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ARTICLE INFO ABSTRACT
Article history: Functionalized 1,2-oxazinanes aiateresting and valuable heterocycles with poté¢
Received applications in synthetic and medicinal chemisfnstraightforward strategy for quickceess t
Received in revised form unprecedentedrans-4-hydroxyl-5-azido/cyano/amino 1,2-oxazinanes developed:N-COR
Accepted 3,6-dihydro- 1,2-oxazine oxides are prepared witheefrom related dihydro- 1(®azines ar
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Keywords: group can be removed under mild conditions to mieviighly desirable NH 1,8xazinane
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1. Introduction Doyle and co-workers developed transition metal yaéal

. i N formal [3+3] cycloadditions of enoldiazo compoun@swith
1,2-oxazinane or alternative tetrahydro 1,2-oxaifne class pitrones to generate multiple substituted 3,6-dibyH2-

of unique six-membered heterocycles containing @aoeyclic  ;axines7 which can be converted into related 1,2-oxazinanes
N-O moiety which can be found in several bioactiveursdt readily™ As pioneered by Yamamoto grolfl, domino
. 2 - E)
products and synthetic moleculésas exampled byR900482”  cactions enabled by enamine catalysis also provViatgle
FR66979" and their derivativeBK 973, FK317" (not shown),  accesses to 1,2-oxazinanes. Enantiomeric pure xa2aneslO
Phyllantidine® Alsmaphorazine A/B!" (Figure 1). It is also a yere synthesized efficiently in Zhong's laboratohyough L-
useful in]termediate in synthesis particularly for4-amino proline catalyzed reaction of ena@swith nitroso arenes.””
A .
alcohols. Baidya and colleagues were able to convert tlahnd nitroso

Recently, the synthesis of 1,2-oxazinane attracte@ompounds8 into optically pure oxazinanek in one pot by
considerable attention and several elegant methasde been USing L-proline as enamine catal{ét.A dual-organocatalyst-
developed. Roughly, these methods fall in two cafegp Promoted asymmetric cascade devised by Sun andgidop
namely (formal)/[3+3] cycloadditions of nitronels with a 3-  realized rapid construction of densely functiorediz 1,2-
carbon synthor2, 4 or 6 (Scheme 1a) and amine catalyzed©xazinanesl6é via sequential _assemlljgllng & with aliphatic
aldehyde a-oxyamination-cyclization casacade with nitroso aldehydesi3, enals14, aryl aminest5."* Additionally, several
compounds (Scheme 1b). Archamiddaand Rawal® groups Other elegant yet related methods appeared in iteeatlre
disclosed conditions that promoted [3+3] cycloaddibf nitrone ~ include Yu's catalytic asymmetric intramolecular ddhael
1 with oxyallyl cations in situ generated from cyddicyclic o- addition approacﬁi] Albrecht’'s domino aza-Michael/Michael
tosyloxy ketones2, achieving functionalized 1,2-oxazinangs ~addition approach,’ and Pagenkopf's [4+2i cycloaddition  of
Since reported by Kerr et al in 2083, Lewis acid promoted donor—acceptor cyclobutanes with nitrosoareffes.

[3+3] cycloaddition react;cj)[n of nitrpnes_with_gji)é]clopropane% However, these methods still suffer from imperfectieuch
has been advanced gre fﬂ/,espemally in Sibr™ and Tan{j as narrow substrate scope and limited product subeti
laboratories with respect to asymmetric catalytision that give patterns, especially removal of the unavoidablel aryalkyl

rise to enantiomerically pure poly-substituted @@zinanes.  group from Nitrogen would encounter extraordinaryfidifities.

OCorresponding author. e-mail: shenmh@cczu.edudy®@cczu.edu.cn.
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Scheme 3. Proposed strategy for functionalized 1,2-
ozaxinane synthesis from -dihvdrc-1,2-oxazine

Therefore complementary strategy that can provideeh1,2-
oxazinanes in efficient manner is highly demand&tle
envisioned that simpldN-COR dihydro-1,2-oxazine likel7,
readily obtained from [4 + 2] cycloaddition of acwitroso
compound with dienB? could serve as a facile starting point for
this purpose as alkene group can participate ierdéschemical
transformations. One straightforward approach iscigjadion of
17 followed by epoxide-opening using diverse nucletgzhio
afford 4,5-difunctionized 1,2-oxazinand®. Based on above
analysis, we initiated a research program at thisctdon and
report our preliminary results herein.

2. Results and discussion
2.1. Synthesis of N-COR-1,2-oxazine oxide

Our research began with the synthesidl€2OR 3,6-dihydro-
1,2-oxazine oxides8. Treatment of 3,6-dihydro-1,2-oxazitéa
with  mCPBA afforded 18a in 56% yield. Alternatively,

Qj a, m-CPBA or Q/\:VO
RTN b, NBS/ACOH R\H/N
o 17 NaOH/MeOH 5 18
R: Ph (17a/18a), 4-MeOPh (17b/18b), 2-BrPh (17c/18c), 4-CIPh (17d/18d),
4-CNPh (17e/18e), 4-NO,Ph (17f/18f), BnO (17g/18g), ‘BuO (17h/18h)
Scheme 1. Preparation NfCOR 1,2-oxazinane epoxide
Table 1. Conditions optimization for epoxide azicié
Bz. 2 o TMSN; (x equiv) Bz. OH Bz.
N cat* (5 mol%) :j\ j\
0 5 conditions
18a 19aa 19ap
X conditions Yield (%)°
entry cat*
equiv Solv T(°C) time (a/B)*
1 1.1 cr-l DCM 40 3d 12 (-)
2 1.1 cr-l THF 60 3d 36 (-)
3 1.1 cr-l Et,0 40 3d 85 (3.1/1)
4 2.0 cr-l Et,0 40 3d 94 (3.6/1)
5 2.0 cr-l 'Pr,0 40 4d 87 (2.8/1)
6 2.0 cr-l 'Pr,0 80 12h  98(2.1/1)
7 2.0 cr-l MTBE 80 12h 94 (3.0/1)
8 2.0 cr-l DME 80 24h  70(2.5/1)
9 1.1 Co-l Et,0 40 3d 45 (-)
10 1.1 cr-ll Et,0 40 3d 80 (8.4/1)
11 2.0 cr-ll Et,0 40 3d 88 (8.0/1)
do/éroeru 'B“Céio/él\ob
gtr:-ll,'\l/\;l =CC:Jro Crl
4Conditions:18a (60.7 mg, 0.3 mmol), TMSN(1.1 or 2.0
equiv), cat* (15.Qumol), dry solvent (1.0 mL), 48C - 80°C,
N,, in Schlenk flask, theABu,NF (0.45 mmol).”Isolated
yield. "NMR ratio.

With the establishment of a robust protocol for pheparation
of epoxide substrates, we set out to explore thaofais of the
epoxide. Initial studies showed that NalNas not a competent
reagent to open up epoxid@a in MeOH/H,O (v/v 8/1); the
TMSNy/BFzEt,O combination in CKCl, (DCM) decomposed
the oxazine oxide substrate completely to a naahpctive
mixture, showing a quite different reactivity in cpamison with
its carbon congener cyclohexene oxfde Finally, chromium
salen-Cr(Ill) complexCr-I was identified as an effective Lewis
acid to promote this azidolysis with TMSKTable 1). Although
theCr-l (5 mol%) catalyzed reaction was very slow in DCM and
tetrahydrofuran (THF), it did proceed smoothly ny éther at 40

bromoacetoxylation ~ with NBS/AcOH and subsequent’C and completed in 3 days to gi¥8a in 85% yield as am/p

deacetylation-cyclization with NaOH in MeOH can provitie t
same epoxide in a higher overall yield of 78% (Sche3).
Several homologued8b-d can also be made conveniently
through this two-step protocol. The bromoacetoxghati

3.1/1 regio isomeric mixture (Tablel entries 1, 2 entry 3).
19aa arises from the nucleophilic backside attack afl@anion
at C5 whilel9ap from the attack at C4. Increasing the amount of
TMSN; from 1.1 equiv to 2.0 equiv resulted in a slightly

intermediate ofL.7c was isolated and NMR analysis demonstratedmproved yield with a similar/ ratio (entry 4: 94% vyield,

it was aca. 1/1 regioisomeric mixture of twdrans1,2-
bromoacetates, indicating that the C-C double bomd7 is
almost imperceptibly biased in stereo-electroniwature for the
bromoacetoxylation.

2.2. AZidolysis of the N-COR-1,2-oxazine oxide

3.6/1). Isopropyl ether’Rr,O) worked equally well as a solvent
(entry 5. 87% vyield,o/p 2.8/1) and enhancement of the
temperature to 80C accelerated this epoxide-opening process
immensely that finished up in less than 12 h givémgincreased
yield albeit in conjunction with a decreased reglestivity
(entry 6: 98% vyieldp/B 2.1/1). Methyltert-butyl ether (MTBE)



Table 2. The electronic effects of tNeacyl group
o TMSN; (1.1 equiv) O Q
RJ\N O Cr II3(5 mol%) R :)\OH )j\lﬂ:le
CI)J Et,0, 40 °C o) OH
18 198
yield (%)°
entry R time product
(a/B)
1 Ph 3d 19a 80 (8.4/1)
2 4-MeOPh 3d 19b 93 (1/0)
3 2-BrPh 6d 19c 90 (6.1/1)
4 4-CIPh 5d 19d 86 (7.7/1)
5 4-CNPh 6d 19e 93 (6.7/1)
6 4-NO,Ph 7d 19f 66 (5.0/1)
7 BnO 3d 19g 87 (8.5/1)
8 ‘BuO ad 19h 72 (14.2/1)
#Conditions:18 (0.3 mmol), TMSN ( 38 mg, 0.33 mmol)Cr-
I (11.0 mg, 15.Qumol), dry E$O (1.0 mL), 40°C, N,, in Schlenk
flask, the"Bu,NF (0.45 mmol)°Isolated yield°NMR ratio.

showed comparable efficacy but dimethoxylethane (pMEned
out to be inferior in regards of reaction yield aselectivity
(Entries 7 and 8). Using salen-Co(lll) complkér-| in place of
Cr-I led to a drastic decrease in catalytic effectigsn@&ntry 9),
however complexCr-I1, carrying a more flexible non-cyclic
diimine as the supporting ligand, improved the wsgletivity
dramatically too/p > 8.0/1 (entries 10 and 11).

With Cr-ll as the Lewis acid catalyst, the electronic effetts
the N-COR group were investigated by comparing the reactio
outcomes ofl8a-h (Table 2).18b bearing electron-releasing
methoxyl group delivered exclusively a single regiomerl9ba
in 93% vyield (entry 2)18c-f with electron withdrawing groups 2-
Br, 4-Cl, 4-CN and 4-N@afforded comparably high yields with
the exception of the moderate yield of 66% 18f, whereas the
o/p ratio dropped into the 5.0-7.7/1 range (entrie®).3¥0 our
delight, epoxided48g and18h with the two most common amine
protecting groups were also efficiently azidolysisedth
excellent regioselectivities under the catalytifeef of complex
Cr-11 (entries 7 and 8).

2.3. Cyanide addition to the N-acyl-1,2-oxazine oxide

Cyanide addition to epoxided8 was also intensively
attempted and eventually the La(Oififr-PHOX combination
was identified as a feasible catalysis system tdizeeahis
transformation by using TMSCN as the cyanide souvében
carried out in the presence of 10 mol% La(QEHd 12 mol%
ligand iPr-PHOX, the reaction df8a proceeded in a slow and
selective manner to give arp 4.2/1 regio isomeric mixture of
trans-adduct20a in 58% vyield upon workup with TBAF.
Surprisingly, it was found thét8b is a better substrate thaBa
providing an exclusive regioselectivity and an improved yield
of 81% in a shortened reaction time (Scheme 4), thet
underlying reasons keep elusive at present stage.

TMSCN (3 equiv)

o]
Ar )l\N o 10 mol%iLa(OTf)3/ Q\WO
I 12 mol% 'Pr-PHOX Ph,P N
© reflux in DCM orphox
r-
18a 7 days 20a, 58%, o/p 4.2/1
18b 4 days 20ba, 81%, o only

Scheme 4. Lewis acid catalyzed epoxide-opening with
TMSCN

Table 3. Brief optimization of aniline addition tioe
epoxidé
Bz o PhNH; (2.0 equiv) Bz. OH Bz. NHPh
‘N::V Cat* (10 mol%) OCL :j\
o) T saws days NHPh
18a conditions 2aa 21ap
entry Cat* Solv T(°C) Yield (%) (a/B)°
1° MTBE 80 67 (2.0:1)
2 cr-l MTBE 80 89(3.0:1)
3¢ cr-l MTBE 40 65(4.1:1)
4 cr-l 'Pr,0 40 80 (5.0:1)
5¢ cr-l Et,0 40 78(5.7:1)
6% cr-l DME 40 54(9.3:1)
7 cr-ll DME 40 81 (8.0:1)
4Conditions:18a (0.3 mmol), PhNK ( 56 mg, 0.6 mmol),
Cat* (30.0umol), dry solvent (1.0 mL), 48C or 80°C, 3 d,
N,, in Schlenk flask®Isolated yield ‘NMR ratio. dEpoxide
detectable via TLC?4 days instead.

2.4. Amine addition to the N-acyl-1,2-oxazine oxide

Next, we turned our attention to the highly valuabhaine
addition to 1,2-oxazinane epoxidi (Table 3), and quickly
disclosed that the un-catalyzed reaction 18& with excess
aniline (2 equiv) did occur in hot MTBE (8T) albeit slowly.
After 3 days, an incomplete reaction mixture was oleskfrom
which 21a was isolated in a form o&/p 2.0/1 inseparable
isomeric mixture in 67% vyield (entry 1). Catalyimount ofCr -
| improved the reaction rate and regioselectivitiiaeably under
the same conditions (entry 2, 89% vyietdp 3.0/1). When the
reaction was performed at 4Q¢ with MTBE, 'Pr,O or EtO as
solvent, the ratio of two regioisomers increased4tb-5.7/1
favoring the C5 addu@laa (entries 3-5). With DME as solvent,
a further improvement af/p ratio to 9.3/1 was obtained although
accompanied with a slightly decreased reaction (aigry 6).
Finally, to our delight, the use @fr-1l as catalysis again showed
superiority that remarkably accelerated the epogrigening
process rendering the starting epoxida completely consumed
in 3 d to give both a high yield and an excellegiestivity at the
same time (entry 7: 81% vyield/p 8/1).

Then, a series of substituted anilines were invatsi as\-
nucleophiles for this reaction using DME as reactinedium
(Table 4). In most cases, the chromium salen caxptel | was
superior to its congeneCr-l (entries 1-7).Cr-Il was able to
boost the reactions to completion in several daysighing
higher yields and/p ratio, in contrast, the related reactions with
Cr-l as catalyst normally proceeded much slower withallt f
conversion even in longer time to afford correspogdyclic
trans vicinal amino alcohol®1a-21g in inferior yield and
selectivity. It seems that electronic donating gred the aniline
benefits the reaction rate. The reactionl&® with p-methoxyl-
aniline catalyzed b¥r-11 finished 89% yield oR1b in 3 days,
while the same reaction with para-fluoride took 6 ap
complete giving1g in only 54% vyield (entry 2 vs 7); moreover,
with stronger electron withdrawing 4-nitro-aniline getheaction
didn’'t take place at all in the presence of 10 md@¥sl (not
shown). The decreased reaction rate and regiosétectb d,
21ca/21cp: 5.0/1) for o-methoxyl-aniline (OMPNH) in
comparison with those for its para congener PMPNtight
reflect the steric impact of nucleophile (entrys32).
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entry 1
OH N
BzN ::L Bz :j\ “Ph
o _Ph
N OnNon
21aa 21ap

Cr-I: 3d, 54%,° o/B 10/1
Cr-ll: 3d, 81%, /B 8.0/1

entry 5
OH N
Bzm:j:‘ Bzm:j:‘ “4--Ph
o) APh O o
21ea 1 21ep

Cr: 9.d, 13%,° /B 2.0/1
Cr-lI: 6 d, 84%, o/ 6.0/1

entry 9, Ar = 4-MeO-Ph

H
Arocnll:j:‘OH Arocmj:‘N‘Ph
o _Ph o o

N
2ia N 21ip
CrII; 7 d, 89%, o/ 9.1/1

entry 13, Ar = 4-MeO-Ph H
N

ArOCl}I::L‘“OH Arocu,l:j:‘ “Ally
o _Ally o} oH

N
21ima M 21mg

Cr-lI: 8 d, 83%, a/p 4.0/1
entry 17, Ar = 4-MeO-Ph ﬁo
ArOCN :j:\OH ArOCN :)\N <
°© NTY ° OH
210 \_O 2108
Crl: 4 d, 96%, a/p 72/1

Table 4. Epoxide opening with aryl and alkyl amfhes

entry 2
oH N
Bzhll:j:‘ BZN::E “PMP
o NPMP O oH
21ba 1 21bg

Crd: 3d, 70%.° a/B 5.5/1
Crl: 3d, 89%, a/p 11.2/1

entry 6
OH N
Bzr}lj:“ Bzr}l:):‘ ~4-Cl-Ph
o} 4CPh O oH
21fa 1 21fp

Crk: 9d, 21%.° a/f 3.0/1
Crl: 5d, 94%, a/B 5.5/1

entry 10, Ar = 4-MeO-Ph

H
ArOCH ::J:“OH ATOCN \/:L“‘N‘A—F-Ph
O AFPh O,

21ja 21jp
Crll: 7 d, 90%, /B 7.6/1

entry 14, Ar = 4-MeO-Ph
H
X WNo
ArOCl}lj:‘OH ArOCl}l:j; Pgy
e} NP ¢} OH
21ne M 21ng
Crl: 8 d, 56%, o/ 4.6/1

entry 18, Ar = 4-MeO-Ph

" NBoc

ArOCN CJ:“OH ArOCN :)\N \)
o N °© OH

21ro K/NBoc 21rB
Cr-ll: 3 d, 85%, ai/p 4.0/1

entry 3
" o g
le}l::[“o le}l:):\ ~OMP
o} yOMP O o
21ca 21cB

Crl: 9d, 20%, /B 2.0/1
Crl: 5.d, 89%, a/p 3.8/1

entry 7 H
BzN CJ:“OH Bz j:“Nu-F-Ph
o yAFPn O oH
21ga 1 21gp

Cr-l: 7 d, 64%, a/p 4.3/1
CrlI: 6 d, 54%, o/ 5.0/1

entry 11, Ar = 4-MeO-Ph
Ar' = 2,4-diMeO-Ph

H
ArOCN j:‘\OH ArOCN :):“N\Ar‘
o WA o -
H

21ka 21kp
Cr-ll: 7 d, 91%, a/p 4.9/1

entry 15, Ar = 4-MeO-Ph

H
oN<
o) N,Gly @) OH

210a 210

Cr-ll: 6 d, 92%, /B 5.0/1

Arocr}l:j:‘o"' ArOCN -N:§
21s0 21sp

Crl: 6 d, 69%, a/B 12.0/1

entry 19, Ar = 4-MeO-Ph

entry 4

anlu:j:“OH le}lj‘\““ “Tol
0N To O,
H

21da 21dp

Cr-l: 9.d, 37%,° o/p 3.0/1
Cr-ll: 5d, 93%, o/ 7.0/1

H
N

entry 8, Ar = 4-NO,-Ph

H
Arocm:):“o” ArOCN\/;EN\Ph
0. _Ph 0. OH

N
2the 21hp
crll: 10 d, 93%, o/p 7.9/1

entry 12, Ar = 4-MeO-Ph

H
ArOCN:):‘OH ArOCI}ICE‘N\Bn
@) N/Bn @) OH
H

21la 2118
no cat: 80 °C, 3 d, 45%,° a/p 1.0/1
Crl: 4 d, 70%, o/p 5.0/1

entry 16, Ar = 4-MeO-Ph

ArOCN ::E‘OH ArOCN :)\'O
o r\O O Non
21pa 21pp

Cr-ll: 4 d, 94%, o/B 3.9/1

entry 20, Ar = 4-MeO-Ph

i
Arocmj:‘o“ ArOCl}l:j;“
o N ° OH

21ta 21tp
Cr-ll: 6 d, 97%, o/ 5.3/1

Conditions:18a, 18b or 18f (0.3 mmol), amine (0.6 mmol&r-1 or Cr-11 (30.0umol), dry solvent (1.0 mL), 48C or 80°C, 3
d, N,, in Schleck flask®lsolated yield and NMR ratio were recordé8poxide detectable via TLC.

In line with the trend previously observed for atydés with
TMSN; (Table 2), epoxidd8f was also less reactive thada in
Cr-11 promoted reaction with aniline and took much lonigee
(10 d) to achieve a full conversion (entry 8 vs Agcordingly,
18b led to a significant improvement in regioseledtivio o/p:
9.1/1 while a high yield of 1,2-amino alcoh@s was remained
(entry 9). Alkylamines such as benzylamine (BrpNHllylamine
(AllyNH,) and propargylamine (PgyNH are also feasible
nucleophiles to open up the epoxide group undemptbenotion

of chromium complexCr-11, and the related adducdl-n were 19a/, 20a/p and 21a/p only by NMR analysis failed and
collected with slight decline in yields andp ratio (entries_12- therefore our efforts were turn to crystallographpice
14). In the absence dfr-1I as catalyst, the same reaction of ¢rystalline solids ofl9%a and 20ba were obtained after several
BnNH, with 18b was slow even in 82C and delivered no regio careful trials of crystallization operations. To rodelight,
discrimination, approving that the epoxide activgteffect of the  treatment of 21ia with triphosgene and pyridine in DCM
Lewis acidity tolerated stronger Lewis basicity dydmines as  produced solid oxazolidinor2ia from which single crystal was

well (entry 12). Interestingly, less nucleophilichgt glycinate 3150 grown with ease. X-ray diffraction experimerggablished
(GlyNH,) reacted withl8b more efficiently giving rise t@1o0 in

a 92% combined yield with a 5.0/1 regioselectivaptty 15).N-

interactions between thé-substituent and the catalytic complex
will define the transition-state conformation, laagli to
unsymmetrical activation of the two otherwise eletically
symmetric C-O bonds and increasef ratio. Nevertheless,
calculations will be benefit for insightful undensting of this
catalytic reaction.

2.5. Sructure determination

Our attempt to determine the structures of isompaits of

@ s 8

heterocycles piperidine, morpholine, mond\-protected \N_ /7 7 ‘S,&

- . . . . .. 1 7 ,,/l_/ . H
piperazine, tetrahydroisoquinoline and pyrrolidadeunderwent /\.-Q,—‘ v A~ |
this Cr-11 catalyzed epoxide ring opening reaction wib to \f\ / Endh "—,‘/T
provide biologically valuable alkaloid&lp-t in high to excellent N e b b
yields with good regioselectivities (entries 16-20). / ;

In the absence of Cr-salen complex as catalystdthmatic l o %—/\/:/\T 4 (

decrease or totally disappearance of regioselectiwas ' L

IS
&/J

observed for the amination df8a and 18b with aniline and
benzyl amine respectively, indicating that the @4 &5 of the ! @ -
epoxide hold similar electronic properties, in lwéh previous

postulation based on bromoacetoxylation Hfa. One can
imagine that, upon activation of the epoxide by ewls acid
flanked by a big-sized ligand, the steric or/anécebnic

Figure 2. X-ray structures dBaa, 20ba and22ia




the structures of the major isomers of ring openiegctions
19aa, 20ba and2lia to be the C5-adducts as shown in Figure 2.
Consequently, the minor regioisomers were the cpomding
C4-adducts as shown.

2.6. Removal of the N-protecting group

Removal of the 4-methoxybenzdyiprotecting group in these
products would give rise to valuable smidtheterocycles ready
for further derivatization. For this purposibe and?2lie were
selected for examples and treated with NaOH in MeOH, th
hydrolysis of the amide bond proceeded smoothlyraom
temperature and 4-hydoxyl-5-azido-1,2-oxazin@3ba. and 4-
hydoxyl-5-phenylamino-1,2-oxazinane23ia. were achieved
respectively in high yields (Scheme 5).

/@)k ::LOH _NaOH, MeOH, 1t_ H

19ba

N
O

o

23ba, 91%
N

/©)L ::LOH NaOH, MeOH, rt_H :)\
H

2ia 23ia, 80%
Scheme 5. Showcasesl‘d)%\royl deprotection

N OH

(0] Ph

3. Conclusions

In summary, a fast entry toward valuablans-4-hydroxyl-5-
azido/cyano/amino 1,2-oxazinanes have been dewkldpat
features an efficient epoxidation of readily acd#desN-COR
3,6-dihydro-1,2-oxazines and a subsequent epoxideopening
with nucleophiles TMSH TMSCN and amines. Appropriate
Lewis acid catalysts are critical for these regiesiéle
processes. For azide and cyanide addition, sal@ii)@omplex

and La(OTfy'Pr-PHOX are essential for the reactions to occur

respectively. For the aminolysis of the 3,6-dihydr8-oxazine
oxides with aryl and alkyl anines, salen-Cr(lll) quexes as
catalysts, particularly Cr-1l1, improve the transformation
remarkably in two aspects: increasing the reactta by a large
margin that enables a much milder reaction tempergiossible,
and raising theo regioselectivity to a level that renders the
method synthetically useful. The removal of thiaroyl
protection group is achieved with efficiency to ese the
corresponding free 1,2-oxazinanes, potentially wseN-
heterocycle building blocks in medicinal chemistry.

4, Experimental section
4.1. General information

NMR spectra were recorded using Bruker AV-300 / AV-400
spectrometers. The data are reported as followsniché shift in
ppm from internal tetramethylsilane on #hecale, multiplicity (s
= singlet, d = doublet, t = triplet, q = quartet=nmultiplet, dd =
doublet of doublets, dt = doublet of triplets, tdtriplet of
doublets), coupling constants (Hz) and integrati@nalytical
thin layer chromatography was performed on 0.25 miraéhard
silica gel plates with UV254 fluorescent indicator @mdby
exposure to phosphormolybdic acid/alkalinity poiass
permanganate/ninhydrine followed by brief heatinghvat heat
gun. Liquid chromatography (flash chromatographyjasw
performed on 60A (40 — 60 um) mesh silica gel ¢RI\l
reactions were carried out under nitrogen or argornh wi
anhydrous solvents in oven-dried glassware, unléssrwise
noted. All reagents were commercially obtained andereh
appropriate, purified prior to use.

4.2, Azidolysis

4.2.1. Procedure

To a 10 mL sealed tube equipped with a stir bar \aelded
Cr-11 (11.0 mg, 15.Qumol), 18 (0.3 mmol), TMSN (38.0 mg,
0.33 mmol) and anhydrous,Ex (1.0 mL). Then the solution was
evacuated and refilled with,Nhree times and stirred for 3 - 7
days at 40C. When completed as indicated by TLC, the reaction
mixture was concentrated in vacuo. TBAF (0.45mL, MO
8 45mmol) was added and the reaction mixture waedtior 5

min. The solution was diluted with ethyl acetate Q16L) and
extracted with ethyl acetate (3 x 50.0 mL). The ciorat organic
layers were dried over anhydrous ,8@), filtered and
concentrated under vacuum. Purification via flasblumn
chromatography with silica gel (eluting with PE/EA A Zv/v))
yielded19a and19p

4.2.2. Characterization of 19
4.2.2.1 19aa and 19ap

Inseparable mixture, white waxy solid (total 59.1 8%
yield); m.p. 90-91°C. The area of one alkyl-H peak on the 1,2-
oxazinane ring im isomer was compared with thatfinrsomer to
derive a'H NMR ratio of o/p = 8.4 : 1.19ae: 'H NMR (400
MHz, CDCL) & 7.70 — 7.64 (m, 2H), 7.49 (@ = 7.4 Hz, 1H),
7.41 (tJ = 7.5 Hz, 2H), 4.34 (d] = 13.9 Hz, 1H), 4.21 — 4.13 (m,
1H), 3.94 — 3.86 (m, 1H), 3.77— 3.54 (m, 3HC NMR (101
MHz, CDCk) & 170.77, 132.59, 131.61, 128.89, 128.22, 71.29,
67.16, 60.28, 47.96.9ap: 'H NMR (400 MHz, CDC)) § 7.70 —
7.64 (m, 2H), 7.49 (t) = 7.4 Hz, 1H), 7.41 (1) = 7.5 Hz, 2H),
4.50 (d,J = 9.52 Hz, 1H), 4.21 — 4.13 (m, 1H), 3.94 — 3.86 (m,
1H), 3.77 — 3.54 (m, 3HJ>C NMR (101 MHz, CDGCJ) 5 170.77,
132.59, 131.61, 128.89, 128.22, 71.29, 67.16, 604896.
HRMS (ESI)m/z Calculated for GH;N,O, M + H]"249.0982,
found 249.0976.

4.2.2.2 19a

Yellow oil (a only,78.0mg, 93% vield)'H NMR (400 MHz,
CDCly) 3 7.73 (d,J = 8.8 Hz, 2H), 6.90 (d] = 8.8 Hz, 2H), 4.35
(d,J=12.1 Hz, 1H), 4.16 (dd,= 11.5, 3.4 Hz, 1H), 3.94 — 3.88
(m, 1H), 3.85 (s, 3H), 3.74 — 3.55 (m, 3H)C NMR (75 MHz,
CDCly) 3 170.70, 162.45, 131.47, 124.41, 113.47, 71.28%7.
60.42, 55.53, 48.04. HRMS (ESIm/z Calculated for
CyH1sN4O, M + H]* 279.1088, found 279.1083.

4.2.2.3 19ca and 19¢f

Inseparable mixture, yellow oil (total 88.4 mg, 9G#eld).
The area of one alkyl-H peak on the 1,2-oxazinang m a
isomer was compared with that frisomer to derive aH NMR
ratio ofo/p = 6.1 : 1.19ca: *H NMR (300 MHz, CDCJ) & 7.63 —
7.55 (m, 1H), 7.40 — 7.26 (m, 3H), 4.36 = 13.1 Hz, 1H),
4.18 — 4.05 (m, 1H), 3.98 — 3.72 (m, 2H), 3.69 — 38 2H).
®¥C NMR (75 MHz, CDCJ) & 168.13, 136.37, 132.96, 131.02,
127.96, 127.37, 119.04, 71.60, 66.90, 60.03, 46180p: 'H
NMR (300 MHz, CDC}) 4 7.63 — 7.55 (m, 1H), 7.40 — 7.26 (m,
3H), 4.54 (dJ = 15.2 Hz, 1H), 4.18 — 4.05 (m, 1H), 3.98 — 3.72
(m, 2H), 3.69 — 3.48 (m, 2H}*C NMR (75 MHz, CDC)) &
168.13, 136.37, 132.96, 131.02, 127.96, 127.37,041971.60,
66.90, 60.03, 46.60. HRMS (ESIm/z Calculated for
C;H1,BrN,NaO'[M  + Na]® 348.9907, 350.9886, found
348.9909, 350.9890.

4.2.2.4 19de and 19dp

Inseparable mixture, yellow oil (total 73.1 mg, 86feld).
The area of one alkyl-H peak on the 1,2-oxazinang m a
isomer was compared with that fiisomer to derive &H NMR
ratio of /p = 7.7 : 1.19da: *H NMR (400 MHz, CDCJ) & 7.66
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— 7.61 (m, 2H), 7.43 — 7.35 (m, 2H), 4.37 — 4.28 i), 4.16
(dd,J = 11.6, 3.5 Hz, 1H), 3.99 — 3.82 (m, 2H), 3.78 — 3189
1H), 3.69 — 3.62 (m, 1H), 3.61 — 3.52 (m, 1HiC NMR (100

Inseparable mixture, yellow oil (total 53.0 mg, 73#eld).
The area of one alkyl-H peak on the 1,2-oxazinang m a
isomer was compared with that frisomer to derive aH NMR

MHz, CDC}) & 169.50, 137.81, 130.66, 130.44, 128.43, 71.32ratio of o/ = 14.2 : 1.1%ha: 'H NMR (400 MHz, CDC}) 4.20

66.89, 59.99, 47.689dp: 'H NMR (400 MHz, CDC}) 6 7.66 —
7.61 (M, 2H), 7.43 — 7.35 (m, 2H), 4.53 — 4.43 (m,, 448 (dd,
J =115, 3.9 Hz, 1H), 3.99 — 3.82 (m, 2H), 3.78 — J1BY 1H),
3.69 — 3.62 (m, 1H), 3.61 — 3.52 (m, 1HC NMR (100 MHz,
CDCly) 6 169.50, 137.81, 130.66, 130.44, 128.43, 71.3B%6.
59.99, 47.68. HRMS (ESl) miz Calculated for
C1iH1:CIN,NaO; [M + NaJ* 305.0412, found 305.0411.

4.2.2.5 19ea and 19¢f

Inseparable mixture, yellow oil (total 69.0mg, 938lg). The
area of one alkyl-H peak on the 1,2-oxazinane nng isomer
was compared with that {hisomer to derive 844 NMR ratio of
o/p = 6.7 : 1.190: 'H NMR (300 MHz, CDCJ) § 7.79 — 7.67 (m,
4H), 4.30 (dJ = 13.2 Hz, 1H), 4.16 (dd} = 11.4, 2.6 Hz, 1H),
3.98 — 3.85 (m, 1H), 3.80 — 3.70 (m, 1H), 3.70 — 31®2 1H),
3.62 — 3.52 (m, 1H)"*C NMR (75 MHz, CDCJ) & 168.37,
136.84, 132.02, 129.37, 118.07, 114.81, 71.48,5%659.84,
47.51.19¢p: *H NMR (300 MHz, CDCJ) § 7.79 — 7.67 (m, 4H),
4.46 (d,J = 9.6 Hz, 1H), 4.07 (dd] = 12.2, 3.0 Hz, 1H), 3.98 —
3.85 (m, 1H), 3.80 — 3.70 (m, 1H), 3.70 — 3.62 (m,,13§2 —
3.52 (m, 1H)."*C NMR (75 MHz, CDCJ) & 168.37, 136.84,
132.02, 129.37, 118.07, 114.81, 71.48, 66.65, 5948451.
HRMS (ESI) m/z Calculated for GH;,CINsNaG;'[M + Na]*
296.0754, found 296.0752.

4.2.2.6 19fa and 19fp

Inseparable mixture, yellow oil (total 75.2 mg, 66feld).
The area of one alkyl-H peak on the 1,2-oxazinang m a
isomer was compared with that fiisomer to derive &H NMR
ratio ofa/p = 5.0 : 1.19fa: *H NMR (400 MHz, CDCJ) & 8.26 (d,
J =8.7 Hz, 2H), 7.83 (d] = 8.6 Hz, 2H), 4.32 (d) = 12.9 Hz,

(dd,J = 11.0, 3.2 Hz, 1H), 4.05 (dd,= 13.6, 3.9 Hz, 1H), 3.76 -
3.66 (m, 1H), 3.66 — 3.53 (m, 2H), 3.47 (s, 1H), 3.3928 (m,
1H), 1.47 (s, 9H)™*C NMR (101 MHz, CDCJ) § 155.17, 82.74,
69.88, 67.59, 60.94, 50.09, 28.2@hp: '"H NMR (400 MHz,
CDCl) & 4.29 (dd,J = 11.8, 4.0 Hz, 1H), 4.05 (dd,= 13.6, 3.9
Hz, 1H), 3.76 - 3.66 (m, 1H), 3.66 — 3.53 (m, 2H), 3(&71H),
3.39 - 3.28 (m, 1H), 1.47 (s, 9HJC NMR (101 MHz, CDG)) §
155.17, 82.74, 69.88, 67.59, 60.94, 50.09, 28.29MBRESI)
m/z Calculated for @H;sN,NaQ,” [M + Na]" 267.1064, found
267.1069.

4.3. Cyanide addition

4.3.1. Procedure

To a 10 mL sealed tube equipped with a stir bar \aeided
La(OTf);(17.6 mg, 30.@umol), 'Pr-PHOX (13.4 mg, 36.Amol),
18 (0.3 mmol), TMSCN (89.3 mg, 0.9 mmol) and anhydrous
DCM (1.0 mL). Then the solution was evacuated andleef
with N, three times and stirred for 4 - 7 days at reféhen
completed as indicated by TLC, the reaction mixtuvas
concentrated in vacuo. TBAF (0.45 mL, 1.0 M, 0.45sfnand
THF (1.0 mL) was added and the reaction mixture viagg for
5 min. The solution was diluted with ethyl acetat@.QlmL) and
extracted with ethyl acetate (3 x 50.0 mL). The corad organic
layers were dried over anhydrous ,N@, filtered and
concentrated under vacuum. Purification via flasblumn
chromatography with silica gel (eluting with PE/EA A Zviv))
yielded20a and20p

4.3.2. Characterization of 20
4.3.2.1 20aa and 20a8

Inseparable mixture, white solid (total 40.7 mg%&§ield);

1H), 4.18 (dJ = 9.3Hz1H), 4.04 — 3.90 (m, 1H), 3.89 — 3.77 (m,m.p. 98-99 °C. The area of one alkyl-H peak on the 1,2-

1H), 3.76 — 3.64 (m, 1H), 3.64 — 3.55 (m, 1EC NMR (101

MHz, CDCL) & 168.32, 149.41, 138.55, 129.94, 123.44, 71.55

66.81, 59.89, 47.419fp: 'H NMR (400 MHz, CDCJ) 5 8.26 (d,
J = 8.7 Hz, 2H), 7.83 (d] = 8.6 Hz, 2H), 4.47 (d] = 11.6Hz,

1H), 4.10 (dJ = 12.3Hz 1H), 4.04 — 3.90 (m, 1H), 3.89 — 3.77 .

(m, 1H), 3.76 — 3.64 (m, 1H), 3.64 — 3.55 (m, 1HL NMR

oxazinane ring irx isomer was compared with thatfinrsomer to
derive a'H NMR ratio of a/p = 4.2 : 1.20aa: '"H NMR (300
MHz, CDCL) § 7.72 — 7.62 (m, 2H), 7.58 — 7.47 (m, 1H), 7.48 —
7.38 (m, 2H), 4.30 (dd, J = 11.7, 3.5 Hz, 1H),4.26694m, 2H),
3.97 — 3.85 (m, 2H), 3.01 — 2.89 (m, 1HC NMR (75 MHz,
Cly) 6 170.99, 132.26, 131.86, 128.88, 128.34, 117.4%89
64.38, 48.55, 34.220ap: *H NMR (300 MHz, CDC)) § 7.72 —

(101 MHz, CDC}) & 168.32, 149.41, 138.55, 129.94, 123.44,7 g2 (m, 2H), 7.58 — 7.47 (m, 1H), 7.48 — 7.38 (m,, 2158 (dd,

71.55, 66.81, 59.89, 47.41. HRMS (ESHyz Calculated for
CuH1:NsNaQ'[M + Na]* 316.0652, found 316.0651.

4.2.2.7 19ga and 19gp

Inseparable mixture, yellow oil (total 72.6 mg, 87#eld).
The area of one alkyl-H peak on the 1,2-oxazinang m a
isomer was compared with that fiisomer to derive aH NMR
ratio of o/p = 8.5 : 1.19ga: "H NMR (400 MHz, CDCJ) & 7.40 —
7.22 (m, 1H), 5.12 (s, 1H), 4.17 (ddi= 11.7, 3.8 Hz, 1H), 4.03
(dd,J = 13.6, 3.6 Hz, 1H), 3.70 — 3.54 (m, 1H), 3.54 — 3#H6
1H), 3.44 — 3.32 (m, 1H}C NMR (101 MHz, CDGJ) 5 155.76,
135.51, 128.69, 128.56, 128.20, 70.24, 68.32, 660561, 49.78.
19gp: *H NMR (400 MHz, CDC)) & 7.40 — 7.22 (m, 1H), 5.12 (s,
1H), 4.27 (ddJ = 12.1, 5.0 Hz, 1H), 4.03 (dd,= 13.6, 3.6 Hz,
1H), 3.70 — 3.54 (m, 1H), 3.54 — 3.46 (m, 1H), 3.43.32 (m,
1H). *C NMR (101 MHz, CDCJ) 5 155.76, 135.51, 128.69,
128.56, 128.20, 70.24, 68.32, 67.16, 60.51, 4HFRMS (ESI)
m/z Calculated for GH;, NaN,O,'[M + Na]* 301.0907, found
301.0906.

4.2.2.8 19ha and 19hg

J =13.7, 3.9 Hz, 1H). 4.26 — 4.09 (m, 2H), 3.85 531, 1H),

3.62 — 3.53 (m, 1H),3.01 — 2.89 (m, 1K5C NMR (75 MHz,

CDCl) & 170.99, 132.26, 131.97, 128.95, 128.34, 117.48374
65.51, 4855, 33.48. HRMS (ESIm/z Calculated for
CiH1:NNaG,'[M + Na]® 255.0740, found 255.0735.

4.3.2.2 20ba

White solid @ only, 63.7 mg, 81%); m.p. 132-13€. 'H
NMR (400 MHz, DMSO) 7.64 (d,J = 8.8 Hz, 2H), 7.00 (d] =
8.9 Hz, 2H), 5.94 (s, 1H), 4.33 (dd= 13.4, 3.8 Hz, 1H), 4.05
(dd,J = 11.4, 3.8 Hz, 1H), 3.96 (td,= 7.6, 3.9 Hz, 1H), 3.83 —
3.71 (m, 4H), 3.52 (dd] = 11.3, 7.5 Hz, 1H), 3.05 (td,= 8.1,
4.1 Hz, 1H)."°C NMR (75 MHz, DMS0)s 168.70, 161.66,
130.75, 124.52, 118.99, 113.41, 74.05, 64.28, 542382, 32.68.
HRMS (ESI) m/z Calculated for GHiN,NaQ,” [M +Na]*
285.0846, found 285.0846.

4.4, Amine addition

4.4.1. Procedure

To a 10 mL sealed tube equipped with a stir bar aelided
Cr-11 (22.0mg, 30.0umol), 18 (0.3 mmol), amine (0.6 mmol)



and anhydrous DME (1.0 mL). Then the solution waseated

7
MHz, CDCL) 6 170.49, 147.07, 136.04, 132.91, 131.29, 128.74,

and refilled with N three times and stirred for 3 - 10 days at 40128.06, 121.45, 117.79, 110.53, 109.85, 74.35, 06755.48,

°C. When completed as indicated by TLC, the reactioxture
was concentrated in vacuo. The reaction mixture waiigd via
flash column chromatography with silica gel (elutimigh PE/EA
= 2/1 (vIv)) to yield21la and21p

4.4.2. Characterization of 21
4.4.2.1 21aa and 21ap

Inseparable mixture, yellow viscous liquid (total.02mg,
81% vyield). The area of one alkyl-H peak on the dxadzinane
ring in a isomer was compared with thatfnisomer to derive a
'"H NMR ratio of o/p = 8.0 : 1.2laa: ‘H NMR (400 MHz,
CDCly) 6 7.69 (t,J = 9.3 Hz, 2H), 7.48 (1) = 7.0 Hz, 1H), 7.40
(t, J = 7.3 Hz, 2H), 7.17 () = 7.4 Hz, 2H), 6.74 () = 7.2 Hz,
1H), 6.65 (d,J = 7.5 Hz, 2H), 4.40 (d] = 10.0 Hz, 1H), 4.25 —
4.08 (m, 1H), 4.05 — 3.87 (m, 2H), 3.68 — 3.55 (m,.2f) NMR

53.46, 47.85. HRMS (ESHvz Calculated for GH,oN,NaQ, M
+ NaJ] 351.1315, found 351.1312.

4.4.2.4 21de and 21dp

Inseparable mixture, yellow viscous liquid (total.@7mg,
93% vyield). The area of one alkyl-H peak on the dxazinane
ring in o isomer was compared with thatfnisomer to derive a
'"H NMR ratio ofa/p = 7.0 : 1.21da: *H NMR (400 MHz, CDCJ)
8 7.73 —7.64 (m, 2H), 7.51 — 7.45 (m, 1H), 7.43 7118, 2H),
6.98 (d,J = 8.2 Hz, 2H), 6.66 — 6.54 (m, 2H), 4.38 J&; 9.2 Hz,
1H), 4.26 — 4.11 (m, 1H), 3.98 — 3.82 (m, 2H), 3.83.65 (m,
2H), 3.64 — 3.58 (m, 1H), 3.58 — 3.53 (m, 1H), 2.28K3. °C
NMR (75 MHz, CDC}) & 170.66, 143.78, 133.05, 131.32,
130.11, 128.76, 128.15, 113.69, 73.00, 65.87, 5318404, 20.46.
21dp: *H NMR (400 MHz, CDCJ) 6 7.73 — 7.64 (m, 2H), 7.51 —

(75 MHz, CDC}) & 170.79, 146.14, 133.01, 131.38, 129.68,7.45 (m, 1H), 7.43 — 7.37 (m, 2H), 6.98 {d 8.2 Hz, 2H), 6.66

128.79, 128.18, 118.61, 113.40, 72.95, 65.76, 53126 .21ap:
'"H NMR (400 MHz, CDC)) & 7.69 (t,J = 9.3 Hz, 2H), 7.48 (1
=7.0 Hz, 1H), 7.40 (tJ = 7.3 Hz, 2H), 7.17 () = 7.4 Hz, 2H),
6.74 (t,J = 7.2 Hz, 1H), 6.65 (d) = 7.5 Hz, 2H), 4.56 (d] =
12.0 Hz, 1H), 4.25 — 4.08 (m, 1H), 4.05 — 3.87 (m,, 24§68 —
3.55 (m, 2H).13C NMR (75 MHz, CDCJ) & 170.79, 146.14,
133.01, 131.52, 129.68, 128.94, 128.18, 118.94,761374.50,
67.56, 54.06, 47.96. HRMS (ESIm/z Calculated for
C7H1NLO5 M + H] ¥ 299.1390, found 299.1386.

4.4.2.2 21ba and 21bp

Inseparable mixture, yellow viscous liquid (total.87mg,
89% vyield). The area of one alkyl-H peak on the dxadzinane
ring in a isomer was compared with thatfrnisomer to derive a
'H NMR ratio of w/p = 11.2 : 1.21ba: '"H NMR (400 MHz,

— 6.54 (m, 2H), 4.56 (d] = 11.4 Hz, 1H), 4.26 — 4.11 (m, 1H),
3.98 — 3.82 (m, 2H), 3.81 — 3.65 (m, 2H), 3.64 — 1B 1H),
3.58 — 3.53 (m, 1H), 2.24 (s,3HJC NMR (75 MHz, CDC)) &
170.66, 143.78, 132.90, 131.44, 130.11, 128.89,9427114.01,
74.48, 67.67, 54.42, 48.04, 20.46. HRMS (ESl} Calculated
for CrgH,0N,NaO;"[M + Na]* 335.1366, found 335.1376.

4425 21eq and 21ef

Inseparable mixture, yellow viscous liquid (total6l® mg,
84% vyield). The area of one alkyl-H peak on the dxazinane
ring in a isomer was compared with thatfrnisomer to derive a
'H NMR ratio ofa/p = 6.0 : 1.21ea: "H NMR (300 MHz, CDCJ)

8 7.70 - 7.79 (1) = 8.4 Hz, 2H), 7.53 — 7.44 (m, 1H), 7.39J&
7.6 Hz, 4H), 6.39 (dJ = 8.6 Hz, 2H), 4.36 (d] = 10.0 Hz, 1H),
4.24 — 4.05 (m, 2H), 3.99 — 3.79 (m, 2H), 3.69 — 3154 1H),

CDCly) & 7.71 — 7.63 (m, 1H), 7.53 — 7.43 (m, 1H), 7.43 -47.3 3.54 — 3.47 (m, 1H)C NMR (75 MHz, CDCJ) § 170.58,

(m, 1H), 6.76 (d,) = 8.8 Hz, 1H), 6.62 (d] = 8.7 Hz, 1H), 4.35
(d, J = 9.1 Hz, 1H), 4.27 — 4.17 (m, 1H), 3.94 — 3.83 (iH),1
3.73 (s, 2H), 3.63 — 3.55 (m, 1H), 3.52 — 3.46 (m,. 1) NMR

145.94, 138.10, 132.79, 131.45, 128.64, 128.21,3B]58.91,
72.66, 65.27, 52.77, 47.981e: *H NMR (300 MHz, CDCJ) &
7.70 - 7.79 (t) = 8.4 Hz, 2H), 7.53 — 7.44 (m, 1H), 7.39Jt

(75 MHz, CDC}) & 170.59, 152.95, 140.06, 133.03, 131.31,7.6 Hz, 4H), 6.39 (dJ = 8.6 Hz, 2H), 4.46 (d,= 9.1 Hz, 1H),

128.74, 128.14, 115.22, 115.19, 73.05, 66.01, 55851, 48.06.
21ap: '"H NMR (400 MHz, CDCJ) § 7.71 — 7.63 (m, 1H), 7.53 —
7.43 (m, 1H), 7.43 — 7.34 (m, 1H), 6.76 {d; 8.8 Hz, 1H), 6.62
(d,J = 8.7 Hz, 1H), 4.57 (d) = 11.7 Hz, 1H), 4.27 — 4.17 (m,
1H), 3.94 — 3.83 (m, 1H), 3.73 (s, 2H), 3.63 — 3.55 1ht), 3.52
— 3.46 (m, 1H).13C NMR (75 MHz, CDC}) 6 170.59, 153.18,
139.89, 132.87, 131.43, 128.87, 128.14, 115.62,551574.50,
67.80, 55.85, 55.19, 48.06. HRMS (ESHyz Calculated for
C1gH2:NLO, M + H] ¥ 329.1496, found 329.1492.

4.4.2.3 21ca and 21cf

Inseparable mixture, yellow viscous liquid (total.88mg,
89% vyield). The area of methyl peak of methoxyl upadn o
isomer was compared with that fisomer to derive aH NMR
ratio ofa/p= 3.8 : 1.21ca: "H NMR (400 MHz, CDCJ) & 7.69 (d,
J=7.2 Hz, 2H), 7.52 — 7.44 (m, 1H), 7.44 - 7.37 (ir),26.88 —
6.82 (m, 1H), 6.81 — 6.76 (m, 1H), 6.76 — 6.71 (m,,164y0 —
6.65 (m, 1H), 4.60 (s, 1H), 4.43 @= 11.1 Hz, 1H), 4.17 (d =
12.3 Hz, 1H), 4.05 — 3.90 (m, 2H), 3.83 (s,3H), 3.7264 (m,
1H), 3.59 (s, 1H)*C NMR (75 MHz, CDC}) § 170.49, 146.92,
135.95, 133.06, 131.18, 128.67, 128.06, 121.34,5817.10.27,
109.85, 72.87, 65.45, 55.42, 52.59, 47 3&cp: '"H NMR (400
MHz, CDCk) 6 7.69 (d,J = 7.2 Hz, 2H), 7.52 — 7.44 (m, 1H),
7.44 - 7.37 (m, 2H), 6.88 — 6.82 (m, 1H), 6.81 — GiT6 1H),
6.76 — 6.71 (m, 1H), 6.70 — 6.65 (m, 1H), 4.60 (s,,4#H3 (d,J
= 11.1 Hz, 1H), 4.17 (d] = 12.3 Hz, 1H), 4.05 — 3.90 (m, 2H),
3.84 (s,3H), 3.72 — 3.64 (m, 1H), 3.59 (s, 1HC NMR (75

4.24 — 4,05 (m, 2H), 3.99 — 3.79 (m, 2H), 3.69 — 314 1H),
3.54 — 3.47 (m, 1H)"*C NMR (75 MHz, CDCJ) & 170.58,
146.14, 138.10, 132.54, 131.62, 128.83, 128.21,501579.11,
74.39, 67.13, 53.50, 46.49. HRMS (EStyz Calculated for
CiH17IN,NaO;"[M + Na]"447.0176, found 447.0182.

4.4.2.6 21fq and 21fp

Inseparable mixture, yellow viscous liquid (total.®4mg,
94% vyield). The area of one alkyl-H peak on the dxazinane
ring in a isomer was compared with thatfrnisomer to derive a
'"H NMR ratio ofo/p = 5.5 : 1.21fa: '"H NMR (400 MHz, CDCJ)
§ 7.72 — 7.59 m, 2H), 7.72 — 7.59 (m, 1H), 7.3 (%t 7.6 Hz,
2H), 7.08 (d,J = 8.3 Hz, 2H), 6.60 — 6.47 (m, 2H), 4.37Xd;
10.4 Hz, 1H), 4.21 — 4.10 (m, 2H), 3.99 — 3.77 (m, B4J0 —
3.55 (m, 1H), 3.51 (s, 1HJ’C NMR (75 MHz, CDCJ) § 170.56,
144.89, 132.81, 131.43, 129.37, 128.63, 128.20,742214.25,
72.73, 65.35, 53.07, 47.921fp: H NMR (400 MHz, CDC)) &
7.72 = 7.59 m, 2H), 7.72 = 7.59 (m, 1H), 7.39 &, 7.6 Hz, 2H),
7.08 (d,J = 8.3 Hz, 2H), 6.60 — 6.47 (m, 2H), 4.37 {d= 10.4
Hz, 1H), 4.21 — 4.10 (m, 2H), 3.99 — 3.77 (m, 2H), 3-78.55
(m, 1H), 3.51 (s, 1H)*C NMR (75 MHz, CDCJ) & 170.82,
145.09, 132.58, 131.59, 129.37, 128.81, 128.20,862214.42,
74.40, 67.21, 53.77, 47.92. HRMS (ESHyz Calculated for
C,7H1/CIN,NaG; [M + Na]" 355.0820, found 355.0826.

4.4.2.7 21ga and 21gp

Inseparable mixture, yellow viscous liquid (total.®Img,
54% vyield). The area of one alkyl-H peak on the dxazinane
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ring in a isomer was compared with thatfrisomer to derive a
'H NMR ratio ofa/p = 5.0 : 1.21ga: 'H NMR (400 MHz, CDCJ)
8 7.75 — 7.61 (m, 2H), 7.54 — 7.44 (m, 1H), 7.44 5718, 2H),
6.93 — 6.80 (m, 2H), 6.65 — 6.51 (m, 2H), 4.37Jd 9.2 Hz,
1H), 4.26 — 4.12 (m, 1H), 4.04 — 3.80 (m 2H), 3.69.583m,
1H), 3.53 — 3.47 (m, 1H}C NMR (101 MHz, CDGCJ) 5 170.68,
156.28 (dJ = 236.3 Hz), 142.56 (d, = 1.9 Hz), 132.94, 131.41,
128.72, 128.19, 116.06 (d,= 22.4 Hz), 114.36 (d] = 7.4 Hz),
72.94, 65.72, 53.86, 48.021gp: ‘H NMR (400 MHz, CDCJ) &
7.75 — 7.61 (m, 2H), 7.54 — 7.44 (m, 1H), 7.44 — 7185 2H),
6.93 — 6.80 (m, 2H), 6.65 — 6.51 (m, 2H), 4.54Jd 9.1 Hz,
1H), 4.26 — 4.12 (m, 1H), 4.04 — 3.80 (m 2H), 3.69.583m,
1H), 3.53 — 3.47 (m, 1H}’C NMR (101 MHz, CDGCJ) 5 170.68,
156.28 (dJ = 236.3 Hz), 142.56 (d, = 1.9 Hz), 132.74, 131.55,
128.88, 128.19, 116.06 (d,= 22.4 Hz), 114.55 (d] = 7.6 Hz),
74.48, 67.58, 54.52, 48.04. HRMS (ESt)z Calculated for
C17H1gFN,O5 M + H] " 317.1296, found 317.1293.

4.4.2.8 21ha and 21hp

Inseparable mixture, yellow viscous liquid (totd7.0 mg,
93% vyield). The area of one alkyl-H peak on the dxazinane
ring in a isomer was compared with thatfnisomer to derive a
'"H NMR ratio of o/ = 7.9 : 1.21he: '"H NMR (300 MHz,
CDCly) 8 8.22 (d,J = 8.7 Hz, 2H), 7.81 (d] = 8.3 Hz, 2H), 7.17
(t, J = 7.7 Hz, 2H), 6.75 (t) = 7.3 Hz, 1H), 6.64 (d) = 7.9 Hz,
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236.2 Hz), 142.60 (d] = 2.0 Hz), 131.22, 124.71, 116.03 {c=
22.4 Hz), 114.41 (dJ) = 7.4 Hz), 113.42, 72.85, 65.85, 55.44,
54.05, 48.1421jp: *H NMR (400 MHz, CDC)) § 7.77 — 7.65 (m,
2H), 6.92 — 6.80 (m, 4H), 6.65 — 6.52 (m, 2H), 4.52)(& 7.3
Hz 1H), 4.25 — 4.15 (m, 1H), 3.96 — 3.85 (m, 2H), 38579 (m,
3H), 3.69 — 3.55 (m, 1H), 3.54 — 3.45 (m, 1C NMR (75
MHz, CDCE) § 170.38, 162.21, 156.27 (= 236.2 Hz), 142.60
(d,J = 2.0 Hz), 131.37, 124.71, 116.03 (= 22.4 Hz), 114.63
(d,J=7.5Hz), 113.42, 74.41, 65.85, 55.44, 54.05, 483IRMS
(ESI) m/z Calculated for GH;FN,NaQ,'[M + Na]" 369.1221,
found 369.1230.

4.4.2.11 21ka and 21k

Inseparable mixture, yellow viscous liquid (total6l® mg,
91% vyield). The area of one alkyl-H peak on the dxazinane
ring in a isomer was compared with thatrnisomer to derive a
'"H NMR ratio of a/p = 4.9 : 1.21ke: '"H NMR (400 MHz,
CDCly) 6 7.76 — 7.68 (m, 2H), 6.92 — 8.65 (m, 2H), 6.61 €,
8.6 Hz, 1H), 6.47— 6.42 (m, 1H), 6.41 — 6.34 (m, 435 (dd,J
= 11.4, 2.6 Hz,1H), 4.28 — 4.15 (m, 1H), 3.94 — 3.84 2H),
3.82 (s, 3H), 3.79 (s, 3H), 3.73 (s, 3H), 3.64 — $BB1H), 3.3 —
3.47 (m, 1H)."*C NMR (75 MHz, CDCJ) & 170.33, 162.07,
152.84, 148.49, 131.23, 130.04, 124.97, 113.31,8411104.10,
99.47, 73.03, 66.19, 55.83, 55.57, 55.41, 54.20&21kp: H
NMR (400 MHz, CDCY) § 7.76 — 7.68 (m, 2H), 6.92 — 8.65 (m,

2H), 4.39 (d,J = 9.6 Hz, 1H), 4.26 — 4.12 (m, 1H), 4.07 — 3.93 2H), 6.72 (dJ = 8.5 Hz, 1H), 6.47— 6.42 (m, 1H), 6.41 — 6.34 (m,

(m, 2H), 3.71 — 3.55 (m, 2H)°C NMR (75 MHz, CDC)) §
168.09, 149.10, 145.97, 138.97, 129.68, 129.65,312318.64,
113.22, 73.24, 65.27, 52.71, 47.28hp: '"H NMR (300 MHz,
CDCl) § 8.22 (d,J = 8.7 Hz, 2H), 7.81 (d] = 8.3 Hz, 2H), 7.17
(t, J= 7.7 Hz, 2H), 6.75 (t) = 7.3 Hz, 1H), 6.64 (d] = 7.9 Hz,

1H), 4.61 (d,J =10.5, 1H), 4.28 — 4.15 (m, 1H), 3.94 — 3.84 (m,
2H), 3.83 (s, 3H), 3.80 (s, 3H), 3.73 (s, 3H), 3.64583m, 1H),
3.3 -3.47 (m, 1H)*C NMR (75 MHz, CDCJ) § 170.18, 162.13,
153.07, 148.69, 131.23, 129.97, 124.93, 113.31,2B]1204.18,
99.47, 74.38, 68.27, 55.83, 55.60, 55.41, 54.830547HRMS

2H), 4.62 (dJ = 11.2 Hz, 1H), 4.26 — 4.12 (m, 1H), 4.07 — 3.93(ESI) mvz Calculated for GH,sN,O¢'[M + H]* 389.1707, found

(m, 2H), 3.71 — 3.55 (m, 2H)*C NMR (75 MHz, CDCJ) §
168.09, 149.21, 146.20, 138.63, 129.89, 129.26,312318.87,
113.49, 73.24, 67.37, 53.64, 47.38. HRMS (E8B Calculated
for C;7H;-N;NaQ;'[M + H]*366.1060, found 366.1059.

4.4.2.9 2lig and 21ip

Inseparable mixture, yellow viscous liquid (tot88.0 mg,
89 % yield). The area of one alkyl-H peak on thedxazinane
ring in a isomer was compared with thatfrnisomer to derive a
'H NMR ratio ofa/p = 9.1 : 1.21ia: 'H NMR (400 MHz, CDCJ)
8 7.78 —7.69 (m, 2H), 7.16 @,= 7.8 Hz, 2H), 6.93 — 6.85 (m,
2H), 6.73 (t,J = 7.3 Hz, 1H), 6.78 — 6.59 (m, 2H), 4.39 {d5
7.8 Hz,1H), 4.26 — 4.16 (m, 1H), 4.13 — 3.98 (m, 1H)73- 3.87
(m, 2H), 3.84 — 3.81 (m, 3H), 3.65 — 3.55 (m, 2K NMR (75

389.1707.
4.4.2.12 21le and 2115

Inseparable mixture, yellow viscous liquid (total(tag, 70%
yield). The area of one alkyl-H peak on the 1,2zixane ring in
o isomer was compared with thatfiisomer to derive 8H NMR
ratio of/p = 5.0 : 1.21la:"H NMR (300 MHz, CDCJ) & 7.66 (d,
J=8.7 Hz, 2H), 7.33 — 7.17 (m, 5H), 6.89 — 6.80 (M),24.41
(d,J = 12.7 Hz, 1H), 4.17 — 3.99 (m, 1H), 3.84 — 3.70 %),
3.70 — 3.62 (m, 1H), 3.49 — 3.29 (m, 2H), 2.86 — AM8 1H).
*C NMR (75 MHz, CDCJ) § 170.02, 162.08, 139.89, 131.25,
128.71, 128.13, 127.43, 124.92, 113.32, 73.51, %75B.65,
55.46, 51.73, 48.621Ip: 'H NMR (300 MHz, CDCJ) & 7.66 (d,
J=8.7 Hz, 2H), 7.33 — 7.17 (m, 5H), 6.89 — 6.80 (M),24.62

MHz, CDCk) § 170.33, 162.15, 146.33, 131.21, 129.59, 124.80(d, J = 13.2 Hz, 1H), 4.17 — 3.99 (m, 1H), 3.84 — 3.70 %),

118.38, 113.39, 113.32, 72.86, 65.82, 55.43, 5318715.21ip:
'H NMR (400 MHz, CDCJ) § 7.78 — 7.69 (m, 2H), 7.16 @,=
7.8 Hz, 2H), 6.93 — 6.85 (m, 2H), 6.731& 7.3 Hz, 1H), 6.78 —
6.59 (M, 2H), 4.39 (d] = 7.8 Hz,1H), 4.26 — 4.16 (m, 1H), 4.13
—3.98 (M, 1H), 3.97 — 3.87 (m, 2H), 3.84 — 3.81 3), 3.65 —
3.55 (m, 2H)."*C NMR (75 MHz, CDCJ) 5 170.54, 162.25,
146.43, 131.34, 129.59, 124.69, 118.51, 113.52,3P1374.40,
67.45, 55.43, 53.81, 46.71. HRMS (ESHyz Calculated for
CygHo0NoNaO, [M + Na]* 351.1315, found 351.1322.

4.4.2.10 21ja and 21jp

Inseparable mixture, yellow viscous liquid (total.®3mg,
90% vyield). The area of one alkyl-H peak on the dxadzinane
ring in a isomer was compared with thatfrnisomer to derive a
'"H NMR ratio ofo/p = 7.6 : 1.21ja: '"H NMR (400 MHz, CDCJ)

8 7.77 — 7.65 (m, 2H), 6.92 — 6.80 (m, 4H), 6.65 2615, 2H),
4.36 (ddJ = 8.5, 1.8 Hz 1H), 4.25 — 4.15 (m, 1H), 3.96 — 3185 (
2H), 3.85 — 3.79 (m, 3H), 3.69 — 3.55 (m, 1H), 3.58.45 (m,
1H). **C NMR (75 MHz, CDCJ) § 170.38, 162.21, 156.27 (@=

3.70 — 3.62 (m, 1H), 3.49 — 3.29 (m, 2H), 2.86 — M8 1H).
¥C NMR (75 MHz, CDCJ) & 169.63, 162.08, 139.76, 131.16,
128.71, 128.28, 127.43, 124.92, 113.32, 74.36, %853.09,
55.46, 51.19, 48.68. HRMS (ESIm/z Calculated for
CiHoNoNaQ," [M + Na]" 365.1472, found 365.1467.

4.4.2.13 21ma and 21mp

Inseparable mixture, yellow viscous liquid (total@®g, 83%
yield). The area of one alkyl-H peak on the 1,2zixane ring in
o isomer was compared with thatfiisomer to derive 8H NMR
ratio of o/f = 4.0 : 1.21ma: 'H NMR (400 MHz, CDCJ) 5 7.68
(d,J = 8.4 Hz, 2H), 6.87 (d] = 8.5 Hz, 2H), 5.88 — 5.75 (m, 1H),
5.23- 5.05 (m, 2H), 4.46 (d,= 11.2 Hz, 1H), 4.23 — 4.03 (m,
1H), 3.81 (s, 3H), 3.68 (s, 1H), 3.54 — 3.33 (m, 2H333- 3.05
(m, 2H), 2.99 — 2.69 (m, 1H)*C NMR (75 MHz, CDC)) §
169.89, 162.04, 136.43, 131.17, 124.88, 116.65,291373.47,
67.57, 58.43, 55.40, 50.14, 48.720m§: 'H NMR (400 MHz,
CDCly) 6 7.68 (d,J = 8.4 Hz, 2H), 6.87 (d] = 8.5 Hz, 2H), 5.88
— 5.75 (m, 1H), 5.23- 5.05 (m, 2H), 4.64 {d= 11.5 Hz, 1H),



9
4.23 — 4.03 (m, 1H), 3.81 (s, 3H), 3.68 (s, 1H), 3-53.33 (m, Inseparable mixture, yellow viscous liquid (total.Qig,
2H), 3.33 — 3.05 (m, 2H), 2.99 — 2.69 (m, 1FiC NMR (75 96% yield). The area of one alkyl-H peak on the dxazinane
MHz, CDCk) 6 169.54, 161.98, 136.43, 131.17, 125.04, 116.84¢ing in a isomer was compared with thatfrnisomer to derive a
113.29, 74.41, 68.74, 57.86, 55.40, 49.64, 48.77TMBRESI) '"H NMR ratio of o/ = 7.2 : 1.21qe: '"H NMR (400 MHz,
m/z Calculated for GH,N,O,” [M + H]" 293.1496, found CDCL)$ 7.71 (d,J = 8.7 Hz, 2H), 6.89 (d] = 8.8 Hz, 2H), 4.75
293.1497. (dd,J=12.8, 4.6 Hz, 1H), 4.15 (dd,= 11.2, 4.2 Hz, 1H), 3.91 —
3.81 (m, 4H), 3.76 — 3.64 (m, 6H), 3.27 — 3.19 (m,,1H96 (s,
4.4.2.14 21na and 21nf 1H), 2.84 — 2.75 (m, 2H), 2.72 — 2.65 (m, 1H), 2.52.47 (m,
Inseparable mixture, yellow viscous liquid (total@®g, 56% 2H). °C NMR (75 MHz, CDC)) & 169.52, 162.07, 131.20,
yield). The area of one alkyl-H peak on the 1,2zixane ring in ~ 124.84, 113.29, 74.97, 69.56, 67.42, 66.11, 6463166, 55.41,
o isomer was compared with thatfirisomer to derive 3H NMR 49.89, 41.7821gp: '"H NMR (400 MHz, CDCJ) 5 7.71 (d,J =
ratio of /p = 4.6 : 1.21na: *H NMR (300 MHz, CDCJ) § 7.70 8.7 Hz, 2H), 6.89 (d] = 8.8 Hz, 2H), 4.75 (dd] = 12.8, 4.6 Hz,
(d,J = 8.8 Hz, 2H), 6.89 (d] = 8.8 Hz, 2H), 4.48 (dd] = 13.1,  1H), 4.15 (ddJ = 11.2, 4.2 Hz, 1H), 3.91 — 3.81 (m, 4H), 3.76 —
3.6 Hz, 1H), 4.25 (dd] = 11.4, 4.1 Hz, 1H), 3.83 (s, 3H), 3.78 — 3.64 (m, 6H), 3.27 — 3.19 (m, 1H), 2.96 (s, 1H), 2:82.75 (m,
3.65 (M, 1H), 3.61 — 3.36 (m, 4H), 3.07 — 2.93 (m,, 1431 —  2H), 2.72 — 2.65 (m, 1H), 2.57 — 2.47 (m, 2HC NMR (75
2.22 (m, 1H).13C NMR (75 MHz, CDCJ) § 170.10, 162.15, MHz, CDCk) é 169.81, 162.07, 131.16, 124.88, 113.29, 74.97,
131.29, 124.86, 113.36, 81.76, 73.13, 72.40, 6/A8X2, 55.48, 69.56, 67.34, 65.29, 64.31, 63.66, 55.41, 49.26/8411HRMS
48.67, 36.4021np: *H NMR (300 MHz, CDCJ) & 7.70 (d,J =  (ESI)m/z Calculated for GH,sN,HOs'[M + H]" 323.1601, found
8.8 Hz, 2H), 6.89 (dJ = 8.8 Hz, 2H), 4.65 (dd] = 13.1, 3.8 Hz, 323.1601.
1H), 4.21 (dd,J = 11.0, 3.8 Hz, 1H), 3.83 (s, 3H), 3.78 — 3.65 (m,
1H). 3.61 — 3.36 (m, 4H), 3.07 — 2.93 (m. 1H), 2.32.22 (m, ~+2182lraand2lrf
1H). **C NMR (75 MHz, CDCJ) & 170.10, 162.15, 131.20, Inseparable mixture, yellow viscous liquid (total.®0mg,
125.03, 113.36, 81.59, 74.24, 72.60, 68.69, 55848, 48.67, 85% yield). The area of one alkyl-H peak on the dxdzinane
36.06. HRMS (ESI)m/z Calculated for GHN,O," [M + ring in a isomer was compared with thatprnisomer to derive a
H]"291.1339, found 291.1337. "H NMR ratio ofa/p = 4.0 : 1.21ra: "H NMR (400 MHz, CDCJ)
§ 7.68 (d,J = 8.7 Hz, 2H), 6.93 — 6.80 (m, 2H), 4.72 (dd=
4.4.2.15210a and 2104 12.8, 4.4 Hz, 1H), 4.09 (dd,= 11.2, 4.2 Hz, 1H), 3.94 — 3.78
Inseparable mixture, yellow viscous liquid (total®ifig, 92%  (m, 4H), 3.71 — 3.58 (m, 1H), 3.52 — 3.30 (m, 5H)43-23.12
yield). The area of one alkyl-H peak on the 1,2zixane ring in (M, 1H), 2.87 — 2.67 (m, 3H), 2.57 — 2.43 (m, 2H),11(4, 9H).
o isomer was compared with thatfirisomer to derive 3H NMR C NMR (75 MHz, CDCJ) & 169.49, 162.04, 154.55, 131.14,
ratio of /p = 5.0 : 1.210a: *H NMR (300 MHz, CDCJ) § 7.77 —  124.80, 113.26, 79.90, 74.98, 69.65, 66.15, 635887, 49.34,
7.58 (m, 2H), 6.87 (d] = 8.7 Hz, 2H), 4.53 (d] = 10.6 Hz, 1H), 44.37, 41.92, 28.321rp: "H NMR (400 MHz, CDC})) § 7.68 (d,
4.23 — 4.04 (m, 3H), 3.82 (s, 3H), 3.73 — 3.62 (m,, 13857 — J=8.7 Hz, 2H), 6.93 — 6.80 (m, 2H), 4.64 (dd; 12.9, 4.0 Hz,
3.26 (m, 4H), 2.79 — 2.67 (m, 1H), 1.25Jt= 7.1 Hz, 3H)*C  1H), 4.14 (ddJ = 10.8, 5.1 Hz, 1H), 3.94 — 3.78 (m, 4H), 3.71 —
NMR (75 MHz, CDC}) & 173.28, 169.84, 162.04, 131.18, 3.58 (m, 1H), 3.52 — 3.30 (m, 5H), 3.24 — 3.12 (m,,1H87 -
124.97, 113.31, 73.34, 68.00, 61.37, 59.52, 5583)1, 48.47, 2.67 (m, 3H), 2.57 — 2.43 (m, 2H), 1.43 (s, 9ﬁ93 NMR (75
14.24.210: *H NMR (300 MHz, CDCJ) § 7.77 — 7.58 (m, 2H), MHz, CDCk) § 169.80, 162.04, 154.60, 131.14, 124.80, 113.26,
6.87 (d,J = 8.7 Hz, 2H), 4.62 (d] = 4.0 Hz, 1H), 4.23 — 4.04 (m, 79.97, 74.98, 69.65, 65.31, 64.44, 55.37, 49.34374441.92,
3H), 3.82 (s, 3H), 3.73 — 3.62 (m, 1H), 3.57 — 3.264ht), 2.79  28.39. HRMS (ESIWz Calculated for GHz;N;NaOs[M + Na]*
— 2.67 (m, 1H), 1.25 () = 7.1 Hz, 3H).”*C NMR (75 MHz,  444.2105, found 444.2104.
CDCly) 6 173.28, 169.84, 162.04, 131.18, 124.97, 113.313473

68.00. 61.37, 59.52, 55.43, 48.81, 48.47, 14.24. BRES)mz - +219 21sxand 2158
Calculated for GHxN,NaQ;" [M + Na]' 361.1370, Inseparable mixture, yellow viscous liquid (total.®3mg,
found361.1364. 69% vyield). The area of one alkyl-H peak on the dxazinane

ring in o isomer was compared with thatfnisomer to derive a
4.4.2.16 21pa and 21pp 'H NMR ratio of /f = 12.0 : 1.21sa: *H NMR (400 MHz,
Inseparable mixture, yellow viscous liquid (total@#g, 94% CDCl) $ 7.75 (d,J = 8.8 Hz, 2H), 7.10 — 7.03 (m, 1H), 6.97 {d,
yield). The area of one alkyl-H peak on the 1,2zixane ring in = 7.1 Hz, 1H), 6.90 (d] = 8.8 Hz, 2H), 6.82 (d] = 8.3 Hz, 1H),
o isomer was compared with thatfirisomer to derive 8H NMR ~ 6.65 (t,J = 7.3 Hz, 1H), 4.75 (dd] = 13.0, 4.5 Hz, 1H), 4.19 -
ratio of /p = 3.9 : 1.21pa: '*H NMR (400 MHz, CDCJ) 5 7.58  4.04 (m, 2H), 4.04 — 3.97 (m, 1H), 3.84 (s, 3H), 3-73.69 (m,
(d, J = 8.8 Hz, 2H), 6.82 — 6.73 (m, 2H), 4.68 (dd; 12.6, 4.8  1H), 3.43 — 3.32 (m, 2H), 3.16 — 3.09 (m, 1H), 2.79 & 6.3 Hz,
Hz, 1H), 4.08 — 3.97 (m, 1H), 3.81 — 3.65 (m, 4H), 34826  2H), 1.99 — 1.77 (m, 2H}’C NMR (75 MHz, CDC}) § 169.65,
(m, 1H), 3.11 — 2.98 (m, 1H), 2.78 — 2.47 (m, 3H)42-42.27 162.21, 145.11, 131.35, 129.81, 127.36, 124.71,882317.40,
(m, 2H), 1.50 — 1.28 (m, 6H}°C NMR (75 MHz, CDCJ) 5§  113.38, 111.48, 70.21, 64.45, 59.56, 55.48, 491832, 28.13,
169.46, 162.05, 131.21, 125.19, 113.34, 69.74,%768.61, 22.58.21sf: '"H NMR (400 MHz, CDC}) & 7.75 (d,J = 8.8 Hz,
60.53, 55.49, 50.70, 26.80, 24.69, 21.19, 1423pp: '"H NMR  2H), 7.10 — 7.03 (m, 1H), 6.97 (d,= 7.1 Hz, 1H), 6.90 (d] =
(400 MHz, CDC}) & 7.58 (d,J = 8.8 Hz, 2H), 6.82 — 6.73 (m, 8.8 Hz, 2H), 6.82 (dJ = 8.3 Hz, 1H), 6.65 (1) = 7.3 Hz, 1H),
2H), 4.58 (dd,) = 12.8, 4.2 Hz, 1H), 4.08 — 3.97 (m, 1H), 3.81 —4.46 (d,J = 15.4 Hz, 1H), 4.19 — 4.04 (m, 2H), 4.04 — 3.97 (m,
3.65 (M, 4H), 3.40 — 3.26 (m, 1H), 3.11 — 2.98 (m,,1M4y8 —  1H), 3.84 (s, 3H), 3.77 — 3.69 (m, 1H), 3.43 — 3.32%h), 3.16
2.47 (M, 3H), 2.44 — 2.27 (m, 2H), 1.50 — 1.28 (m,.6f NMR  — 3.09 (m, 1H), 2.75 (] = 6.3 Hz, 2H), 1.99 — 1.77 (m, 2HjC
(75 MHz, CDC}) & 169.46, 162.05, 131.21, 125.19, 113.34,NMR (75 MHz, CDC}) & 169.65, 162.21, 145.11, 131.41,
75.39, 66.31, 64.41, 58.57, 55.49, 49.72, 26.7462421.19, 129.81, 127.36, 124.71, 123.89, 117.40, 113.38,4B1170.21,
14.32. HRMS (ESIjvz Calculated for GH,sN,NaQ,"[M + NaJ"* 64.45, 59.56, 55.48, 49.63, 43.02, 28.13, 22.58. BRESI)nVz
321.1809, found 321.1806. Calculated for GH,N,NaQ" [M + Na]' 391.1628,

found391.1632.
4.4.2.17 21ga and 2198
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4.4.2.20 21ta and 2118

Inseparable mixture, yellow viscous liquid (totaldishg, 97%
yield). The area of one alkyl-H peak on the 1,2zixane ring in
o isomer was compared with thatfirisomer to derive 3H NMR
ratio of w/p = 5.3 : 121te: *H NMR (300 MHz, CDC)) § 7.70
(dd,J = 8.7, 4.5 Hz, 2H), 6.88 (d,= 8.8 Hz, 2H), 4.40 (dd] =
13.1, 3.3 Hz, 1H), 4.18 (dd,= 11.6, 3.3 Hz, 1H), 4.03 — 3.88
(m, 1H), 3.86 — 3.72 (m, 4H), 3.69 — 3.59 (m, 1H),63-53.35
(m, 1H), 2.87 — 2.57 (m, 5H), 1.87 — 1.67 (m, 4).NMR (75
MHz, CDCk) 4 170.15, 161.99, 131.16 (d,= 8.0 Hz), 125.16,
113.28, 74.53, 70.16, 66.66, 65.62, 62.89, 55.4346 49.66,
42.27, 23.5821tp: *H NMR (300 MHz, CDCJ) § 7.70 (dd,J =
8.7, 4.5 Hz, 2H), 6.88 (d, = 8.8 Hz, 2H), 4.53 (ddl = 13.2, 3.7
Hz, 1H), 4.18 (dd) = 11.6, 3.3 Hz, 1H), 4.03 — 3.88 (m, 1H),
3.86 — 3.72 (m, 4H), 3.69 — 3.59 (m, 1H), 3.56 — 3185 1H),
2.87 — 2.57 (m, 5H), 1.87 — 1.67 (m, 48J. NMR (75 MHz,
CDCls) 5 169.69, 161.99, 131.16 (d~= 8.0 Hz), 125.16, 113.28,
74.53, 70.16, 66.66, 65.62, 61.75, 55.43, 50.4647%4842.27,
23.66.HRMS (ESImvz Calculated for GH,aN,O," [M + H]*
307.1652, found307.1647.

4.5. N-Acyl deprotection

4.5.1. Procedure
To a 10 mL sealed tube equipped with a stir bar vaeided

Tetrahedron

White solid (72.3 mg, 91% yield); m.p. 60-6C. '"H NMR
(400 MHz, CDC}) 6 4.12 (dd,J = 12.0, 4.0 Hz, 1H), 3.70 (td,=
7.3, 4.0 Hz, 1H), 3.60 — 3.52 (m, 1H), 3.43 — 3.32 ZH), 2.93
(dd,J = 12.7, 7.7 Hz, 1H)**C NMR (75 MHz, CDCJ) 5 68.85,
67.32, 60.51, 51.86. HRMS (ESlmz Calculated for
C4HgN,O,'IM + H] " 145.0720, found 145.0713.

4522 23ia

White solid (62.3 mg, 80% vyield); m.p. 134-1%5. '*H NMR
(400 MHz, DMSO) 7.01 (t,J = 7.9 Hz, 2H), 6.59 (d] = 7.8 Hz,
2H), 6.46 (t,J = 7.2 Hz, 1H), 6.36 — 6.29 (m, 1H), 5.48 {d=
7.4 Hz, 1H), 4.99 (s, 1H), 4.00 (ddi= 11.3, 4.0 Hz, 1H), 3.49 —
3.41 (m, 1H), 3.26 (ddj = 11.2, 8.3 Hz, 1H), 3.22 — 3.11 (m,
2H), 2.75 — 2.65 (m, 1H}*C NMR (75 MHz, DMSO)» 153.47,
134.13, 120.79, 117.36, 76.21, 72.24, 59.89, 58488VS (ESI)
mvz Calculated for GHgN,O,[M + H]"145.0720, found 145.0727.
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