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The 6-(trimethylsilyl)methyl-substituted 1,2-oxazine 1 can
smoothly be deprotonated with n-butyllithium at C-4 to give
a lithiated species which reacts with a variety of electrophiles
to provide the new 1,2-oxazines 5—16 in good yields. Besides
the preparative aspect of these transformations, the high ster-
eoselectivity of many reactions is also interesting from a mech-
anistic point of view. By deprotonation of the 4-deuterated
compound 5a it has been proven that n-butyllithium removes
exclusively the proton (or deuteron) cis to the 6-CH,SiMe;
group. Also, in most cases the reaction of lithiated 1 with elec-
trophiles occurs with overall retention of configuration to af-
ford preferentially cis-1,2-oxazines (series a). A mechanistic

proposal for this highly stereoselective deprotonation process,
which seems to be governed by the 1,2-oxazine oxygen, is
discussed including a comparison with a recently reported ab
initio calculation dealing with oxime ethers. Similar depro-
tonation/substitution reactions are described for 1,2-oxazines
14, 2, 3, and 4. Possibly due to a differing carbanion structure
a deviating behavior is observed in some cases. Several acid-
induced and reductive ring-opening reactions of 1, 6a, 8a, and
14a demonstrate the potential of 4-substituted 1,2-oxazines for
the stereoselective synthesis of polyfunctionalized com-
pounds.

5,6-Dihydro-4H-1,2-oxazines A (herein abbreviated as
1,2-oxazines) are heterocycles with a promising potential for
the synthesis of polyfunctional compounds?, They can easily
be prepared by the hetero-Diels-Alder reaction of electron-
rich olefins with nitroso alkenes as developed by Gilchrist
and coworkers”. By use of silylated dienophiles we were able
to extend the scope of this [4 + 2] cycloaddition con-
siderably®. In this contribution we will include our results
on the substitution of 1,2-oxazines A proceeding via the
carbanion B to give heterocycles C which incorporate an
electrophile El at C-4 and are not easily available otherwise.
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The analogous sequence is well-known for oxime ethers
D?¥ or the related isoxazolines E®. However, for the six-
membered heterocyclic system A we are only aware of Shatz-
miller’s reports dealing with compound F and the regiose-
lectivity of its deprotonation”. We have examined the feas-
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ibility of the sequence A— B— C using the monocyclic 1,2-
oxazines 1 and 2, and after having discovered the surpris-
ingly high stereoselectivity® we have extended our investi-
gation to the bicyclic compounds 3 and 4.

R
Ph Ph J Ph
M S‘\/(\N(
o33! 0 Ph" o0” 0
1 2 JR=H
4 R = SiMey

Results Obtained with the 6-(Trimethylsilyl)methyl-
Substituted 1,2-Oxazine 1

The addition of n-butyllithium (1.5 equivalents) to 1,2-
oxazine 1 in tetrahydrofuran smoothly produces the corre-
sponding carbanion (—78°C, 15 min). The red solution,
when treated with the corresponding electrophile (3 equi-
valents), provides the new 4-substituted 1,2-oxazines 5—11
(equation 1, Table 1) after aqueous workup.

For the alkylation with methyl iodide or allyl bromide
the addition of tetramethylethylenediamine (TMEDA) is re-
quired (entries 2 and 3). Otherwise, either no reaction occurs
at low temperature or the carbanion decomposes during
warming-up. Ethyl iodide does not react at all with lithiated
1, even in the presence of hexamethylphosphorus triamide
(HMPT) as more powerful complexing agent".

To our surprise, only one diastereomer is formed in most
cases (entries 1— 5) as unambiguously established by the 'H-

0009 —2940/91/0101 —0115 § 3.50+.25/0



116

Ph

Me;Si ‘

ezl 0°
py 1o Bl Sa - 10a

] -78°C,THF )
Me;Si ) 2. Electrophile
0 El
[TMEDA]

3 -

for E1 see Table 1 10b/11b

Table 1. Reactions of deprotonated 1,2-oxazine 1 with D,O and
carbon electrophiles (according to equation 1)

Entry Electrophile El Product a:b Yield
cis :transd (%P
1 D20 D 5a >97:3 29
2 Mel Me 6a >97:3 56
(+ TMEDA)
3 Allylbromide Allyl 7a >97:3 83
(+ TMEDA)
4 Acetone Me,COH 8a >97:3 70
5 Benzophenone PhaCOH 9a >97:3 53
6 Acetaldehyde MeHCOH 10 a/b 50 : 500) 83
7 Methyl Chioro- CICHCO 11b <3:979 42

acetate

* According to high-field 'H-NMR spectra of the crude prod-
ucts. —  Yield of purified product. — @ Four diastereomers in a

ratio of approximately 1:1:1:1. — ¥ Ratio determined after puri-
fication.

NMR data of the crude products. These data also prove the
cis stereochemistry of 1,2-oxazines Sa—9a and the trans sub-
stitution in compound 11b. The addition of acetaldehyde to
the carbanion is virtually unselective (entry 6). All four dia-
stereomers have been found in approximately equal amounts.
This is also observed when benzaldehyde is used, however,
the products could not be purified in this case’).

The addition of methyl a-chloroacetate furnishing the o-
chloro ketone 11b (entry 7) proceeds with moderate yield.

02“9
1. n-Buli Ph > Ph
O ———————— -+
-7B8°C,THF Me;Si . M Si\/(T
FoMes 0 3 0" “COMe
12a/b (22:78) 13

2. CiCO.Me 70 . 30 58%

or MeOCO,Me 27%
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Certainly, the stereochemistry of this compound is not a
matter of kinetic control, but results from the equilibration
by deprotonation and protonation of 11. This may also be
true for the reaction of lithiated 1 with methyl chloroform-
ate. In addition to the expected 4-substituted 1,2-oxazine
12, found as a 22:78 cis/trans mixture, about 30% of the
isolated material consists of the N-acylated compound 13.
This enamide derivative is exclusively obtained, although in
low yield, when dimethyl carbonate is employed as electro-
phile.

Attempts to introduce formyl or acetyl groups into 1 by
use of dimethylformamide or ethyl acetate, respectively, have
fajled . On the other hand, the reaction of lithiated 1 with
dimethyl disulfide gives 14a/b in excellent yield (85%) as a
70:30 cis/trans mixture. Using PhSeCl as electrophile, we
have been able to prepare the 4-selenenylated compound 15,
but the cis/trans ratio (15:85) is not very revealing due to
the low yield of 37%. Since 1,2-oxazine 15 decomposes
rather rapidly, it cannot be converted into a 4,5-unsaturated
1,2-oxazine by oxidation/elimination’.

Me SMe ePh
Ph A_Ph Ph
] ﬂ )
Si Me;Si MeySi
Me3Si 0- ey 0,N esSi 0-
14q 14b 15

An attempt to introduce a 4-hydroxy function by the
method developed by Jiger and coworkers” (for hydroxy-
lation of isoxazolines) has led to an unexpected result. Aque-
ous workup directly furnishes compound 16 (a:b = 13:87)
in 30% yield together with 70% of the starting compound
1. The amount of 16 cannot be increased by oxidative
workup employing H,0, (70%) which should convert the
boron intermediate 17 into the hydroxy compound 16. Pos-
sibly, 16 is formed via an N-borylated species 18, During
workup this rather electron-rich olefin is presumed to react
with atmospheric oxygen to give 16. The starting compound
1 is regenerated from 18 by simple protonation.

H H

1 1. n-Buli ] Ph | Ph
1. n-Buli | .
2. B(OMe); MesSi o MeSi o +

Q)

3. H0,NH,CI
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ﬂph ﬂph
MesSi N MesSi N
s 0 3 0" “B(OMe),

17 18

Experiments using chlorotrimethylsilane or tert-buty}-
chlorodimethylsilane as electrophiles have not been suc-
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cessful. Although a fast reaction of lithiated 1 with these
silylating agents is indicated by the change of color, no de-
fined products can be isolated, even not under conditions of
“dry workup” ",

Control Experiments

The transformations described so far demonstrate that
smooth generation of lithiated 1 is possible without addition
of n-butyllithium to the C=N bond!®. More surprisingly,
high diastereoselectivities have been attained by reaction
with certain electrophiles (Table 1: entries 1 —5). To confirm
the stereochemical assignments in 6a and 14a/b we per-
formed equilibration experiments employing sodium meth-
oxide in methanol (24 h, 20°C). While pure cis-substituted
compound 6a was reisolated unchanged (77% recovery), a
shift from a:b = 70:30 to a:b = 20:80 was observed with
the corresponding 4-methylthio-substituted 1,2-oxazine 14
(97% recovery). We assume that 14b (trans) is thermody-
namically more stable because of the steric interference of
the pseudoequatorial 4-SMe group with the phenyl group
in the cis compound 14a, which is avoided in 14b. A stereo-
electronic effect might further favor the pseudoaxial location
of the methylthio group due to a stabilizing interaction of
the C—S o*-orbital with the n orbital of the C=N—-O
moiety'". These equilibration experiments also reveal that
14 is more acidic than the 4-methylated 1,2-oxazine 6a.

To understand the stereochemical outcome observed with
lithiated 1, a few control experiments have been performed.
First, we have repeated the deprotonation and deuteration
(see entry 1) in the presence of TMEDA. The decolorization
of the solution containing lithiated 1 occurs much faster, but
again exclusively 5a (cis) is isolated. We thus conclude that
the complexing agent increases only the rate, but does not
alter the stereochemistry of the reaction. Apparently, the
structure of the intermediate anion is not fundamentally
changed by the presence of TMEDA.

To distinguish whether the high diastereoselectivities are
caused by selective reactions of the anion with the electro-
philes or by a stereoselective deprotonation of 1, the lith-
iation of the deuterated compound 5a has been studied.

D
Ph
2. Dgo l
quant. Me3Si 0’
Sa
Ph "
Ph
. | 1. n-BuLi| 2. H,0
Me;Si o- -78°C 99X  Me3Si O’L
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OH
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82% Me;3Si
o331 0°
8a
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Treatment of Sa with n-butyllithium and workup with D,O
furnish the apparently unchanged starting compound. Dou-
ble deuterated 1,2-oxazine has not been detected. On the
other hand, metalation of Sa and workup with H,O provide
exclusively 1, whereas the addition of acetone gives 8a. Both
products do not contain more than 3% (analytical limit of
NMR spectroscopy) of deuterium at C-4.

Discussion

The experiments described prove that the base n-butylli-
thium highly discriminates between the deuteron (cis) and
the proton (trans) in Sa, removing exclusively the deuteron
and thus counteracting the expected kinetic isotope effect!
Only protons (or deuterons) located cis to the 6-substituent
in 1 (or Sa) are acidic. In addition, the overall substitution
occurs with retention of configuration in entries 1—35. Al-
though there are related highly stereoselective metalation/
substitution processes reported in the literature, none of
these are directly related to our system'?,

In order to understand these results knowledge of the
exact structure of the lithiated species involved would be
helpful. So far, no experimental data are available'¥, but
recent ab initio calculations on metalated oxime ethers in-
dicate that the metal cation strongly interacts with the car-
bon, the nitrogen and the oxygen of the anion moiety (see
ion pair G)".

For 1,2-oxazine 1 the expected half-chair conformation H
predominates with the bulky (trimethylsilyl)methyl group in
a pseudo-equatorial position as is demonstrated by the 'H-
NMR data® and force-field calculations®. In this confor-
mation the axial proton at C-4 is properly aligned with
respect to the p-orbitals of the C=N bond. However, an
interaction of the lithium cation with the oxygen would re-
quire a flip, bringing the 6-substituent into a pseudoaxial
position (see H—1I). On the other hand, a conformational
modification of H before deprotonation to the (twist) boat
J should not require much energy since the CH,SiMe; group
can retain a pseudoequatorial position. Now all prerequi-
sites for the proton abstraction are favorable: complexation
of oxygen with lithium and coplanarity of the axial C—H
bond with respect to the C=N system’s p-orbitals. There-
fore, the ion pair K can directly result from J without severe
conformational changes. This — admittedly speculative —
model explains why it is the proton cis to the CH,SiMe;
group exclusively which is acidic.

An interpretation of the reaction of the lithiated 1 with
electrophiles must also be speculative. To explain the ma-
jority of results we assume that the ion pair K is configu-
rationally stable'® and the lithium cation directs the attack-
ing electrophile to give finally the cis-substituted products
(entries 1—5). Thus, the Sg2 process occurs with retention
of configuration as is known for the reaction of many or-



118

ganolithium species'®, although cases with interesting de-
pendence of the substitution on the nature of the electrophile
employed have been reported'”.

0—~N=/\‘ H + n-Buli ,
Rﬁy/

I -H-Bu 7
H
«2-Ph
H 1
Li-Bu
H
°>_%\
- H-B
R‘\,______ Ll L R cis
J *£-Ph K

Concerning K the most reactive electrophiles such as al-
dehydes are unselective. Possibly, they do not require the
steering effect of the cation. However, as long as no exper-
imental information is available on these details our mech-
anistic picture must neglect effects such as nature of the ion
pair (tight or loose) and aggregation, which could also
strongly influence the reaction’s course.

For dimethyl disulfide and other hetero electrophiles a
SET mechanism could also be responsible for the deviating
diastereoselectivity. Due to the higher acidity of the products
(e.g. 14, see below) some equilibration might be possible
under the reaction conditions. This is apparent for trans-
formations leading to the carbonyl compounds (11 and 12).
N acylation of the ambident system K has only been obser-
ved with reagents of the type X — CO,Me. It is questionable
whether the HSAB principle can be applied to explain the
regioselectivity in these reactions (X = OMe, hard reagent:
N acylation; X = Cl, softer reagent: C and N acylation)'®.

Results with Other Monocyclic 1,2-Oxazines

Starting from 4-substituted 1,2-oxazines 6a and 14 we
have examined the possibility to introduce a second group
to C-4. In accordance with the equilibration studies (see
chapter Control Experiments) we have not been able to de-
protonate the 4-methyl-substituted compound 6a, while the
methylthio derivative 14 is converted into the corresponding
carbanion. The reaction with D,O affords trans-1,2-oxazine
19b. By activation with TMEDA and addition of methyl
iodide, 14 is converted into the expected 4-disubstituted

D, SMe
Ph
2, D0 ﬂ
52%  MeySi
Me o o
h
1. n-Bul 188
MesSi .
3 o Me SMe
Ph
14a/b (TMEDA) ]
2. Mel  MesSi o
15%
20
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compound 20 in low yield. The stereochemical assignment
for 20 is tentative and made in analogy to that of 19b".

The experiments with 6a confirm that this 1,2-oxazine is
not acidic at all. This can be attributed to the steric and
inductive effect of the 4-methyl group, but we believe that
6a does not fulfill the stereoelectronic prerequisite for the
deprotonation. A conformation similar to J is not possible
for cis-substituted 1,2-oxazines like 6a without placing the
CH,SiMe; in an axial position.

This argument is not valid for the methylthio-substituted
1,2-oxazine 14, since the hetero group enhances the acidity,
and therefore the stereoelectronic requirements for depro-
tonation as well as the structure of the resulting carbanion
could be rather different from those of 1. For this reason,
we will not further discuss the stereochemistry of products
19 and 20.

The diphenyl-substituted 1,2-oxazine 2 can also be de-
protonated and stereoselectively deuterated to give exclu-
sively 21a. In this respect 2 behaves similar to 1. However,
we have not yet been able to trap this carbanion with alkyl
halides or aldehydes ! which may be attributed to the rather
low solubility of 2 and its lithium salt in tetrahydrofuran at
low temperature.

L R'= Et,SiMey
R = H,Me

Attempts to generate and trap anions derived from 6-
alkoxy- or 6-siloxy-substituted 1,2-oxazines L have also
failed . The various reaction conditions applied resuited ei-
ther in the isolation of unconsumed starting compound or
complete decomposition of 1,2-oxazines (f elimination?). It
might be the exocyclic oxygen at C-6 which misleads the
attacking base (n-butyllithium or others") and prevents the
required arrangement of type J for smooth deprotonation
at C-4.

Results with Bicyclic 1,2-Oxazines 3 and 4

The two bicyclic 1,2-oxazines 3 and 4 undergo the desired
deprotonation/substitution sequence very smoothly to fur-
nish the products 22 —27 (equation 2, Table 2). With respect
to the cis/trans ratio there seems to be a consistent trend,
with small electrophiles (D,0) favoring the formation of cis-
substituted 1,2-oxazines, whereas the use of the more bulky
acetone leads exclusively to the trans isomers.

R
;3
3 Ph
m
-

J R=H
4 R-SiM33

1. n-BuLi

2, Ei-X @

22-25 R = H
26,27 R = SiMe;

for El see Table 2
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Table 2. Reactions of deprotonated bicyclic 1,2-oxazines 3 or 4 with
electrophiles (according to equation 2)

1,2-Oxazine Electrophile EI Product a: b Yield
cis i transd (%D

3 D20 D 22 91:9 96

3 Mel Me 23 77 :23 74

3 Me2S2 MeS 24 31:68 94

3 Acetone Me2COH 25 <3:97 86

4 D20 D 26 83:17 90

4 Acetone Me2COH 27 <3:97 78

3 According to high-field '"H-NMR spectra of the crude prod-
ucts. — © Yield of purified product.

The experiments performed do not allow us to distinguish
whether the different selectivity patterns of 3 and 4 com-
pared to 1 are caused by a nonstereoselective deprotonation
or by the different reactivity of the lithiated intermediates
toward the electrophiles. It is apparent that the geometric
restrictions in bicyclic 1,2-oxazines 3 and 4 can strongly
influence both crucial steps. The structure of deprotonated
3 (orange solution) should be different from that of lithiated
1 (red solution) because it is more reactive. Despite its higher
degree of substitution this carbanion smoothly reacts with
methyl iodide to give 23a/b without the requirement of ac-
tivation by TMEDA.

Configurational Assignments

The stereochemical assignment of monocyclic 4-substi-
tuted 1,2-oxazines is relatively straightforward and follows
the rules reported for other heterocycles of this type?. Most
indicative are the coupling constants as determined by 'H-
NMR spectroscopy. The half-chair conformation is pre-
ferred in most examples. Thus, 6-H always has coupling
constants of 2 and 11 Hz demonstrating the pseudoequatorial
location of 6-CH,SiMes. In cis isomers (series a) 4-H shows
9—10 Hz for the axial/axial and 5—8 Hz for the axial/
equatorial coupling with 5-H. Therefore, the 4-substituent
must be in a pscudoequatorial position. On the other hand,
for trans-1,2-oxazines (series b) we have found J, = 1—1.5
Hz and J,, =4—6 Hz between protons 4-H and 5-H. This
proves that the group at C-4 has a pseudoaxial orientation
in these compounds. The half-chair is no more perfect when
this substituent becomes rather bulky as indicated by the
deviating coupling constants in 8a, 9a, and 14a (see Table
5). The repulsion of the pseudoequatorial 4-substituent and
the 3-phenyl group should be responsible for this effect,
which is in accordance with force-field calculations”.

For the assignment of bicyclic 1,2-oxazines 22—27 it is
important to identify equatorial and axial 4-H in the starting
compounds 3 and 4 by NOE experiments*”. Thus, it has
been demonstrated that the signal of the axial 4-H (trans to
the annulated cyclopentene ring) appears at lower field than
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that of the equatorial 4-H (cis to the second ring). This effect
and the coupling constants observed for 3 and 4 are evidence
that a somewhat deformed half-chair similar to M is the
preferred conformation of these 1,2-oxazines.

H
H

e2-Ph

Thus, the stereochemical assignment of compounds
22 —27 (as indicated in Table 2) obtained after deprotona-
tion/substitution from 3 and 4 is facilitated by making use
of the chemical shifts. The coupling constants of the com-
pounds with bulky C-4 substituents (24, 25, and 27) indicate
again a more severe perturbation of the half-chair confor-
mation M. However, it has to be stressed that there is some
ambiguity in the examples where only one isomer is formed.
For this reason, we are reticent concerning the mechanistic
interpretation of these experiments.

Ring-Opening Reactions

When treated with tetrabutylammonium fluoride, the 1,2-
oxazine 1 is converted into the y,6-unsaturated oxime 28 in
51% yield. Fluoride-induced desilylation of the 6-CH,SiMe,
moiety accompanied by elimination of the oxygen function
creates the double bond. Attempts to trap an intermediate
carbanion by performing this reaction in the presence of
benzaldehyde have been unsuccessful. Earlier we have
demonstrated*® that 1 is transformed into the ketone 29 by
catalysis with strong acids®, while the reduction with
LiAlH, followed by acid-induced Peterson-type elimination
gives the unsaturated amine 30.

Ph
(I"I-BU)4NF I
THF = HO'N
S1%
28
Ph
] cat. HCIO, Ph
Me;Si o° cHzclz o 0
587%

1

Similar experiments have been executed with the corre-
sponding 4-substituted 1,2-oxazines. Thus, by cleavage with
acid, 6a is converted into the expected ketone 31, whereas
the acetone adduct 8a is transformed into the oxime 32.
Even with equimolar amounts of acid, 32 is not deoximated
to the ketone. The sulfur compound 14a/b does not react
with HCIO, or H,SO, at 20°C, and at higher temperature
complete decomposition is observed !,
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72%
8a 32

The reduction of 14a/b with LiAlH, in ether affords a
mixture of amino alcohols 33 after workup under neutral
conditions. The diastereomeric distribution of the products
cannot be determined at this stage. However, treatment of
33 with potassium hydride in tetrahydrofuran provides a
85:15 mixture of v,8-unsaturated amines 34 in 73% overall
yield. The relative stereochemistry at C-1 and C-2 of 34 is

SMe SMe
Ph
LiAlH,
Me;Si 0,N Ether Me;Si OHNHz
14a/b 33
(cis/trans = 20:80) KH
THF
SMe
Ph
73%
(syn/anti = 85:15) _= NH,
34

determined by the reduction and it should not be altered
under the conditions of an anionic Peterson elimination in
the second step. The syn/anti assignment is based on the 'H-
NMR data and on mechanistic probability. The hydride
reagent should attack the C=N bond of 14 anti to the
4-methylthio group to provide preferentially the compound
with syn stereochemistry?’,

HO HO
Vé/Ph . \)\I/Ph
] LiAlH,
Me;Si 0° Ether Me3Si OH Hg
8a 35

conc. HCI

Z

36 (90:10) 37
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The reduction of the stereochemically homogeneous ac-
etone adduct 8a with LiAlH, furnishes one diastereomer of
the amino diol 35. Unfortunately, this compound cannot be
transformed into the desired olefin 37 under basic conditions
(KH or NaH in THF). The treatment of 35 with concen-
trated HC] gives the tetrahydrofuran derivative 36 as a
90: 10 mixture of stereoisomers, which are very likely formed
by acid-catalyzed cyclization of the intermediate 37. Al-
though the NMR data are not conclusive, we assume that
36 is a mixture of cis/trans isomers. The stereochemistry of
the tetrahydrofuran ring is determined by the cyclization
step 37— 36, and not during the reduction process 8a— 35,
which is very selective. The attack of the hydride reagent at

Table 3. Reaction of deprotonated 1,2-oxazine 1 with electrophiles
{(according to the general procedure)

1,2-Oxazine Electrophile Time (h) Product Yield
g (mmol) g (mmol) (Temp.°C) (cis:trans)d) g
1 D20 0.2 S5a 99%
0.247 (1.00) 10mi (-78) (>97:3) 0.245b)
1 Methyliodidec) 16 6a 56%
0.742 (3.00) 1.28 (9.00) (-78-320) (>97:3) 0.441¢)
1 Aliylbromidec) 16 7a 83%
0.495 (2.00) 0.726 (6.00) (-78—20)d) (> 97:3) 0.479€)
1 Acetone 0.5 8a 70%
2.47 (10.0) 1.74 (30.0) (-78) (> 97:3) 2150
1 Benzophenone 1.5 9a 53%
0.247 (1.00) 0.547 (3.00)  (-78) (>97:3) 0.226%
1 Acetaldehyde 0.5 10a/b 83%
0.247 (1.00) 0.132 (3.00)  (-78) (50:50)9) 0.231
1 Methyl Chloro- 0.5 11b 42%
0.247 (1.00) acetate (-78) (< 3:97) 0.1351
0.284 (2.62)
1 Methyi Chloro- 2 12a/bh) 58%
0.247 (1.00) formate (-78) (22:78) 0.177
0.284 (3.00)
1 Dimethyl 1 13 27%
0.247 (1.00) Carbonate (-78) 0.082h
0.270 (3.00)
1 Dimethyl- 0.5 14a/b 85%
0.247 (1.00) disulfide (-78) (70:30) 0.2500
0.220 (2.34)
1 Phenylselen- 4 15a/b 37%
0.247 (1.00) enylchloride  (-78) (15:85) 0.148%)
0.192 (1.00)
1 Trimethyi 2 16a/b)) 30%
0.247 (1.00) Borate (-78) (13:87) 0.078"
0.327 (3.00)
® This ratio was determined for the crude product. — ® M.p.

42°C. — 9 Addition of 1 equivalent of TMEDA before reaction
with n-butyllithium. — 9 Very slow warming-up to room temp. —
© Colorless oil after chromatography (AL,Qs, pentane/ethyl acetate,
4:1). — " Colorless crystals after recrystailization from pentane/
diethy! ether. — ® Four diastereomers (approximately 1:1:1:1);
colorless oil after chromatography (Al,Os); one isomer was sepa-
rated by chromatography (SiO, pentane/ethyl acetate, 4:1). —
® Contains 30% of 13 separated by chromatography (ALO). —
) Compound not obtained analytically pure. — ? Separation from
1 (70%) by chromatography (Al,Os, ethyl acetate).

Chem. Ber. 124 (1991) 115—127



Lithiated 5,6-Dihydro-4H-1,2-oxazines

8a should occur syn to the C-4 substituent providing 35
with the relative stereochemistry as drawn. LiAlH, should
first react with the free hydroxy group in 8a and therefore
it will deliver the hydride to the more hindered face of the
1,2-oxazine. Similar effects have been demonstrated by Jager
et al. in the isoxazoline series®!.

These preliminary studies show that the 4-substituted 1,2-
oxazines derived from the easily available heterocycle 1
should have some potential for stereoselective synthesis of
polyfunctionalized acyclic compounds. A systematic inves-
tigation of these transformations has still to be undertaken.
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der Technischen Hochschule zu Darmstadt for the generous financial
support. Large parts of this paper were written during a visiting
professorship at the University of Rennes I. H.-U. R. thanks Prof.
R. Carrié and Dr. M. Vaultier for their warm hospitality.

Table 4. Analytical data of ..
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Experimental

For general informations see ref.*”. — Starting compounds: 1,
23933 and 4, A}l reactions were executed in flame-dried flasks
under a slight pressure of dry nitrogen. Solvents and liquid reagents
were added by syringe. Tetrahydrofuran was distilled from K/ben-
zophenone just before use. The electrophiles employed were purified
by distillation and/or filtration through a pad of AL,O;. Tetrame-
thylethylenediamine (TMEDA) was distilled from CaH, and stored
over molecular sieves. The concentration of n-butyllithium (ap-
proximately 2.0 M solution in hexane, Aldrich) was determined by
the diphenylacetic acid method??. All chiral products were obtained
as racemates.

General Procedure for the Deprotonation of 1,2-Oxazines and Re-
actions with Electrophiles: The corresponding 1,2-oxazine was dis-
solved in dry tetrahydrofuran (10 ml/1 mmol of 1,2-oxazine) and
at —78°C 1.5 equivalents of n-butyllithium were added. After stir-
ring for 15 min at this temperature the resulting deeply colored
solution of the carbanion was treated with 3 equivalents of the

.-5,6-dihydro-3-phenyl-6-[(trimethylsilyl)methyl]-4 H-1,2-0xazines 6a—20a/b

Compound IR v {cm-1] M.P. Elemental Analysis
[°C} c H N
4-Methyl... 6a (KBr) 3120-3020, 118 C15H23NOSI (261.4)
2980-2840 (C-H), Caled. 68.91 8.87 5.36
1595 (C=N) Found 68.41 8.97 5.27
4-Aliyl... 7a (KBr) 3100-3050, 52-56 C17H26NOSI (287.5)
3000-2830 (C-H), Caled. 71.03 8.77 4.87
1630 (C=C), 1595 (C=N) Found 71.26 8.87 4.77
4-[(1-Hydroxy- 8a (CHCI3) 3600-3560 (OH), 123-124 C17H27N0O2Si (305.5)
1-methyl)ethyl]... 3080-2800 (C-H), Calcd. 66.86 8.91 4.58
1590 (C=N) Found 66.82 8.92 4,50
4-[(1-Hydroxy- 9a (CHC!3) 3600-3500 (OH), 145-149 C27H31NO2SI (429.6)
1,1-diphenyl)- 3100-2750 (C-H), Caled. 75.48 7.27 3.26
methyl]... 1590 (C=N) Found 75.20 7.25 3.26
4-(1-Hydroxy- 10a/b (CHCl3) 3600-3200 (OH), 110-1138)  CygH25NO2Si (291.5)
ethyl)... 3100-2850 (C-H), Caled. €5.93 8.65 4.81
1595 (C=N) Found 65.96 8.79 4.77
4-(Chloracetyl)... 11b (KBr) 3100-3000, 80-82 C16H22CINO2SI (323 9)
2980-2850 (C-H), Caled. 59. 6.85 4,32
1730 (C=0), 1585 (C=N) Found 59. 59 6.74 4.27
4-Methoxy- 12a/b (KBr) 3100-3000, 78-84 C1gH23N0O3Si (305.5)
carbonyl... 3000-2830 (C-H), Calcd. 62.92 7.59 4.59
1735 (C=0), 1590 (C=N) Found 62.67 7.64 4.43
b) 13 (KBr) 3100-3000, 94 C1gH23NO3Si (305.5)
3000-2800 (C-H), Calcd. 62.92 7.59 4.59
1720 (C=0), 1650 (C=C) Found 63.00 7.37 4.48
4-Methylthio... 14a/b (KBr) 3100-3000, 90-92 C15H23NOSSI (293.6)
3000-2800 (C-H), Caled. 61.37 7.90 4.77
1590 (C=N) Found 61.50 7.82 4,73
4-Phenylselen- 15a/b  (film) 3100-3000, 146-148 C20H25NOSeSi (402.5)
enyl ... 3000-2850 (C-H), 1580 (C=N) q
4-Hydroxy... 16a/b (KBr) 3600-3100 (OH), 158-159 C14H21NO2Si (263.4)
3100-2890 (C-H), Calcd. 63.84 8.04 5.32
1600 (C=N) Found 63.60 7.60 5.60
4-Methyl-4- 20 (KBr) 3100-3000, 105-1086 C1eH25NOSSi (307.5)
methylthio... 3000-2800 (C-H), Calcd. 62.49  8.19 455
1580 (C=N) Found 62.09 8.11 4.50

* One isomer of four. — P 5,6-Dihydro-2-(methoxycarbonyl)-6-[(trimethylsilyl)methyl]-2H-1,2-oxazine. —  Due to fast decomposition

no correct elemental analysis available.
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Table 5. 'H-NMR data (300 MHz, CDCly) of 1,2-oxazines 5a—21a®

Compound 6-Ha (1 H) 4-H (1 H) 5-Hg (1 H) 5Ha (1 H) Other Signals SiMez (9 H)
dtd®) dd dddb) dddb) s
16) 3.76 2.21 ddd 1.69 tdd 1.59 dddd 1.16,0.95(2dd, J=7, 14 Hz, 0.18
(2,7,11) (2,7,18) 2,7,14) (7,10, 11, 14) 2H, 6-CHy)
2.01 ddd
(7. 10, 18)
5a 3.79 2,60 2.10 1.78 td 1. 5, .93 (2dd, J=7, 15 Hz, 0.10
(cis) 2,7,11) (8, 11) (2.5,8,13.5) (11, 13.5) 2 H, 6-CHy)
(D = 2.5)
6a 3.90 2.99 dqd 2,22 1.56 td 1.11,0.89 {2 dd, J=7, 0.10
(cis) (2,7,11) (7.8, 11) 2,7,14) (11, 14) 15 Hz, 2 H, 6-CHy), 1.02
{d, J=8Hz, 3H, Me)
7a 3.95 310 dd 2.19 1.70 d 5.67 (mg, 1 H, -CH=), 5.08, 0.10
(cis) 2,7,11) (3.5, 8,11) (2, 8,13.5) (11, 13.5) 5.01 (AB of ABX-system,
Jag= 2, Jax=10, Jgx= 17 Hz,
2H, =CHy), 2.36 (m¢, 1 H,
4-CHy), 2.08 (td, J= 8, 14 Hz,
1 H, 4-CHy), 1.16, 0.93 { 2 dd,
J=7,15Hz, 2 H, 6-CHz}
8a 3.73 3.20 2.20 1.97 1.90 (s, 1 H, OH), 1.14, 1.11 0.09
(cis) (4,7.5,11.5) (7.5,9) (4,9,13.5) (7.5,11.5,13.5) (25, 6 H, 2 Me), 1.13, 0.94 (2 dd,
J=7.5,145Hz, 2 H, 6-CH3)
9a 3.78 419 221 me 7.2,6.9 (2m¢, 8 H, 2 H, 2 Ph) 0.10
(cis) (5,7,10) (5, 10) 4.27 (5,1 H, OH), 1.16, 0.92
(2dd, J=7.5, 16 Hz, 2 H, 6-CHy)
10d) 3.86 3.39dt 2.15 1.87 4.09 (dg, J=5.5,6 Hz, 1 H, 0.03
(2.5,7,11.5) (5.5,9) (2.5,9,13.5) (9,12,135) CHOH), 1.77 (s, 1 H, OH), 1.17,
0.94 (2dd, J=7,14Hz, 2 H,
6-CH3), 0.98 (d, /=6 Hz, 3H, Me)
11b 3.96 4.29 2.24 1.87 4.05 (s, 2 H, COCHp), 1.11,0.91 0.11
(trans) 2,7, 11) (1, 6) (1,2, 14) 6,11,14) (2dd, J=7, 14 Hz, 2 H, 6-CHp)
12a o) 3.85 a) 6) 3.50 (s, 3H, COzMe), 1.22,0.98 0.10
(cis) (8, 10) (2dd, J=7,14 Hz, 2 H, 6-CHp)
12b 4.09 3.82 2.28 1.88 3.62 (s, 3H, COaMe), 1.22,0.98 0.14
(trans) 2,7, 11) (1,6) (1,2, 14) (6,11,14) (2 dd, J=714Hz, 2 H, 6-CHp)
131 4.10 5.51t 2.34mg 3.68 (s, 3 H, COzMe), 1.23,0.94 0.12
(mc) 4) (2dd, J=8.5, 15 Hz, 2 H, 6-CHg)
14a 3.88 3.93t 2.49 2.22 1.86 (s, 3 H, SMe), 1.15, 0.96 0.10
(cis) 2.7,11) (10) (2, 10, 14) (10, 11,14)  (2dd, J=7,15Hz, 2 H, 6-CHy)
14b 4.28 3739 2.23 g9 1.94 2.11 (s, 3 H, SMe), 1.20, 0.96 0.13
(trans) 2,7, 11) (4) (14) (4,11, 14) (2dd, J=7, 15 Hz, 2 H, 6-CH2)
15a 4.11 4.85 2.44 o) 7.64,7.51,7.28 (3mg, 10 H, Ph) 0.1
(cis) 2,7,11) (7.5, 10) (2,75, 14) 1.20,0.96 (2dd, J=7, 13.5 Hz,
2 H, 6-CHy)
15b 4.01 462 2.14 1.79 7.64,7.51,7.28 (3 mc, 10H, Ph)  0.12
(trans) 2,7.11) (1.5, 4) (1.5,2,14) (4,11, 14) 1.20,0.96 {2dd, J=7, 13.5 Hz,
2 H, 6-CHz)
16a 413 4.87 8) e) 4.42 (s, 1 H, OH), 1.22, 0.98 0.16
(cis) (2,7, 11) (7.5, 10) (2dd, J=7, 14 Hz, 2 H, 6-CHg)
16b 4.07 4,62 214 1.62 4.80 (s, 1 H, OH), 1.22, 0.98 0.18
(trans) 2,7, 11) (1.5, 4) (1.5,2,14) (4,11, 14) (2dd, J=7, 14 Hz, 2 H, 6-CHp)
19b 4.27 - 2.22dd 1.93 dd 2.10(s, 3 H, Me), 1.20, 0.96 0.12
(trans) (2,7,11) (2, 14) (11, 14) (2dd, J=7, 15Hz, 2 H, 6-CHy)
20 4.49 - 2.25 dd 1.78 dd 2.10 (s, 3 H, SMe), 1.19, 0.92 0.14
2,7,11) (2, 14) (11, 14) (2dd, J=7, 15 Hz, 2 H, 6-CHg)
1.32 (s, 3 H, Me)
21a 4.80 dd 2.72 2.30 2.20 7.6,7.4(2me, 2H, 8 H, Ph) -
(cis) (2.5, 10.5) (8, 11) (2.5, 8, 13) (10.5, 11, 13)
(4D = 2.5 Hz)

3 All compounds: § = 7.7, 7.4 mec, 2H, 3H, Ph). — ® Multiplicity of the signal if not indicated; values in parenthescs: coupling constants
in Hz. — 9 Solvent: C¢Ds. — ¢ One isomer "of four; Me signals of other isomers: § = 1.05, 0.86, 0.83. — @ Signal hidden, — " § = 7.25
(m., SH, Ph). — ¥ Broad signal.
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corresponding electrophile. The reaction time and the temperature
at which the workup was performed are indicated in Tables 3, 6,
and 8. The workup procedure involved addition of saturated aque-
ous ammonium chloride solution (10 ml/1 mmot of 1,2-oxazine),
extraction with CH,Cl,, drying with MgSO,, and purification by
chromatography and/or recrystallization from pentane/diethyl
ether. For spectroscopic and analytical data see Tables 4, 5, 7, 9,
10, and 11.

Table 6. Control experiments with 1 or 5a and deprotonation of
1,2-oxazines 14a/b and 2 (according to the general procedure)

1,2-Oxazine Electrophife Time (h) Product Yield
g (mmol) (Temp.oC) (cis:trans)a) 9
1 D20 0.5 5a 91%
0.247 (1.00)®) 1 ml (-78) (> 97:3) 0.225
5a D20 2 5a 100%:C)
0.124 (0.50) 1mi (-78) (>97:3) 0.124
5a H20 2 1 99%¢)
0.163 (0.66) 10ml (-78) 0.160
5a Acetone 2 Ba 92%
0.124 (0.50) 0.116¢g (-78) (> 97:3) 0.140
(2.00 mmol)
14a/bd) D20 1 19b 52%
0.293 (1.00) 2ml (-78) (< 3:97)¢) 0.152f)
14a/bd) Methyliodide 16 20 15%
0.293 (1.00)P) 0.426 g (-78-20) (> 90:10) 0.0469)
(3.00 mmol)
2h) D20 1 21a 100%
0.426 (2.00) 4 mi (-78-320) (> 97:3) 0.427)

® This ratio was determined for the crude product. — ® Addition
of 0.116 g gl.OO mmol) of TMEDA before reaction with n-butylli-
thium. — © Yield of the crude product (pure according to NMR
spectroscopy). — 9 cisftrans = 70:30. — © Contains approxi-
mately 13% of 14. — ? Colorless oil after chromatography (ALLOs,
pentane/ethyl acetate, 4:1). — ® Colorless crystals (m.p.
105—106°C)". — M 1,2-Oxazine 2 and lithiated 2 (reddish brown
suspension) were not completely dissolved. — ? After treatment
with diethyl ether colorless crystals (m.p. 153 —154°C).

Equilibration Experiments: 1,2-Oxazine 6a (0.104 g, 0.400 mmol)
was stirred for 24 h in 10 ml of dry methanol containing NaOMe
(5.00 mmol). Extractive workup with dichloromethane/water pro-
vided 0.080 g (77%) of 6a. The NMR spectra prove that no con-
figurational change has occurred (cis: trans > 97:3).

1,2-Oxazine 14a/b (cis:trans = 70:30; 0.294 g, 1.00 mmol) was
treated as above to afford 0.285 g (97%) of 14a/b (cis: trans =
20:80) as determined by NMR spectroscopy.

1-Phenyl-4-penten-1-one Oxime (28): 1,2-Oxazine 1 (0.248 g, 1.00
mmol) was stirred in a solution of 0.632 g (2.00 mmol) of
(n-Bu),NF - 3H,0 in 10 ml of dry tetrahydrofuran (containing 2.00 g
of molecular sieves, 4 A). After 4 h at room temp., S ml of water
was added and the mixture was extracted with dichloromethane.
Drying (MgSQy), evaporation of the solvents, filtration through a
pad of Al,Os (ethyl acetate), and distillation (100 —150°C/0.02 Torr)
provided 0089 g (51%) of 28 as colorless crystals (m.p.
49—-51°C). — 'H NMR (CDClL): & = 9.8—-83 (m, 1H, OH),
7.6—12 (m, 5H, Ph), 6.1 —5.3 (m, 1H, 4-H), 5.1 —4.8 (m, 2H, 5-H),
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30—2.6 (m, 2H, 2-H), 24—19 (m, 2H, 3-H). — IR (KBp: v =
3600—3100 cm~! (O—H), 3100—3000 (=C~H), 3000—2750
(C—H), 1640 (C=C), 1585 (C=N).
CyH;NO (1752) Caled. C 7540 H 7.48 N 7.99
Found C 74.98 H 7.42 N 7.56

Table 7. *C-NMR data of 1,2-oxazines 5a-—21a (3, multiplicity)”

Com- GC-3 c6 C4 C-5  Other SiMez
pound s d d 1 Signals q
5a 154.1 76.6 22.4b) 27.4 22.9 (t, CH2SiMe3) -0.80
(cis)
6a 161.2 745 284 38.2 23.1(t, CH2SiMeg) -0.50
(cis) 19.3 (g, Me)
7a 160.2 741 324 37.09 134.0(d, =CH), 117.5 -0.80
(cis) (t, =CHy), 34.6¢) {, 4-CHp)
22.5 (t, CHpSiMe3)
Bg 1656.8 757 450 352 76.6 (s, HOC), 28.9, -0.20
(cis) 28.5 (2 g, Me), 24.1
(t, CHzSiMeg)
9qd) 169.5 76.0 438 354 81.2 (s, COH) -0.90
(cis) 23.4 (t, CH2SiMe3)
11b 1499 70.7 423 293 199.2 (s, C=0) -0.90
(trans) 47.5 (t, CH2Cl)
22.3 (t, CH2SiMe3)
12a 152.8 731 40.7 323 171.4 (s, C=0) -0.95
(cis) 52.2 (g, Me)
226 (t, CH2SiMe3)
12b 1496 710 379 303 171.4 (s, C=0) -0.95
(trans) 52.4 (g, Me)
22.6 (t, CHoSiMe3)
13 140.1 788 111.8 336 155.1(s, C=0) -1.30
53.2 (q, Me)
22.9 (t, CH2SiMe3)
1 ‘!,a 1671 75.0 361 37.0 22.9 (t,CH2SiMe3) -0.89
(cis) 11.4 (q, SMe)
14b 157.0 710 372 333 22.5 (t, CHaSiMe3) -0.80
(trans) 15.3 (q, SMe)
15b 1545 70.4 579 36.8 22.9 (t, CH2SiMes)®) -0.93
(trans)
16a f) 751 615 387 23.2 (t, CH2SiMe3) -0.70
(cis)
16b 1562 70.7 58.2 382 22.9 (t, CHzSiMe3) -0.80
(trans)
19b 152.3 71.2 34.6b) 334 22.6 (t, CH2SiMe3) -0.90
(trans) 15.5 (q, SMe)
20 157.3 72.3 42.30) 428 23.2 (t, CH2SiMe3) -0.60
25.6, 12.7 (2 q, SMe, Me)
21a 154.3 77.0 22.0b) 26.0 - h) -
(cis)

® Signals of the phenyl §roup: 8 = 1369—1358,15s,129.6—-125.3,
3 d. — ® Multiplet. — 9 Assignment ambiguous; the marked values
are exchangeable, — ¢ Signals of the phenyl groups: & =
1451—135.6, 35, 129.0—126.1, 9 d. — 9 Further signals in the
C¢H; region for SeC¢H;. — ? Signal not identified. — ? Singlet. —
" Signals of the phenyl groups: & = 139.8, 1358, 2’5, 129.4— 1254,
6 d.
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Table 8. Deprotonation of bicyclic 1,2-oxazines 3 and 4 (according
to the general procedure)

1,2-Oxazine  Electrophile Time (h) Product Yield
(mmol) g (mmol) (Temp.oC) (cis:trans)d) g
3 D20 0.5 22a/b 96%
0.199 (1.00) 2ml (-78) (91:9) 0.192
3 Methyliodide 16 23a/b 74%
0.398 (2.00)  0.852 (6.00) (-78-20) (77:23) 0.317
3 Dimethyl- 2 24a/b 94%
0.199 (1.00)  disulfide (-78) (31:69) 0.231
0.141 (1.50)
3 Acetone 2 25b 86%
0.199 (1.00)  0.087 (1.50) (-78) (< 3:97) 0.220b)
4 D0 1 26a/b 90%
0.135 (0.50) 2mi (-78) (83:17) 0.122¢0)
4 Acetone 2 27b 78%
0.271 (1.00)  0.174 (3.00) (-78) (< 3:97) 0.258b)

3 This ratio was determined for the crude product; 22 and 24—27
gave colorless crystals after recrystallization from pentane/diethyl
ether. — ¥ A few percent of starting material recovered. — @ M.p.
83-85°C.

2-Methyl-1-phenyl-4-penten-1-one (31). A solution of 1,2-oxazine
6a (0.255 g, 0.98 mmol) in 10 ml of dichloromethane was stirred
with three drops of HCIO, (70%) at room temp. for 48 h. Addition
of K,CO,, filtration, concentration, and distillation (125°C/0.02
Torr) afforded 0.082 g (48%) of 31 as colorless oil. — 'H NMR
(CDCLy): 8 = 7.5 (m,, 5H, Ph), 6.3—5.8 (m, 1H, =CH), 5.10 (m,,
2H, =CH,), 3.2 (m,, 1H, CHMe), 2.6—2.3 (m, 2H, CH,), 1.30 (d,
J = 7 Hz, 3H, Me). — IR (film): ¥ = 3100—3000 cm ™' (=C—H),
29802800 (O—H), 1680 (C=0), 1640 (C=C). — These spectral
data agrec with those in ref.?®,

2-[(1-Hydroxy-1-methyl )ethyl ]-1-phenyl-4-penten-1-one Oxime
(32): A solution of 1,2-oxazine 8a (0.293 g, 0.96 mmol) in 5 ml of
dichloromethane was stirred with three drops of HCIO, (70%) at
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room temp. for 24 h. Addition of K,CO,, filtration, evaporation,
and distillation (100°C/0.02 Torr) afforded 0.161 g (72%) of 32 as
colorless oil. — 'H NMR (CDCl;, 300 MHz): & = 7.65, 7.04 (2 m,,
2H, 3H, Ph), 5.72 (m,, 1H, =CH), 5.02, 492 (2 m,, 2H, =CH,),
40 (s, 1H, OH), 326 (t, J = 6 Hz, 1H, 2-H), 2.39 (t with fine
coupling, J = 6 Hz, 2H, 3-H), 1.50, 1.32 (2 5, 6 H, 2Me), NOH not
identified. — 3C NMR (CDCl;): 8 = 160.5 (s, C=N), 137.5 (d, C-
4),130.0,129.1, 128.5,128.1 (s, 3 d, Ph), 117.1 (t, C-5), 86.9 (s, CMey),
53.6 (d, C-2), 31.9 (t, C-3), 29.4, 19.7 (2 q, 2Me). — IR (flm): ¥ =
3400—-3100 cm™' (O—H), 3100—3000 (=C—H), 3000—2750
(C—H), 1640 (C=C), 1590 (C=N).

Ci4H;yNO, (233.3) Caled. C 72.07 H 8.21 N 6.00

Found C 72.10 H 795 N 6.26

2-Methylthio-1-phenyl-4-pentenyl-1-amine (34): A solution of 1,2-
oxazine 14a/b (0.294 g, 1.00 mmol, ¢is: trans = 20:80) in 10 ml of
dry diethyl ether was stirred with LiAlH, (59 mg, 1.5 mmol) at
room temp. for 48 h. The mixture was slowly treated with 10 ml of
water and extracted with dichloromethane. Drying of the organic
extracts (MgSO,) and concentration gave a yellow oil, which was
dissolved in 10 ml of dry tetrahydrofuran and treated with potas-
sium hydride (0.120 g, 3.00 mmol). After stirring at room temp. for
1 b, 10 ml of aqueous NH,Cl solution was added. Extraction with
dichloromethane, drying (MgSQ,), evaporation, and distillation
(120°C/0.02 Torr) provided 0.151 g (73%) of 34 as colorless oil
(syn:anti = 85:15). — 'H NMR (CDCl;, 300 MHz): § = 7.3 (m,,
5H, Ph), 5.88 (m,, 1H, 4-H), 5.1 —4.95 (m, 2H, 5-H), 422 (d, J =
4.5 Hz, 0.15H, 1-H, minor isomer), 4.02 (s, 2H, NH,), 393 (d, J =
7.5 Hz, 0.85H, 1-H, major isomer), 2.9 -2.7 (m, 1H, 2-H), 2.3-2.0
(m, 2H, 3-H), 2.10 (s, 2.55H, SMe, major isomer), 1.92 (s, 0.45H,
SMe, minor isomer). — *C NMR (CDCls, signals of the minor
isomer in parentheses): & = 143.7 (s, i-Ph), 135.8 (136.2) (d, C-4),
128.6, 127.4, 127.2 (128.2, 127.0, 126.3) (3 d, Ph), 116.6 (114.8) (t, C-
5), 58.3, 55.6 (57.2, 55.1) (2 d, C-1, C-2), 36.3 (34.4) (t, C-3), 13.6 (14.1)
(q, SMe). — IR (film): ¥ = 3600—3100 cm ™! (NH,), 3100— 3000
(=C—H), 3000—2800 (C—H), 1630 (C=C).

C;;HsNS (207.3) Calcd. C 69.52 H 8.26 N 6.76
Found C 6945 H 840 N 6.30

3-(a-Aminobenzyl)-2,2,5-trimethyltetrahydrofuran (36). A solu-
tion of 1,2-oxazine 8a (0.293 g, 1.00 mmol, >97% cis) in 10 ml of

Table 9. Analytical data of ...-4,4a,5,7a-tetrahydro-3-phenylcyclopent[e]-1,2-oxazines 23—27

Compound IRvcm) MP. Elemental Analysis
{°Cj C H N
4-Methyl... 23a/b  (KBr) 3100-2800 (C-H), 3 C14H1sNO (213.3)
1590 (C=N) Caled. 78.84 7.09 6.58
Found 78.35 7.1 6.37
4-Methyithio...  24a/b  (KBr) 3100-2850 (C-H), 72-79 C14H15NOS (245.2)
1610 (C=N) Calcd. 68.52 6.17 5.71
Found 68.59 6.14 5.69
4-[(1-Hydroxy-  25b (KBr) 3700-3100 (OH), 140-144 C1gH1gNO2 (257.3)
1-methyt)- 3080-2800 (C-H), Caicd. 74.68 7.44 5.44
ethyl]... 1590 (C=N) Found 74.42 7.58 5.39
4-[(1-Hydroxy- 27b (KBr) 3600-3100 (OH), 90-95 C1gH27NO2Si (329.5)
1-mathyl)ethyl]- 3100-2830 (C-H), Calcd. 69.27 8.26 4.25
5-trimethylsilyl... 1610 (C=N) Found 69.20 8.43 4.21

3 Pale yellow oil.
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Table 10. 'H-NMR data (300 MHz, CDCl;) of bicyclic 1,2-oxazines 3 and 22a—27b®

Compound 6-H (1 H) 7-H (1 H) 7a-H (1 H) 4-H (1 H) 4a-H (1 H) Other Signals
do

dddb} ) doc) meb)
3 6.01 5.69 4.99 2.72dd 2.92 2.67 (tddc), J=2,8,17Hz, 1H,
(1,2.5) 2,5) %) (7,14) 5-H), 2.20 (ddd<), J=2, 5, 17 Hz,
2.42 dd 1 H, 5-H)
(7, 14)
22a 6.00 m¢ 5.79 me 4.95 2.73 2.88 2.63 (ddS), J=8, 17 Hz, 1 H, 5-H)
(cis) (7) (7) 2.16 (ddS), J=5,17 Hz, 1 H, 5-H)
{(Hp=2)
22b d) d d) 2.44 d) d
(trans) (7)
(Mo =2)
23a 6.10 5.89 4,95 3.08 quin. 2.85 2.7-2.0(m, 2 H, 5-H), 1.18 (d,
(cis) (1,2,5) (2,5) (8) 7 J=7Hz, 3H, Me)
23b 6.01 m¢ 579 m¢ 5.29¢) f) d) 1.39 (d, J=7 Hz, 3 H, Me)d
(trans) 9
24a 6.19 m¢ 5.82 m¢ 4.83 3.92 d) 2.01 (s, 3H, SMe)d)
(cis) (8) (7.5)
24b 5.91 mc 5.82 m 5.39 3.77 3.39ddt 3.05,2.65(2mc, 2 H, 5-H)
(trans) 9) @ (2.5,9) 2.17 (s, 3H, SMe)
25b 5.92 me 5.79 me 5.42 2.99 se) 3.59 ddt 3.0-25(m, 1 H, 5-H), 2.4-2.0
(trans) (10) (1,4,10) (m, 1 H,5-H), 1.38, 1.13 (2,
6 H, 2 Me), 3.49 (s, 1 H, OH)
26a 5.99 me 5.69 4.99 mg 2.71¢) 2.81 1.81 (mg, 1 H, 5-H)
(cis) (2, 6) (7) 0.00 (s, 9 H, SiMe3)
26b d d) q 2.40€) d) 9
(trans) 7
27b 5.83 m¢ 5.60 m¢ 5.35¢) 2.85s¢) 341dd 3.50(s, 1 H, OH), 1.80 (mc,
(trans) (9) 4, 9) 1H,5-H),1.33,1.06 (2s,6 H,

2 Me), 0.05 (s, 9 H, SiMeg)

% All compounds: § = 7.7,7.4(2 m,, 2H, 3Hci Ph). — Y Multiplicity of the signal if not indicated; values in parentheses: coupling constants

in Hz. — 9 With further fine coupling. — % Not identified. — 9 Broadened signal. — " Signal hidden, but >0.2 ppm at higher field
ppP

compared to 4-H of 23a.

Table 11. BC-NMR data (5, multiplicity) of bicyclic 1,2-oxazines 3 and 22a—27b?

Compound  C-3 Cc-7 C-6 C-7a C-5 C-4a C-4 Other Signals
S d d d t d d
3 169.8 137.00) 128.00) 84.7 36.6 39.6 26.7 1 -

22a (cis) 169.6 136.7b) 128.4D) 845 39.3 363 26.3m -

23a (cis) 173.7 136.80) 128.9b) 850 345 404 299 132 (q, Me)
23b (trans) 170.6 136.2b) 129.2b) 833 396 422 328 17.7 (g, Me)
24a (cis) 169.3 137.7D) 130.3b) 844 359 402  39.4 16.6 (3, SMe)
24b (trans) 165.4 135.4D) 130.4d) 83.1 40.0 417 400 15.7 (g, SMe)
25b (trans) 1715 136.2b) 128.7D) 857 495 361  30.0 73.5 (s, COH), 29.3, 26.3 (2 q, Me)

26a (cis) 170.0 138.70) 130.00) 85.1 43.1d 39.4 27.0m -3.3 (q, SiMeg)

27b (trans) 172.3 138.9b) 130.3b) 86.6 50.4d 44.0 39.4 73.5 (s, COH), 30.1,27.6 (2 q, 2 Me)
-3.3 (q, SiMeg3)

? Signals of the phenyl group: § = 13641358, 1 s, 129.6—125.4, 3 d. — ¥ Assignment ambiguous; signals are exchangeable.
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dry diethyl ether was stirred with LiAIH, (59 mg, 1.50 mmol) at
room temp. for 16 h. After slow addition of water {10 ml) the mix-
ture was extracted with dichloromethane. Drying (MgSO,) and con-
centration of the organic extracts provided the amino diol 35
(0.243 g, 79%) as yellow oil (diastereomeric ratio > 90:10), which
could not be purified without decomposition. — 'H NMR (CDCl,,
300 MHz): 6 = 7.6, 7.3 (2 m,, 2H, 3H, Ph), 4.66 (broad s, 1H,
CH—N), 3.52 (m,, 1 H, CH—0), 1.91 (broad s, 3H, OH, NH,), 1.8,
1.28 (2 s, 6H, 2 Me), 1.38—1.20 (m, 3H, CH, CH,), 0.68 (d, J = 6.5
Hz, 2H, CH,Si), 0.05 (s, 9H, SiMe;). — "*C NMR (CDCly): § =
1452, 128.8, 1274, 126.0 (s, 3 d, Ph), 72.3 (s, HOCMe,), 70.1 (d,
HOCH), 55.5, 49.8 (2 d, CHNH,, CH), 35.3, 28.4 (2 t, 2 CH,), 29.9,
29.0 (2 q, 2Me), —1.3 (q, SiMc;).

For the synthcsis of 36, a solution of 8a (0.293 g, 1.00 mmol) was
treated with LiAlH, as described, but concentrated HCI (10 ml) was
slowly added for the workup. The mixture was stirred at room temp.
for 2 h, diluted with water, and extracted with tert-butyl methyl
ether. The organic phase was stirred with sodium hydroxide pellets
(2 g), filtered, and concentrated. Distillation (100°C/0.02 Torr) pro-
vided 0.145 g (66%) of 36 as colorless oil {ratio of diastereomers
90:10). — "H NMR (CDCl, 300 MHz): § = 7.20 (m,, SH, Ph), 4.10
(m,, 1H, 5-H), 3.78 (d, J = 9 Hz, 0.9H, 3-CH, major isomer), 3.68
(d,J =9 Hz 0.1 H, 3-CH, minor isomer), 2.3 (m., 1 H, 3-H), 2.2 —1.0
(m, 4H, 4-H, NH,), 1.25 (d, J = 6 Hz, 2.7H, 5-Me, major isomer),
120 (d, J = 7 Hz, 0.3H, 5-Me, minor isomer), 1.08, 0.71 (25, 2.7H
each, 2-Me, major isomer), 1.04, 0.62 (2 s, 0.3H each, 2-Me, minor
isomer). — ">)C NMR (CDCl,, values of the minor isomer in par-
entheses): 8 = 144.3, 128.5, 127.5, 126.5 (s, 3 d, Ph), 79.6 (81.0) (s,
C-2), 71.5 (69.8) (d, C-5), 56.5, 56.0 (57.2, 54.2) (2d, C-3, 3-C),
38.3 (37.2) (t, C-4), 29.2, 24.8, 23.1 (3 q, 2-Me, 5-Me¢). — IR (film):
v = 3600~—3200 ¢cm~! (NH,), 3100—3000 (=C— H), 30002800
(C—H).

CisHNO (219.3) Caled. C 76.67 H 9.65 N 6.39

Found C 76.65 H 9.83 N 5.78

CAS Registry Numbers

1: 109925-98-6 / 3: 79894-87-4 / 4: 124462-62-0 / Sa: 115117-
93-6 / 6a: 115117-95-8 / 7a: 115117-97-0 / 8a: 115117-99-2 / 9a:
115118-01-9 / 10a (isomer 1): 115183-53-4 / 10a (isomer 2): 115118-
05-3 / 10b (isomer 1): 115183-55-6 / 10b (isomer 2): 115183-54-5 /
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03-3 / 24a: 128710-05-4 / 24b: 128779-04-4 / 25bh: 128710-06-5 /
26a: 128710-07-6 / 26b: 128779-05-5 / 27b: 128710-08-7 / 28:
59239-04-2 / 31: 17180-49-3 / 32: 128710-19-0 / syn-34: 128731-
84-0 / anti-34: 128710-22-5 / 3§ (isomer 1): 128779-06-6 / 35
(isomer 2): 128710-21-4 / 36 (isomer 1): 128710-20-3 / 36 (isomer 2):
128710-23-6
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