PROCESS FOR PREPARI NG PYRANO- 12, 3-c] PYRI DI NE DERI VATI VES 5 BACKGROUND OF
THE | NVENTI ON The present invention relates to pyrano-[2, 3-c]pyridine
deri vati wee 2arxdh1a®ti hods for their preparation. PCT/US2011/044489

3, 4- D hydr o- 2H pyrano[ 2, 3-c] pyri di ne- 6- car bal dehyde, di sclosed in
W2004058144, is characterized by the following Formula (VII1): O (VIII)
10Pyrano-[ 2, 3-c] pyri di ne derivatives have shown prom se as useful

i nternedi ates to conpounds useful for treating bacterial infections.
Previously disclosed nethods for preparing

pyrano-[ 2, 3-c] pyri di ne- 6- car bal dehyde are arduous, requiring many steps

usi ng expensi pROVENS FOR Fiﬁi}%&RIENéPQ’MN@-ZZJBIc!) ID‘INWER'WA@NEJSV overal |
yi el ds. (See W?2003042210, Exanple 18; W 004058144, Exanpl e 126(a)-(e)) It

woul d therefore 15be advantageous to discover alternative ways of preparing

this bugl dgg@lgﬂ;ﬁ@@\fﬂ N ek AV RpfoNexpensi ve chem cals. SUWARY OF THE
| NVENTI ON I n one aspect, the present invention is a Erocess

conpri si ng dehyHlcatésg laVem)Olt@mtﬁ@@mwr@lfo Rer-elnyrédigd derivativiey ang m¢thegds deri t abl e
dehydrati nﬁlefr%?e%gﬂhoﬁ i 1 @iﬁydﬁ) £R! WI%HS’[% 3OJ p)F %I{M—@arﬁlde)nydﬁalsagsed iR R2, ORS

| R4
W02004058144, is characterized by the following Formula (VIII):
O

H | X

N
/O

(VIII)

10 Pyrano-[2,3-c]pyridine derivatives have shown promise as useful intermediates to
compounds useful for treating bacterial infections. Previously disclosed methods for
preparing pyrano-[2,3-c]pyridine-6-carbaldehyde are arduous, requiring many steps using
expensive starting materials and resulting in unsatisfactory overall yields. (See
W02003042210, Example 18; W02004058144, Example 126(a)-(e)) It would therefore

15  be advantageous to discover alternative ways of preparing this building block from

relatively inexpensive chemicals.

SUMMARY OF THE INVENTION

In one aspect, the present invention is a process comprising dehydrating a
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with a suitable dehydrating reagent to form a compound of Formula (II):

20 compound of Formula (T):
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NORIR3 (Il) wherein RI- is -CH=CHR8 or -CH2-CH=CH R9; R2 is
C-C4-alkyl; R3is H G -C4-alkyl, benzyl, -phenyl-(R10)x, or

-G - C4- al W90 20023301 - C4- al kyl ; each R4 is independently PFCTarS2@1/0@4sal kyl ;
5each R5 and each R6 are independently H C -C4-alkyl, -0-C -C4-al kyl, or
-S-C-C4-alkyl; R7 is R3 or -CH2-R9; R8 is H, G -C4-al kyl, -phenyl-(R10),
or -COO-C-C4-alkyl; RO is H G -C3-al kyl, -phenyl-(R10), or

-CO0- G - C4wihbﬂém|Rl @&ub:m@%&dm@mmm ly hal o, G -C4-alkyl,

-0-Gi - C6- aI gy -S-Ci -C4-al kyl; and 10each x is independently 0, 1, or
2. r%t%ﬁl spect, the present invention is a process conprising

the step ok3 dehydr@tding RnspRUHRAY,, PRI Ak Y)COBC, O lkyl;
each R* is independently H, or C;-Cy-alkyl;
5  each R’ and each R® are independently H, C,-Cy-alkyl, -O-C,-C4-alkyl, or -S-C,-C4-alkyl;
R”is R® or -CH,-R’
R® is H, C;-C4-alkyl, -phenyl-(R'%), or -COO-C,-C4-alkyl;
R’ is H, C;-Cs-alkyl, -phenyl-(R'%),, or -COO-C,-Cy-alkyl;
each R'? is independently halo, C;-C4-alkyl, -O-C;-C-alkyl, or -S-C;-Cy-alkyl; and
10  each x is independently O, 1, or 2.
In another aspect, the present invention is a process comprising the step of

dehydrating a compound of Formula (V):

o
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M
with a suitable dehydrating reagent to form a compound of Formula (VI):
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RZ\O N
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15 (VD)
wherein R? is C;-C4-alkyl. Compounds of Formula (IT) have shown promise as

intermediates to compounds useful for treating bacterial infections.

20 DETAILED DESCRIPTION OF THE INVENTION
In a first aspect, the present invention is a process comprising dehydrating a

compound of Formula (I):

o R SR,
R R®_,
R2 O%N&(OW
H 4
0 o R" R* go
0]



with a suitabl e dehydrating reagent to forma conpound of Fornmula (VI): O
15(VI) wherein R2 is G -C4-al kyl. Conpounds of Formula (11) have shown
prom se awoi2nt2arieddi ates to conpounds useful for treati rgThESCHIGOILEBI

i nfections. 20DETAI LED DESCRI PTI ON OF THE | NVENTI ON In a first
aspect, the present invention is a process conprising dehydrating a
conpound of Forrmula (1): with a suitable dehydrating reagent to forma
conpound ofyitr@lksibe: c(eh:&c)raudg&ea%entl‘@fdiﬂa FBnfpblind oFerRIIN(RL- R7 are as

previ ously defined. -C4-al kyl _is used herein to refer to a
strai ght chain or branched aIkyI gr upr@ﬂhR5up to four carbon atons.
Exanpl es i ncl ude nethyl, ethyl, ropyl n- butyl, sec-butyl,
and t-butyl. Simlarly, G -C3-alkyl nethyl et hyl, n-propyl, or
i sopropyl .

wherein R'-R” are as previously defined.
C;-Cy-alkyl is used herein to refer to a straight chain or branched alkyl group with
5 up to four carbon atoms. Examples include methyl, ethyl, #n-propyl, isopropyl, n-butyl,
sec-butyl, and #-butyl.
Similarly, C;-Cs-alkyl refers to methyl, ethyl, n-propyl, or isopropyl.
In another embodiment, R*, R?, and R® are each independently H or C;-Cy-alkyl.
In another embodiment, R*, R?, and R® are each independently H or methyl.
10 In another embodiment, each of R4, RS, and R® is H.
Examples of suitable dehydrating reagents include trifluoromethanesulfonic
anhydride (Tf,0) and phosphorus pentoxide (P,0Os), preferably Tt,0.
The reaction of Compound (T) to Compound (IT) [or Compound (V) to Compound (VI)] is
advantageously carried out in the presence of a suitable base, preferably an organic base
15  such as pyridine, triethylamine, or diisopropylethylamine. Preferably, the base is used in a
range of from 1 equivalent with respect to Compound (I) to less than the amount, in
equivalents, of the dehydrating reagent.

A compound of Formula (Ia):

O RS s
R
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(Ia)
20  can be prepared, for example, by reaction of Cl-CO-CO,-R? with a compound of Formula
(4):



I n anot her enbodi nent, R4, R5, and R6 are each independently H or

C -C4-al kyl. I'n another enbodinent, R4, R5, and R6 are each i ndependently H
or net hylwo20izniasset her enbodi nent, each of R4, R5, andPR&/USS01H044489
Exanpl es of suitable dehydrating reagents include trifluoronmethanesul fonic
anhydride (Tf20) and phosphorus pentoxide (P205), preferably Tf20. The
reaction of Conmpound (lI) to Conpound (I11) [or Conpound (V) to Conpound
(VI)] is advaaprgacsstysutasle bRE preftrably ah beapic ®s@NERrOR® & a8 picvRltle base,
preferably an organic base 15such as pyridine, triethylamne, or

dii sopropyfigf“ﬁg-l am ne Preferably, the base is used in a range of from1l
equi val ent W t hreSRP6hnd T FoRAMP L) dad b préfrdd@S U chdaBtif hee HRd of 1 N

equi val ents, of theﬂ%ehydrati ng ?gagentp. IS:AAI cg)r%flpo%nd of%o@%l a (la): 20
can be prepei®er Gdor exanple, by reaction of O-CO0M@-R2 with a conpound

of Forrmula (4): (4) in the pregence gf a suitable base, preferably an
organi c base, where R8 is as previ usIOyR4 Ri @ng The conpound of
Formula (4) can be prepared bwoﬂ%p%}fed&/monpound of Fornmula (3):
O R4R6R6
5 ©)

under suitable deprotecting conditions, preferably by reaction with a strong acid, such as
HCI, H,SO4, MsOH or TsOH.

The compound of Formula (3) can be prepared by condensing a compound of

Formula (1):
R3
H
BocHN )ﬁ(o
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10 @
with a compound of Formula (2):
RS R R’
RE _~ OH
RS R* R

under suitable condensation conditions, for example, in the presence of 1,1'-

carbonyldiimidazole.
15 A compound of Formula (Ib):
o R RS R® RS
Oy e
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(Ib)
can be prepared in a similar manner to the compound of Formula (Ta), where R” is as

previously defined.



5(3) under suitable deprotecting conditions, preferably by reaction with a
strong acid, such as HCl, H2SO4, MsOH or TsOH. The conpound of

Forrmul a (8P 20ev1k3®1pr epared by condensi ng a conpound of PE@rUsad1a/044u39 10
wi th a conpound of Fornula (2): under suitable condensation conditions,
for exanple, in the presence of 1,1'- carbonyl diimdazole. 15A conmpound of
Formula (Ib): RO (Ib) can be prepared in a simlar manner to the conpound

of Formula (la), where RO is as previously defined. The conpound of
Formula (I1):
The compound of Formula (IT):
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can be contacted with a suitable reducing reagent to form a compound of Formula (I1I):

7 6
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5 (I11)

Examples of suitable reducing reagents include diisobutylaluminium hydride,
LiAlH,4, LiBH4, and NaBH,.

The compound of Formula (I1I) can be contacted with a suitable oxidizing reagent

to form a compound of Formula (IV):

7 6
0O R R6 R RS
H X R®
Des
P07 R
R3

10 av)

Examples of suitable oxidizing reagents include MnO,, Swern oxidation reagents,
2-iodoxybenzoic acid, pyridine sulphur trioxide, and Dess-Martin periodinane.

Alternatively, the compound of Formula (IV):

5
RS
R4
R4

O R’  R®

ReJ R

H |\
N

Z o

R3

av)



R3 (Il) can be contacted wth a suitable reducing reagent to forma
conpound of Forrmula (I11): R3 5 Exanpl es of suitabl e reducing
reagent s woebteda23iti sobut yl al um ni um hydri de, Li AlH4, LiPBHEAS2@nd44MaBHA.
The conpound of Fornula (111) can be contacted with a suitabl e oxidizing
reagent to forma conpound of Formula (1V): R3 10(1V) Exanpl es of
sui tabl e oxi di zi ng reagents include M02, Swern oxidation reagents,
2- i odoxybepaticqréfaied by Ryducial A S HppiidrofFoimis dB; and Dess-Martin
peri odi nane. Alternatively, the corrgouggl oRf6 Formula (1V): R7 R6

6
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with a suitable reducing reagent, such as diisobutylaluminium hydride.

5  Schemes
Scheme 1 illustrates one aspect of the present invention. Compound (3) can be
prepared by contacting acid (1) with alcohol (2) under suitable condensation conditions, for
example, in the presence of 1,1'-carbonyldiimidazole. The protecting group is removed
from compound (3) to form amine (4) under suitable deprotecting conditions, preferably by
10  reaction with a strong acid, such as HCI, H,SO,4, MsOH or TsOH.
The compound of Formula (Ia) can be prepared by contacting amine (4) with X-
CO-CO,-R* (X= halo or -OCH3) in the presence of a suitable base, preferably, an organic
base such as triethylamine.
The compound of Formula (ITa) can be prepared by treatment of the compound of
15  Formula (Ia) with suitable base and dehydrating reagent, for example, pyridine and Tf,O.
The compound of Formula (IVa) can be prepared in at least two ways. For
example, the compound of Formula (Ila) can be reduced to alcohol (Illa) using a suitable
reducing reagent such as diisobutylaluminium hydride, LiAIH,4, LiBH,4, or NaBH,.
Alcohol (IlTa) can then be oxidized to form the compound of Formula (IVa) using a
20  suitable oxidizing reagent such as MnO,, Swern oxidation reagents, 2-iodoxybenzoic acid,
pyridine sulphur trioxide, or Dess-Martin periodinane.
Alternatively, the compound of Formula (Ila) can be reduced to form the compound

of Formula (IVa) using a suitable reducing reagent such as diisobutylaluminium hydride.



R6 R5 R5 IRA NO R4 R3 (1V) WD 2012/012391PCT/ US2011/ 044489 can be
prepared by reducing the conmpound of Fornula (Il1): OR7 R6 , RR- with a

sui t abl e wedoimegsdeagent, such as diisobutyl al um ni um RgaiSde.1/05448 henes
Scheme 1 illustrates one aspect of the present invention. Conpound (3) can
be prepared by contacting acid (1) wth alcohol (2) under suitable
condensation conditions, for exanple, in the presence of

1, 1' - car bogyHediciim dazol e. The protecting group is renoved from conmpound (3)
to formam ne (4) under sui tabl e deprotecting conditions, preferably by 10
reaction with a stﬁong aQ&ﬂmm@H@ﬂmﬂs HC1, H2504, RM50H or TsOH. The
compound of Forpuk 'TﬂﬂT1R?Tﬂ1ﬂEUed C REMAEEA) with

XCO- 0R-R2 (X= hal 0 - OCH3) iR’ the prié€encd of, Tsuitable base,
preferably, an organlc ba Pﬁrlethyl8n1ﬁe The conpound of Fornul a
(Ha) can be preparél by treatnent g* t he conpoupg of 15Fornula (la) with
sui tabl e base and dehydrating r agent for exanple, pyridine and Tf20.

The conpound of Fornula (1Va) c h be prepared in at |east two ways. For
exanpl e, the conpound of Formula (Ha) can be reduced to al cohol (Il1la)
using a suitable reducing reagent such as diisobutyl al um ni um hydri de,

Li A1H4, Li BH4gs or N@BH4 AI gﬁéfjﬁhh) can then ke OXId1%ed to formthe

base
conpound of F){ﬂgb' \@.)Rs usin Rz,OjHLN)YOM R® dehydrating reagent
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5 Another embodiment of the present invention is illustrated in Scheme 2. The
p

compound of Formula (IVb) can be prepared in a similar manner as the compounds in

Scheme 1 starting from alcohol (6).



20sui t abl e oxi di zi ng reagent such as M102, Swern oxi dation reagents,

2- 1 odoxybenzoi ¢ acid, pyridine sulphur trioxide, or Dess-Martin

peri odi nawe.2012/012391Al t ernat i vel y, the conpound of For nulPaT(UdS2)1103438he
reduced to formthe conpound of Formula (l1Va) using a suitable reducing
reagent such as diisobutyl al um nium hydride. WO

2012/ 012391PCT/ US2011/ 044489 Schenme 1 5Anot her enbodi nent of the present

i nvention Réhehlel2ustrated in Scheme 2. The conpound of Formula (IVb) can be
prepared in a sinilar manner as the conpounds in Schene 1 starting from

al cohol (6). R3 (I MadnsaXXAMRIZES  5The f &f | owls exanples ar e illustrative
of the proggss the present |nventk§ 2 I@ndediﬂggﬂﬂﬁlt t he
scope of the invention. ke 1: tH RARS R
3, 4- di hydr o- 2H pyr angp P%lne 6- carboxylate 0

(1) R® R Y

(©)
O

O
R3 R R3 RS , base
e} o 0 - 20
H,N R R s

(X=halo or methoxy) R4 R® RS

®) (Ib)
_ R —

RS R°

dehydrating reagent

base

oxidation

(I11b)

EXAMPLES
5 The following examples are illustrative of the process of the present invention and

are not intended to limit the scope of the invention.



(a) Methyl 2-oxo-2-((2-o0x0-2-(pent-4-en-1-yloxy)ethyl)am no)acetate 00
ii?1)(0! 5To a 1-L reactor was charged 1,1'-carbonyl diimdazole (CDI) (44.0
g, 0.95 ey 2arxhie®at - butyl nethyl ether (TBME) (150 nli) PCThiS20mi108448€ was
heated with stirring to - 40 C whereupon a solution of N Boc-glycine (50 g,
1 eq) in TBVE (200 nL) was added and stirring continued for 0.5 h.

Pent -4-en-1-o0l (23 g, 0.95 eq) was then added over 30 mn and stirring was
continued &kafiple@: Muthyd 304-dihpdr oC2IRh PEhnb 2, RO pridihdoHatb (IR L) was added 10
to forma biphasic m xture. The | ayers were separated and the organic |ayer
was washed wth 1IN HC1 (1 x 125 nL) followed by water (1 x 125 nlL). The
TBME was distilled off and the cr X
pent-4-en-1-y12-((tert- butoxycarbonylhéqy cetate was then azeotropically
dried with toluene (200 nL). The m xturé heated to 40 C and sufficient
t ol uene wag)addrd dt&xobri(mgxd-Depdnetiah-1vabineh@fantisene to - 200 nl.
15N@thanes§?fon?% aci d %34 g,Qp. eq)%yggaégged gnd the m xture was
stirred at 40 C for 2 h then coo edHto 20 C. The m xture was then
transferred into a vessel con \d%%e alate (34 g, 1 eq) and the
tenperature of the vessel was nmairgained at 20 Cwith stirring.
Triethylamne (43 g, 1.5 eq) was then added to this mxture stirring was
continugd for h 25 nl).

The toISene Sﬁéoﬁut%%%gﬁé%ggr cgﬂ?%%%&éf M?%1 Zgﬁgégéé cggﬁ 6% gi ve

met hyl 2- omt—lﬂﬂjl(n&-ﬂmkeﬂ@r (IpdAH)-(120- mh). TFhelnox tnyeewdsyteitadrivit pacieg at-€4@3C an oi | .

(R O SR5hEbe & PR Sie (P . ot TRME OB Phsghadding 3 07051

H) , 56 é35(8 Snri%%a%ngﬂudféfgr 0235 k) Perk-47ch- ]]:(;_1%23 €. 9265?31)&1215 ﬂtﬁﬁamﬂio(/@ﬂggﬁﬂ gncﬁgjﬁlB) 6
m

. oo MRS PN 20 1 60 P SpRe ke 1RG5l T haniaged

352 083@( ( g fofr) bil S-B(ﬁ@la— inIleﬁe CDlliH)leH’ﬂﬁw;ere S%@tdm| and the organic laye(r Xv;s washed ) g
0XO0- 0-2- nt en- xy) et am no).acet ate eq) an

G Ot or ot ke 103 385 o Pa watra ot 1 2l RS TS v diitpiong ©

fol  owed bynd th@cﬁﬂéjbén't Qléan-ylQy(gzieﬂlbﬂ%xfzc]a?boﬁy]gamlil}o)ac&ﬂé waslthé® (78. 5 g, 1.5

eq) was added over 45 mn 5m xture maintaining an internal

t enper at ur azegfropicatly driedriyih talyang f200Rle) dihp prigurergs heptel tq0 “C and

sufficient toluene was added to bring the total volume of toluene to ~200 mL.

15  Methanesulfonic acid (34 g, 1.25 eq) was added and the mixture was stirred at 40 °C for
2 h then cooled to 20 °C. The mixture was then transferred into a vessel containing
dimethyl oxalate (34 g, 1 eq) and the temperature of the vessel was maintained at 20 °C
with stirring. Triethylamine (43 g, 1.5 eq) was then added to this mixture stirring was
continued for a further 1 h. The mixture was washed with water (125 mL). The toluene

20  solution was concentrated with azeotropic drying to give methyl 2-oxo-2-((2-ox0-2-(pent-
4-en-1-yloxy)ethyl)amino)acetate as an oil. 'H NMR (400 MHz, CDCI3) § ppm 7.55 (s, 1
H), 5.73-5.86 (m, 1 H), 4.97-5.10 (m, 2 H), 4.21 (t, /=6.65 Hz, 2 H), 4.13 (d, /=5.52 Hz, 2
H), 3.93 (s, 3 H), 2.13 (q, J/=7.42 Hz, 2 H), 1.71-1.85 (m, 2 H); *C NMR (75 MHz,
CDCI3) 0 ppm 168.58, 160.35, 156.29, 137.05, 115.56, 65.25, 53.72, 41.48, 29.84, 27.56;

25  HRMS (M+Na) m/z, calcd for C;oHsNOsNa, 252.0848; found, 252.0852.



whi ch point the reaction was carefully quenched by the addition of 20 wt%
aqueous NaOAc (255 nL) to forma biphasic solution. The agqueous | ayer was
extract edwei2ote/devn (85 nli). The conbi ned organi c | ayer s Pagrs20a9nad f i r st
with water (127.5 nL) and 10 wt%citric acid solution (170 nmL). 6N HCl
(127.5 m.) was added to the m xture to forma 10 bi phasic m xture. The two
| ayers were separated and the organic | ayer was extracted with 6 N HCL (85
m.). The agj)dihe Tagueamouh@yers were conbi ned and DCM (127.5 nlL) was added.
VWil e maintaining the tenperature below 25 C, 28 w % aqueous NHAOH was

sl owl y added T | ayers
vere Separ at g P RE e 2 LI B A RO e (BB B The
conbi ned odghlnrou:nelﬂ&ye(&CME(%mi)wwsdrmtdedmotarwev\ﬁt with etﬁﬁngrto)lowa'd]w meganl o

sol uti on was,.con cent n r eto row t.h itle
conpound asgdétﬁono P me ﬁc’#ﬁ geﬂ E%ﬁ%sf%ﬁdé qéw 1# ‘Zg the CD Cl13) 6
ppm 8. 1% ( Eruxtﬂ.reh‘l)a,lnte?mﬁ@aﬂ id@n4l nempkrdtre ofl~-26° tIheJthuﬂeQVdﬂBtlrré’d fdy 6 h&t 92 (s, 3

, 2.79 (t,.J=6.44 Hz, .2 , 1.97-2.0 2 o1 N 75 MHz, CDC13) 6
E'I)om 165. 13%%2%@6 i"é‘éﬁ‘%‘fwsﬁ@.ﬁgk‘(,q‘lﬂ%‘?‘g)@ thiﬁ@"i%{ Osfgg .“3@, aﬁ%ﬁ?ﬂ@g, 23. 57, )

20. 67; HRVRa0A¢ MSanL e ZormCabipithsc @61ufdiQt Thi hijkBNalay & hns @@idatte divathoicM
216. 0643.

: a
8- net hyl - @? rgﬂrpwmmgh %c{ﬂrgﬂw[ By s PPBYYBRGEs Y IRy e et BLoand 1)
Pent - 4- en- §1% Litdc 4odd @Q%XT%&KPWH@WIQQ)SMIQ%@QM& to the mixture to form a
25N- ('t - But oxgcar bonyl )al anine (3.1 g, and DCM (50 nlL) were added to a

vessel 10 t Bip %Si‘CrrPiXH’gje thel tw\ﬂé%yew@crmep%ra@fiﬁ%we efgaeeﬂayelswas ftractedgithyg) . The
m xture wag\stief (sg%Le}t Tﬁmuﬁaaqae@ﬁm%e@st \Hér@ CM&né@ada NI 2 MM e hwhd e

4-penten-1-ol (1. . eq) was added. - The m xture was stirred a
further 18a<|1deét Wﬁx%m@mtalméaﬁ@rtmmﬂr%uratbem Qéth%ﬁ Tit”o aqreopsiidiQtbasas

quenched wj, g%d&!ﬁ%ml ﬁ’1 ghpctﬁl?é &ulBu &l&e&gﬁreé{@éd sar r’f‘ﬁgtv@&ﬂyéré‘%eﬂe%&?aied"’e re

separ at ed. organi c yer was was w th saturated aqueous
sol ution aﬂl@ﬂ mhwec@dmma@)@@cmwghmM (85 mL). The combined organic layers

pent - 4-en- Loy Jxx?asﬁ b RN QX YG8T BROYL) A ARIR AR ANRALE, Al RQlcka The oil
it QIR RO gyl gl

was dlssolve anesul foni c acl eq) was
added. Th epmsmteup erovak thd fitteradhpatndeaytan e twhichrspldifiedioresténdmg- 2 NMRhen cool ed

Fol T owed: o} PBPBREd s gt B ot B G ROTRD: £208: 5% i B xture.
was stirreg, BGIr) 207Nt a6 é4 Hah? Bl 1t97pm09(tme2r}é)aBC|mmR\(/a5NﬂﬁeGDh?é3d§bpmlN HCl to
wes ashed T L 18- EhdiF e dafatdBud NEnE wor 0FY 2%%2?326%#8%‘)29?29;' was

t hen coocem#Ehad/zuatdfor ©@JHGRD; N4, 23$6.0637; Fndr0¥i0043. pent - 4- en-

Example 2: Ethyl 8-methyl-3,4-dihydro-2H-pyrano[2,3-c|pyridine-6-carboxylate
O

/\O |

X
N~

0]

(a) Pent-4-en-1-yl 2-(2-ethoxy-2-oxoacetamido)propanoate
O q 0]
AOHN%OW
0]
25 N-(-Butoxycarbonyl)alanine (3.1 g, 1 eq) and DCM (50 mL) were added to a vessel

with stirring followed by the addition of CDI (3.1 g, 1.15 eq). The mixture was stirred at

ambient temperature for 18 h after which time 4-penten-1-ol (1.8 g, 1.25 eq) was added.
-10 -



2- (2- et hoxy- 2- oxoacet am do) propanoate as a yellow oil. 1H NWR (400 Mz,
CDC13) 6 ppm 7.64 (d, J=6.94 Hz, 1 H), 5.66-5.83 (m 1 H, 4.90-5.05 (m 2
H, 4.49-woefiqarp39l H), 4.31 (qd, J=7.17, 2.26 Hz, 2 H) pCA/UB301{e4489=6. 59,
2.13 Hz, 2 H), 2.02-2.14 (m 2 H), 151.67-1.78 (m 2 H), 1.44 (d, J=7.19
Hz, 3 H), 1.34 (t, J=7.15 Hz, 3 H); 13C NWR (75 MHz, CDC13) 6 ppm 171. 64,
159. 94, 155.83, 136.94, 115.40, 64.98, 63.10, 48.40, 29.71, 27.44, 17.88,

g-g) 80;1 HRNS?& Mﬁgg{ﬁ} wak Zirredal feiehek 08 h @ﬂ-ﬁgﬁz&gd%h%ratﬁggt \iﬂl&lpOlﬁtth%ac)tﬁﬁo 1166.
The Title npound Pent-4-en-1-yl et hoxy- 2- oxoacet am do) pr opanoat e
(1.05 g, 1Wé%q§lueaﬁ&dn)®%1IM%CboMzaph%&@lxaaa&fas %m%d P LRGPYSRE VR st i rri ng.

Pyridine (& teﬁ: The 8re@fld 1398SwdsReRhaddarkaanbded REedls Nabic®, Wemti&Palsed to 15
C. Tf20 (1. , 5 eq) waS added to the m xture over 15 mn and the

m xture wa&leaﬁ@%laratt%l agbE eptt-dranpl At (trrebutxysarbenypgming)pmongnoatpgs aeact i on
was quernchgl By, &f‘\%a@cﬁgbﬁvh@ﬂl SEMIPSVHAR Qn@&etﬂﬁné%ﬁﬂ)ﬂﬁ%ﬁi (DBQAE 4%&) $/rma

bi phasic m xture. The |layers were separated and the organic |ayer was
washed wi t hddgdt Ehe miRte piegsitied at ﬁ?‘@?n@%ﬂm@éurﬁﬁérﬂ%brﬁ]@?@rwﬂa@ #chnunder reduced

pressure tg, a?% 59@ Eﬁ%lﬁ 'cﬁlb%-%gfﬁg%{&g (PP §Y1e§ écBVé(za§ %ldeq foli]o'greﬁ'%ﬁg §Tf500

CDC13) 6 ppm
2.70 (t, Jwedddibpn onrleﬂ)lylamm:eTS g, 3 SDHY he mlmems g8 redrfpr 2h pfer winc:hl t,

137, 72, 1olms g fi%ﬁg%%’%;{@?wé PR B 58 h%%’s 7H?<§s
(E 'IL\A;;? gD E esapallamd aﬁmthe@ﬂ@h[bﬁiﬂ@@waﬁﬁ%ﬁéd Wik O satfiroted dque2RNIHGG; sohlﬁ)()arrpl e 3:

bont - 40 en Vet BT a0 S aH LR i iR b i SRl 8F (&)

?Ee gt Si4m_e|r12 12 yﬂﬁ){}( Zogbd@ewmtc@mmaaaeé maﬁkubvg&lphENMm(rmpmmt@(ms pr epar ed

N (6 but ox g et an i BRI AT b et Pt i SR (rud b4 653y 6 ppm
5.

7 52 (d, Jﬂﬁm(ha,,J 11|7“D2267H2&H)$Z3 (th—%SbDRI?Hi@-H) 1@2(2rm4(al MH) 5 73- 334
, 4
(o, o 1 260q meg W g @ s 00kt otz B e SRk B i 5
2.05-2.13 ¢DCI;) d ppm 171.64, 159.94, 155.83, 136.94, 115.40, 64.98, 63.10, 48.40, 29.71, 27.44,
17.88, 13.80; HRMS (M+Na) m/z, caled for C1,H;sNOsNa, 280.1161; found, 280.1166.

(b) The Title Compound

Pent-4-en-1-yl 2-(2-ethoxy-2-oxoacetamido)propanoate (1.05 g, 1 eq) and DCM (15

20 mL) were added to a vessel with stirring. Pyridine (0.39 g, 1.2 eq) was then added and the
mixture was cooled to 15 °C. Tf,0 (1.7 g, 1.5 eq) was added to the mixture over 15 min
and the mixture was warmed to ambient temperature to stir for 1.5 h. The reaction was
quenched by the addition of DCM and 20 wt% aqueous NaOAc to form a biphasic mixture.
The layers were separated and the organic layer was washed with water. The organic layer

25  was then concentrated under reduced pressure to provide the title compound as yellow
solid. "H NMR (300 MHz, CDCI5) § ppm 7.62 (s, 1 H), 4.32 (q, J=7.12 Hz, 2 H), 4.16-
4.25 (m, 2 H), 2.70 (t, J/=6.44 Hz, 2 H), 2.37 (s, 3 H), 1.86 - 2.03 (m, 2 H), 1.31 (t, /=7.12
Hz, 3 H); “C NMR (75 MHz, CDCl;) § ppm 165.15, 152.44, 147.98, 137.72, 128.73,
124.80, 66.85, 61.09, 23.98, 21.06, 18.98, 14.11; HRMS (M+H) m/z, calcd for C;,H;sNOs,

30 222.1130; found, 222.1133.
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10(m 2 H, 1.69-1.79 (m 2 H), 1.41 (t, J=7.15 Hz, 3 H); 13C NWR (75 Mz,
CDC13) 6 ppm 170. 30, 159.85, 155.93, 137.01, 135.14, 129.10, 128.62,

127. 26, MW6.248/0188110, 63.22, 53.57, 37.70, 29.75, 27.4PCTAB2@5/04HRVE ( M+H)
m z, calcd for C18H24N05, 334.1654; found 334.1665. (b) The Title Conpound
15Pent - 4- en- 1-y12- ( 2- et hoxy- 2- oxoacet am do) - 3- phenyl propanoate (0.80 g, 1
eq) and DCM (15 nL) were added to a vessel with stirring. Pyridine (0.23 g,
1.2 eq) wagxhkipR 3addad 8aRazyl3es-dih¥dre 2 pRcano 2O-EPyEi@iné B-GrbokyPe (1.0 g, 1.5
eq) was added to the m xture over 15 min and the m xture was warmnmed to

anbi ent tenperature. The solution masostirred for 3.5 h after which tine
the reaction was quenched by ég\ 0 % aqueous 20 NaOAc to form a

bi phasi ¢ m xture. The | ayers wer Eparated apd the organic |ayer was
extracted with 6N HC1 (3 x 10 nL). TheMgsbiped acid |ayers were washed
with DCM and the pH was adjusted to -9 w|th SO|Id K2CO3. The basi c aqueous
| ayer was extracted with DCM The organic Yer was concentrated under
reduced pressure to provide the title - 12 conpound 1H NMR (300 MHz,
CDClB) 6 ppm7.74 (s 1 H, 7.10-7.35 (m 5 , 4.43 (q, J 7.12 Hz, 2 FD

4.22-4.29 (m_ 2 2.78 41 Hz 1.93-2. 06 (m
2 H), 1. 41Ea()tPentJ4'?n 171 ?{i’z gtgo’f:f)“i%"@,et&mﬁo% %@hmﬁro@ﬁ@ﬁ) 6 ppm 165. 08,

152. 25, 149.62, 138.86, 138.06, 129.62, 128.61, 127.80, 125.61, 125.23,
66. 70, 60.97, 38.55, 23.93, 20.9 544. 0; HRVMB (MtH) m z, calcd for
C18H20NG3, 298.1443; found 298%4 : hyl

8- phenyl - 3, 4- di hydr o- 2H pyrano[ 2, 3 c]p ri di ne-6-carboxylate (a) Ethyl

2- 0X0- 2- (( 2- oxo- 2- (pent - 4-en- 1- onxy) nyl et hyl ) am no) acet ate 10Et hyl

2- 0X0- 2- (( 2- oxo0- 2- (pent - 4-en- 1-yl oxy) - 1- nyl et hyl ) am no) acet at e was
prepared in a simlar manner as Exanple 2(a) starting fron1a [[(1,1-

h L PR AL s DSEERERE S A5 L B8, Al VD400,
(m 1 H, &5inf@rfehned asE;@ﬂanZZ(a)Jstalrﬂng vdiﬂBB—-(lﬁlbLQ&y(:difbor@l)b@lenyMaaﬁle((HO gJ=7.11 Hz,
g_ ('5')5’ Hﬁ mm z@@l\%fgz g 3)%531)9?21??23 8"%1% T $2493598 3 85,5 5% .18 88

(m, 2 H), 5.73-5.84 (m, 1 H), 5.06-5.10 (m, 1 H), 5.01-5.05 (m, 1 H), 4.87-4.95 (m, 1 H),

4.38 (qd, J/=7.15, 1.72 Hz, 2 H), 4.11-4.21 (m, 2 H), 3.21 (d, /=6.11 Hz, 2 H), 2.05-2.13

10 (m, 2 H), 1.69-1.79 (m, 2 H), 1.41 (t, J=7.15 Hz, 3 H); “C NMR (75 MHz, CDCIs) § ppm

170.30, 159.85, 155.93, 137.01, 135.14, 129.10, 128.62, 127.26, 115.43, 65.10, 63.22,

53.57,37.70, 29.75, 27.42, 13.85; HRMS (M+H) m/z, caled for C1sH24NOs, 334.1654;

found 334.1665.

(b) The Title Compound

15 Pent-4-en-1-yl 2-(2-ethoxy-2-oxoacetamido)-3-phenylpropanoate (0.80 g, 1 eq) and
DCM (15 mL) were added to a vessel with stirring. Pyridine (0.23 g, 1.2 eq) was then
added and the mixture was cooled to 15 °C. Tf,0 (1.0 g, 1.5 eq) was added to the mixture
over 15 min and the mixture was warmed to ambient temperature. The solution was stirred
for 3.5 h after which time the reaction was quenched by DCM and 20 wt% aqueous

20 NaOAc to form a biphasic mixture. The layers were separated and the organic layer was
extracted with 6N HCI (3 x 10 mL). The combined acid layers were washed with DCM
and the pH was adjusted to ~9 with solid K,COs. The basic aqueous layer was extracted

with DCM. The organic layer was concentrated under reduced pressure to provide the title
12 -



(75MHz, CDC13) 6 ppm 169.75, 159.93, 155.72, 136.94, 135.47, 129.02,
128.83, 127.26, 115.53, 65.40, 63.32, 56.69, 29.63, 27.44, 13.91; HRMS
(MtH) m ayocai2od23er CL7H22N05, 320. 1498; found 320. 151PCT(Uspo1Tiet489 t | e
Conmpound 20Et hyl

8- phenyl - 3, 4-di hydr o- 2H pyr ano[ 2, 3-c] pyri di ne- 6- car boxyl ate was prepared in
a simlar manner as Exanple 3(b) starting from et hyl

2- 0X0- 2- ((&@Ix@n& (H)HMR@f)@MHz}{t@CYQ)ﬂapmth(lseltHyh)lemmhﬁSGH)aét433(qo 91 9).
1H NVR (300 ?3 ﬁ‘)mg %4

7.34-7.49 (™ 123HF|)2 H)g 4 %4(25 (mJZI?I)’l"Zle-@E 2@ (4457 14Hé§ I(I)ml 9%2#?}5 (mp 91 (t,
J=6.44 Hz, 2%1 H.41 @ 212 HiB3 13@NMR£97% Mﬁz(@DCI%)—ﬁppla?ldﬂZo&; 355, 14862, NVR (75
MHz, CDC13) n1165 11, 152.06, 149.30, 146 138. 65, 136.72, 135.82,
130. 64, 125133%%p1182@6 389-64,728.8b, 12188, 128.61 68589, 0G0, 6F97.38:55723. 950269, 14. 00;
RS (MEH) i@ 6 CHRRAR N p 80 odio il fohnshidido 1301, Exampl e 5
Met hyl 5- nethyl 3, 4-di hydr o- ZFprranoTZ 3-c] pyridine-6 carboxylate (a)

(et et B e L e B A A BRI S P00 °
m.). To thls m xture was added with stlrrlng a solution of

N-(t - but oxycarbonyl )glycine (3.1 g, 190 eq) dissolved in TBME (12 ni) over
30 min. Stirring was continued for~Ng al 30 m n, whereupon
@d

trans-4-hexen-1-ol (1.7 g, 0.95 eq) wa edjover 30 mn. The m xture was
mai ntained with stirring at 40 C for an ional 3.5 h, then cooled to 15
anbi ent tenperature and stirred a furth 14 h. The m xture was washed with
INHCL (2 x 7.8 nmL) then water (1 x 7. The organic | ayer was dried
over Na2SO4, filtered and concentrated gi ve
(E)-hex-4-en-1-y12-((tert-butoxycarbonyl)am no)acetate as an oil. The oi
was di ssol wgdthy 2LMAAZoxd-2-(Rnd44n Q- MyE1-phenydétox pRend)@efite™l) was added
drop-wi se. The mixture was stirred at anbient tenperature for 1.5 h then
the m xture was 20 heated to 35 Q)and spirred for 3 h. 4.0 MHCL in di oxane
(2.8 nL) was added drop-w se. hillat 35 further dose of 4.0 M HC1
in dioxane (2.8 nlL) was addeﬂfgbop W S|e aﬁﬁ\?ﬁgi%?xture was stirred for a
further 4 h. The m xture was cool e®
was renoved under reduced pressure.
di ssolved in DCM (8 nL) and nethyl 2

nbi ent tenperature and the sol vent
rtion of the residue (1.0 g) was
or o- 2- oxoacetate (0.63 g) was

10 Ethyl 2-0x0-2-((2-0x0-2-(pent-4-en-1-yloxy)-1-phenylethyl)amino)acetate was
prepared in a similar manner as Example 2(a) starting from a-[[(1,1-
dimethylethoxy)carbonyl] amino]-benzeneacetic acid (0.96 g). 'H NMR (400 MHz,
CDCI3) 0 ppm 8.01 (d, /=7.11 Hz, 1 H), 7.32-7.43 (m, 5 H), 5.63-5.78 (m, 1 H), 5.58 (d,
J=7.61 Hz, 1 H), 4.88-4.98 (m, 2 H), 4.36 (q, /=7.11 Hz, 2 H), 4.11-4.24 (m, 2 H), 1.93-

15 2.04 (m, 2 H), 1.70 (qd, J=7.12, 6.88, 2.05 Hz, 2 H), 1.39 (t, J=7.15 Hz, 3 H); *C NMR
(75MHz, CDCl3) 6 ppm 169.75, 159.93, 155.72, 136.94, 135.47, 129.02, 128.83, 127.26,
115.53, 65.40, 63.32, 56.69, 29.63, 27.44, 13.91; HRMS (M+H) m/z, calcd for C;7H,NOs,
320.1498; found 320.1512.

(b) The Title Compound

20 Ethyl 8-phenyl-3,4-dihydro-2 H-pyrano[2,3-c]pyridine-6-carboxylate was prepared in a
similar manner as Example 3(b) starting from ethyl 2-ox0-2-((2-ox0-2-(pent-4-en-1-

yloxy)-1-phenylethyl)amino)acetate (0.91 g). "H NMR (300 MHz, CDCI3) 6 ppm 7.91-

-13 -



25added. Triethylam ne (1.0 g) was added drop-wi se over 20 mn. The m xture
was stirred for 1 h before being quenched by 1IN HCL (2.5 nL) to forma

bi phasi ¢ wDxb1wmE239The | ayers were separated and the or gamius201apet4snas
washed with IN HCL (1 x 2.5 nL), water (1 x 2.5 nmL) and concentrated under
reduced pressure to provide an oil. Flash colum chromatography (Si02,

10- >60% Et OAc/ Hex gradient) provided the title conpound as an oil as a 95:5
m xture of 7t98@ﬁsz Hbs849(9rIEH)S7 321.17|4IWB 331@014\4121 J@D@J;Bz) 26{)104)219 235?m(§, 1 5H),
5.31-5.55 I—Q] =5..51 H) ,

3.92 (s, 3 29110 762*4&1@ H? 2232;%)18(111 @7H>11‘} (t(N 1§ “@ 6§W%‘?75(m 3 H;
13C NWR (754}&44@1)@?%%31 165 PPM52.08; 69,30 160.682138163613872, 13?59824930 446. 12,

65.34, 53.68, 41.4 8.62, 28.17, 17.84; HR\VG (iv|+|g) . cal cd for
CL1HL8NOS, 1243, 13860, 12BN d 2548 6088701 (P4 Th0Rik 140 ﬁﬁﬁ%%l‘w{l@) Met hyl
2-((2- (Qexcaﬂcmr@”ﬁl )2821 1@§Q%M|2)8§%@p) 2-oxoacetate (0.24 g, 1 eq) and

DCM (2 were a d to a vessel with stirring followed by the addition

T Do b S i

tenperature for 48 h. The m xture was washed with 20 wt % aqueous NaOAc (2 x
1.5 nm), 10 w % aqueous citric acid {3 1.5 15 nm), and water (1 x 1.5
m.). The organic |ayer was then c under reduced pressure to
provide the title conpound as a SO|IdN|l NMR (300 MHz, CDC13) 6 ppm 8.10
(s, 1 H, 4.15-4.25 (m 2 H, 3.94 (s, 2.71 (t, J=6.56 Hz, 2 H), 2.47
(s, 3 H, 2.00-2.18 (m 2 H); 13C NWR (75 M1z, CDC13) 6 ppm 166.71, 153.50,
138. 69, 13f) /&)-Maby164(2-130430,1-P0x93-0:02thHamidd)- L 8xo0addatd9, 14.57; HRVE
(MtH) mlz, calcd for CL1H14NG3, 20208.0974; found 208.0981. Exanple 6:

Et hyl 5-net hyl -3, 4-di hydr o- 2H pwano[?OS c] pyridi ne-6-carboxylate (a)

Et hyl 2-((2-(hex-5-en-1-yl ox;Q -0 et yw-\z oxoacetate 00 il?lj-L

10 To a vessel maintained at 40 °C was charged CDI (2.75 g, 0.95 eq) and TBME (9 mL).
To this mixture was added with stirring a solution of N-(z-butoxycarbonyl)glycine (3.1 g,
1.0 eq) dissolved in TBME (12 mL) over 30 min. Stirring was continued for an additional
30 min, whereupon trans-4-hexen-1-ol (1.7 g, 0.95 eq) was added over 30 min. The
mixture was maintained with stirring at 40 °C for an additional 3.5 h, then cooled to

15  ambient temperature and stirred a further 14 h. The mixture was washed with 1IN HCI (2 x
7.8 mL) then water (1 x 7.8 mL). The organic layer was dried over Na,SQy, filtered and
concentrated to give (£)-hex-4-en-1-yl 2-((fert-butoxycarbonyl)amino)acetate as an oil.
The oil was dissolved in DCM (12 mL) and 4.0 M HCl in dioxane (2.8 mL) was added
drop-wise. The mixture was stirred at ambient temperature for 1.5 h then the mixture was

20  heated to 35 °C and stirred for 3 h. 4.0 M HCI in dioxane (2.8 mL) was added drop-wise.
After 6 h at 35 °C a further dose of 4.0 M HCl in dioxane (2.8 mL) was added drop-wise
and the mixture was stirred for a further 4 h. The mixture was cooled to ambient
temperature and the solvent was removed under reduced pressure. A portion of the residue
(1.0 g) was dissolved in DCM (8 mL) and methyl 2-chloro-2-oxoacetate (0.63 g) was

25 added. Triethylamine (1.0 g) was added drop-wise over 20 min. The mixture was stirred

for 1 h before being quenched by IN HCI (2.5 mL) to form a biphasic mixture. The layers

-14-



0 25Et hyl 2-((2-(hex-5-en-1-yloxy)-2-oxoethyl)am no)-2-oxoacetate was
prepared in a simlar manner as Exanple 2(a) starting from

N- (t-but owpcardmamspit) gl ycine (2.8 g) and 5- - 15 - hexem€irAsko1i24489 g). 1H
NVR (300 MHz, CDC13) 6 ppm7.60 (s, 1 H), 5.66-5.86 (m 1 H), 4.88-5.06 (m
2 H, 435 (q, J=7.12 Hz, 2 H), 4.17 (t, J=6.63 Hz, 2 H), 4.11 (d, J=5.57
Hz, 2 H, 2.06 (q, J=7.16 Hz, 2 H), 1.59-1.72 (m 2 H), 1.39-1.51 (m 2 H,

1.37 (t, JwérekBpdritted andIhdDrganiSlay VRS (waShelihizth 1IGDELB)1 x62. p M) biafer@Y x 2559. 84,
156. 57, 138.00, 114.93, 65.66, 563.25, 41.41, 33.07, 27.77, 24.91, 13.88;

HRVS ( M+H) M 31d coapeirated pndst sidpepdquessurg & ravide an offy flashsglumisg  (b) The

Title COW@MBQM@@)@L hyABi3, 10- 3>60% EtOAc/Hex gradlent) pr0V1ded the title com ound as an
Et hyl- 2- ((2- (hex-5-en- 1-yl oxy) - 2- oxoet Kﬂ\ﬁam no) - 2- oxoacet a %0 35 and

DCM 10( 4 nPY auief¥S aieed of gas- %§@@PrSWH (%OPMH@Z 1GR3, T el addl tion
of pyridi nep (0311859)m, 2Tff1)2@ 10 @ 2%, @)HM%{M@@(@S}%% {19 Aie3 bl UiEg, slow y at

anbi ent terrperature he m xture was stirred at @ mbi ent terrperature for 4

days aft er L2 (i ﬁé{)ﬂh@ b7 % (o 2 A 2 extTr(ae B &1 W NM KT Rz GDLLID nl) .
The conbi ”gﬁn?gé\%) '1@&!% 5 55085 91209 washer 1w §DEME 19 4iidg @nsk 1h7 Rl was

adj usted t The basi ¢ aqueous’ T'ayer wds extracted
with 15 DCMRQ\@(I\I‘H:I){) mflzh@lqdrfgaﬁnﬂlsN&ye%le/é&S (f@lrmi@ﬁﬁda&kd under reduced
pressure to provide the title conmpound (A) and et hyl

2,3, 4, 5-t ety)amy diiRax@Rionnd 2, 3- c] pyri di ne-7-carboxyl ate (B) as a 3:1 mxture
as based on NMR anal ysis. 1H NVR (300 MHz, CDC13) 6 ppm 8.38 (s,

10 (E)-Methyl 2-((2-(hex-4-en-1-yloxy)-2-oxoethyl)amino)-2-oxoacetate (0.24 g, 1 eq)
and DCM (2.4 mL) were added to a vessel with stirring followed by the addition of
pyridine (95 mg, 1.2 eq). Tf,0 (0.42 g, 1.5 eq) was then added over 45 min at ambient
temperature and the mixture was stirred at ambient temperature for 48 h. The mixture was
washed with 20 wt% aqueous NaOAc (2 x 1.5 mL), 10 wt% aqueous citric acid (3 x 1.5

15 mL), and water (1 x 1.5 mL). The organic layer was then concentrated under reduced
pressure to provide the title compound as a solid. "H NMR (300 MHz, CDCI5) § ppm 8.10
(s, 1 H), 4.15-4.25 (m, 2 H), 3.94 (s, 3 H), 2.71 (t, J/=6.56 Hz, 2 H), 2.47 (s, 3 H), 2.00-2.18
(m, 2 H); "C NMR (75 MHz, CDCI5) d ppm 166.71, 153.50, 138.69, 136.72, 135.67,
130.36, 65.93, 52.35, 22.18, 21.49, 14.57; HRMS (M+H) m/z, calcd for C;;H14NOs,

20  208.0974; found 208.0981.

Example 6: Ethyl 5-methyl-3,4-dihydro-2H-pyrano[2,3-c|pyridine-6-carboxylate

o

/\O |\
N/O

(a) Ethyl 2-((2-(hex-5-en-1-yloxy)-2-oxoethyl)amino)-2-oxoacetate

0] 0]
H
/\O)H(N\)]\O/\/\/\
0]
25 Ethyl 2-((2-(hex-5-en-1-yloxy)-2-oxoethyl)amino)-2-oxoacetate was prepared in a

similar manner as Example 2(a) starting from N-(¢z-butoxycarbonyl)glycine (2.8 g) and 5-
-15-



.3 H cnpd B), 811 (s, 1 H cnpd A), 7.95 (s, 0.3 H, cnpd B), 4.36-4.51

m 2.6 H cnmpd A/B CH3CH2), 4.17-4.25 (m 2 H, cnpd A OCH2), 4.06-4.13 (m
.6 H, cmpo2B122020CH2), 2.85-2.93 (m 0.6 H cnpd B CH2PpCTAISZA11(084489=6. 53

, 2 H cnmpd A CH2), 2.45 (s, 3 H cnpd ACH3), 1.99-2.15 (m 2.6 H, cnpd

B CH2), 1.54-1.88 (m 0.6 H, cnpd B CH2), 1.44 (t, J=7.12 Hz, 0.9 H, cnpd
B CH3), 1.44 (t, J=7.12 Hz, 3 H, cnpd A CH3); 13C NMR (75 M1z, CDC13) 6 ppm
166. 53, 165@@ﬁd<i§208§)1E5®wﬁl3mmﬁ322@DC4ﬂ£mﬁB76&4311@,5&4386%n 189. 52,

136. 74, 134.94, 130,12, 127.21, %mé 61.61, 61,21, 33.74, 25

31.53, 24. 35595 0y 2 Ho4.3550. £ 15’-6HZ %H)z‘é” 58 CAHARIS 4 M =rn¥7212 cal cd
for CL2HLoNGNage GUA0R50; fiounsy 24 (BO0R), 1M P, N1 6520, cal o0
for Cl2H16 1130; found 222.1130.

3, 4- Di hydr éHQH%M%éTW@Zc%%] éipm%l@&@arl%%%éﬁ@aé 138.09.4)!14.93, 65.66,

(3,4-Di bydrs@z?lzhmrr@,rm[ 27 37,0hPYT 138 HRNVA Wﬂ%?&alé&h‘oﬂ chos, 0 5(VIT)

To a vessel was added with 'stirring methy

3, 4- d|hydréﬁQHméWbame@1§4%]pyrld|ne 6- carboxylate (7.4 g, 1 eq) and
tetrahydrofuran (THF) (32 nlL). The m xture was heated to 55 C whereupon 2M
Li BH4 in THH ™emidd @infod®d M), 1.05 eq.) was added over 1 h. The stirring
continued at 55 C until reduction was conplete at which point the mxture
was 10 cooled to 45 C and 6§y HQl (37 nL) was carefil |y added to the

m xture. The stirring was> for 1 h thes | e was cooled to
25 C. The pH was adjusted to N9 10 with 50 wt % aqueous) NaCOH sol uti on.
The organics were extracted witth 20" net hyl tetrahydro 2 x 37 m). The
conbi ned organic |ayers were concentrated under reduced pressure and
crystallized to provide (3,4-dihydro-2H pyrano[ 2, 3-c]pyridin-6- 15

yl Ymet hanol as an off-white solid. 1H NMR {300 MHz, CDC13) 6 ppm 8.10 (s, 1
H)y, 6.91-

AO

pe

Ethyl-2-((2-(hex-5-en-1-yloxy)-2-oxoethyl)amino)-2-oxoacetate (0.35 g) and DCM
10 (4 mL) were added to a vessel with stirring followed by the addition of pyridine (0.13 g).
T£,0 (0.58 g) was then added to the mixture slowly at ambient temperature. The mixture
was stirred at ambient temperature for 4 days after which time the mixture was extracted
with 6N HC1 (3 x 10 mL). The combined acid layers were washed with DCM (10 mL) and
the pH was adjusted to ~10 with solid K,COs. The basic aqueous layer was extracted with
15 DCM (20 mL). The organic layer was concentrated under reduced pressure to provide the
title compound (A) and ethyl 2,3,4,5-tetrahydrooxepino[2,3-c]pyridine-7-carboxylate (B)
as a 3:1 mixture as based on NMR analysis. "H NMR (300 MHz, CDCI5) § ppm 8.38 (s,
0.3 H, cmpd B), 8.11 (s, 1 H, cmpd A), 7.95 (s, 0.3 H, empd B), 4.36-4.51 (m, 2.6 H,
cmpd A/B CH3;CH>), 4.17-4.25 (m, 2 H, empd A OCH>), 4.06-4.13 (m, 0.6 H, cmpd B
20 OCH;), 2.85-2.93 (m, 0.6 H, cmpd B CH;), 2.71 (t, /=6.53 Hz, 2 H, cmpd A CH>), 2.45
(s, 3 H, empd A CH3), 1.99-2.15 (m, 2.6 H, cmpd A/B CH), 1.54-1.88 (m, 0.6 H, cmpd
B CH;), 1.44 (t, /=7.12 Hz, 0.9 H, cmpd B CH3), 1.44 (t, /=7.12 Hz, 3 H, cmpd A CH3);
BC NMR (75 MHz, CDCl3) 6 ppm 166.53, 165.01, 162.88, 159.21, 153.21, 143.48,
143.11, 142.72, 139.52, 136.74, 134.94, 130.12, 127.21, 73.82, 65.85, 61.61, 61.21, 33.74,
25  31.53,24.97,22.11,21.48, 14.56, 14.28; Cmpd A: HRMS (M+Na) m/z, calcd for
C1,H15sNO3Na, 244.0950; found 244.0961; Cmpd B: HRMS (M+H) m/z, calcd for
C12H16NOs, 222.1130; found 222.1130.
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6.99 (m 1 H, 4.65 (s, 2 H, 4.18-4.29 (m 2 H, 3.42 (s, 1 H, 2.79 (t,
J=6.50 Hz, 2 H), 1.96-2.12 (m 2 H); 13C NWR (75 MHz, CDCl13) 6 ppm 151. 09,
150. 39, M806.28i2/01281. 40, 121. 14, 66.51, 64.10, 24.22, 21PED/USRIRVB444R*H) nl z,
cal cd for COHLI2NO2, 166.0868; found, 166.0861. 20 (b) The Title Conpound
(3, 4-D hydro-2H pyrano[ 2, 3-c] pyri di n-6-yl ) met hanol (300 g, 1.0 eq), DCM
(1.5 L) and di nethyl sul foxide (216 nL, 2.05 eq) were added with stirring
to a vessel maintained at -0 to 5 C. Triethylam ne (858 nL, 4.1 eq)

foll owed by solid pyridine sul phur trioxide ( 2.0 eq) were slowy
added to téé—'ﬂﬂﬁt—ug 4-Diftyre- %Tﬁ'faé?iofﬁ%@]wﬁ@‘“m%?*gd?léﬂﬁer ature at 25 -0 to
7 C. The mxture was stirred at -0 too 7 Cfor -5 to 8 h then quenched with

aqueous 5 wt % NaHCO3 sol ution (3 Ié% a bi phasic m xture. The Iayers
were separated and - 17- the aqueous |Ia er was extracted with DCM (0.9 L).
The conbi ned organic |ayers were wash¥ tH aqueous 5 wt%citric acid (3.0

L) and brine (300 nL), dried over anhydrous sodiumsulfate and filtered to
provide the title conpound in DCM sol ut8h. 1H NWR (300 MHz, CD C13) 6 ppm

9.94 (s, (az)z(?, 4DHik @zﬁ%ﬁﬁb&z% kﬁ)yrlc?m%%/lﬁl%thaﬂoll'i) 4.25-4.40 (m 2 H), 52.85

(t, J=6.50 What is clainmed is: 1. A process
conprising the step of dehydratl ng a rrpound of Formula (1): R3RS , RR- ,
OR with a suitable dehydrating reage I m a conpound of Formula (I1):
NANg
5 (VID)

To a vessel was added with stirring methyl 3,4-dihydro-2H-pyrano[2,3-c]pyridine-6-
carboxylate (7.4 g, 1 eq) and tetrahydrofuran (THF) (32 mL). The mixture was heated to
55 °C whereupon 2M LiBH, in THF solution (20 mL, 1.05 eq.) was added over 1 h. The
stirring continued at 55 °C until reduction was complete at which point the mixture was

10  cooled to 45 °C and 6N HCI (37 mL) was carefully added to the mixture. The stirring was
continued for 1 h then the mixture was cooled to 25 °C. The pH was adjusted to ~9.5 to 10
with 50 wt% aqueous NaOH solution. The organics were extracted with 2-
methyltetrahydrofuran (2 x 37 mL). The combined organic layers were concentrated under
reduced pressure and crystallized to provide (3,4-dihydro-2H-pyrano[2,3-¢|pyridin-6-

15 yl)methanol as an off-white solid. 'H NMR (300 MHz, CDCI5) d ppm 8.10 (s, 1 H), 6.91-
6.99 (m, 1 H), 4.65 (s, 2 H), 4.18-4.29 (m, 2 H), 3.42 (s, 1 H), 2.79 (t, J=6.50 Hz, 2 H),
1.96-2.12 (m, 2 H); *C NMR (75 MHz, CDCI;) d ppm 151.09, 150.39, 137.87, 131.40,
121.14, 66.51, 64.10, 24.22, 21.55; HRMS (M+H) m/z, calcd for CoHoNO,, 166.0868;
found, 166.0861.

20 (b) The Title Compound
(3,4-Dihydro-2 H-pyrano[2,3-c]pyridin-6-yl)methanol (300 g, 1.0 eq), DCM (1.5 L) and
dimethyl sulfoxide (216 mL, 2.05 eq) were added with stirring to a vessel maintained at ~0
to 5 °C. Triethylamine (858 mL, 4.1 eq) followed by solid pyridine sulphur trioxide (474
g, 2.0 eq) were slowly added to the mixture while maintaining the mixture temperature at
25 ~0to 7 °C. The mixture was stirred at ~0 to 7 °C for ~5 to 8 h then quenched with aqueous
5 wt% NaHCOs solution (3 L) to form a biphasic mixture. The layers were separated and
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R3 5(11) wherein RL is -CH=CH R8 or -CH2-CH-CH- R9; R2 is G -C4-alkyl; R3 is
H G -C4-al kyl, benzyl, -phenyl-(R10), or -G -C4-al kyl -COO Ci - 4- al kyl ;
each R4 iwoiotbapesvdently H, or C -C4-al kyl; 10each R5 amdTametr1/Rés4ay e

i ndependently H, G -C4-alkyl, -0-C-C4-alkyl, or -S-C- C4-alkyl; R7 is R8
or -CH2-R9; R8 is H G -C4-alkyl, -phenyl-(R10)x, or -COOC -C4-al kyl; R9
is H G -C3-al kyl, -phenyl-(R10), or -COO C -4-al kyl; 15each Rl is

i ndependentHe)éqﬁ@thay@Wa@@xt@dckeanlrI@C@ (f)@L)aIrke/&ommﬁed ofpdaic1&Arabky! ; and
each x is inde eggentl cess of claiml which is

further calfingd™ taqvq?u%%é“{sﬁé%%%@oq Lmdéfla%%roe HasEied prerailreyse

dehydrat i ng,dgRaa e dnd it t&[SkroP 140fhe tﬁ@%lﬁ%unﬁaﬁl DeRtkoRfioRr &1 R&A0(300
20i ndependently H or G - rocess of claim2 wherein R4, R5,

and| Re” ar eMalc kDRI pERdaH hy W, 82050y T el B G A g T

pyriding, brket Ry ﬁﬁl{{lg,H)O[ 9¢Ql1§%r9gyl et hyl ami ne 254. The process claim2
or 3 wherein each of R4, 'R5, and IS H the dehydrating
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reagent is Tf20; and the organic base is used in an anount of at least 1
equi valent - 19- wth respect to Conpound (I) and | ess than the anount of
t he dehydwetnregie®agent, in equival ents. 5. The processPofi/usk@itoudgs 2, 3,
or 4 which further conprises the steps of: 5a) reducing the conmpound of
Formula (I1) with a suitable reducing reagent to forma conpound of Formul a
(I''1): RTIR6 6 RS RS R4 R4 R (I11); and b) oxidi zing the conpound of Fornmnul a
(I1r) w t hywamasuictaghddes:oxi di zi ng reagent to forma conpound of Formula (IV):
R3 10(1V) 6. The process of claim1, 2, 3, or 4 which further conprises the
step of redudi nﬁpf%@sseewaw%thsﬁteﬁrei%V%fafef}a*)Cqmppﬂndaost&rwa% reduci ng
reagent to forma conpound of Fornmul g (1) :

Ry R®
Z’O\H)L &(058‘\{/ R!
R N
o " ORYRRe
@
with a suitable dehydrating reagent to form a compound of Formula (IT):

O R’ RS

6 5
RZ\ R R RS
0 | X s
N R
N
R3
5 (I

wherein R! is -CH=CH-R® or -CH,-CH=CH-R’;
R? is C;-Cy-alkyl;
R? is H, C;-C4-alkyl, benzyl, -phenyl-(R'"),, or -C;-C4-alkyl-COO-C;-C4-alkyl;
each R* is independently H, or C;-Cy-alkyl;
10 each R’ and each R® are independently H, C;-Cy-alkyl, -O-C;-Cy-alkyl, or —S-C;-
Cy-alkyl;
R’ is R® or -CH»-R’;
R® is H, C,-Cy-alkyl, -phenyl-(R'%),, or -COO-C,-Cy-alkyl;
R’ is H, C;-Cs-alkyl, -phenyl-(R'%), or -COO-C,-Cs-alkyl;
15 each R' is independently halo, C,-Ce-alkyl, -O-C;-Cy-alkyl, or —S-C;-Cy-alkyl; and

cach x is independently 0, 1, or 2.

2. The process of claim 1 which is further carried out in the presence of an organic
base, wherein the dehydrating reagent is Tf,0 or P,Os; and R* R’, and R are each
20 independently H or C;-Cy-alkyl.

3. The process of claim 2 wherein R, R®, and R® are each independently H or methyl;

and the organic base is pyridine, triethylamine, or diisopropylethylamine.

25 4. The process claim 2 or 3 wherein each of R*, R®, and R® is H; the dehydrating

reagent is Tf,0; and the organic base is used in an amount of at least 1 equivalent
-19-



R3 (1V) 157. A process conprising the step of dehydrating a conmpound of
Formula (V): 0 (V) with a suitable dehydrating reagent to forma
conmpound WO 2pwaredda (VI): O (VI) wherein R2 is G - CApralrkisko11581480he
process of claim7 wherein the dehydrating reagent is Tf20 or P205. 9. The
process of claim7 or 8 wherein the dehydrating reagent is Tf20; and R2 is
nmet hyl or ethyl. 1010. The process of claim7, 8, or 9 wherein the process

is carried out with feBecPlo@®RipoEndHl) and less than the amount of the dehydrating reagent,

in equivalents.

5. The process of claim 1, 2, 3, or 4 which further comprises the steps of:
5 a) reducing the compound of Formula (II) with a suitable reducing reagent to

form a compound of Formula (IIT):

7 6
Tre o s
HOT N R
T L L
VT
R3
(Im ;and

b) oxidizing the compound of Formula (I1T) with a suitable oxidizing reagent to

form a compound of Formula (IV):

;
0O R g s
H X R®
1L ke
P07 R
R3
10 av)

6. The process of claim 1, 2, 3, or 4 which further comprises the step of reducing the

compound of Formula (II) with a suitable reducing reagent to form a compound of

Formula (IV):
0 R7R6 6 RS

X R?

H Nl R4
Z>No" R
R3
av)

15 7. A process comprising the step of dehydrating a compound of Formula (V):

O
20 O\/\/\
YWY S
0 H 0

™)
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an organi c base in an anount of at least 1 equivalent with respect to
Compound (V) and less than the anmount of the dehydrating reagent, in

equi val erwe®.20210123phe process of any of clains 7-10 whi cirCTorsedien4a8npri ses
the steps of: 15a) reducing the conpound of Formula (VI) with a suitable
reduci ng reagent to forma conpound of Formula (M1): OHH*/\ | (V'); and
b) oxidizing the conpound of Forrmula (VII) with a suitable oxidizing
reagent to for mviah € QiRBMAEhyRkating Feaddm td Mth k)comPound@f Fdinulalfva). pr ocess of any
of clainms 7-10 which further conprises_the step of reducing the conmpound of
Formula (VI) with a suitable reducing yeagent to forma conpound of Fornula
(VI11): 13. The process of clai m §~¢g in the reducing reagent is
di i sobutyl al um ni um hydride, Li AlH4, LiR#4_Jor)NaBH4. 14. The process of
claim5, 11, or 13 wherein the reducing réagént is LiBH4. 15. The process
of claim5, 11, 13, or 14 wherein the gxpdi zi ng reagent is Mi02, Swern

oxi dati on reagents 2- |odoxyben20|c aci d, pyridine sul phur tr|OX|de or
Dess-Martin peerﬂﬂh@nQ(hﬂsﬁﬂkﬂThe process of claim5, 11, 13, 14, or 15
wherein the oxidizing reagent is pyridine

5 8. The process of claim 7 wherein the dehydrating reagent is Tf,0 or P,Os.

9. The process of claim 7 or 8 wherein the dehydrating reagent is Tf,0; and R” is
methyl or ethyl.

10 10. The process of claim 7, 8, or 9 wherein the process is carried out in the presence of
an organic base in an amount of at least 1 equivalent with respect to Compound (V)

and less than the amount of the dehydrating reagent, in equivalents.
11. The process of any of claims 7-10 which further comprises the steps of:

15 a) reducing the compound of Formula (VI) with a suitable reducing reagent to

form a compound of Formula (VII):

VID - and
b) oxidizing the compound of Formula (VII) with a suitable oxidizing reagent to

form a compound of Formula (VIII):

20 (VIID)
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sul phur trioxide. 17. The process of claim®6 or 12 wherein the reducing
reagent is diisobutylalum nium hydride.
WO 2012/012391 PCT/US2011/044489

12. The process of any of claims 7-10 which further comprises the step of reducing the
compound of Formula (VI) with a suitable reducing reagent to form a compound of

Formula (VIII):

(VIII)

13. The process of claim 5 or 11 wherein the reducing reagent is diisobutylaluminium

hydride, LiAlH,4, LiBH4, or NaBH,.

14. The process of claim 5, 11, or 13 wherein the reducing reagent is LiBH4.
10
15. The process of claim 5, 11, 13, or 14 wherein the oxidizing reagent is MnO,, Swern
oxidation reagents, 2-iodoxybenzoic acid, pyridine sulphur trioxide, or Dess-Martin

periodinane.

15 16. The process of claim 5, 11, 13, 14, or 15 wherein the oxidizing reagent is pyridine

sulphur trioxide.

17. The process of claim 6 or 12 wherein the reducing reagent is diisobutylaluminium
hydride.
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