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A study of the reactivity of 2-substituted 1,3-biiemes with nitrosocarbonyl compouridsthe
4+2 cycloaddionhas been carried out showing that the regioselbctimvolves a delical
balance of steric and electronic effects. 2-Ana-tiutadienes favothe distal isomer with tt
magnitude of preference ranging from 4:1 to 15eteling on the nature of the nitrosocarb
group. However, when bulky @ubstituted dienes are used the proximal isomeborisiec
preferentially. The results obtained, together wijthevious theoretical calculations and
experimental data, provide further data to aidyimtisetic planning.
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Introduction

Transformations that simultaneously construct catbo
nitrogen and carbon—oxygen bonds are essentiatfeamlining
the synthesis of natural products and pharmacdiyticalevant

substrate and more studies are necessary to helfitate
predictability, specifically for the nitrosocarbdniiels—Alder
reaction. In the present article, we wish to repartsiudies with
a range of both nitrosocarbonyl compounds and 3tguted
dienes.

agents. In this regard, hetero-Diels—Alder reactions between

nitroso compounds and dienes have played an impontde in

organic chemistry since their discovery in 184The oxazine
scaffold, which results from the [4+2] cycloadditiserves as a
strategic intermediate for the synthesis of a wilege of natural

products’ For example, cleavage of the N-O oxazine bond

results in a skeleton with a 1,4-relationship betwienalcohol
and amine substituents, which are valuable for

of unsymmetrical dienes, such as 2-substitutedbitadiene,
necessitates regiocontrol for this transformation be truly
synthetically useful because the nitroso [4+2]-ogddition can
provide two regioisomers. Figure 1 shows the regiodbal

outcome for 2-substituted dienes. When the 2-sulesti is close
to the oxygen heteroatom of the oxazine addustr¢ferred to as
the proximal isomer and when the 2-substituentlasecto the
nitrogen heteroatom of the oxazine adduct it iemrefl to as the

distal isomer.
R 0 [4+2] R1'/_\o R’ _R?
+ N\ 2 —_— > | | + | 'I‘
X R cycloaddition N. 2 o
distal isomer

proximalisomer
Figure 1. Regioselectivity of nitroso-Diels—Alder reactiong&w2-substituted
dienes.

Several groups have
regiocontrol of the nitroso-Diels—Alder (NDA) reactiarsing
both computational and experimental studiés. can be seen by
Scheme 1 the regioselectivity for 2-substitutechdgecan depend
on a combination of both steric and electronic&fen both the
nitroso and the diene partners. Using FMO and DFJutations,
as well as experimental data accumulated from teeatire,
Houk and co-workers proposed a general rational
regiochemical preference for various monosubsulistitdienes,
including 2-substituted dienes, and nitroso sour(®sheme

1a)®*****They showed that the principle interaction is betwee

the HOMO(diene) and LUMO(nitroso heterodienophile) #rat

there is a strong preference for an endo transistaie. In
general, for 2-substituted dienes the HOMO shouldehis

largest coefficient at the C1-position and henke,distal isomer
is typically expected (Scheme 1b). However, as sgeBcheme
1c using an electron-rich diene in combination vethelectron-
poor aryl nitroso compound favors the proximal isorf

Furthermore, Whitting and co-workers recently reporthat the
magnitude of preference for the proximal vs. dissamer can
also depend on the nature of the nitroso gr8iimr example, the
reaction of nitrosoformate (Scheme 1d) and nitrosoémide
(Scheme 1e), generated in situ through a coppatyzad

aerobic oxidation, with 2-methyl-1,3-butadiene galistal and
proximal isomers with a preference for the distairfahat varied
from ~1.7:1 to ~4.6:1 depending on the nature @& titroso
compound. Finally, Boger and co-workers showed thetics
effects are also important in governing regios@légt(Scheme
2f).>° Because there is a significant unfavorable int&ac
between the nitrogen lone pair with thelectrons of the electro
rich diene, the endo transition state is favofedihis exo lone
pair effect causes the diene to be in close prayirto the

nitrogen substituent and if the steric interactignlarge the
proximal isomer can be favored. It is clear that thgiochemical
preference for the NDA reaction can vary from substri@

&urth
elaboration-** However, like many heterocycloadditions, the use

independently reported on th

o
Me 1l H |
N N. [4+2]
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A o cycloaddition
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+
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Scheme 1Literature examples of regiochemical studies ferrtiroso-
Diels—Alder reaction with 2-substituted dienes.

Results and Discussion

We chose to study 2-aryl-1,3-butadienes initialiytlzey avoid
the potentially competing nitrosocarbonyl ene reactdue to
their lack of allylic protoné. To generate the nitrosocarbonyl
compound in situ we employed our previously developepper-
catalyzed aerobic oxidation conditions (20 mol% G&BCmol%
pyridine)7#4 |nitially a solvent and ligand screen were
conducted using 2-aryl-1,3-butadiehand N-hydroxycarbamate
2 (Table 1) and in all cases we observed a preferéorcéhe
distal isomer. The regioselectivity was determineth e aid of
HSQC and™N HMBC. The reaction solvent and ligand for
copper showed a modest influence on the overall yiél the
NDA reaction, but had little effect on the observed



regioselectivity. This is consistent with previoussults and
supports a transition state with little polar chazat®>

Table 1 Optimization screen for NDA reaction.
20 mol % CuCl

MeO
OH 5mol % pyr Ar o Ar _CO,Bn
+HN.__OBn———> || | + | N
~ X solent, air, it N<co.n o
o

proximal isomer  distal isomer

1 2 3 3a
Ar = p-OMePh
Entry Solvent Ligand % Yield  Proximal : Distal

1 toluene pyridine 61 1:14
2 MeOH pyridine 61 1:15
3 2-Me THF  pyridine 71 1:15
4 THF pyridine 85 1:15
5 THF ethyl oxazoline 78 1:15
6 THF ethyl nicotinate 58 1:14
7 THF bipyridyl 60 1:15

We next evaluated the electronic effects of theil?sttuent of
the 1,3-butadiene on regioselectivity usiNghydroxycarbamate
2 as the nitroso precursor (Table 2, only major risgimer
shown). Based on Houk’s model one would predict thatistal
isomer would be preferred as the group at the 2tipasi
increases in electron density because the interatitween the
HOMO(diene) and LUMO(nitroso heterodienophile)

maximized®® This trend was observed in our experimental
results. Electron donating aryl groups give thehbig preference

for the distal regioisomer with selectivities up 18:1, while
electron withdrawing aryl groups show a lower prefeecioc the
distal regioisomer with selectivities dropping to 14:

Interestingly, theo-methoxy aryl group1(1) resulted in a modest

4:1 selectivity despite being electronically similao the

Table 2 Scope of nitrosoformate hetero-Diels—Alder
reaction with a range of 2-substituted 1,3-butaelen

oH 20 mol % CuCl
R 1
+ HN___OBn
Ty

) R1 1
5 mol % pyr t? . Rm\A/N/Cbz
R 3 |
THF, air, rt N\cbz o

proximal isomer  distal isomer

5 2 6 6a
Distal isomer favored for 2-aryl and 2-alkyl 1,3-butadienes
OMe
MeO o o i
| II1 J‘I\OBn N JI\OBn | lll OBn
o | o o
7 8 9

90% 78%
15:1 9:1
distal : proximal distal : proximal

F3;C o OMe 0 o
A Loan Mo
N~ 0Bn N~ oBn | N oen
| ! | ! o
o o
1"

10 12¢

88% 92% 48%

4:1 4:1 2:1
distal : proximal distal : proximal distal : proximal

82%

9:1
distal : proximal

a When 2-methyl 1,3-butadiene was used a 38% yield of the nitrosocarbonyl!
ene product was also isolated.

Proximal isomer favored for bulky 2-alkyl 1,3-butadienes

oTBS
OTBS oH 20 mol % CuCl

| 5 mol % pyr Me
Me + HN___OBn

Sl

14 2 14
77%
1:13
distal : proximal

|9
THF, air, rt NTO
(o]

Bn (eq. 1)

To further study the regiochemical outcome of the NDA

p-methoxy aryl group @). Presumably, the reduced selectivity reaction, we next evaluated the effects of the Nssutent of the

results from allyic strain that causes the aryyria rotate out of
conjugation with the diene in the reactsreis conformation thus
reducing electron density on the alkene and minimgizthe
electronic preference for the distal isomer. Cdesiswith the
literature, 2-methyl-1,3-butadiene gave only ahgligreference
for the distal isomer (2:1, distal:proximal) andresocarbonyl
ene adduct was also observed in 38% ﬁ%lblowever, in the
case of a bulky 2-substituent the proximal isomes fi@med
preferentially (eq. 1). Of note, no nitrosocarbompyle reaction
was observed for this example. This highlights thtatics can
override the electronic preference for the distabmer.
Presumably, the reversal in selectivity is due tdawvorable
interactions between the bulky group of the diene #me
nitrosocarbonyl in the preferred endo transiticatest While the
exo transition state would lead to the distal isgntéis is
unlikely due to the exo lone pair effect and hetiez proximal
isomer is favored in this case.

nitrosocarbonyl compound on the reaction (Table IBitially,
using neutral 2-phenyl-1,3-butadiene, which gave rage
regioselectivity for the distal isomer (9:1), we kesded three
different formate groups (Cbz, Troc, and Boc) oa tiitrogen
substituent of the nitrosocarbonyl (Table 1), 19, and 20).
While N-Troc protected hydroxylamine gave compagatggrees

of regioselectivity to N-Cbz (8:1 and 9:1, respeslly), switching

to the bulky N-Boc group caused a significant digelectivity
from 9:1 to 3:1. These results show that steric ctdfeof the
nitrosocarbonyl compound influence the regioseléygti and
should be considered at the design stage. In th&e,cwe
speculate that the drop in selectivity is due tdavorable
interactions of the @ert-butyl group of the nitrosocarbonyl and
the phenyl substituent of the diene in the preterendo
transition state. Next, we investigated the use of
nitrosoformamide derivativeswhich provided the highest
selectivity for Whiting and co-workers with 2-methlyl3-
butadiene (Scheme 1e vs. Scheme *1dh the presence of
electron richp-methoxy aryl group, mixed results were observed
with the preference for the distal isomer varyingnir20:1 (9),
which was an improvement compared to Cbz-nitrosofteni@a
15:1), to 9:1 20). Switching the methoxy group on the aryl ring
to themeta-position decreased the selectivity from 9:1 tdoas

as 4:1 compared to the analogous nitrosoformtates (21-23).
However, with electron deficienp-CFs-aryl group a notable
increase in selectivity was observed with the foramatdf 24,
while adduc®5 was isolated in with a similar distal preference as
the corresponding N-Cbz addudi0. When 2-methyl 1,3-
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butadiene was employed improved
workers results. Finally, the use of bulky 2-sulbgit 1,3-dienes
were studied with Cbz, Troc, and Boc nitrogen pregct
nitrosocarbonyl compoundsl4, 28, and 29). Similar to our
previous results, these reactions were highly se&edor the
proximal isomer with selectivities up to 1:17. Howevenlike
the 2-aryl substituted dienes, the selectivity waproved when
bulky N-Boc group was used.

Table 3. Scope of nitrosocarbonyl hetero-Diels—Alder
reaction with a range of 2-substituted 1,3-butaelien
20 mol % CuCl

R’ ?H ) 5 mol % pyr
+ HN___R
< \ﬂ/ THF air, rt C \C:
o
proximal isomer  distal isomer
5 15 16 16a

Distal isomer favored for 2-aryl and 2-alkyl 1,3-butadienes

QI:NJOJ\ | Nj’\o/\ca3 %Ni J<

82% 81%
9:1 8:1
distal : proximal distal : proximal

77%
3:1
distal : proximal

OMe
MeO MeO
o) o)
NJ\NH NJ\NHBn j\
| : | N7 NH,
o o | s

86%
20:1
distal : proximal

59%
9:1
distal : proximal

82%
4:1
distal : proximal

OMe OMe
F1;C
o o 3 o
| rqu]\NHBn | rIJJ\NHPh | rIJJ\NHZ
o o (0]

77%
7:1
distal : proximal

262
20%
4:1
distal : proximal

64%
4:1
distal : proximal

72%
15:1
distal : proximal

(o]
M
X | IIIJLNHBn
(o)

272
33%
5:1
distal : proximal

58%
4:1
distal : proximal

Proximal isomer favored for bulky 2-alkyl 1,3-butadienes

OTBS OTBS OTBS

Me | (I) Me | (I) Me | ?
N OBn N 0. CCl N (o]
DR 1K
(o] o (o]
14 28 29

77%
1:13
distal : proximal

88%
1:13
distal : proximal

81%
1:17
distal : proximal

a8 When 2-methyl 1,3-butadiene was used the ene adduct was also isolated
(26 = 10% and 27 = 12%, respectively).

Conclusion

In conclusion, this study revealed that the hef@ieds—Alder
cycloaddition of nitrosocarbonyl compounds and Bssiuted
1,3-butadienes can afford either the distal or jonak isomer

regioselectivity wagreferentially. The factors governing the regioseléty depend
observed Z6 and 27), which is consistent with Whiting and co-

on the both the steric and electronic effects dhltbe diene and
nitroso reagent. With aryl groups at the 2-posititime distal
isomer is always favored but the ratio can varyetheling on the
sterics of the formate group appended to the mit@adonyl. In
this case, N-Boc gave the lowest selectivity. While
nitrosoformamides consistently afforded oxazineuatkl with a
preference for the distal isomer, the factors gowver the
selectivity was less predictable. This work alsoveta that the
proximal isomer is favored when a bulky 2-subsgitlitl,3-
butadiene is used. In general, the results caatimnalized using
Houk’s model where there is a strong preference Her endo
path and the regioselectivities of 2-substitutezhds involves the
delicate balance of stereoelectronic effects. Hsalts presented
will help aid in synthetic planning and provide fuet examples
to strengthen the predicted outcome of the nitradmmnyl
hetero-Diels—Alder reaction.

Experimental section

General Procedure To a stirred solution of hydroxamic acid
(1 equiv) and 2-substituted-1,3-butadiene (1.2\9qoi THF (0.1
M) was added 20 mol % CuCl and 5 mol % pyridine. The
reaction was stirred at room temperature open toatheintil
complete by TLC. Uporompletion, the reaction was quenched
with EDTA (0.5 M, pH 7.0), diluted with ethyl acetatad stirred
until color no longer persisted in organic laygogeox. 30 min).
The reaction waextracted with ethyl acetate three times and the
combined organic layers were dried over MgS®He product
was filtered and then concentratéd vacuo. The residue was
purified by columnchromatography to afford the corresponding
oxazine product.

Benzyl 4-(4-methoxyphenyl)-3,6-dihydro-2H-1,2-oxzei2-
carboxylatg(7):

According to the general procedure, oxazine prodidcisid
7awere isolated as a mixtu(@8 mg, 90%, 15:1fH NMR (600
MHz, CDCk) & 7.42 — 7.25 (m, 7H), 6.91 — 6.84 (m, 2H), 6.09 —
6.04 (m, 1H), 5.24 (s, 2H), 4.61 — 4.56 (m, 2H), 4-54.46 (m,
2H), 3.80 (s, 3H)**C NMR (151 MHz, CDCJ)) 5 159.6, 155.6,
135.9, 132.3, 129.5, 128.5, 128.3, 128.2, 126.8.111114.0,
68.8, 67.8, 55.3, 46.3R (thin film) 3041, 2933, 1706, 1608,
1515, 1455, 1346, 1283, 1246, 1182, 1095, 1032 i (ESI)
mvz 348.13 (348.12 calculated fokde;sNO,Na [M+Na]").

Benzyl 4-(3-methoxyphenyl)-3,6-dihydro-2H-1,2-oxzsei2-
carboxylate (8): According to the general procedure, oxazine
products8 and8a were isolated as a mixtu(@4 mg, 78%, 9:1).
'"H NMR (600 MHz, CDCJ) § 7.41 — 7.22 (m, 6H), 6.96 — 6.91
(m, 1H), 6.89 — 6.82 (m, 2H), 6.19 — 6.11 (m, 1H)45&, 2H),
4.62 — 4.57 (m, 2H), 4.52 — 4.48 (m, 2H), 3.80 (s,;3f) NMR
(150 MHz, CDC}) 6 159.8, 155.6, 138.4, 135.9, 132.9, 129.7,
128.6, 128.3, 128.2, 120.2, 117.3, 113.4, 110.9,687.8, 55.2,
46.3; IR (thin film) 3064, 2941, 2839, 1706, 1603380, 1430,
1346, 1289, 1211, 1171, 1098, 1050 cm-1; HRMS (ESH
348.1248 (348.1212 calculated for8,0NO,Na [M+Na]").

Benzyl 4-phenyl-3,6-dihydro-2H-1,2-0xazine-2-carplate
(9): According to the general procedure, oxazine pctsl9 and
9a were isolated as a mixture (25 mg, 82%, 9H)NMR (500
MHz, CDCk) & 7.45 — 7.25 (m, 10H), 6.23 — 6.18 (m, 1H), 5.27
(s, 2H), 4.65 — 4.60 (m, 2H), 4.57 — 4.52 (m, 2B, NMR (150
MHz, CDCkL) & 155.6, 136.9, 135.9, 133.0, 128.7, 128.6, 128.3,
128.2, 128.2, 124.9, 119.9, 68.8, 67.9, 46.3; H(film) 3033,
2906, 2849, 1704, 1497, 1408, 1347, 1221, 1098, &S (ESI)
m/z 318.12 (318.11 calculated ford8l;;NOsNa [M+Nal,).



5
Benzyl 4-(4-(trifluoromethyl)phenyl)-3,6-dihydro-2H2-  **C NMR (150 MHz, CDGJ)) & 155.0, 155.0, 137.2, 136.6,
oxazine-2-carboxylatél0): According to the general procedure, 134.6, 133.2, 128.7, 128.6, 128.0, 124.8, 124.8.112118.5,
oxazine productd0 and 10awere isolated as a mixtu(80 mg, 81.8, 81.8, 69.3, 68.2, 46.4, 45.2, 28.3, 28.36;2R (thin film)
88%, 4:1)."H NMR (600 MHz, CDCJ) 5 7.61 (d, J = 8.0 Hz, 3058, 2978, 2849, 1702, 1496, 1367, 1235, 11649 t8¢; MS
2H), 7.45 (d, J = 8.0 Hz, 2H), 7.42 — 7.30 (m, 5H)06:36.26  (ESI)m/z 284.13 (284.13 calculated ford8;gNO;Na [M+Na[’).
(m, 1H), 5.25 (s, 2H), 4.64 — 4.60 (m, 2H), 4.54 04§, 2H); 4-(4-Methoxyphenyl)-3,6-dihydro-2H-1,2-oxazine-2-

Mixture *C NMR (150 MHz, CDGJ)) & 155.5, 155.5, 140.3, ; : . .
139.9, 135.8, 133.8, 132.1, 130.1 Jcg 32.7 Hz), 128.6, 128.4 carboxamide 19): According to the general procedure, oxazine

= = ducts19 and 19a were isolated as a mixtuf@5 mg, 86%,
128.2, 128.2, 125.6 (q, = 3.7 Hz), 125.1, 123.9 (¢, = 272.2  Produ¢
Hz), 122.2, 120.5, 69.6, 68.6, 68.0, 68.0, 46.114BR (thin  20-1)- H NMR (600 MHz, CROD) 6 7.39 — 7.33 (m, 2H), 6.93

film) 3035, 2922, 2850, 1708, 1616, 1414, 1327, 7\16117, :12'387 (m’ZZHH)'36'7189 ‘65,1:)1(32* m)é“'fgo‘&ff’z@' 45’78‘
1071 cm; HRMS (ESN)mz 386.1095 (100%), 387.1143 (21%), 4:33 (M, 2H), 3.78 (s, 3H), ( z, CROD)

161.8, 161.1, 133.8, 131.0, 127.0, 119.3, 115.11,A@b.7, 46.1;
388.1161 (3%) (386.0980, 387.1014, 388.1047 caledldor P y ! ' ; : ’ ’
CuaHiF-NO:Na [M+Na]). IR (thin film) 3453, 3221, 2905, 1677, 1607, 151846, 1281,

1241, 1031 ci;, HRMS (ESI) miz 257.0966 (257.0902
Benzyl 4-(2-methoxyphenyl)-3,6-dihydro-2H-1,2-oxazi2-  calculated for GH,,N,OsNa [M+NaJ).
carboxylate(11): According to the general procedure, oxazine 4-(3-Methoxyphenyl)-3,6-dihydro-2H-1,2-oxazine-2-

products1l and 11a were isolated as a mixtuf@9 mg, 92%, - i . .
4:1). 'H NMR (600 MHz, CDCJ) 5 7.43 — 7.25 (m, 6H), 7.19 — carboxamide Z1): According to the general procedure, oxazine

i i 0,
7.14 (m, 1H), 6.96 — 6.84 (M, 2H), 5.95 — 5.91 (m,, 5523 (s, p!’OdliCtSZl and 21a were isolated as a mixtu@4 mg, 82%,
13 4:1).'H NMR (600 MHz, CQROD) & 7.25 (t,J = 8.0 Hz, 1H),
2H), 4.63 — 4.58 (m, 2H), 4.55 — 4.51 (m, 2H), 3.7.73@); ~°C
7.01 — 6.82 (m, 3H), 6.29 — 6.26 (M, 1H), 4.61 — 4156 2H),
NMR (150 MHz, CDC)) & 156.9, 155.6, 136.1, 133.8, 129.5,
4.38 — 4.34 (m, 2H), 3.79 (s, 3HJC NMR (150 MHz, CROD)
129.4, 128.6, 128.3, 128.2, 121.9, 120.9, 110.2,7%8.8, 67.7,
_ o 3 160.3, 160.0, 138.6, 132.9, 129.3, 120.1, 11618,1, 110.2,
55.4, 47.5;IR (thin film) 3064, 3033, 2943, 2838, 1727, 1706, _ o
. 68.6, 54.2, 44.7;IR (thin film) 3469, 3331, 2924, 1676, 1580,
1597, 1490, 1455, 1343, 1215, 1094 ¢kiRMS (ESmiz [ o0 70 ™ 00 Ve i g Vo o (ESI) mi> 257.0066
348.1326 (348.1212 calculated for8,0NO,Na [M+Na]"). : ’ ’ ’ '

(257.0902 calculated for,@4,,N,0;Na [M+Na]").
Benzyl 4-methyl-3,6-dihydro-2H-1,2-oxazine-2-carbiate . .
(12) and benzyl hydroxy(2-methylenebut-3-en-1-yl)canbte 5 N-Eenzyl_—g-(&;n.eth(X(yphz_nyl)-::;,6-?r|]hydro-2H-|1,2-omc-j
(S-6): According to the general procedure, oxazine prodl2ts -car oxam:j eéz)' dz(;cor ng OI i oT genergt pécice ure,
and 12a were isolated as a mixtu(@2 mg, 48%, 2:1) separate oxazmg pr? uctaz an awere isolated as a mixtu(81 mg,
1 77%, 7:1)."H NMR (600 MHz, CDCJ) 4 7.38 — 7.23 (m, 6H),
from carbamate produ@&-6 (49 mg, 38%).(12): '"H NMR (600
7.03 - 6.82 (m, 3H), 6.19 — 6.15 (m, 1H), 4.59 — 4156 2H),
MHz, CDCL) 6 7.40 — 7.27 (m, 5H), 5.54 — 5.47 (m, 1H), 5.20 (s, ¢
~ '4.49 (d,J = 5.8 Hz, 2H), 4.47 — 4.44 (m, 2H), 3.81 (s, 3Hg
2H), 4.40 — 4.34 (m, 2H), 4.02 — 3.98 (m, 2H), 1.723H);
.1 NMR (150 MHz, CDC)) 6 159.8, 158.6, 138.7, 138.7, 133.8,
(122):'H NMR (600 MHz, CDCY) 8 7.40 = 7.27 (m, SH), 5.54 = 129.6, 128.7, 127.7, 127.4, 119.9, 117.5, 113.6,8.169.3, 55.3
5.47 (m, 1H), 5.20 (s, 2H), 4.28 — 4.24 (m, 2H), 4-12.06 (m, . . ) o - -y hy gy

2H), 1.64 (s, 3H)Mixture: °C NMR (150 MHz, CDCJ) 5 155.6, ‘1‘2'331’ 4L1L20§|§ (igggf”?)ojg%%sg?eihszg?é|28r$v7' éi;oi 417%23'
1555, 136.0, 136.0, 131.5, 130.1, 128.5, 128.8.212128.1, ’ ! ! : (ESI) mz 347.

128.1 118.0, 116.2, 71.6, 68.5. 67.7, 67.7, 4815, 10.7 18.3. (3471372 calculated forigH,0N,0sNa [M+Na]).

. . . 4-(3-Methoxyphenyl)-N-phenyl-3,6-dihydro-2H-1,2-oxae-
Benzyl 4-(1-(fert-butyldimethylsilyl)oxy)ethyl)-3,6-dihydro- . ! .
2H-1,Z-gxazirEe-(Z(-carbozylatelc()Y AZc)or(;li)ng 3{0) the ggneral 2-carboxamid€23): Accord[ng to the genera_ll procedure, oxazine
procedure, oxazine products? and 14a were isolated as a products23 and 23a were isolated as a mixtuf@5 mg, 64%,

. 1,
mixture (95 mg, 77%, 1:13)'H NMR (600 MHz, CDC}) 5 7.39  +:1)- H NMR (600 MHz, CDC)) 6 7.73 (s, 1H), 7.55 — 7.26 (m,

—7.27 (m, 5H), 5.67 — 5.62 (m, 1H), 5.20 (s, 2H)64-4.39 (m, gn) Zéé - %ilg(m' 4;&' 6'3252‘ 61;};2 ;K‘A)F'e“'gb%'gm'
2H), 4.25 (qJ = 6.6 Hz, 1H), 4.14 — 4.10 (m, 2H), 1.19 &= ), 4.53 — 4.49 (m, 2H), 3.82 (s, ( z,

6.5 Hz, 3H), 0.86 (s, 9H), 0.03 (s, 3H), 0.01 (s, 3R NMR CDCl) 6 160.0, 155.7, 138.7, 138.0, 133.9, 129.9, 1298,2],

(150 MHz, CDCY) 5 155.5, 139.8, 136.0, 128.5, 128.2, 128.1,123.7, 119.8, 119.5, 117.7, 113.8, 111.0, 77.29,855.5, 45.9;
115.0, 69.3, 68.4, 67.7, 44.6, 25.7, 23.2, 18.B,4.9;IR (thin < (thin film) 33%1' 3063, 2920, 2837, 1675, 153246, 1288,
film) 3066, 2955, 2856, 1712, 1343, 1214, 1088'cMS (ESI) 12|°8’| tlgio om NHS'\,QS ,\(/E,S\l')rmlz 333.1364 (333.1215
m/z 400.21 (400.19 calculated fopdEl3;NO,SiNa [M+NaJ). calculated for GeH1sN,OsNa [ aJ).

2,2,2-Trichloroethyl 4-phenyl-3,6-dihydro-2H-1,2amine-2- 4-(4-(Tr.ifluoromethyl)p.henyl)-3,6-dihydro-2H-1,2-axine-2-.
carboxylate 17): According to the general procedure, oxazinecarboxam'de ). Accordlng.to the general procedure, oxazine
products 17 and 17a were isolated as a mixture (§481%, products 24 and 24a were isolated as a mixture (A9972%,
8:1)."H NMR (600 MHz, CDCJ)  7.38 — 7.28 (m, 5H), 6.22 — 15:1). 1H NMR (600 MHz, CD30Dj 7.67 (d, J = 8.5 Hz, 2H),

6,16 (. 1H), 4.84 (5. 2H). 4.60 - 4.65 (m. 2H). 46457 (m. 764 (. 3 = 85 Hz, 2H), 650 — 646 (m, 1H), 4.62.62 (m,

>4 Ho1. 2H), 4.46 — 4.41 (m, 2H); 13C NMR (150 MHz, CD30B)
2H); ¥C NMR (150 MHz, CDCJ) & 153.6, 136.7, 132.8, 128.8,

. 160.3, 140.9, 131.9, 129.45 (q, J = 32.3 Hz), 12%RQ = 3.8

1283, 124.9, 119.7, 95.1, 75.1, 68.9, 46.2; IRn(ftim) 3059, 1003 409, 1319, 12949 (4, 4 = 32.3 Ha). 128RT = 3¢

2055, 2851, 1745, 1720, 1496, 1436, 1347, 12294 taf: Ms 12 125.0, 122.6, 121.0, 68.6, 44.5. IR (thin fil8)20, 3192,

(ESI) miz 357.99 (100%), 359.99 (95%), 361.98 (33%) (357.98200% 2846, 1638, 1592, 1326, 1171, 1128, 1070 CchSI(ESI)
550,98, 361 97 caiculated TopBLCNONa [MNAL) m/z 295.06 (100%), 296.07 (25%), 297.07 (6%) (285296.07,

297.08 calculated for gH,;F;N,O,Na [M+Na]").
tert-Butyl 4-phenyl-3,6-dihydro-2H-1,2-oxazine-2roaxylate . .
(18): According to the general procedure, oxazine pctsiil8 1 ZN-Ber!zyl-;1-(4-(l;r|fluor%metg)gl)p:enyl()j-s,6-<:ti|hy?hro-ZH- |
and 18a were isolated as a mixture (70 mg, 77%, 3NMR ,2-oxazine-2-carboxamide (25):According to the genera

600 MHz, CDCJ) § 7.38 — 7.23 (m, 5H), 6.19 — 6.15 (m, 1H), procedure, oxazine producZ5 and 25a were isolated as a
2160 _ 455 (mq%H) 446 — 4 42( (m 2&) 151 (s '9Hi§<ture ) mixture (118 mg, 58%, 4:1}H NMR (600 MHz, CDCJ) § 7.61
' ' ' " ' ’ T " (d,J=8.2 Hz, 2H), 7.49 (d] = 8.1 Hz, 2H), 7.40 — 7.25 (m, 5H),
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6.28 — 6.24 (m, 1H), 6.18 — 6.13 (br, 1H), 4.62 -6415, 2H),
451 — 4.48 (m, 2H), 4.47 — 4.44 (m, 2HC NMR (150 MHz,
CD;0D) 4 159.4, 140.9, 139.4, 131.9, 129.34 Jor 32.2 Hz),
128.0, 126.9, 126.7, 125.19 @~ 3.7 Hz), 125.0, 122.6, 68.7,
45.3, 43.0JR (thin film) 3435, 3342, 3032, 2891, 2844, 1674,
1525, 1326, 1166, 1116, 1071 &mMS (ESI) m/z 386.11
(100%), 387.12 (24%), 388.12 (7%) (385.11, 386.387.12
calculated for GH;-FsN,O,Na [M+NaJ).

4-Methyl-3,6-dihydro-2H-1,2-oxazine-2-carboxamide 26)(
and 1-hydroxy-1-(2-methylenebut-3-en-1-yl)urea (S-12:
According to the general procedure, oxazine prodz@éend26a
were isolated as a mixtu(84 mg, 20%, 4:1) separate from urea
productS-12(20 mg, 10%)'H NMR (600 MHz, CQOD) § 5.60
—5.53 (m, 1H), 4.39 — 4.33 (m, 2H), 3.89 — 3.852ht), 1.74 (s,
3H); ®C NMR (150 MHz, CQOD) 6 160.2, 130.2, 117.7, 68.2,
46.8, 18.44R (thin film) 3335, 2853, 1668, 1584, 1440, 1102 c
L MS (ESI) m/z 165.06 (165.06 calculated forghdN,O.Na
[M+Na] .

N-Benzyl-4-methyl-3,6-dihydro-2H-1,2-oxazine-2-
carboxamide Z7) and 3-benzyl-1-hydroxy-1-(2-methylenebut-3-
en-1-yl)urea $-13: According to the general procedure, oxazine
products 27 and 27a were isolated as a mixture @389, 5:1)
separate from urea product S-13 (16 mg, 12%). (27)NMR
(600 MHz, CQOD) & 7.61 — 7.56 (br, 1H), 7.31 — 7.24 (m, 5H),
5.58 — 5.52 (m, 1H), 4.35 (s, 2H), 4.35 — 4.33 (m,, 239 —
3.85 (m, 2H), 1.73 (s, 3H); (27dH4 NMR (600 MHz, CROD) &
7.61 — 7.56 (m, 1H), 7.24 — 7.16 (m, 5H), 5.58 — 5152 1H),
4.36 (s, 2H), 4.30 — 4.23 (m, 2H), 3.95 — 3.90 (m,,2HH5 (s,
3H); Mixture: *C NMR (150 MHz, CQOD) & 159.4, 159.3,
139.6, 139.5, 131.6, 130.3, 128.0, 126.8, 126.%.6.,2126.6,
117.8, 116.3, 71.5, 68.3, 47.6, 43.9, 43.0, 428€5,116.8; IR
(thin film) 3444, 3030, 2914, 1658, 1524, 1496, 243206,
1105, 1059, 1027 cy MS (ESI)mz 255.11 (255.11 calculated
for CigH1gN,O.Na [M+NaJ).

2,2,2-Trichloroethyl 4-(1-(ért-butyldimethylsilyl)oxy)ethyl)-
3,6-dihydro-2H-1,2-oxazine-2-carboxyla8]: According to the
general procedure, oxazine produ28and28awere isolated as
a mixture (69 mg, 88%, 1:13)'H NMR (600 MHz, CDCJ) &
5.71 — 5.66 (m, 1H), 4.81 (d,= 3.3 Hz, 2H), 4.52 — 4.50 (m,
2H), 4.28 (q,J = 6.4 Hz, 1H), 4.23 — 4.18 (m, 2H), 1.22 {d=
6.4 Hz, 3H), 0.87 (s, 9H), 0.05 (s, 3H), 0.03 (s, 3B NMR
(150 MHz, CDC}) 8 153.5, 139.8, 120.5, 114.6, 75.0, 69.3, 68.6,
25.7,23.2,18.1, -4.8, -4.1R (thin film) 2956, 2857, 1724, 1440,
1213, 1112 city, MS (ESI) m/z 440.07 (99%), 442.07 (100%),
444.07 (36%) (440.06, 442.06, 444.05 calculated for
C15H,¢CIsNO,SiNa [M+Na]).
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