =13.2 Hz); 262m 348
td, J; = 10.6 Hz, J, = 3.9 Hz, 1H); J 9Hz
H); 3.94 (m, 1H): 4.06 (m, 1H); 462(s 1H d
0.9 Hz, 1H); 484(d,.]:17 z, 1H); 4.87 (d d = 9Hz,
1H)523m1)—|2:711m1H 719728 H)731-
7.42 (m, 2H NMR (75 MHz, CDCI3 2.2 (CHy);
229 CH% 230 (CHy); 245 (CH) (CHZ); 27.2
(CH); 328 CHZ) 35.4 (CH 40.1 CHzé,

(2S,4aS,7R,8aR)-3- bean/I -4.4,7-trimethyl-2-((S)-4-

16 CH) 449 CHg ’(CH) 58.9 (C); 60.9 (CH,
77.6 7.7 8.2 C 114.6 CH2;117.9 CH

125. 1L(CH) 12 2 2CH) 12 5(2 CH); 129.7 (C); 143.0
(C) 1449 (C).IR (nugol dlspersmn) 3060, 1640, 30, 700
cm™. HRMS "calcd for CyHiNO, [M + H]' 424, 3210
found 424.3210.

(2S,4aS,7R,8aR)-3-benzyl-2-((R)-4,5-dimeth I 2-(2-
methyIaIIyI) -3,6-dihydro-2H-p ran-2- -yD-4,4,7
trlmethyloctahydro -2H-benzo[e {1 ,3]oxazine (Yg) This
compound was obtained from 4 2 g) and catalyst 6, and
purified b?/ flash chromatogra phy (hexanes/25ethyl acetate
60:1). Y|ed 8%60% Colorless oil. [a]p™ = +17.0 (c =
1.0, CH,Clp). H NMR (300 MHz, CDCl5): 50.84-1.05 (m,
2H); 093(d J=6.5 Hz 3H); 0.99 (s, 3H); 1.20 (m, 1H);
1.23 (s, 3H); 135173(_| 5H) 1.40 (s, 3H); 1.54 (s, 3H);
;1.94 (m 12 2.22 (d, J =13.8 Hz, 1H); 2.35
m, 1H); 3.45 (td, Jl— 4HZ,
76 (m 1H); 3.86 (m, 1); 3.94 (d, J =
1H)4 slH)474dJ 17.8 Hz, 1H 484
5, 'ID; 7.12 (m, 1H); 7.17-7.2 (m 2H); 7.38-7.44 (8m
H) ~C NMRF(?S MHz, CDCI2 135 CH3 1
CHa); 20.8 (CHs); 22.2 (CH,); 24.7 ( 52 (CHZ)
73(CH 31.6 ( C() 34.9 CH 39.5
CHy); CH)46 éHg 481 589()647
CHy); 773 778 9.6 1 4.3 CH,)! 122.2
C); 122.7 ( 2 |({C ; 127, 2 CH 1275 62 CH);
431 (C); 14 1((:8 IR (film): 3065, 1635, 735, 700 cm™.
4H3F§'\§S calcd for 20H4NO, [M + H] 438. 3367 found

(2S,4aS,7R,8aR)-3-benzyl-2-((S)-4,5- dlmethyl -2-(2-
methylallyl) -3,6-dihydro-2H-pyran-2-yl)-4,4,7-
trlmethyloctahydro 2H benzo{ {l 3]oxazme (89) This
compound was obtained from 4 2 g) and catalyst 6, and
purified b?/ flash chromato rap (hexanes/ ethyl acetate
60 1). Yield: 035 g, 22%. White solid. M §7-89 °C (from
ntanré) E b= -615 (c = 2.0, CHZCI H NMR (300
DCI5): 5088103 m, 2H 0.9 (d J = 6.5 Hz,
09553H 12553I|-|_) sSH 1431728
5H;1.4753H 177(53)190 2.28 (d
13.2 Hz, 1H); 2.53 (d, J=13.2 Hz, 1H); 2. 59 m, 1H); 3.47
(td, J; = 10. J, = 3.9 Hz, 1H); 3. 3ml 389dJ
=179 Hz, 1H 0( 1H)463(s 1H)4 mlH
482dJ—19H )488m1]3H 709m1H

7.20-7.25 (m, 2H): 7.26-7.39 (m, 2H). ®C'NMR (75 MHz,
CDCl,): 5135 (CH ) 84 CH3, 8(CHg 222(CH3)
24.7 (CHy); 25.2 (CH,); 27.3 (CH 349
SCHZ), 35.3 CH 39 '(CH,); 417 CH,): 46 "(CH):
8.1 (CH,); é 64. éCHz ECH) 778 (C):
89.6 CH 1143 )); 122, 1227( 55, C(CH

1273 ZCH 175§2CH 143]1(|C_) 1451(
gllm) 3060 '1635, 725, 695 cm RMS calc
20H4NO, [M + H]" 438. 3367, found 438.3368.

for

(2S,4aS,7R,8aR)-3-benzyl-2- ((R)]Z ethyl-2,5-
dlhydrofuran -2-yD-4,4,7-trimet onctahydro -2H-
benon[l SJ)oxazme (14) This compound was obtained
from and catalyst 5, and purified bly fIash
chromatograi) ¥ (hexanes/ ethyl acetate 45: 1). Yield: 1

88 %. Colorless oil. a p = +6.2 (c = 0.8, CH,CL,).

MR (300 MHz, CDCl): 00.82 (t, J = 7.4 Hz, 3H); 84-
100}_(|m 2H); 0.87 (s, 3H); 0.92 (d, J =65 Hz, 3H); 1.13

1.28 (s, 3H); 1.35-1.58 (m, 2H): 1.60-1.73 (m
H)186(m 1H); 3.4 (td, J,= 10.6 Hz, = 39Hz 1H)
3.93 (d, J=18.4 Hz, 1H); 448451(m H); 4.66 (s, 1H

4.78 (d, J = 18.4 Hz, 565m1) 8

m, 1H);
41743mg)ﬂc

7.11 (m, 1H); 307 m, 2H7)

NMR (75 MHz, CDCIy): 68.2 g 223 (CH3); 22.7
CHy); 24.9 (CH)):; 268 gCH% )‘315 (CHY;
5.2 (CH,); 41.3 (CH,): (CH); f 579((:
76.6 (CH,): 77.6 (CH): 899(1H) 945 25.
1267(2 “CH); 127.1°(CH); 1276 (2 CH 1307 CH
1449 (C). IR (film): 3058 1605, 722, 695 cm~, HRMS

caled for Cp4HzsNO, [M + H] 370.2741, found 370.2750

SSR ,4aR,5aS,6R,11aS)-3,11,11-trimethyl-6-vinyl-
3,4,4a,5a,6,11 11a-octahydro-1H,9H-
benzo[e]pyrldo[2 1-b][1,3Joxazin- -6-0l (22a). This
compound was obtained from 19a (1.0 g) and catalyst 5,
and purified EJ)/ flash chromatography (hexanes/ eth I
acetate 20:1). Yield: 0. 17 ;- 19 %. White solid. M
138 °C (from hexane) { =-112.2 Sc =1.2, CH, I()
NMR (300 MHz, CDCl,): § 0.90 (d, J=6.4 Hz, 3H .92-
1.25 (m, 3H); 118 s H); 1.22 (s, 3H): 1.46 (m 1H);
1.56- 163 m 2H); m, 1H) 1. 9(m 1H) 2.70 (broad
1H); 326 m, 1H 340 td J;=10.7 Hz, J, = 3.9 Hz, 1H);
3.48 L) 3 520 dd, J1—107Hz J =17
Hzl)56dd '3'Hz, J, = 1.7 Hz, 1H); 5.69 (d,
J = 9.9 Hz, 1H); 589 (ddd J1—99Hz Jo=4.2Hz J3=
2.5 Hz, 1H); 606(dd J;=17.3 Hz, J, = 10.7 Hz, lH) C
NMR (75 Hz CDCI3 0210 ( CH3 ; 22.0 CH3 ; 24.8
CH,); 25.8 312()CH 34.8 ng7) 0.8 (CH,)
13(CH2), 4 CH 56 69.7 67 CH 877
(CH) 1134 (CH2) 126 6 CH 127. 7 CH); 139. 2 (CH)
(nua| ol dlsper3|on) 3320 (broad) 3095, 655 830, 730
RMS calcd for Cy7HNO, [M + H* 278. 2115
found 278.2118.

S3R ,4aR,5aS,6S,11aS)-3,11,11-trimethyl-6-vinyl-
3,4,4a,5a,6,11.11a-0ctahydro-1H,9H-

enzo[e]pyrldo[z 1-b][1,3Joxazin- -6-0l (23a). This
compound was obtained from 19a (1.0 g) and catalyst 6,
and purified @/ flash chromatography (hexanes/ %ghyl
acetate 20:1). Yield: 0. 24 g, 26 %. Colorless oil. E(]:
113.3 (c = 1.5, CH,Cl,). H NMR (300 MHz, C |3)
0.90-1.15 (m, 3H); 0.92 J-66 Hz 3H); 1.16 (s, 3H);
117§s 3H); 156% 1H); 1.57-1.73 (m, 3H); 1.90 (m,
1H); 3.22 (m, 1H); 3.28 (s, 1H) 3.40 (m 1 g 350 (td W)
= 10.3 Hz, J, = 3.7 Hz, 1H); 4.55 (s, 1H); 5.13 (dd, J, =
10.6 Hz, J, = 1.7 Hz, 1H); 536 dd, Jl— 173 Hz, J, =17
Hz, 1H); 552(d J= lOOHz 1H); 578 m, 1H); 593S_|d
Jy= 173 Hz, J, = 10.6 Hz, 1H CNMR75M
CDCI& 520.9 CH3 22.0 ( CH3) 246(CH2) 7(CH3,
31.1 (CH); 347 CH) 408 CH 413 CH) 43.1 CH
56.0 (C); 709 6.7 % 13.5 (
124, 8 ( C 12 1 (HO); 140 7 (HC |(ﬂlm 3545
(broad), 3040 725 cm™, HRMS calcd for C17H2sNO,
H]" 2 8.2115, found 278.2113.

(3R,4aR,5aS,6R,11aS)-6-methoxy-3,11,11-trimethyl-6-
vmyl -2,3,4,4253,6,11 11a- octahy dro-1H,9H-
benzo[e]pyrldo[2 i- b][l 3%oxazme (24a). This compound
was obtained from 20a (1.0 g) and catalyst 5, and purified
\)/ flash chromatography (hexanes/ e yI acetate 20:1).
eld: 0.35 g, 60%. Colorless oil. [a]p™= -132.3 (¢ = 0.
CH,Cl,). 'H NMR (300 MHz, CDCl3): 60.89 (d, J = 6.5
Hz, 3H); 0.95-1.01 (m, 2H); 1.05 (m, 1H); 1.21 (s, 3H)
1.26 s 3H 1.42-1.60 (m, 3H); 169 m, 1H); 1.84
1H); IS 3H)3333 3m3H slH)528 dd
J,=10.8 Hz, J2—12Hz 1 ;5.3 de J1=178Hz, J, =
1.2 Hz, 1H)582(L de =178 Hz, J,=10.8
Hz 1H 610&m H). CNMR 75 MHz CDCI3) 621.0
22.1 5.0 H,); 260(CH) 31.4 (CH);
50 (CHZ) 11’ (CHZ) 19 (N-CH,); 435 (CH); 50.8
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CH) 560( - 75.1 c()) 76.9 (CH); 86.7 (CH); 1155
CH,): 121.5 ( C) 13 (I;C) 138.7 (HC). | ()rlm)
085, 1650, 81, 730 cm™, HRMS calcd for CygHgoN

+ H]* 292.2271, found 292.2273

(3R,4aR,5aS,6S,11aS)-6-methoxy-3,11,11-trimethyl-6-
vinyl-2, 3 4, 4a 5a 6,11,11a-octahy dro- 1H 9H-
benzo[e]pyrldo[Z 1- b][1 3%0xazrne (25a). This compound
was obtained from 20a (1 and catalﬁlst 6, and purified
Yy flash chromatograw (hexanes/ ethyl acetate 20: 1).
eld: 0.58 Gy, | 64%. White solid. M 77179 °C (from
ntan%) EI] =-129.9 (c = 1.0, CH,Cl,). "H NMR (300
D 5086102( 2H)091(d J = 6.5 Hz,
3H); 1.13 (m, 1H); 115 SH) 1.20 (s, 3H) 1.50 (m,
1H); 154172ém 3 198 m, 1H); 3.22 (m, 1H); 3.32
(s, 3H)3433 1 H); slH 5.23(dd, J;=10.7
HzJ2—14Hzl dd 7HzJ2—14Hz
; 5.60 (d, J=10. Hzl 581 m, 1H); 5.85 (dd, J; =
17 Hz, J, =10.7 Hz, 1H CNM 75MHz C CI3) )
215 (CH) 22.2 (CHa); 250 (CH) 26.1 (CH) 315
CH); 35.0 (CHZ), 41.3 CH 1 41.9 (CH 2); 43.1 (CH) 50.6
CH) 56.3 ( C% 765 C 71 CH 84.5 (CH); 115.8
CH,); 124.0 H% (CH 7 (CH) | (frlm)
085, 1664, 723, 656 em™. HR S calcd for C1gH3NO, [M
+ HJ" 292. 2271, found 292.2271

(3R,4aR,5aS,6R,11aS)-6-methoxy-3,7,11,11-
tetramethyl -6- prop-1-en-2-yl)-2,3, 4,4a,5a,6,11,11a-
octahydro-1H,9H- benzo[e]pyrrdo[2 1- b][l 3]oxazrne
(24b). This compound was obtained from 20b (1.0 g) and
catalyst 6, and purified by flash chromazc%gra[;hyrnc .Cly.
Yield: 0. §9 5%. Colorless oil 6.4 (c = 1.0,
CH,Cl, IMR (300 MHz, CDCl5): 6 0.89 (d, J = 6. 5
Hz, 3 091113 (m, 3H); 1.12 (s 3H); 1.14 (s, 3H);
1.10-1.47 m, 2H); 155(d J=1.5Hz, 3H); 1.56-1.75 (m,
2H3 1.76 (s, 3H); 1.89 (m, 1H); 3.16 (m, 1H); 330|Ss
3H); 3.36 (td, J; = 10.4 Hz, J, = 4.0 Hz, 1 ); 3.45(m, 1
459 (s, 1& 4.93 (d, J = 12 Hz,, H) '5.15 (m, 1H
CHH=); 7 J =12 Hz, 1H). °C NMR (7 MHZ,
CDCl,): 517.8 CH) 18.4 (CHj): 20.9 (CHy): 221(CH3);
24.8 (CH,): 264 (CH); 311" (CHY); 348 (CH,); 409
2CH, 449(CHf 519 CH3) 55.5 (C): 75.6 (CH); 81.7
c 87" ( ; 1.6 1271(C)1392(C) 145.9
IR (film}: 3085, 167 810, 735, 645 cm . HRMS

ca cd for CyoH34NO, [M + H] 320 2584 found 320.2587

(3R,4aR,5aS,6R,12aS)-3,8,12,12- tetramethy1l -6-(2-
methylall 1)- ‘2,3,4,4a,5a,6,7,10,12,12a-decahydro-1H-
benzo[5,6][1, 3]oxazrno 3,2- a]azeprn -6-ol  (22c). This
compoun Was obtained from 19c (1.0 g) and catalyst 5,
and purified \)/ flash chromatography (hexanes/ %hyl
acetate 35:1). Yield: 0.66 g, 72%. Colorless oil. [D!: = -
38.1 (c = 1.0, CHZCI 'NMR (400 MHz, C 1)
084093m2H 092, J= 65Hz 3H)109m1H
1.14 (s, 3 sSH 138(m 1H); 1.43 (m,1H);1. 1
gm 1H)166m 170s3H)1 6(m 1H); 1.85 (s
H); 2.14 (d, 'Hz, 1H); 2.35 (d, J= 13,5 Hz, 1
278291(m 3H 336(td J,=10.7 Hz, J, = 3.9 Hz, 1H
362 dd, J1=13.5 Hz, J, = 6.4 Hz, 1H); 4.48 (s, 1H); 4. 4

)489 (m, 1H); 564m1H) C NM (75MHz
DCI) S 22.2 2 245 (CH3); 25.1 (CH,); 26.2
CH,); 28.6 (CH éCH 50 CH() 7.4 (CH,);
9.2 CH 411 C CH); 46.9 Hf 578 (C);
70.7 (C); 76.7 (CH); 894 CH); 1144 CH,); 246(CH
1395 ((3 1433( ) (|Im 3080, 1640, 740, 6 0

HRMS calcd for C21H36N [M + H]" 334. 2741
found 334.2741.

(3R,4aR, 5aS 6S,12aS)-3,8,12,12-tetramethyl-6-(2-
meth lallyl -2 3/4,4a,5a,6,7,10,12,12a-decahydro-1H-
benzo[5 6 [1 3]oxazm 0[3,2- a]azeprn -6-ol  (23c). This
compound was obtalne from 19c (1.0 g) and catalyst 6,
and purified E))/ flash chromatography (hexanes/ %hyl
acetate 35:1). Yield: 0.18 g, 20%. Colorless oil. J: = -
55.2 (c = 1.0, CH, CI% H NMR (300 MHz, C If )
0.84-1.02 mlH |_(d;l64 z, 3H); 107( H)
1.16 (s, 3H (s, 3H); 1.30 (m, 1H) 1.48 (m, 1H
1.54 (m, 1H); 166 m, 1H); 173(_|SH ); 1.85 (s, 3H) 1.91
(m1)23(dJ—15 1)225(dJ 13,5 Hz,

1H); 2.39 (d, J= 13.5 Hz, 1H); 2.50 (d, J= 15.5 Hz, 1H);
298 dd, J; = 15.2 Hz, J, = 7.5 Hz, 1H) 3.07 (s broad
% 49 (td, J1—105Hz Jz—4OHz 1H 3.54 (m, 1H);
(31)476 ,3=0.9 Hz, 1H); (dJ 0.9 Hz,
5.50 (m, 1H). “C NMR (75 Hz CDCI3) 520.7
CH3), 22.2 (CH5); 24.8 (CH,); 25.0 (CH 26.1 (CH3),
8.1 (CH 31.3 (CH); 34.9 (CH,); 39. (CH 40.6
CH) CH% 46.1 (CH); 47.3 (CHZ 57.3 (C); 70.4
61(CH) 8 (CH) 114.7 CHI 1242()CH3 13611
C 143.0 (C). IR (film): 3545, 3070, 1640, 740, 630 ¢
MS calcd’ for 21H36NO, [M + H] 334. 2741 found
334 2743,

(3R,4aR,5aS,6R,12aS)-6- methox -3,8,12,12-
tetramethyl -6- (2 met g/lall g 3,4,42,52,6,7,10,12,12a-
decahydro-1H-benzo[5,6][ ]oxazrno[3 2- a]azeprne
(24c|) This compound was obtained from 20¢C (1.0 g) and
catalyst 5, and 8ur|f|ed by flash chromato phy (hexanes/
ethyl acetate 30:1). Yield: 0 94%. White solid.
961 °C rom entane) [a]p :-389 ¢ =1.0, CH, CI
HNMR( Hz, CDC)508409 (m, 2H%091(d
J=6.5 Hz, 3H) 1.02 (m 1H); 1.08 (s, 3H) 1.16 (s, 3H);
1.31 m 1H);1.43 (m, 1H); 1.54 (m, 1H); ;
1.74 3H) 183§s 3H) 1.87 (m, 1H):
Hz, 1 = 14.8 Hz, 1H 2.42 (d, J—148Hz
1H);2.6 dJ 16.1 Hz, 1H); de J1=15.6 Hz, J, =
5.6 Hz, 1H); 3.22 (s, 3H); 3. 3(td 1=10.6 Hz, J, = 4.0
Hz, 1H): 340 (m, 1H); 443 (s, 1H); 4.81 (d,J = 0.9 Hz,
1H); 4.86d, J = 0.9 z 1H 5.49 m 1H). *C NMR (75
MHz, CDCI) o177 )219( 3); 24.0 (CHs); 24.8
25.5 (CH;); 2 3 (CHs); 30.8 (CH); 346 (CH,);
74(CH 38.6 (CH,) 392éCH& 408 5); 47.1
CH; 493" (CH,); 570 (C H); C 88.9
CH); 113.6 (CHy); 1246 (CH): 1341 (c() 14; (_c”)2 IR
jO| dispersion): 3075, 1640 '1455, 890 cm

calcd for C,H3sNO, [M + H]* 348.2897, found 348.2906.

3R,4aR,5aS,68,12aS) étert but Idrmethylsrlyl)oxy)
8,12,12-tetrameth methylallyl)-
2.3.4,4a,5a,6,7,10,12,12a- decahydro-1H-
benzo[5 d][1 3]oxa2|no 3,2-alazepine (27c). This
compound was obtaine from 21c (0.6 g) and catalyst 6,
and purified by flash chromatography (hexanes/ gghyl
acetate 80:1). Yield: 048|\g 85%. Colorless oil [a]p™=
81.5 (c = 1.0, CHZCIZ MR 8300 MHz, CDCly): 60.07
s, 3H); 078(s 3H); 085(s 9H 086098(m 2 ) 0.93
d J = 6.6 Hz, 3H); 1.11 (m, 1H); 113&5 3H); 11555
H)lBng 1H§ 142152(m H (m, 1H) 1
(s, 3H); 1.82 (s, 3H); 1.93-2.00 (m, 231dJ—132
Hz, 1H& 246Sd J=132 Hz, 1H); 2 6(d J-148 Hz,
1H) 2.93 (dd, J; = 14.5 Hz, J,= 8.2 Hz, 1H 345 td, J, =
10.6 Hz, J, = 3.9 Hz, 1H); 369(m 1H). 4 1)482
m, lH) 4.84 (m, 1H); 44gm lH) C NM ' (75 MHz,
DCl, 5 -2.5 (CHy); -1.6 (CHs); 18.8 (C); 22.9 ECHgg;
22.4 ( 252 (C +CH3)2 3(3C )26.4 CHa);
28.7 CH 314 CH 35.1 (CHy); 38.3 (CH,); 41.1
CH )7 CH2 "(CH); 47.1 CH,) 57.5 (C) 76.4
7.8 (C 886 (CH) 115.3 (CHyp); 124.4 (CH); 136.9
C 1427( IR (film): 3075, 1640, 05 620 cm™ HRMS
calcd for C,7H5oNO,Si [M + H] 448, 3605, found
448.3600.

(3R,4aR,5aS,6R,12aS)-6-methoxy-3,12,12-trimethyl-6-
vrnyl -2,3,4,42,58,6,9,10,12,12a- decahydro 1H-

benzo[5 d][1 3]oxa2|no 3,2- -alazepine (244d). This
compound was obtaine from 20d (1.0 g) and catalyst 5,
and purified h)/ flash chromatography (hexanes/ %hyl
acetate 25:1). Yield: 0. 37 g, 40%. Colorless oil.

752 (¢ = 1.0, cnzcrg '"NMR (400 MHz, C é.f 5
078-0.93 (1, 2H), D85 (0,0 = o L 3H); 1.03 (m. 1H);
1,08 (m, 3H); 11253|_)129m1H 5 o
1.55 (m, 1H); 1628 1.85 2.13 (m, lH;
223 m1H)292(dd1 13,2141 Hz, 3,= 7.4 Hz, J;=
42'Hz THY 307 (m 1) 311 (s. 3H); 334 (td, J,='106
Hz, J,= 4. 45153 1H) 52 520 dd, 3= 10.7 Hz, J,=
1.6 Hz, 1H); 5.22 (dd 5 Hz, J,= 1.6 Hz, 1H); 5.45
dt, 1H, 3, ) i J,= 1.6 Hz, 1H1) 5.94 (m. 1H)' 5.95
dd,J1=175Hz 3,=10.7 Hz, 1H). C NMR (100 MHz,
CDCl): 918.4 (CH, 222%CH2272(CH) 1.3 (CH):
23 ( CH,); 3 A (CHy); 383 (CH,); 41.2" (CHy); 48.0
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gCH) 503(CHZ 57.1 (C); 765(CH) 81.2 (C); 92.3 (CH);
14,6 (CH, 0.4 (CH). IR (film): 3075,1740, 1455, 725
cm™. HRMS calcd for C1gH3,NO, [M + H]" 306. 2428
found 306.2428.

(3R,4aR,5aS,6S,12aS)-6-methoxy-3,12,12-trimethyl-6-
vinyl-2, 3,4,42,5a,6,9,10,12,12a- ecahydro 1H-
benzo[5 d][1 3]oxazmo 3,2- -alazepine (25d). This
compound was obtaine from 20d (1.0 g) and catalyst 6,
and purified h)/ flash chromatography (hexanes/ %hyl
acetate 25:1). Yield: 057|_? 62%. Colorless oil. Eé
92.8 (c = 1.5, CHCI) NMR (300 MHz, C If
0.81-0.98 (m, 2H); 0.89 (d, J = 65Hz 3H); 1.09 (m, TH);
1.16 (s 3H); 1. 3 (s, 3 ) 1.40-1.51 m 2H 154 m,
1H); 1.66 (m 1H); 2.00 (m, 1H); 2.02- 3 2H) 2 93
ddd, J,= 13.6 Hz, J, = 7.5 Hz, J3—27Hz H 3.19 (m,
H); 3245 3H 354Std J;=10.5 Hz, J2—39 Hz, 1H)
47855 1H 2(dd =10.5 HZ, J,= 1.7 Hz, 1H)535
5 HZ, 3= 17 Hz, 1H& 5.66 d J=11.3 Hz,
H) 582(dd 31—175Hzé] 5 Hz, ; 6.0 (dt, Jl—

11.3 HZ, J,= 5.5 Hz, 1H). °C NMR 75|v| z, CDCIZ)
222 (CHs); 222 (CHy); 254 (CH,); 28.1 (CHs); 29.9
CHy); 31.3 (CH); 350_$CH% 40.8 CH 415 (CH2)
6.9 (CH): 508 CH

77. 1 82 1((;) 90. 1
(CH) 116.0 (CH,); 1 7.8 CH) 13%4(CH) 13 éC

film): 3080, 1660, 730 cm™. .HRMS calcd for
Clg 2NO, [M + H] 306. 2428, found 306.2431.

gBR ,4aR,5aS,6S,12aS)-6-((tert-butyldimeth Isrlygoxy)
12,12-trimethyl-6-vinyl-2,3,4,4a,5a,6,9,10,12,1
decahydro 1H-benzo[5, 6][1 3]0xazrno[3 2-ajazepine
(27d). This compound was obtained from 21d (0.70 g) and
catalyst 6, and 8urlfled by flash chromatography (hexanes/
ethyl acetate 5 1). Yield: O, @2 94%. White solid. Mp
§O -81 °C (from hexane %& o= -100. 9 (c = 1.0, CH,Cl,).
H NMR (300 MHz, C 5 0.08 (s, 3H): 0.16 (s, 3H);
0.85-1.01 (m, 2H); 089 (s, 9H) 0.91 (d, J = 6.6 Hz, 3
102 (m IH); 1.16 (s, 3H); 1.20 (s, 3H); 1.41-1.53
3 59 (m, 1H); 17o§m 1H); 1.92 (m, 1H); 2.14
1H 230(m 1H '2.93 (ddd, J1—137Hz J, = 8.3 Hz, J3
=1.9 Hz, 1H); Oddd J1—137Hz J;=9.1Hz J,=16
Hz, 1H); 3.4 (td Jl— 10.6 Hz, J, = 3.8 Hz, 1H); 4545
lH) 5.05 (dd, J; = 10.5 Hz, J, = 1.9 Hz, 1H) 5.42 (d
11.2 Hz, 1H); 5.43 (dd, J1—171HZ J2—19Hz 5.72 (dt,
J1—112Hz st 5.6 Hz, 1H); 6.12 (dd, J;=17.0 Hz, J, =
10.5 Hz, 1H) CNMR (75 MHz, CDCl,): §-2.9 (CH,); -
2.5 CH 18 7 %CQ (CHy); 22.8 (CHy); 25.4 (CHZ)
260(3 2 SCH) SOO(CH 314 CH 35.2
CH,); 41. 3 7 CH 46.8 H% ; 77.1
CH; 803()9 3(CH) 115 6(CH 89(CH 134.9
}ZACI—I\? (ntéjol dlspersmn 3080, 1640, 740,
70 cm S calcd for CyHuNO,SSI [M + H]
406.3136, found 406.3142

(3R,4aR,5aS,6R,13aS,2)-3,8,13,13-tetramethyl-6-(2-
methmlall yl)- ‘2,3.4,4a5a,6,10,11,13,13a- -decahydro-
1H,7 benzo[5 6][1 3]0xazmo[3 2-alazocin-6-ol  (22e)
This compound was obtained from 19e (1.0 g) and catalyst
6, and purified bly flash chromatography (hexanes, ethyl
acetate 50:1). Yie d 0.46 g, 50%. Colorless oil a]D =-5.6
gc = 1.0, CH,CL,). *H NMR (300 MHz, CDCl): & 0.85-
98 (m, 2H); O 91 (d, J = 5.9 Hz, 3H); 1.06 (m, 1H); 1.13
s 3H 1.17 3H); 1.22-1.33 (m, 2H); 1.44 (m, 1H);
(_| , 1H); 167 m, 1H): 1.77 (s, 3H); 1.87 (s, 3H); 2.05
(ml )_|218 J 135 le)22 (m1)242dJ
=14.5 Hz, 1H); 247 (d, J=14.5Hz, 1H); 261 d,J=135
Hz, 1H); 282 m, 1H 3.21 (ddd, J=161H
J3 = 2. Hz 1H; 345 td, J; = 10.6 Hz, Jz 39Hz 1H);
41(5 1H 7 ( ?485(m 1H): 5.54 (m, 1H).
C NMR (75 MHz CDC 522.2 (2 CHy); 22. (CH3 ;
25.0 (CHy); 26.7 (CH) 89 (CH3); 31.4 (CH); 334
CHy); 35.1 CH% 391 )409 CH,); 41.4 (CH,);
6.0 (CH); 4 H, ; 75.6 ( 769 CHZ 88.7
CH) 1148 CH2,1 60C 1336( H) ©). IR
fllm) 3320 (broad) 3090 1650, 705 cm-. HRMS calcd
or CyH3sNO, [M + H] 348 2897 found 348 2899.

(3R,4aR,5aS,6R,13aS,7)-6-methoxy-3,8,13,13-
tetramethyl -6- (2 methyIaIIyI)

2—94HZ,

2,3,4,4a,5a,6,10,11,13,13a-decahydro-1H,7H-
benzo[5 [1 3]oxazrn 53 ,2-a]Jazocine (24e). This
compound was obtained from 20e (1.0 g) and catalyst 6,
and purified by flash chromatography (hexanes/ ghyl
acetate 25:1). Yield: 0821|_? 88%. Colorless oil E]:
27.7 (c = 1.0, CH,Cl, NMR (300 MHz, C If
080097m2H 0.9 J 66Hz 3H); 101m Hg
1.17 (s, 6||-_|) 128 (m, 1 142(41 1H) '1.56 m 1H
167 3 178dJ 15 Hz H); 1.80 (m, 1H); 1.84
(d, J—161Hz 1H); 215221 m, 2H); 2.36
d J—151 Hz 1H); 2.45 (d J=15.1 Hz, 1H) 2.87 (m,
H); 3.00 (dt, J; = 16.3 Hz, J, = 5.3 Hz, 1H); 3.21 (dt, J, =
16.3 Hz, J, = 6.2 Hz, 1H); 327}(5 3H); 3.37 (td, 31:10.6
Hz, J, = 3.9 Hz, 1H): 461(5 1 483 (m, 1 ) 4.89
1H) 5.40 (m, 1H). CNMR 5 MHz, CDCLy): 6 2 8
CH,); 22 (CH3 24.0 (CH3 25.1 ( CH) 271 (CH3,
; 31.4 (CH); 32.8 (CH, 375
CH, 39, CHZ 41.4 (CH,); 421 Hz) 471(CH) 50.5
CHs); 58.1 (C); 76.1 (CH); '81.1 C); 86.9 (CH); 114.0
CHZ 124.8 (CHY); 1305§C) 143. é ) IR (film): 3075,
640, 735, 630 cm . HRM 23H4NO; [M + H]
362.3054, found 362.3063.

calcd for

(3R,4aR,5aS,6S,13aS,2)-6-methoxy-3,8,13,13-
tetramethyl -6- (2 methylall 1)-
2,3,4,4a,5a,6,10,11,13,13a-decahydro-1H,7H-

benzo[5 [1 3]oxazrno 3,2-aJazocine (25e). This
compound was obtaine from 20e (1.0 g) and catalyst 6,
and purified by flash chromatography (hexane2 ethyl
acetate 25:1). Yield: 0.02 g 2%. Colorless oil [a]p™= -28.4
¢ = 0.3, CH,Cl,). H NM 8300 MHz, CDCls): 5 m, 1H);
82097m2H 0.90 (d, 6.5 Hz, 3H)108m1H
1.12 (s, 3 s3H)127(m1H)146 m,1H); 1.54

mlH) 1. 6 m 1H); 177Ed J'= 15 Hz, 3H); 1.82 (s,
- 188 (m, 1H); 2.05-2.15 (m, 2H); 2.30 (d, J:15.0Hz,

: 237 (d, 1H, CHH-C=, J= 15.4 Hz); 2.52 (d, 1
c H-C=, J= 15.0 Hz); 258|_(dJ 15.4 Hz, 1H)285(dt
1= 159'Hz, J, = 4.1 Hz, TH); 3.31 (td, J; = 10.5 Hz, J, =
3.9 Hz, 1H)' 3.35 (s, 3H)’ 375 (ddd J =150 Hz,'J, =
11.0 Hz, J, = 105 Hz, 1H): 4.47 (s, 1H); 4.86 (5, 2H); 544
m, 1H) C NMR (75 MHz, CDCI3 2065H3) 21.2
24.4 (CHa) 251(CH 264(c85 96(CH3)

14 CH?_) 29 CHZ 35.1 CH8 3 39.8
(CHy) 421 CH ; 46.9 (CH); 510 CH 1%3

67 CH 811 8 S(CH 1139 CHZ)
CHl)2 1313(C 143. |_( (llm) 3069, 1636, 620 cm*
o 3Igls’s7 calcd for CyHaoNO, [M + H]* 362. 3054 found

Generalfrocedure for hydrogenation of compounds 7a,
7fand 1

A mixture of the unsaturated oxazine (0.15 g) and 10 wt %
palladium on carbon (15 mE) in ethanol (1 mL) was stirred
at room temperature under H, at atmospheric pressure until
the reaction was complete (TLC, 16-24 h). The catalyst
was separated by filtration over a pad of Celite, after which
the solvent was eliminated on a rotavapor, and the residue
was purified by flash chromatography on silica gel.

(2S,4aS,7R,8aR)-2-((2R,4R)-2-isobutyl-4-
methyltetrahydro -2H-pyran-2-yl)-4,4,7-
trimethyloctahydro-2H- benzo; 13]oxazme (9). This
com ound was obtained from 7 (0.15 g% and, and purified
\)/ lash chromatograph \R; (hexanes/ et yI acetate 12: 1).
eld: 55 mg2 46 %. White solid. 69-67 °C (from
ntaneg E = -15.5 (¢ = 0.5, CH, CI H NMR (300
[5): & 0.80-0.96 (m, 2H); 0.8’ (d J = 6.5 Hz,
3H) 089(d J =65 Hz, 3H,),O 0 (d, J ='6.6 Hz, 3H);
0.92 d J:66 Hz 3H); 0.98-1.13 (m, 2H); 1.00 (s 3H);
104 3H); Sm lH% 1.29 (m, 1H 136152(m
1 (2 1180m2H 1.94 (m, 1H);
203m1H3, (th-104Hz J?1 4.0 Hz, 1H); 3.66
m, 1H); 3.91 (m, 1H); 4.39 (s, 1H). *C NMR (75 MHz,
DCI 19.7 (CH 3) 22.3 (CH3); 23.3 (CHs); 23.6(CH);
248CH|_) 25.3 C 256 CH) 257(CH2) 301( Hs);
31.4 (CH), 24. g )_|396 (CH,); 42.0
(CHy); 46.2 (CH ) 50 (C) 2 (CH); 62.8 (CHZ) 75.3

16



ECH) 76.6 %cg 85.1 (CH). HRMS calcd for CpHioNO,
M + H]* '338.3054, found 338.3056

SZS ,4aS,7R,8aR)-2- ((R) -2-ethyltetrahydrofuran-2-yl)-
4,7- trrmethylocta ydro-2H- benzo[e&&l ,3Joxazine (10).
Thrs compound was obtained from 7a (0.15g) and purrfred
\)/ flash chromatography (Ihexanes/ eth%l acetate 12:1).
eld: 61 mg 53 %. Colorless oil. [a]p™= -8.4 (c = 0.
CH, Clzg H NMR (300 MHz, CDCly): 5 0.76-1.24 (m.
4H); 0.83 (t, J = 7.6 Hz, 3H); 088dJ 6.5 Hz, 3H); 1.00
(s 3H) 1.03 (s, 3H); 1.4 150168 m, 5H);
76((m 1H); 1.85 (m 1H); 193 ; 2.08 (m, 1H);
3.29 (td, J; = 10.4 Hz, J, = 4.0 Hz, 4390m2H
4,13 (s, 1H). °C NMR (75 MHz, CDCI S 8. (CH ;
19.7 CHg 22.3 (CHy); 258( 266 (CH,); 295

CH, (CH,); 30.8 (CH, r? SCH% 35.1 (CHy); 41.8
CHYY: 207 cj 516 (C H,) 51(CHf
85 6(CH) Q). HRMS calcd or C17H32N02 [M + H

found 282.2432.

General method for the elimination of the chiral
auxiliary in 7a and 7c-g. A mixture of the oxazine 7 éz
mmol), ethanol (20 mL) and a 3% aqueous solution of H
(20 mL) was eated at reflux until the reaction was
inished (TLC and 'H-NMR were used to monitor the
reaction for disappearance of starting material). The
mixture was cooled to 0 °C, the pH was ajusted to 7-8 by
addition of a 15% solution of NaOH and NaBH, (226 m%
6 mmol) was added. The mixture was further stirred for 3
at 0 °C. Then 40 mL of H,O was added and the mixture
was stirred for 1 h at room temperature. The aqueous
mixture was extracted with ethyl ether (4 x 20 mL). The
combined organic layers were washed with brine, dried
over MgSQ,, concentrated by distillation at atmospherrc
pressure and the resulting residue was purified by flash
chromatography on silica gel.

(R)-(2-vinyl-2,5-dihydrofuran-2- ylgmethanol (15a). This
compound was obtained from 7a (1 9 g) and purifi ied b
flash chromatography (hexanes/ et Q/I ether 15:1). Yield:
0.22 g, 72%. Colorless oil. [a]p™= +3250 (c = 0.5,
CH,CI,). *H NMR (300 MHz, CDCl,): & 1.88 (s broad,
1H)362 m2H 71478 ‘m, 2H): 518(dd 3= 10.7
Hz, J,=1 533 d ».]1— 73 Hz, J,= 1.5 Hz,
1H); 5.76 m 1H § d 3= 17.1 Hz, J,= 10.7 Hz,
1H); 602 m, 1H R (75 MHz, CDCI3) 5 67.1
(CHB) 931 C& 1151 CHZ 128.2 (CH);
28 CH (film): 3245 (broad), 1640,
1420, 15 725 cm HRMS calcd for C;HoNaO, [M +
Na]” 149.0573, found 149.0578.

(R)-(3-methyl-2-(prop-1-en-2-yl)-2,5-dihydrofuran-2-
yl)metanol (15c). This compound was obtained from 7c
) and 5purrﬂed by flash chromatography (hexaness/
ethyl etherl 1). Yield: 0.27 g, 70%. Colorless oil. [a]p™=
-136.5 (c = 0.6, CH,Cl,). "H NMR (300 MHz, CDCly): §
166& , 3H); 1.71 (m, 3H); 2.08 (s broad, 1H); 380 m,
64(m2H 48051H)49 (s, 1H); 5. 8m1;
C NMR (75 Hz C CI 6 11.8 (CH3); 18.9 (CH;
64.2 (CH,); 75.0 (CH 95.2 (C); 111.1 ( CH() 122.7
( 8 1366§C% 145.3 C) IR fllm) 3450 (broad), 3090,
900 780, 765, 68 HRMS calcd for
C9H14Na02 [M + Na]* 177. 0886 found 177.0887.

gR) (3,4- dlmethgl -2- (prop -1-en-2-yl)-2,5-dihydrofuran-
yl)metanol (15d). This compound was obtained from 7d
) and Jjurrfred by flash chromatography (hexan%s/
ethyl etherl 1). Yield: 0%99 88%. Colorless oi =
-112.7 (c = 1.5, CH,Cl,). "H NMR (300 MHz, CDC ) )
1.53 (s, 3H); 167 (s, 3H 1.69 (s, 3H); 2.02 s broad, 1I—§)
3.78 (m, 2H) 456() 2H) 4.77 (s, 1H); 4.90 (s, 1H).
NMR (75 MHz, CDCly): 5 9.2 (CHs)! 10.2 (CHa); 190
( g 643 CH? 78. CH) 96.6 (C); 110.7 (CHg
(C); 130.0 (C); 145.3 (C). IR (frlm 3440 (broad,
3085 1640, 900, 850, 680 cm™. HRMS calcd for
C1oH1sNaO, [M + Na]*191.1043, found 191.1049.

(_ )-(2-allyl-3,6-dihydro-2H-pyran-2-yl)metanol  (15e).
his compound was obtained from 7e (0.75 g) and purified

Yy flash chromatography (hexanes/ %thyl ether 15:1).
eld: 0. 20 68%. Colorless oil. [a]p™="+42.2 (c = 1.
CH,CL,). H NMR 300 MHz, CDCl): § 1.61 (m, 1H)
2.14 (m, 1H); 2.28- |Sm 3H 3.52 (s, 2H); %12425
m, 2H) 508531 m 2 589570 m 3H) C NMR
75 MHz, CDCl,4 528 4 gCH 37 8 (CHZ) 60.8 (CH,);
6.0 (CH) 73. 122.5 (CH); 124.8
(CH) 133.3 (C)—lh (frlm) 435 (Hroad) 1640, 1100,
40, 655 cm RMS calcd for CgH14NaO, [M + Na]
177.0886, found 177.0884.

R)-(4-methyl-2 (2 methylallyl)-3,6-dihydro-2H-pyran-
yI)metano (151). This compound was obtained from 7f
) and §ur|f|ed by flash chromatography (hexan

eth Ietherl 1). Yield: 0;5 3% Colorless oi H
+37.7 (c = 0.6, CH, CI) 300 MHz, CDCQ
1.71 (d, J = 1.2 Hz, 3H 182(33)188207 H5)
229dJ—136H21H 236dJ—136Hzl 5
m2)414g23(\r;|1 1H)489m1H
41 (m, 1H R (7 MHz CDCI 6 23.3 (CHy);
24.4 (CH3), 33.7 (CH) 415 (CH,): 611 (CH,); 66.1

( 2 745 ( Ct) 11506CH) 118.1 ( CHg 1301(]7)

(©). IR (film): 3450 (broad), 3070, 1640, 890, 770
cm™. HRMS calcd for C11HigNaO, [M + Na]™ 205. 1199
found 205.1204.

(R)-(4,5- dlmethyl -2-(2-methylallyl)-3,6-dihydro-2H-
Pyran -2- y()metanol (15g). This compound was obtained
rom 13 andgurrfred by flash chromatography
(hexanes! ethyl ether 15:1). Yield: 0. 18 g, 63%. Colorless
oil. [a]p™= +28.8 (c = 0.8, CH2CI2) H NMR (300 MHz,
CDCly): 5155 (s, 3H); 1.65 (m, 3H); 182§m 3H} 1.89-
208(m 3H)2 6(d J=136 Hz, 1H 13.6
Hz, 1 H); 347351(511 2H); 4.97-4.9 (m, 2H); 476(;m
1H); 4. 9 m, 1H). “C NMR (75 MHz, CDCI3 o1
gCHg,) 18. (CH3 ; 24.4 (CH3) 34.6 CHZ) 415 (CH,);
4.8 (CHy); 65.9 (CH,); 74.9 (C); 114, (CH2) 121.9 (C);
1226 (©); 1423 C) IR ((frlm) 3450 (broad), 3070, 1640,
890 cm™. HRMS calcd for C;,Hy,gNaO, [M + Na]
219.1356, found 219.1353.

(1R,2S,5R)-2- (2 (](R ,Z)-3-methoxy-5-methyl-3-(2-
methylallyl)] ,7,8-tetrahydroazocin-1(2H)-yl)propan-
)5 met Icyclohexan 1-ol (28). To a suspension of
LiAlH, ( g 7.9 mmol) in anhydrous THF (20 mL)
cooled to 100 and under nitrogen atmosphere was added,
in portions, dry AICI; (0 35 g, 2.6 mmol). The mixture was
stirred for 15 min at 3 °C and a solutlon of 24e éo 759, 2.1
mmol) in dry THF (15 mL) was slowly added. The
reaction mixture was stirred at room temperature until
disappearance of the starting product (TLC) and then it
was |(_1‘uenched by addition of 10 % aqueous solution of
NaOH (1.5 mL). The resulting mixture was filtered, the
solid Was Washed with hot ethyl acetate, and the organic
layer was dried over anhydrous MgSO,. The solvent was
eliminated under reduced pressure. The residue was
purified by flash chromatography (hexanes/ ethyl acetate
2:1). Yield: 0 99 0, 92% ite SO|Id Mp 94-96 °C (from
R/entane) ="-35.1(c = 1.5, CH,Cl,). "H NMR (300
Hz, CD I3,333K) 5082106(m 2H); 0.90 (d, J=6.5
Hz, 3H); 0.91 (s, 3H 1.17 (s, 3H, CH) 1.38 (m, 1H);
1.52-1. 1m3|_) sBH)18ls3H)193m1H
202219m2)22248m5H l_(m E)3235
)5362 dJ1—101HzJ2-39Hzl 3(ml&
; 5.52 m 1H 7.50 (s broad, 1H C NM
Hz, C CI3, 202( Hg 219 CH3) 24.2
CH) 25.5 266 (CH,) CH,); 31.0 (CH);
5.3 (CHs); 3 9(CH2),404(CH2 44 Z(CHZ 481 (CH),
48.7 (CH,); 51.8 (CH,); 55.3 CHZ 72.3
806 C); 1139 (CH,p); 124.5 (CH);
(vlgol dispersion): 3170 (broad);
alc for Cy;3HuNO, [M +
364 3218.

1370 (C,) 141,
3075, 16 0, 740 cm :
H]* 364.3210, found

General method for elimination of the chiral auxiliary
in 25a, 24b, 22c, 24c, 25d and 24e.To a suspension of
L|AIH4 (0. 30 g, 7.9 mmoI) in anhydrous THF (20 mL)
cooled to -10 ° "and under nitrogen atmosphere was added,
in portions, dry AICI; (0.35 g, 2.6 mmol). The mixture was
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stirred for 15 min at -10°C and a solution of the
corresponding benzoxazine (2.0 mmol) in dry THF (15
mL) was slowly added. The reaction mixture was stirred at
at room temperature until dlsapfpearance of the starting
roduct by TLC (for reduction of 24b it was necessary to
eat to 60 °C), and then it was quenched b
10 % aqueous ‘solution of NaOH (1.5 mL). The resultin
mixture was filtered, the solid was washed with hot ethy
acetate, and the organic layer was dried over anhydrous
MgSO4 The solvent was eliminated under réeduced
pressure, the residue was redissolved in anhydrous CH,Cl,
(30 mL), and PCC él .8 g, 8.0 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). The mixture was then treated with a 10 %
(i_tireous solution of NaOH (50 mL) and extracted with
Clz (5 x 25 mL). The organic phase was washed with
brine, drred over anr&ydrous MgSO, and the solvent were
removed under uced pressure The residue was
redisolved in THF (30 mL) and MeOH 815 ml), an aqueous
solution of KOH 2.5M (15 mL) was added and the mixture
stirred at room tem erature for 5-6 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 2 mL).
The organic layer was washed with brine, dried over
MgSO,, and the solvent eliminated under vacuum and the
residue was purified by flash chromatography.

addition of

(R)-4-methyl- 3§prop 1-en-2- yI) 1,2,3,6-
tetrahydropyridin-3-ol {()29 This compound  was
obtained from 24b (0.6 and purified by flash

chromatograph C;-|CI3/ MeO 1518) Yreld 0.19 g, 60%.
Colorless oil. Ex = -10.5 ( c = 0.8, CH,Cl,) '‘NMR
300 MHz, CD ) 6162 J =0.8 Hz, 3H) 170(s 3H,

2.90-3.00 (m, 2H); 32832? m, 2H); 5.01 (m, 1H); 5.15
m, 1H) 5.64 (m 1H NMR (75 MHz, DCI
33K): 5173(CH3) (CH,); 45.1 CH& 541 CHzg
73.8 (C); 112.5 (CH,); 1249gCH) 135.8 (C); 1145
IR (fllm) 3030 ( broad) 3025, 1640, 740 cm
calcd for CgH1sNO [M + H] 154 1226, found 154. 1230

H,): 2.29 (d, J = 12.8 Hz, 1Hg296(d =12.8 Hz, 1H);

(R)-5- methyl -3- (2 methylallyl)-2,3,4,7-tetrahydro-1H-
?ge 5|n )3 old3 ;I'htljs t():on:c orrr]nd hWas obtarneg fr(%m 2|20/
g) and purified by flash chromatograpt y 3
MeOH 12:1). E(reld 0.21 g, 60%. Colorless oil. [« .?9— -
75.8 (c = 0.8, CH,Cl,). "H NMR (300 MHz, CDCls,
333K): §1.75 (s 3H) 1.8 5(s, 3H); 2.2 (s, 2H% 2.23 (d, J
= 15.1 Hz, 1H); 2.36 (d, J-151Hz 1H); 2 7(sbroad
2H); 2.74 (d, J= 12.8 Hz, 1H); 2983d J;=12.8 Hz, 1H);
3.21 (m, 1H) 3.32 (dd, J;= 154 Hz, J, = 7.0 Hz, AH): 4. 2
d, 1H, J'= 0.8 Hz); 4.87 (s, 1H); 5.65 (m, 1H). °C NMR
75 MHz, CDCl,, 333K): 6 24.5 (CH,)! 275 CH ; 45.7
CH,); 47.9 (CH,); 48.5 (CH,); 61.7 (CH,); 6 ( 1147
CHy,); 124.8 (CH); 136. (C 142.6 (C). IR (f| : 3330
broad), 3070, 16 5,890 cm*. HRMS calcd for CMHZONO
M + H] 182.1539, found 182.1543.

(R)-3-methoxy-5-methyl-3-(2- methylallyl) -2,3,4,7-
tetrahydro-1H- azeplne 31) This compound was
obtained from 24c and $ urified by flash
chromatograph I5-|CI3/ MeO 15:1). Yield: 0.28 g, 59%.
Colorless oil. = +19.8 (c = 1.0, CH,CI)) 'NMR
400 MHz, CDC ) 51.73 (s, 3H); 1. 75(s SH) 2.8 (1H);
. 4(d,J=14.4 H<, 1H); 2.21 (d, J = 14.4 Hz, 1H); 2.27
d, J = 15.2 Hz, 1H); 2.40 (d, J ='15.2 Hz, 1H); 2.78 (d, J =
45Hz,1 g 3.04 d J =15.5 Hz, 1H), 317(m 1H); 3.18

(s 3H2 (dd, Jl =16.1 Hz, J, = 5.4 Hz, 1H), 4.70 (s,
81 (s, 1H 549 m, 1H) °C NMR OO MHz,
CDCI 5240 CH ; 27. (CH 410 (CH,); 42.3 (CHZ;
48.3 ( 492C 3,583C ); 77.0 (C); 114.5 (CH,);
126. 3 C : 134, 142.0 (_CE{ IR (film): 3380 (broad),
3075, 164 1460, 8 0 cm?® MS calcd for ClezzNO

[M+H] 196.1696, found 196.1692.

(R, Z)-3-methoxy-5-methyl-3-(2-methylallyl)-1,2,3,4,7,8-
hexah droazocine (32). This compound was obtained

from 24e (0.75 %) and purified b ash chromatograph
CH§I3/ MeOH % Yield: 0.2 52% Colorless oil.
= -69.9 (c = 1.5, CH,Cl,). "H NMR (300 MHz,

CI3 300K) o (s, 6H) 193207 (m 2H); 2.15 (d, J =
14.8 Hz, 1H); 217(m1H)221(dJ 13.4 Hz, 1H); '2.27
d, J =13.4 le 228(dJ—148H21Hz 29,J:

44Hz 1H); 2.61 (m H)32253H 476(813 0.8 Hz,
1H); 4.83 d J=0. Hz 1H); 5.41 (m, 1H,) CNMR 75
MHz, CDCI3, SOOK 5 240 CH3), 263 (CH,)

CHZ) 38.3 ( CH2 (ZCH 489 (CHy); 492

3.3 (CHZ), 82.1 114 2); 123.8 ( CH) 137. (C

142.3 (C). IR (ﬁlm '3370 (Sancha) 3075, 1640, 690 cm

2H1I%|\4§48alcd 13H4NO [M '+ H]* 210. 1852 found

(_S) -3-methoxy-3-vinyl-1,2,3,6- tetrahydropyrldlne (33).
his compound was obtained from™ 25a ) and
o(urlfled by flash chromatograph CH I3/ eOH 15 1).
ield: 0 56%. Colorless oil. [«] D = +52.1(c = 0.
CH,CL,). H MR(300 MHz, CDC 3): 62.30 (broad, 1H);
2.6 d, J=13.2 Hz, 1H); 301(d J=13.2 Hz, 1H); 3.21-
3.38 (m, 2H); 3.24 (s, 3H); 5.21 (d, J= 17.6 Hz, 1H), 5.27
d, 3= 10.8 Hz, 1H); 5.80 (dd, Jy = 17.6 Hz, J,= 10.8 Hz,
H) 5.99 m 1H, 6.06 (m, 1H). °C NMR (75 MHz,
CDCLy): 5 44.9 (CH,): 50. (CHg ; 52.7 (CHLB 72.6 ( C}%&
116.9 (CHy); 126.3 (CH); S 40.4 (CH).
(frlm 3320 (broad), 3085 1635 720, 685 cm™
S calcd for C8H14NO M + H] 140. 1070 found

140 1071

S) -3-methoxy-3-vinyl-2,3,6,7-tetrahydro-1H-aze |ne
). This compound was obtained from 25d (0.6 and
E)(urrfred by flash chromatography (CH 3/ MeOH 5: 1%
ield: 0.22 g, 68%. Colorless orI I] -4.2 (c =

CH,CL,). H NMR 300 MHz, CD 5208 35 (m,
2H); 289320 (m ; 3.24 (s, 3H 350 broad, 1H);
5.27-5.36 (m, 2H); 57 m2H mlH C NM
75 MHz, CDCI3 S 30. 478 7) 50.9 (CH3)
5.9 ( CHZ) 77.00 (C) 11 6 CH2 % ;1331
( H);_140.2 (CH). IR (film): 3410 (broad) , 1640,
46, 755 cm~. HRMS calcd for CgHisNO M + H]

154.1226, found 154.1228.
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