METHOD FOR THE SYNTHESI S OF AN AM NO ACETAL Cross-Reference to Rel ated
Application [0001] This application clains the benefit of priority of

Uni ted Stwbesidogessi onal Patent Application No. 61/361p@4&G2611l086236 Jul y
2010, the contents of which being hereby incorporated by reference inits
entirety for all purposes. Technical Field [0002]The invention relates to
a method for thevyTHOPFORTHES ¥NTHESECOR AN AMINO RAEGETAQUl ar, an

a-anm no acetal (al pha-am no acetal) having the am no group fornmed at the
a-position of the acetal. Background [0003] Many natural products or

bi o- nol ecul es contain a-am no acid or a-am no al cohol units in their

structures. Wiile these g!]' x_ @Yenl%gt(?ﬁteﬁltgﬁg E ilgm(nlat ural l'y occurring
a-anm no aci ds, general tural alam no acids
are highl ug afte he by
means or W98 odh sreliaste lesbésﬁ?e%tl&aﬁﬁwrag Bidnife %qﬁtss Fafistonal
chal I engi ng tasks. The biological method involving copper enzynmati.c
activati gratest %W?%N?aélé%t 18461 ddede niily 2P &e g ~°1 oh Wkl Bgingo t he
exi stence of i nportant copper nono-oxygenases. Mmnicking this systemto
study cofisesbydnenryereied ibiitreferance onigs entdety fer bpurapissi cat i ons of

di oxygen- copper systens in organic synthesis, especially in the

devel opnments of aliphatic C H boriDechnichFieddh or C-H bond am nati on

chem stry, has attracted trenmendous interest. For C-H bond activation,

di oxygen-[geom)er SHelRehtidi RYitétao arméhd@forahé yatliedistdfan animdaleyal emaliny ed
nmet hods whi ch use expensive netal catal ysts and stoichionetric netal

oxi dant s.pa R BIY o ARG ((APRa- mﬁdacaﬁntlfav&fg thO8mPoSS6HY fdnm@ Bt ihen

provi de fp or a direct synt heS| s nmethod of florm ng a-am no acetal s by

enpl oyin copper catalysts and oxidants to oxidize the
starti ngqgé &?gmg&(;ﬂﬁg%ga Yi el ds as high as 80% (based on the starting
am ne conpounds) have been achi ev ia the present method. [0005] Vari ous
embodi ments of the invention provieg%&ﬁwgf thod for the synthesis of an

a-am no a et risin oxi di.zin tertiagry an ne l t he presence
of a copd 3jlat aﬁ\gg‘{) Y, najpra PQ’(%{“C@%% "Efgﬁ‘f“l%ﬁonéalgd’f' FBIe ac Of PT%“E)‘P%actl ng
a secondary am ne and an aliphatic al dehyde in the presence of a copper
cat al yst ,aléphol gaidy i ileipsiradves.aWdily thess, upits nEy; ke obiained; fspmopatemlly he
Drawi ngs [0006]In the drawings, like reference characters generally refer
to the smrpagtosamm@mglh,ogmetahm%ddsm ebiain/theysnonTiagurak arammypsacidsearg ot
necessarily drawn to scal e, enphasis instead generally being placed upon

i |1 ust r athigidy swgghpaftac Diteessyathes@raf esammoiaoddis ifemt air bynnéadne of blonawietig
description, various enbodi nents of the invention are described with

r ef er encendthodshas foedd Rphidgd ds ané 8Oe nid30OHdIfeh gtk @aské. AheHistogical wethbed f or
copper -cat al yzed oxi dative rearrangenent of tertiary am nes via CH bond
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amination for direct synthesis of alLam no acetals from secondary am nes and
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form ng

study copper-dioxygen interactions and further applications of dioxygen-copper systems
in organic synthesis, especially in the developments of aliphatic C-H bond oxidation or
C-H bond amination chemistry, has attracted tremendous interest. For C-H bond
activation, dioxygen-copper systems provide an alternative to the commonly employed

methods which use expensive metal catalysts and stoichiometric metal oxidants.



(di cycl ohexyl am no) butyl -D8 acetate (11) of Exanple 1; Figure 2(B) shows a
possi bl e mechani sm of form ng 3-(di cycl ohexyl am no) -4, 4-di net hoxybut yl - D5
acet ate (Wd)roofookseanple 1. WD 2012/ 005693PCT/ SG2011/ 000233G20AM9)2B9 gur e 3
shows a nethod for formng nethyl 4-(((S)-1-(tert- butyldimethylsilyloxy)-3
-met hyl butan-2- yl) (i sopropyl) amno)-5 , 5-di nethoxypentanoate (2j)
(Scheme 1); a possible nechani sm f Guhmaryet hod of Figure 1(A) (Schene 2);
and a nethod for formng /V,Ndiisobutyl-1, 1-di net hoxyhexan-2-am ne (2k)

from N, Nqpo@gbut Yhhsus dmb&iiménts dfkiEpreddnt iMfenfi pRivRielfoft eesm®sydihesis
[ 0010] F:\gur(gﬂ4 shows the deuteri umbel | i ng experinent of Exarrygl e 1 and

chi ol SaanE oD RIS A By T e e peles WP 00 ooheme

6) and a nefh for.formng./V. Ndiallyl-1 1-di NA2= . al 3k
P om v IR Rl Rine i Brpbindy JUTH MU Einasesh 68 (51
[0012] Figure 6 shows the terated |.abeli.ng experjnment .of Exanple 2
(Schene SfArtng abigcompRts) BR bRen SHRIcTE) Ve A CBLBERE Vel y  the H NVR and
C NMR spectra i ) ) ) ) )

of () - metlAY- ( ( Yagiewqmbngdiments pbtheyneantion grgvidesforamsthag foa thesynthesis

yl') (i sopropyl)am no) pentanoate (1j) of Exanple 1. 113 [0014]Figure 8(A) and
(B) show,of aespavinoaeétyl, comprisingIiiR cxndizi@g NMRerpryc amineoin the presence of a

4- (di cycl ohexyl am no) butyl - D8 acetate (11) of Exanple 1. 113 [0015] Figure
9(A) and coppersdatalyst,r & dpasc bne ekidant drel &l sdiVentaod (10 NbRirgpacedoadaly amine

N-cycl ohexyl - N- (1, 1- di net hoxybut an- 2-yl ) cycl ohexanam ne (2a) of Exanple 1.
113 and an aliphatic aldehyde in the presence of a copper catalyst, at least one oxidant and a

solvent.

Brief Description of the Drawings

[0006] In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily drawn to scale,
emphasis instead generally being placed upon illustrating the principles of various
embodiments. In the following description, various embodiments of the invention are
described with reference to the following drawings.

[0007] Figure 1(A) shows a method for copper-catalyzed oxidative rearrangement
of tertiary amines via C-H bond oxidation; Figure 1(B) shows a method for copper-
catalyzed C-H bond amination for direct synthesis of a~amino acetals from secondary
amines and aliphatic aldehydes.

[0008]) Figure 2(A) shows a possible mechanism of forming 4-
(dicyclohexylamino)butyl-D8 acetate (11) of Example 1; Figure 2(B) shows a possible
mechanism of forming 3-(dicyclohexylamino)-4,4-dimethoxybutyl-D5 acetate (21) of

Example 1.



[0016] Fi gure 10(A) and (B) show, respectively, the H NVR and C NVR spectra
of N-cycl ohexyl -N- (1, 1-di net hoxypr opan- 2-yl ) cycl ohexanam ne (3a') of

Exanpl e Iwo 2002/@8b3/ 005693PCT/ SG2011/ 000239 113 [ 0017] Firgurse2drifod)23and ( B)
show, respectively, the H NVR and C NVWR spectra of N-cyclohexyl-N-( 1, 1
- di net hoxyhexan- 2-yl ) cycl ohexanam ne (2b) of Exanple 1. 113 [0018] Figure
12(A) andoqm®) shPigure eSpestidwsel ¥, méthod NMR dorchifiz Nivietbyle c4-(@S b1 -(tert-
N-cycl ohexyl - N- (1, 1- di net hoxydodecan- 2-yl) cycl ohexanam ne (2c) of Exanple
1. 113 [ GodfdimetiyislyloXyfB-aatlylbBansh oMisdpeseatiing ! 3/5-ditiethbk yvRadsdde C NVR

spectra of et hyI 4- (di cycl ohexyl am no) - 5, 5- di net hoxypent anoate (2d) of

cxanpl e pecl? gg&gwoﬁ% Bo&iB18 micthdisr Tk &g}némf FigaRe f{A)(Sktlemd P alti NVR and

N-(6-b 1-.d . - -
e
cl ohex
(Nf/g Ofd £ NI\/R {lex'i lfﬁﬁﬁ%ihwé‘afﬁﬁﬁgﬁﬁ"%gﬁ show regpec%/| vely, a’?ﬁ? ﬂe
n t
2- (4a( di d%ﬂ%hzxﬁfgarﬁé’lﬁoamwsaha idriervmyi3beliing experipentif Exemplyl gwd theg) of

Exanpl e 1.
respective possible mechanism (Schemes 4 and 5).

[0011] Figure 5 shows a chiral secondary amine for C-H bond amination reaction
of Example 2 (Scheme 6) and a method for forming N, N-diallyl-1,1-dimethoxyhexan-2-
amine (3K) from N, N-diallylhex-1-en-1-amine (1k’) of Example 2 (Scheme 7).
[0012] Figure 6 shows the deuterated labeling experiment of Example 2 (Scheme
8).

1 13
[0013] Figure 7(A) and (B) show, respectively, the H NMR and C NMR spectra
of (S)-methyl 5-((1-(tert-butyldimethylsilyloxy)-3-methylbutan-2-
yl)(isopropyl)amino)pentanoate (1j) of Example 1.

1 13
[0014] Figure 8(A) and (B) show, respectively, the H NMR and C NMR spectra

of 4-(dicyclohexylamino)butyl-D8 acetate (11) of Example 1.

1 13
[0015] Figure 9(A) and (B) show, respectively, the H NMR and C NMR spectra
of N-cyclohexyl-N-(1,1-dimethoxybutan-2-yl)cyclohexanamine (2a) of Example 1.

1 13
[0016] Figure 10(A) and (B) show, respectively, the H NMR and C NMR
spectra of N-cyclohexyl-N-(1,1-dimethoxypropan-2-yl)cyclohexanamine (3a") of

Example 1.



113 [0023] Figure 17(A) and (B) show, respectively, the HNVR and C NWMR
spectra of 4-(dicycl ohexyl am no) -5, 5-di net hoxypentyl acetate (2h) of

Exanpl e IWORMIR/(0e®24] Fi gure 18(A) and (B) show, respect iPCEISEG2011980280 NMR and
C NWR spectra of N- (1, 1-dinmethoxybutan-2-yl1)-Nisopropyl cycl ohexanam ne
(2i) of Exanple 1. WO 2012/ 005693PCT/ SG2011/ 000239 113 [0025] Fi gure 19(A)

and (8) SOt " CRREFL MTAY ank B VR A AYRIRPSE NAIRnd T RbaR SO

of nethy

4-(((S)-1-(tert-butyl di met hyl silyl oxy)-3-nethyl butan2-yl) (i sopropypam no)-5
, 5-di met WQW@enPEn@é@)@l‘(@jx)’ -Nf(1 Exdimsthoxyhexppg-ylyoyzhhexiamano o (Ab) awd ( B)
show, respectively, the HNWVR and C NVWR spectra of a second isoner of

met hyl 4-Exa@plell.(tert-butyl di met hyl silyl oxy) - 3-

met hyl but an- 2-y1) (i sopropyl ) am no) - 5, 5- di met hoxypent anoate (2j) of Exanple

1. 113 | 7] Figure 21(A). an ) .show, respectjvely, e H N C NWR
spectra 38&/&1/ N-glg“gf)b‘&l(é} _ang,(%?_%ﬁo%trﬁm% ‘ént-hf-zﬂi% a9 26 Ig&ﬁﬁpl e 1.
113 [0028] Fi gure 22(A) and (B) show, respectively, the HNWR and C NWR
spect ra opedra( difc y¥icytlehsdyh-(1o)-dimethaliydedéranyZbylgpiclobsx memine e(2cR 1)of of
Exanple 1. 113 [0029] Figure 23(A) and (B) show, respectively, the H NWR and
C NWR sp&xampleof. /V, N-di benzyl-1, 1-di met hoxybut an-2-am ne (3a) of Exanple
2.

1 13
[0019] Figure 13(A) and (B) show, respectively, the H NMR and C NMR

spectra of methyl 4-(dicyclohexylamino)-5,5-dimethoxypentanoate (2d) of Example 1.

1 13
[0020] Figure 14(A) and (B) show, respectively, the H NMR and C NMR
spectra of N-(6-bromo-1,1-dimethoxyhexan-2-yl)-N-cyclohexylcyclohexanamine (2e)

of Example 1.

1 13
[0021] Figure 15(A) and (B) show, respectively, the H NMR and C NMR
spectra of N-cyclohexyl-N-(1,1-dimethoxyhex-5-en-2-yl)cyclohexanamine (2f) of

Example 1.

1 13
[0022] Figure 16(A) and (B) show, respectively, the H NMR and C NMR
spectra of 2-(4-(dicyclohexylamino)-5,5-dimethoxypentyl)isoindoline-1,3-dione (2g) of

Example 1.

1 13
[0023] Figure 17(A) and (B) show, respectively, the H NMR and C NMR

spectra of 4-(dicyclohexylamino)-5,5-dimethoxypentyl acetate (2h) of Example 1.

1 13
[0024] Figure 18(A) and (B) show, respectively, the H NMR and C NMR
spectra of N-(1,1-dimethoxybutan-2-yl)-N-isopropylcyclohexanamine (2i) of Example

1.



113 [0030] Fi gure 24(A) and (B) show, respectively, the HNVR and C NWMR
spectra of N, N-di benzyl- 1, 1-di nethoxy-3 -nethyl butan-2-am ne (3b) of

Exanpl e 2wo2dR/qdoSd31] Fi gure 25(A) and (B) show, respect ipeelsgotiveosh NVR and
C NWR spectra of N, N-di benzyl - 1, 1-di net hoxyoct an-2-am ne (3c) of Exanple
2. 113 [0032] Fi gure 26(A) and (B) show, respectively, the HNVR and C NWR

spectra 1ben thox nt 4-en-2-am ap o anpl e
2. 113 [8@%’]\(9 g f%é“?? é‘ﬁé ‘(Bg) Wov&e SUYRlYy ﬁvﬁf@ﬂﬁ aﬁﬁwﬁ &Hjﬁzﬁc NVR
spectra of (Z)-N, N-di benzyl-1, 1-di net hoxy he t-4-en-2-amne (3e) of Exanple
2. WO 2&pedtﬂﬁﬁ&%mféﬁ@zMﬂBQI)@&QS)ﬂ:Bteftﬂﬂﬁﬂ}iﬁnghylshﬂ@(ﬁﬁ -methy{tBitars how,
respectively, the HNVR and C NWR spectra of

I'V, N- di bengydsoprdpydainidu)isys-dinmibsryipentadarx (j) of Exathpretihoxypent an- 2- ami ne
(3f) of Exanple 2. 13 [0035] Figure 29(A) and (B) show, respectively, the H
NMR and C NMR spectra of N, N-di benzyl-1, 1-di net hoxy henyl pBopan- 2- am ne
(3g) of HAGA} e Pigure 20(Ah 367 HiBY)usheW3TEsechrRYy( e sH]dWBIR a@Bpecti NME, the H
NMR and C NWVR

spectra of a second isomer of methyl 4-(((S)-1-(tert-butyldimethylsilyloxy)-3-

methylbutan-2-yl)(isopropyl)amino)-5,5-dimethoxypentanoate (2j) of Example 1.
[0027] Figure 21(A) and (B) show, respectively, the 1H NMR and 13C NMR
spectra of N, N-diisobutyl-1,1-dimethoxyhexan-2-amine (2k) of Example 1.

1 13
[0028] Figure 22(A) and (B) show, respectively, the H NMR and C NMR
spectra of 3-(dicyclohexylamino)-4,4-dimethoxybutyl-D5 acetate (2I) of Example 1.
[0029] Figure 23(A) and (B) show, respectively, the lH ‘NMR and 13C NMR
spectra of N,N-dibenzyl-1,1-dimethoxybutan-2-amine (3a) of Example 2.
[0030] Figure 24(A) and (B) show, respectively, the 1H NMR and 13C NMR
spectra of N,N-dibenzyl-1,1-dimethoxy-3-methylbutan-2-amine (3b) of Example 2.
[0031] Figure 25(A) and (B) show, respectively, the lH NMR and 13C NMR
spectra of N,N-dibenzyl-1,1-dimethoxyoctan-2-amine (3¢) of Example 2.
[0032] Figure 26(A) and (B) show, respectively, the 1H NMR and 13C NMR
spectra of N,N-dibenzyl-1,1-dimethoxypent-4-en-2-amine (3d) of Example 2.

1 13
[0033] Figure 27(A) and (B) show, respectively, the H NMR and C NMR

spectra of (Z)-N,N-dibenzyl-1,1-dimethoxyhept-4-en-2-amine (3e) of Example 2.



spectra of nmethyl 4-(di benzylam no)-5, 5-di met hoxypentanoate (3h) of Exanple
2. 113 [0037]Figure 31(A) and (B) show, respectively, the HNVR and C NWVR
spectra oloNosldoydosN- benzyl- 1, 1-di net hoxybut an- 2- am ne @8rT)sGabi1s@spl e 2.
113 [0038] Figure 32(A) and (B) show, respectively, the HNWR and C NWR
spectra of N-benzyl-1, 1-di et hoxy-N ((R)-1-phenyl et hyl) but an 21-3am' ne (3j) of
Exanpl e 3 [0039] Fj e 3(A) .and h NVR and
C NWVR spig?#l‘é 9?3“!‘\%’ (1482# f‘l’g &@ Hoxet] P%ﬂg?ﬁﬁ%‘ﬁa’n iﬁ'ﬁﬁ@]{ o{: %pl e 2.
113 [0040] Figure 34(A) and (B) show, respectively, the HNVMR and C NMR
spectra opedttaN-ofi BV, ¥rdilenzylts- (tem-bldyldmhhmydyllstbGX)Bult,h—dlrnrtmommané’- g8y of
Exanpl e 2. Description [0041] The follow ng detailed description refers to
t he acconpprofiBxgmled ngs t hat show, by way of illustration, specific

details and enbodi nents in which the invention nmay be practised. These
enbodi nents are described in sufficient detail to enabl e thgsle skilled in

the art tIB03act Figure 2O(Ahaed: (B rshowy, espestidyi endd NMR gadyi €1 NMR and

structural changes may be made w thout departing fromthe scope of the

i nvent i onpectiacof N Ardibeizyk i) adimethok $- 3aplenpiptopanck anarei (By) ofilfxaaiply 2excl usi ve,
as sonme enbodi mrents can be conbined with one or nore other enbodi nents to
form new enbodi nents. 40042 ] 'n_various enbodi ment st of the preISent

i nvent i 000361 et Kigare 3064 ) and (B; Wy varfeseee ke Bea H i MR 308 det. NMR et hod

may include oxidizing a tertl ary amne in the presence of a copper
cat al yst ,spadtra efaiséthyl fle(dibendplamiar) b, S dandthexytpentaheatenéii)ad Exampld 50 i ncl ude
reacting a secondary am ne and an aliphatic al dehyde in the presence of a

copper catal at | east one oxi dant and a ol vent am. né I
formed t HBO f rrﬁ&g“E% 3HAh-2a (D @“vdFSH?SW %{‘I“?e %r&&@‘ 3rdupC ?]Sﬁﬁd at
the a-position of the acetal. [0043]1n vari ous enbodi nents, the nethod may
i ncl ude tspectmyaftNyelylsSN-benzyl- 1al-demdtinax yhotanl-aroinef (37) rof IEaaﬂnple 2.

1 13
[0038] Figure 32(A) and (B) show, respectively, the H NMR and C NMR
spectra of N-benzyl-1,1-diethoxy-N-((R)-1-phenylethyl)butan-2-amine (3j) of Example
2.

1 13
[0039] Figure 33(A) and (B) show, respectively, the H NMR and C NMR

spectra of N,N-diallyl-1,1-dimethoxyhexan-2-amine (3k) of Example 2.

[0040] Figure 34(A) and (B) show, respectively, the lH NMR and 13C NMR

spectra of N,N-dibenzyl-1,1-dimethoxy-D6-butan-D1-2-amine (3I) of Example 2.
Description

[0041] The following detailed description refers to the accompanying drawings that

show, by way of illustration, specific details and embodiments in which the invention

may be practised. These embodiments are described in sufficient detail to enable those

skilled in the art to practise the invention. Other embodiments may be utilized and

structural changes may be made without departing from the scope of the invention. The



OR4 OR4 NR1IR2 Formula | wherein the nethod conprises oxidizing a tertiary
amne of fornmula Il NRLR2 Formula Il in the presence of a copper

cat al yst ,wone12mnséyr e al cohols of fornmula RAOH, at | eastcose2omjodesd and a
solvent, wherein each RI, R2, R3, and R4 is independently selected fromthe
group consisting of substituted or unsubstituted Cl1-C20 al kyl, substituted
or unsubstaribut edb&mERB aad hetmecessanillyshutiall e exabusivay as1berhe embedinEptsC20

al kynyl, substituted or unsubstituted C3-C20 cycl oal kyl, substituted or

unsubst i thétcashbised With el @mMcx Gt lelfibbdinsenbstol fotth @gw@mbedindasd. i t ut ed C3- C20
cycl oal kenyl, and substituted or unsubstituted C3-C20 heterocycl oal kenyl .

WO 2012/ QREHA3PCRH SERAL KRR 8P4 bitsef o MDAV Syninagsifpt hod

may include the synthesis of an a- amno acetal of formula I, OR4

NRLR2 For M%ﬁ% i€ pRovidir. TRE ARchSOmRy hﬁ:ﬂ?dercgﬁi@hngu? %rﬁ?’?%ﬂﬂﬁ%}ﬁ %@‘ ne of

formul a |

aliphatic rc%,lelqgehgfd 5 C(());Iper gatalylst a! l\éhst one oxidant and a solvent. The method may also

include reacting a secondary amine and an aliphatic aldehyde in the presence of a
copper catalyst, at least one oxidant and a solvent. The amino acetal formed thereof may
be an a-amino acetal having the amino group formed at the a-position of the acetal.

[0043] In various embodiments, the method may include the synthesis of an o-

amino acetal of formula I,

OR*

OR*
NR'R?
Formula I

wherein the method comprises oxidizing a tertiary amine of formula II

R3
\/\NR1 R2

Formula II
in the presence of a copper catalyst, one or more alcohols of formula R*OH, at least one
oxidant and a solvent, wherein each R’, R% R?, and R*is independently selected from
the group consisting of substituted or unsubstituted C;-C,o alkyl, substituted or
unsubstituted C,-C, alkenyl, substituted or unsubstituted C,-Cy alkynyl, substituted or
unsubstituted C3-Cy cycloalkyl, substituted or unsubstituted C;-C, heterocycloalkyl,
substituted or unsubstituted C;-C,o cycloalkenyl, and substituted or unsubstituted Cs;-Cyg

heterocycloalkenyl.



RB """ o.,,,"""1-0".. ! Formula IV in the presence of a copper

catal yst, one or nore alcohols of formula RAOH, at |east one oxidant and a
sol vent, wbaeneymse@ach R, R2, R3, and R4 is independent pgTsekeatees$r om t he
group consisting of substituted or unsubstituted Cl-Cm al kyl, substituted
or unsubstituted C2-C20 al kenyl, substituted or unsubstituted C2-C20

al kynyl, [60df]t it I edricuss embadisientsytiedmetoGaay yodladd thiel synthebistoft a ed or
unsubstituted C3-C20 heterocycloal kyl, substituted or unsubstituted C3-C20
cycl oal keswiho addtdl o fidsduld Ut ed or unsubstituted C3-C20 heterocycl oal kenyl .

[ 0045] I n various enbodi nents, the nmethod may include the synthesis of an a-
am no acetal of formula |, OR4 R3 OR4 ¢WRLR2 Fornmula | wherein the nmethod
conprises oxidizing an enamne of formuja V, R3 NRILR2 Forrmula V in the
presence of a copper catal yst, oge re al cohols of fornmula RAOH, at

| east one oxidant and a sol vent, geh R, R2, R3, and R4 is

i ndependently selected fromthe group consisting of substituted or
unsubstituted Cl-C20 al kyl, substityted or unsubstituted C2-C20 al kenyl,
substituted or unsubstituted C2-C20 ynyl, substituted or unsubstituted
C3-C20 cycl oal kyl, substituted or gﬁﬁﬂﬁﬁ tuted C3-C20 heterocycl oal kyl ,
substi t ut ed or unsubsti tuted C3-C20 cycl oal kenyl and substituted or

unsubsti t -Qgéeteroc cl oal ken% L0046 I. ra(r)l[lﬁt ext of various
enbodi msﬁY re‘B e.1pgthed GompRsss reqeling 4 stondary amy %ﬂf 0 or branched chain
hydrocarbon group having from1l to 20 carbon atons. A Cl1- C20 al kyl group
may be substituted or unsubstitut edHI‘f&&rpl ary substituents include Cl-Cl10
al koxy, C5-C20 aryl, C5-C20 aryl ox% sul f hydryl, C5-C20 arylthio, hal ogen,
hydroxyl, ami no, sul fonyl, carbonyFormgladd cyano, and carboxyl. Further,
the al kyl group may conprise one or nore heteroatons, such as oxygen,

ni t r ogen,witinalf aiiphstu¢ dldehyd€bf @3ndd K, groups i nclude, without limtation,
nmet hyl , ethyl, n-propyl, isopropyl, n-butyl, iso-butyl, sec-butyl,
tert-butyl, n-pentyl, and n- hexyl, anmong others. [0047]1In the context of
vari ous enbodi nents, by "C2- CZ(W{IK(I;%i S ant a straight chain or
branched chai n hydrocarbon group cofitai nfag one or nore doubl e

H

Formula IV

in the presence of a copper catalyst, one or more alcohols of formula R*OH, at least one
oxidant and a solvent, wherein each R', R?, R?, and R* is independently selected from
the group consisting of substituted or unsubstituted C;-C,¢ alkyl, substituted or
unsubstituted C,-Cy alkenyl, substituted or unsubstituted C,-Cyo alkynyl, substituted or
unsubstituted C;-C, cycloalkyl, substituted or unsubstituted C;-Cyo heterocycloalkyl,
substituted or unsubstituted C;-C,g cycloalkenyl, and substituted or unsubstituted C;-Csg
heterocycloalkenyl.

[0045] In various embodiments, the method may include the synthesis of an a-

amino acetal of formula I,



bonds and having from2 to 20 carbon atons. The C2-C20 al kenyl group may be
substituted or unsubstituted. Exenplary substituents include Cl-Cl0 al koxy,
C5- C20 arwb,203008268 aryl oxy, sul fhydryl, C5-C20 arylthi ecTisakeg®ng239

hydr oxyl , am no, sulfonyl, carbonyl, nitro, cyano, and carboxyl. Further,

t he al kenyl group nmay conprise one or nore heteroatons, such as oxygen,
nitrogen, and/or sulfur. C2-C20 al kenylORfroups i nclude, w thout limntation,
vinyl, ally!, 1 -propenyl, 1-butenyl, 2}butenyl, 3-butenyl, 2- nethyl- 1
-propenyl, and 2-nethyl-2-propengd.. [0048] I n the context of various

enbodi nents, by "C2-C20 al kynyl ™ i ant~@rstrai ght chain or branched
chai n hydrocarbon group containing dne or nore triple bonds and having from
2 to 20 carbon atons. The C2-C20 al kgmy?l group may be substituted or
unsubstituted. Exenplary substituents include Cl-Cl0 al koxy, C5-C20 aryl,
C5-C20 aryl oxy, sulfhydryl, C5-C20 rgntluldi o, hal ogen, hydroxyl, am no,

sul fonyl, carbonyl, nitro, cyano, and carboxyl. Further, the al kynyl group

MRy CONPRISEiORE: REhOPESmPIRies GRREANE an ShtERinddf IMAYENV, Ni trogen, and/ or
sul fur. c2-céo al yng?s&P c%uge, Wi ﬁ%ut IPnitation, et hynyl, 1-propynyl,

2-propynyl, 1 -butynyl, 2-butynyl, and 3-butynyl. [0049]In the context of
various enbodi nents, by "C3-C20Rr&ycl oal kyl" is neant a group conprising a
non-aromatic ring (i.e. an alicycly g Fgin each of the atons

forming the ring is a carbon atom The C3- cycl oal kyl may be forned by
three, four, five, six, seven, eight, nine, or nore than nine carbon atons
i ncl udi ng twenty carbon atons. Exaﬁ@ﬂ@gbaf C3- C20 cycl oal kyl i ncl ude
cycl opropane, cyclobutane, cycl opentane, cyclohexane, cygloheptane, anmong
ot hers. [imthegresenee efnbeatipeeeatalyst: ore @anozalegpelsoi fRWIUIﬂ(éyOHe ablgastonal | y
substituted. Exenplary substituents include Cl-Cl0 al koxY, C5-C20 aryl,
C5- C20 aryidanyandsakélventy where@beachR 'aRy| Rhiand Riaisdoéependently orletted drbmmo,
sul fonyl, carbonyl, nitro, cyano, and carboxyl. WD
2012/ 005 6193 RedupSGahsistin0 02 3ubktixated] bn unkebstitute®XC,-0f, kkyl, Ositbsanibidiorent s,
by "C3-C20 cycl oal kenyl™ is nmeant a group conprising a non-aromatic ring
(i.e. anghifsdfkddCCl-CooAkeHyR sab&iteRE br Ahsibi@tuddonEC omegggm' subfitife@@ri S a
carbon atom and con{a?%% %ﬁg or nore doubl e bonds. %he - C20 cycl oal kenyl
may be T oniRdifiied PLEG) cAblikyll biRtinkbd or SRURRinALORLC.) hBErocllofRRYE ¢ han
ni ne carbon atons 1 ncludi ng t%enty carbon atons. Exanples o -C2
cycl oal kenyl...i.n¢cl ude | o n | ohexene,
vl oneptafuies s iR CRER v Gatkey B A sr el BPER BRG]
certain nbodinen@g, the C3-C20 cycl oal kenyl may be optionally substituted.
Exenplar@c?ﬂﬂ§?¥’ B¥ls i nclude C1-Cl0 al koxy, C5-C20 aryl, C5-C20 aryl oxy,
sul fhydryl . C5-C20_aryl thio, hal ogen, hydroxyl  amno, sulfonyl, carbonyl,
nitro, cy80ds] anin thecBrigyh of vapgus Fmhodimentsohy e&t-Corallyy iomeansmsyaighent s,
the terns "C3-C20 heterocycloal kyl" and "C3-C20 heterocycl oal kenyl " have
t he generchiinapbreachist ¢hain hysiecagion grouchayviey ol 10,30 caghan a‘@BS-@QX-Czo
cycl oal kenyl ", respectively, except in the alicyclic ring at | east one of
t he car batkyhigoapimay be sutistiitédsorsurtssbstituted Exantphary shiestdwensst inoludé€ €Fpat ons
are typically independently selected from oxygen, sulfur, nitrogen, and
PhoSphor fkoxpUCs a6 all OsiCH, laeglok® $uMdyerylt OFE,, BReths}-Kabdgehehpdrorylcl oal kyl
or C3-C20 heterocycl oal kenyl may be forned by three, four, five, six,
seven, ei,g ' e nith@NcyahbCarRf BAFBoxyIC FuAhéd e Ryl Na
Exanplesagﬁ&%éﬁgggﬂhg?g?ggﬁcﬂgglQ§?§ and C3-820 hete?ocyclga kegylsy
i ncl ude, . .7 > S b€ idm de yclic
cghlﬁmgé ﬁené} mbre 'He{e%iat(gxﬂs, shaf %Isa(éy ?;'g{a{;l,arﬁltrg ahfmﬁ{féggﬁl% nd]‘ @20 Alkyt

t
t hi oi m des, “cyc c_carpanates, tet rah iOD_ S
Ll G B B e 5L b,

tetrahydro-é,4-thigzige, 2H 1, -oFazhne, mal ei m de, succinimde, barbituric
acid, thisebartyl tert-prtyl arpenty); *Hﬁ'db’ SN OhFStant oi n, di hydrouracil ,

nor phol i ne, trioxane, hexahydro-1,3,5-triazine, tetrahydrothiophene,

t et r ahydd@®@47 an, Inpther enterd ofpyariaytsi embpdiments, by i "Gorfey yB| isdmes, a
pyrazoline, pyrazolidine, imdazoline, imdazolidine, 1, 3-dioxole,

1, 3- di oxotraight clain rdiradvhed echaih, Bydiocanhayl gromp ¢antaiming|dneegr merex deubtielne,
oxazol i ne, oxazolidine, oxazolidinone, thiazoline, thiazolidine, and 1,3 -
oxat hi ol ane. In certain enbodi nents, tye C3-C20 heterocycl oal kyl s and

C3- C20 heterocycl oal kenyls nmay be optionally substituted. Exenplary
substituents include al koxy, aryl, aryloxy, sulfhydryl, arylthio, hal ogen,
hydr oxyl, am no, and carboxyl. [0052]1n various enbodi nents, the copper
catal yst may include copper (I1) halide or copper (1) halide. The halide
may include iodide, brom de and chloride. [0053]1n various enbodi nents, the

T o o . - - B Y ~ O~ N ~




ethanol . In various other enbodi nents, the al cohol is n-propanol,

i sopranol, isubutanol, tert-butanol, n-butanol, n-pentanol. Al so

cont enpl avedomym@s@Bcohol s that have two or nore hydr oxyPgrSG2011/00€239 ar €
diols, triols, etc. Exenplary diols include, but are not limted to,

1, 2-ethanediol, 1 ,3-propanediol, 1 ,4-butanediol, and glycerin. [0058]In
vari ous dwohddiand HasingRiromnd te220reprtoa stetsc Thd €1-6p dlkenyjr grapp comsibst | ng of
substituted or unsubstituted Cl-Cl0 al kyl and substituted or unsubstituted

C3- C10 cyabamhtsd br uhBSRhicd. ERérhs] ux? SBhadente HchudeRS -ORYXIRySCREL ted or
unsubstituted Cl-Cl0 aI kyI VIO 2012/ 005693PCT/ SG2011/ 000239 [ 0060

various efhei aigmm ) SO V@thEerP'ltﬂl%l Ulfo e, QlyaRHyS %hﬁ@ngulfo%g;r

exanpl e, the or ude’ acetonitrile’( . met hanol

MeO f T I
gulfgaldea%fmgk§ﬂkf88§%¥%ﬁﬁone e#%gﬁﬁﬁwﬁgﬂggﬁéﬂg Oé%yﬁké%ﬂﬂngkgﬁkﬁx

0062] | th nmbodi th I t [
crbod meftEe BESHPRPTRe B 6} g%?fginsg‘& S SR B Eéh?g@ e PRl ¢, o
m xture of MeOH and MeCN. may be used. In various enbodi nents, the sol vent

may i ncl dedude, withot bmaan%cmlyérﬂily&/emrwhd -butensily drbutenyl; 3-betenvb G MeCN
in a range of between about 1:1 and about 1:10, such as about 1:2, about

1: 3, abounethyl4l-propeuyl, Mmdz-medol2-mrogenyhbout 1: 7, about 1:8 and about 1: 9.

[ 0064] I n various enbodi nents, the am ne may be oxidized by air or nol ecul ar
oxygen ( (Qa048][ O0OBbL}Hen c(ymextvaﬁ vanisuseerhbatliments s by 0%0, 6@t @k iyt h isasmeantper oxi de
may be used. For exanple, tert-butyl hydroperoxide, di-tert-butyl peroxide,

tert - but wtrafphnaom eerandhda chaih hydrockibeh @réupedodeliniip ynder moeskripld®h@ | n one
enbodi ment, the oxidant may be tert-butyl hydroperoxide. [0067]In various

enbodi nenjg ,ha%lﬂg ffa%@gttb 00 camsn Reorke Mhie €Y - talidhy PeroBp Ry HeluBstithted@3s t han
about 100 C. For exanple, the reaction may be carried out at a terrperature

o, 1o55 SHFHAE BB RO 06 s e iy, T
aryloxy, sulthydryl, Cs-Cyq arylthio, halogen, hydroxyl, amino, sulfonyl, carbonyl, nitro,
cyano, and carboxyi. Further, the alkynyl group may comprise one or more heteroatoms,
such as oxygen, nitrogen, and/or sulfur. C,-Cy alkynyls include, without limitation,
ethynyl, 1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl, and 3-butynyl.

[0049] In the context of various embodiments, by "C3;-Cy cycloalkyl" is meant a
group comprising a non-aromatic ring (i.e. an alicyclic ring) wherein each of the atoms
forming the ring is a carbon atom. The C3-Cy cycloalkyl may be formed by three, four,
five, six, seven, eight, nine, or more than nine carbon atoms including twenty carbon
atoms. Examples of C3-C, cycloalkyl include cyclopropane, cyclobutane, cyclopentane,
cyclohexane, cycloheptane, among others. In certain embodiments, the C;3-Cy
cycloalkyl may be optionally substituted. Exemplary substituents include C;-Cyo alkoxy,
Cs-Cyo aryl, Cs-Cyo aryloxy, sulthydryl, Cs-Cyo arylthio, halogen, hydroxyl, amino,

sulfonyl, carbonyl, nitro, cyano, and carboxyl.
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[ 0069] I n anot her enbodi nent, the reaction nmay be carried out at room
tenperature. [0070] 1 n various enbodi nents, the reaction nay be optionally
carri ed owd 20r2/dob@3pr esence of a nitrogen donor |igand. PEmsGadtioogsn donor
ligand acts a ligand to suppress the formati on of undesirable side products
during the reaction process. WO 2012/005693PCT/ SG2011/ 000239 [0071] I n one
enbodi merfD050je nin thegentedbnbvaridug @mbodmechtsydy '168-QYp AFcIDaIkehyl" is meant a

t et ramet hyl et hyl enedi ami ne (TMEDA). Optionally, when TMEDA is used, the

tertiary @oupeorhpridihga dbsuedradiamg (1ebui Wlieyetioeing) GhéRid sachasfithestoms
enbodi nents, the nolar ratio of copper catal yst: TMEDA nay be between about

1.1 and %HH&%Jthénn @4 a @%BOR afom bHE cHMaRE dndlor it d6RPIR HondR tTHeNSLEVEDA
may be about 073]I'n various enbodi nents, the reaction is carried out

at at mosply %foF g§1‘%ﬁ§*‘%§ fox{ng é,}ﬂ?@e ! ﬁlﬂbtdgg SiTEYovRE GBht. Wil 81“}110%’ ﬁ‘[)ana short

period to Ious e hents, the réacti
d t f d, of bet bout 75] |
one. enbod e toof ABTLE e USRS b S D g

about 5 and about 48 hours. [0076]1n various enhodi nents,

N, N- di cy dPERES\AYCIRPHPERS-a RY Aebytency xygiopantens, cyrlofsxers neslediertster 4,3-oxygen,
TMEDA, MeOH and MeCN. uLOO??] I n one enbodi nent,

IV, N di cywrlohesagiens, but-gacletienadiens, smong pothers. érqgﬁ:rvaﬂ} embodixieaisz g GrCan
oxygen at nosphere at 40 C using 25 nol % (0.25 equiv.) of CuBr2 and 50 nol %
(0.5 equioycloalkkenyIMBEBA tres optienatiyt sibgtifuteds isteamlary hanbstatuemte ingludeo GFC(0. 2 i)
MeOH to (2 nL) MeCN being about 1:4. [0078]1n varous enbodi nents,

di benzyl| aikdxg, @WIACH uiryly & sdefyseloay.esuléadiyd AsiCh heylftieskacgen) fhy@ioxyl,
tert-butyl hydroperoxide, MeOH and MeCN. [0079] I n one enbodi nent,

di benzyl amige, s{lﬁ”m?yln@@i)onyl R fano, %ﬂdc%b)({zlm dehyde (0.75 mmol) are
reacted at about 40 C in the presence of Cul (40 nol% 0.4 equiv.),

ot ARG A AR oAU O BB SNGF U
and "C;-Cy heterocycloalkenyl” have the general above definitions of "Cs3-Cy
cycloalkyl" and "C-3-C20 cycloalkenyl", respectively, except in the alicyclic ring at least
one of the carbon atom in the ring is substituted with a heteroatom. Heteroatoms are
typically independently selected from oxygen, sulfur, nitrogen, and phosphorus, but are
not limited to those atoms. The C3;-Cy heterocycloalkyl or C3-Cy heterocycloalkenyl
may be formed by three, four, five, six, seven, eight, nine, or more than nine atoms
including twenty atoms. Examples of C;3-Cy heterocycloalkyls and C;-Cy
heterocycloalkenyls include, but are not limited to, lactams, lactones, cyclic imides,
cyclic thioimides, cyclic carbamates, tetrahydrothiopyran, 4H-pyran, tetrahydropyran,
piperidine, 1,3-dioxin, 1,3-dioxane, 1,4-dioxin, 1,4-dioxane, piperazine, 1,3-oxathiane,
1,4-oxathiane, tetrahydro-l,4-thiazine, 2H-1,2-oxazine, maleimide, succinimide,
barbituric acid, thiobarbituric acid, dioxopiperazine, hydantoin, dihydrouracil,
morpholine, trioxane, hexahydro-1,3,5-triazine, tetrahydrothiophene, tetrahydrofuran,

pyrroline, pyrrolidine, pyrrolidone, pyrrolidione, pyrazoline, pyrazolidine, imidazoline,
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WO 2012/ 005693PCT/ SG2011/ 000239 [0080] I n order that the invention may be
readily understood and put into practical effect, particul ar enbodi nents
wi | | now we 2deawmsédbed by way of the foll ow ng non-Iimtipog/sezenphese

Exanpl es Exanple 1: Copper-Catal yzed Rearrangenent of Tertiary Am nes via
Aliphatic CG H Bond Oxidation in Air or Oxygen 100811In this exanple, a
novel redmidaagkdirat 13-dibrole] al,3~dxolaas, i, xdahiojd)at 8 alitGidtareo nidoxazblad,i on i n
di oxygen-copper catalytic systens for the direct synthesis of a-am no

acet al s ijgoxRESHANFE SxaePiB 26 2o MlihG, EReREHdnYRe, TRiadlifed 4268tind N end 1,3-
stoichionetric netal oxidants enployed in the traditional nethods for CGH

bond oxi dabiland Nix® &ALA WritfoRHEHEMAASCLES, ARIGOUHAIAN BACT, R, | d

reaction conditions and the use of air or oxygen as 't

0082] Furt her nechani sm.t couni: h dugt .. r S

b opobed Tatasyels Rty inas e BblichsRGC Qb | EXGRRRRCHBLURBRE NERALES
Procedur e All reactions_were caryied.out wthout exclusjon of air or

oL ot ur o Akl Bt B D Rtle g g et YOS E, A, Rk Eb SRy

AP-t et ranet hyl et hyl enedi am ne (TMEDA) were purchased from commerci al

suppl i er 40034 d ubevprigus sEtboginents, dhererpgr catalysemay ancludg coppes(IBdwlideagent s
were used without further purification. Tertiary aliphatic amnes 1(a-i),
and enamnioneopper §) bghdeh dbe halideanayingludg iodide,ibremudeiand shiovideH. Ju, R S.
Varna, Green Chem, 2004, 6, 219-221; Y. H Ju, R S Varm, J. Og. Chem,
2006, 71,[0053- 1HKlvaricus Bmbb&idinients, The ddppétagataiRalmay e @lectedtfiom tROGBup 10( 8) ,
1657-1659; D. M Hodgson, C. D. Bray, N. D. Kindon, N J. Reynolds, S J.
Coot e, J.coMistldgiof GuBt,, ICul))Culicdtld,CuBr. Org. Chem 2009, 74, 1019-1028).
Reactions were nonitored through thin [|ayer chromatography [ Merck 60 F254

precoat eqo@s4]i CaGeiiol! %ﬁo&igregtsmgﬂetcgbﬁé?%(ﬁ% s} ﬁxﬁfbé@%%w?wcﬁl el ution,

spots were visualized using UV radiation 4 on Spectrofline Mdel

ENF- 2400 305st 54 MNarklt ERBE0MIGANaILTBphAT-UR AT BLRLE ciibing sl o sol ution

of potassi um pernanganate or acidic solutio eric 4s stain,
fol |l oned eatin n.a hot. plate. . Flash.chromatoqgraphy was perforned

usi g wedOSed; T ik s ol hBodimeRl wEoBRR AP Al ROLBE IR e o
recorded on a Shimadzu | R Prestige-21 FT-1R Liquid sanples e.exam ned
as film SRR aRaled "é’éh‘fmﬁfléf”e‘%". p§r We%@%§%@ SeBRIdl) GH1aE wat or s
Q Tof Perm er Spectroneter. H NVR and 13 C NWVR spectra were recorded using
Bruker Afa€&0300, 400 and 500 Mz 1 spectroneters. Chenical shifts for H
NVR spectra are reported as (5 in units of parts per mllion (ppm

downfi el 40057 m SinVeariqusSerdb@limantd, thel end ve maeret declwilgnaly bef methanpbbor md (6
7.260, singlet). Multiplicities were given as: s (singlet); brs (broad

si ngl et) jethlindld iubarédus otlier (eibogingdnts, tise {laekanl tieh-propadol| chopianel, ssubfitadollibl et ) ;
ddd (doubl ets of doublets of doublet); td (triplet of doublet); m

(mul tipl gérebutafislt niti@andl eh-pebtasiuRIe) cétterapiafidein: AsthoRt that BXEtWAOr

constants are reported as a J value in Hz. Carbon nucl ear magnetic
more hydroxy grous, i.e. are diols, triols, etc. Exemplary diols include, but are not
limited to, 1,2-ethanediol, 1,3-propanediol, 1,4-butanediol, and glycerin.
[0058] In various embodiments, R' and R*> may be selected from the group
consisting of substituted or unsubstituted C;-Co alkyl and substituted or unsubstituted
C3-Cyo cycloalkyl.

[0059] In various embodiments, R} may be substituted or unsubstituted C,;-C,

alkyl.
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13 resonance spectra ( C NVR) are reported as (5 in units of parts per
mllion (ppm downfield fromSiMe4 ((5 0.0) and relative to the signal of
chl or of orwoao(2/0036980, triplet). General Experinental Precedoerelfoon3o
Copper - Cat al yzed Oxi dative Rearrangement of Tertiary Aliphatic Am nes

[ 0083] Typi cal procedure for the copper-catal yzed oxidative rearrangenent of
tertiary [@060hes InNyaviomis canthodireents, - the Botwehtimageintladaananganansplvent. iFor
illustrated in Figure 1. N, N-dicycl ohexyl-n-butylamne la (0.118 g, 0.5

mTDI ) Wa%x@ﬂ?l@dthb%rg’anﬁﬂ 3dIvene iy ikelBi adetdhifie (MedRY, riv@Anol (M%@PENE@A (29

ng, 0.25 mo in methanol (0.5 mL)/acetonitrile (2.0 nL) in air room
temf’era“d I& aﬁE(EiGE tef@Rydtbfur &S @ 1) A0 dimbthiG18%ideq bhm;_—;nt' j
N, N- di cyc erxyFl uty) [ am ne f’a wa co)np letely convelrted by TLC det ecti on.

The resui@}q(’agtrel%ctl emboddﬂé’ntethm@&véﬂtﬁa I{/IPO@I smal | amount of silica gel

and conc e cru p’ro uct "was ™ puritred by flash col urm
chromat o y a triet m ne/ e et at e/ hexane = 0.1:1:100)
to affor gﬁ&ﬁi g‘eb%&hﬂ@fneﬁh ﬂ?i?slso Vent W%ﬁ\f{? i sh oi | (99 ng, 66%
yield) and a tr ace of product 3a as a light yellowi sh oil, Then the product
ba was dil8H vedin varians ARBY GETIah X HES S EHS seleniumiH o b 1Seth d 05 o1 vent
was evaporated to obtain the crystal.
[ 0084] N- eyahplaes yhixNr¢ Df MeDhrenboMeEdt may M@QQCImm smbedimenyy, : thene
NCy2 2a 0 R= 0.79 (hexane: ethyl acetate 3:1); nmp: 73.5-74.2 C, H NWR
(CDC13 4Q6lvbiiz may {rohulle 150miktdrd Sof| MeQH é.thMdt@N Hdding 2. 48lufe, rd@did) of 3. 42
(s, 3H, 2.74-2.64 (m 3H), 1.74-

MeOH:MeCN in a range of between about 1:1 and about 1:10, such as about 1:2, about

1:3, about 1:4, about 1:5, about 1:6, about 1:7, about 1:8 and about 1:9.

[0064] In various embodiments, the amine may be oxidized by air or molecular

oxygen (O3).

[0065] In yet various embodiments, oxidants such as a peroxide may be used. For

example, tert-butyl hydroperoxide, di-tert-butyl peroxide, tert-butyl benzoylperoxide, or

a mixture thereof may be used.

[0066] In one embodiment, the oxidant may be tert-butyl hydroperoxide.

[0067] In various embodiments, the reaction may be carried out at a temperature of

less than about 100 °C. For example, the reaction may be carried out at a temperature of

less than about 60 °C.

[0068] In one embodiment, the reaction may be carried out at a temperature of about

40 °C.

[0069] In another embodiment, the reaction may be carried out at room temperature.

[0070] In various embodiments, the reaction may be optionally carried out in the

presence of a nitrogen donor ligand. The nitrogen donor ligand acts a ligand to suppress

the formation of undesirable side products during the reaction process.
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13 1.71 (m 4H), 1.57-0.94 (m 16H), 0.92-0.88 (t, J = 7.39 Hz, 3H ppm C
NVR (CDC13 , 100 MHz) (5 112.3, 58.3, 56.64, 56.59, 54.1 (CH3 x 2), 34.6
(CH2 x 2)wo3d12%0066981 x 2), 26.8 (CH x 4), 26.0 (CH2 x 2) pct8G2911h80249 ppm
FTIR (neat): v = 2930, 22 -1 1215, 754, 669, 494 cm; HRIVIS (ESI, nlz):
calcd for G 8H36NO2 [ M+H] 298. 2746, found: 298.2743. '

[ 0085] N- g9@71phexi ohe (embbdﬁhemtthenmrogqmdeﬂeryliga)MChsddemyalm MNeNMNBaAVY):  Owve
NCY2 3a' R= 0.61 (hexane: ethyl acetate 3:1); HNWR (CDCL 400 MHz) (5

4. 04- 4. O3etfhhet lah)?lenédlﬂﬁm@Z(TMEﬁA) eOﬂtﬁ)I{aﬂy, whin TRIEI?A (i usedtithe t%rt%?g 2.93
(m 1H), 2.67-2.61 (m .74- 131.70 (m 4H), 1.63-1.51 (m 6

5.3, 56%@&%‘1&%%5?” 'E-Rﬁf?‘mgﬁ%p?& < 2). 835 (013920 7 2), 280
f ?L:HZX 2) [0(?79] 6 (f:l_ivzarf(()us2 l:fnbog)lmen{s he mol%} tatio of1 coBBép caF T}llsBTﬁ\}fgﬁ}x)may be 2930,
between about 1:1 and about 1:5. For example, the molar ratio of copper
catalyst: TMEDA may be about 1:2.
[0073] In various embodiments, the reaction is carried out at atmospheric pressure.
[0074] The reaction may be carried out over a short period to a long period. In
various embodiments, the reaction may be carried out for a period of between about 1
and about 100 hours.
[0075] In one embodiment, the reaction may be carried out for a period of between
about 5 and about 48 hours.
[0076] In various embodiments, N,N-dicyclohexyl-n-butylamine is oxidized in the
presence of CuBr,, oxygen, TMEDA, MeOH and MeCN.
[0077] In one embodiment, N, N-dicyclohexyl-n-butylamine (0.5 mmol, 1 equiv.) is
oxidized in an oxygen atmosphere at 40 °C using 25 mol% (0.25 equiv.) of CuBr; and
50 mol% (0.5 equiv.) of TMEDA as the catalytic system, the volume ratio of (0.2 mL)
MeOH to (2 mL) MeCN being about 1:4.
[0078] In varous embodiments, dibenzylamine and butyraldehyde are reacted in the
presence of Cul, tert-butyl hydroperoxide, MeOH and MeCN.
[0079] In one embodiment, dibenzylamine (0.5 mmol, 1 equiv.) and butyraldehyde
(0.75 mmol) are reacted at about 40 °C in the presence of Cul (40 mol%, 0.4 equiv.),
tert-butyl hydroperoxide (~5.5 M in decane, 1.1 equiv.), and the volume ratio of (0.4

mL) MeOH to (2 mL) MeCN was 1:5.
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1215, 754, 669, 494 cm; HRVS (ESI, mz): calcd for G 7H34NO2 [ MtH]|

284. 2590, found: 284.2597.

[ 0086] N- cwol20tpamydeosN- ( 1, 1- di net hoxyhexan- 2-yl ) cycl ohexaramiseeo12b)239 OVve
NCyz 2b The product was prepared by above general procedure and the sane
chem cal s except enpl oyi ng N-cycl ohexyl - N-hexyl cycl ohexanam ne (I b) (0.132
g, 0.5 mj6080] AfInesrdér that thednventide npayobkictadilasingerstiodd add pyt fntaptactadl umm
chromat ography (silica gel; triethylam ne/ethyl acetate/hexane = 0.1:1:100)
to af f or gffelre gdﬂ&uraeténitfoadmhs 2411 afowa bk idghdribed! Byowiag ofotht folowtAg 1thn- 65%

yield); R= 0.81 (hexane: ethyl acetate = 3:1); H NVR (CDCl13, 400 MHz) 5
4.14 (brﬁlmlﬁﬁgexzﬁnsﬁ (s, 3H), 3.42 (s, 3H), 2.75-2.69 (m 3H), 1.73-1.72
(m 4H), 1.5/°1.15 (m 20H), 1.04-0.96 (m 2H), 0.90-0.86 (t, J= 7.24 13
Hz, 3H ppm C NWR (CDC13, 100 M—Iz) .4, 56.69, 56.63, 56.58, 54.1
(CHSx2),346(CHZx4) 29.9, 2 x4),260(CHZx2) 259
23.1, 14. | R ) 54, .669, 494

(ESI m S v.-A A%t |4_,_“y b 5 g D 2 :

[0087] N-cycl ohexyl N-(l 1- di met hox dodecan 2 yI )cycl ohexanam ne (2c): Owe
MeO NCY2 2c¢ The product wikBpnd@xidatio 5 Qe procedure and the
sane chem cal s except enploying N cycl ohexyl N- dodecyl cycl ohexanam ne (1c)
(0.174 g,[0@813 iyl this example, 24ndyel THarangamernt of deftiay agisepviejaliphgichG-H| ash
col um chromat ography (silica gel; triethylam ne/ethyl acetate/hexane =

0. 1: 1: 10®Gpnd oxdhfiar th dibeygtesioppat qatadrjiiecs:ys@msa"er the direct synthesis of a-amino

acetals is provided. Compared with expensive metal catalyst and stoichiometric metal
oxidants employed in the traditional methods for C-H bond oxidation, this catalytic
system has the obvious advantages of mild reaction conditions and the use of air or
oxygen as the oxidant.

[0082] Furtherrhore, a mechanism to account for the product observed was proposed

based on the trapping and deuterium labelling experiments.

General Procedures

All reactions were carried out without exclusion of air or moisture unless otherwise
stated. Copper salts, and N,N,N',N'-tetramethylethylenediamine (TMEDA) were
purchased from commercial suppliers, and used directly as received. Commercial
solvents and reagents were used without further purification. Tertiary aliphatic amines
1(a-i), and enamine were synthesized according to literatures (Y. H. Ju, R. S. Varma,
Green Chem., 2004, 6, 219-221; Y. H. Ju, R. S. Varma, J. Org. Chem., 2006, 71, 135-
141; C. R. Smith, T. V. RajanBabu, Org. Lett., 2008, 10(8), 1657-1659; D. M.
Hodgson, C. D. Bray, N. D. Kindon, N. J. Reynolds, S. J. Coote, J. M. Um, and K. N.

Houk, J. Org. Chem. 2009, 74, 1019-1028). Reactions were monitored through thin
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l'ight yellowish oil (0.125 g, 61%yvyield); R= 0.83 (hexane: ethyl acetate =
3:1): H NMR (CDCL3, 400 MHz) (5 4.138-4.134 (d, J= 1.57 Hz, 1H), 3.43 (s,
3H), 3.42v0=1281056932. 74-2.71 (m 3H), 1.57-1.21 (m 32HpcTAGAdH D089 (M

2H), 0.89-0.86 (t, J = 7.01 Hz, 13 3H) ppm C NMR (CDC13, 100 MHz) 112. 4,
56.67, 56.61 (CH2 x 2), 54.1 (CH3 x 2), 34.59 (CH2 x 2), 34.56 (CH2 x 2),
31.9, 30.ldyer28rofMmat@@raphy (Merck 60) F2520precofrdd 6ilic2 gelBplaeH0xX2 M tidékriess)P6. 0 (CH
X 2), 22.7, 14.1 ppm FTIR (neat): v = 2930, 1215, 754, 669, 22 -1 494 cm;

HRVS ( ESISubBéquknt G&l @dtidmr seld NoetbiClishdvizell dsifg 3998 radigiond (2 ML Gind998.
[ 0088] Met hyl 4-(dicycl ohexyl am no) - 5, 5- di met hoxypent anoate (2d): OwWwO0

NCY2 2d n§e{5@ %&%M@é&%&@ﬁ@m %0?éﬁhérqﬁt&%lJzitﬁmmg%@élbteeﬁm@b%%r ed by

above ge procedure and the sane chem cals except enpl oyi ng "net hyl

5- (di cycl gh&@'m&@sﬁgg@gﬁg@t@éd& AlaitotfhionoP D latytitelehs Haid: 1"

crude produ was® puri ash co unn chromat ogr ap

triethyl ne/ acet at e/ hexa = 0,.1:2:100) to aff rd h
pr oduct %rql%‘ge‘ggY ?{’&thgﬁét ?B% Slﬁt oFtaS]E ﬁhnf%at%gra Ol %efrg%rm é?f“s“ %rcghexane
et hyl acetate = 3: CDC13, 400 MHz) (5 4.183-4.178 (d, J= 97 Hz,
1H), 3.64ilis, geélﬁ? Wlﬁh drzmtlgd S@‘Fﬁms 3fnfr§fe€sSPC§F® wete @Sofzieéfn(%ghlmf?}izu iR73 2.68
(m 2H), 2.53-2.28 (m 2H), 1.87-1.79

Prestige-21 FT-IR. Liquid samples were examined as film between NaCl salt plates.

1

HRMS spectra were recorded on a Waters Q—Tof Permier Spectrometer. H NMR and
13

C NMR spectra were recorded using Bruker Avance 300, 400 and 500 MHz

1
spectrometers. Chemical shifts for H NMR spectra are reported as 6 in units of parts
per million (ppm) downfield from SiMe4 (6 0.0) and relative to the signal of chloroform-
d (6 7.260, singlet). Multiplicities were given as: s (singlet); brs (broad singlet); d
(doublet); t (triplet); q (quartet); dd (doublets of doublet); ddd (doublets of doublets of

doublet); td (triplet of doublet); m (multiplets); ddt (doublet of doublet of triplet) and

etc. Coupling constants are reported as a J value in Hz. Carbon nuclear magnetic

13
resonance spectra ( C NMR) are reported as 6 in units of parts per million (ppm)

downfield from SiMe4 (6 0.0) and relative to the signal of chloroform-d (6 77.00,

triplet).

General Experimental Procedure for Copper-Catalyzed Oxidative Rearrangement of

Tertiary Aliphatic Amines

[0083] Typical procedure for the copper-catalyzed oxidative rearrangement of

tertiary amines (N,N-dicyclohexyl-n-butylamine la as an example) is illustrated in

16



(m 1H), 1.74-1.54 (m 9H), 1.47-1.45 (m 2H), 1.33-1.16 (m 8H), 1.04-0.94
(m 2H) 13 ppm C NWR (CDC13, 100 MHz) (5 174.9, 111.4, 56.4 (CH2x 2),
55.7, 54.M0o@CHD0s®p, 51.3, 34.6 (CH2x 2), 34.3 (CH2x 2) pCc35G3011260289 ( CH2x
2), 26.7 (CH2x 2), 25.9 (CH2 x 2), 21.7 ppm FTIR (neat): v = 2930, 1730,
1449, 1215, 754, 669, 494 cm|l; HRMS (ESI, in/z): calcd for CH NO + '

[ MF11] + FEgurtSA1 N Nalicydlohdhyd-2B0F1anzifle A4 (0.118 g, 0.5 mmol) was added to a

[ 0090] N- ( 6- brono- 1, 1- di met hoxyhexan-2-y1) - N-cycl ohexyl eycl ohexanam ne (2e):

O NCy Qmi?(ﬁTrJ B¢ @B?%gﬁn%%’}’g)flll 2%1%%‘1)?%@%1\?@9#{29%@@5 RLREPAULENaRS the

sanme chem cal s except

N- ( 6- br onohexyl ) - N-cycl ohexyl cycl ohexanam ne (le) (0.172 g, 0.5 mmol).
After 6 RO.5tihR)/ adetstétride (00 atl)viagirautédm eanpgeyatiteaThe agkturawahstoredtavgfaphy
(silica gel; triethylamne/ethyl acetate/hexane = 0.1:1:100) to afford the

Chexane: "Sepvife OpBalftn hnki, AR dli| Rt Blrktshfinc 08 nihs BT cfilvert?d ) 7
3.44-3.39 (m 8H), 2.74-2.72 (m 3H), 1.89- 1.82 (m 2H), 1.72-1.64 (m

5H), 1.5bylTES detactié) Thel reéBitihg k8action mitire wasORi@d 98t msmila® Ahbumppf; C -
NVR (CDC13, 100 MHz) 6 112.2, 56.8, 56.7, 56.5, 54.1 (CH3 x 2), 34.6 (CH2 x

2), 34.5 dlfdd2g¥l 4hd Séhcéntratdd. 3 Thé6cBdé qﬂ%diict‘l)waszgur?ﬁedzﬁ)yo flash2cotudh, 25. 2
-1 ppm FTIR gneat): v = 2930, 1449, 1215, 754, 669, 494 cm; HRMS (ES!,

mz): calgtbiiatbgaply (Hi1Ra e hl1atit/ diAthce bR ané 0. 121L8d0) to afford the

desired product 2a as a light yellowish oil (99 mg, 66% yield) and a trace of product 3a
as a light yellowish oil. Then the product 2a was dissolved in dichloromethane, hexane
was added into it, and solvent was evaporated to obtain the crystal.

[0084] N-cyclohexyl—N-(l,l-dimethoxybutan-2-yl)cyclohexanamine (2a):

OMe

MeO
NCy2
2a

Rf= 0.79 (hexane: ethyl acetate = 3:1); mp: 73.5-74.2 0C; 1H NMR (CDCls’ 400 MHz)
6 4.150-4.145 (d, J = 2.02 Hz, 1H), 3.43 (s, 3H), 3.42 (s, 3H), 2.74-2.64 (m, 3H), 1.74-
1.71 (m, 4H), 1.57-0.94 (m, 16H), 0.92-0.88 (t, J = 7.39 Hz, 3H) ppm; 13C NMR
(CDCls, 100 MHz) 6 112.3, 58.3, 56.64, 56.59, 54.1 (CH3 x 2), 34.6 (CH2 X 2), 345

(CH, x 2), 26.8 (CH, x 4), 26.0 (CH, x 2), 19.0, 12.4 ppm; FTIR (neat): v = 2930,

-1 + +
1215, 754, 669, 494 cm ; HRMS (ESI, m/z): calcd for C18H36NO2 [M+H] 298.2746,

found: 298.2743.

[0085] N-cyclohexyl-N-(1,1-dimethoxypropan-2-yl)cyclohexanamine (3a’):

17



20 392 100911N-cycl ohexyl - N- (1, 1-di met hoxyhex-5-en-2-yl)cycl ohexanam ne
(21): Ove MO NCy2 2f The product was prepared by above general procedure

and the sSWORIHWA98al s except enpl oyi ng PCT/SG2011/000239

N-cycl ohexyl - N- (hex- 5-enyl ) cycl ohexanam ne (10 (0.131 g, 0.5 nmol). After
24 h, the crude product was purified flash col um chromat ography (silica
gel; triethylam ne/ethyl acetate/hexa € 0.1:1: 100) to afford the desired
product 2f as a light yellow sh 0ifed , 61%yield); Rf= 0.5 (hexane:
ethyl acetate = 3:1); H NVWVR (CDCl 400 6 5.87-5.80 (m 1H), 5.02-4.98

(d, J=17.18 Hz, 1H), 4.92-4.89 (d, J 3, 210.22 Hz, 1H), 4.154-4.150 (d,
J= 1.89 Hz, 1H), 3.42 (s, 3H), 3.41 (s,%@3H), 2.78-2.70 (m 3H), 2.28-2.20
(mlH) 2.02-1.90 (m 1H), 1.74-1.72 (m 4H), 1.57-1.42 (m 8H), 13

1. 32- 1. 1R (0.6 Bliexarie: @thyDa@%at¢ m3: E)I;DHWR(EDIKZR 4000NIH,) 51004-M183)(d 67 £39. 9,
113.6, 117.1, 56.6 (CH2 x 2), 56.1, 54.1 (CH3x 2), 34.6 (CH2x 2), 344

CH2x 2 4 6. 5 F =

5530, 1%@8@51@%%%?7%# BB 7e i 2 g?(m %ﬁy 2B08) Fhr b dr by

[ MFH  324.2903, found: 324.2901. WD 2012/ 005693PCT/ SG2011/ 00)239

E00§92]2 (1470 Gh, D), 0l88X1y4 10, 6R), 3.38- 01 6eh NOPI), 105005 $@i FHPppRe- tﬁmone
29

(CDC1,, 100 MHz) 6 111.5, 56.3, 56.1, 54.7 (CH, x 2), 51.7, 34.6 (CH_x 2), 33.9 (CH_
X 2), 26.9 (CH_x 2), 26.6 (CH_x 2), 26.0 (CH_x 2), 14.1 ppm; FTIR (neat): v = 2930,

-1 + +
1215, 754, 669, 494 cm ; HRMS (ESI, m/z): calcd for C17H34NO2 [M+H] 284.2590,

found: 284.2597.
[0086] N-cyclohexyl-N-(1,1-dimethoxyhexan-2-yl)cyclohexanamine (2b):

OMe

MeO
NCy2
2b

The product was prepared by above general procedure and the same chemicals except
employing N-cyclohexyl-N-hexylcyclohexanamine (1b) (0.132 g, 0.5 mmol). After 6 h,
the crude product was purified by flash column chromatography (silica gel;

triethylamine/ethyl acetate/hexane = 0.1:1:100) to afford the desired product 2b as a
1

light yellowish oil (0.105 g, 65% yield); Rf= 0.81 (hexane: ethyl acetate = 3:1); H

NMR (CDCl3 400 MHz) 6 4.14 (brs, 1H), 3.43 (s, 3H), 3.42 (s, 3H), 2.75-2.69 (m,

3H), 1.73-1.72 (m, 4H), 1.57-1.15 (m, 20H), 1.04-0.96 (m, 2H), 0.90-0.86 (t, J = 7.24

13
Hz, 3H) ppm; C NMR (CDCls, 100 MHz) 6 112.4, 56.69, 56.63, 56.58, 54.1 (CH3x

2), 34.6 (CH2x 4), 29.9, 26.8 (CH2x 4), 26.0 (CH2 X 2), 25.9, 23.1, 14.2 ppm; FTIR
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The product was prepared by above general procedure and the sanme chem cal s
except enpl oyi ng 2-(5-(di cycl ohexyl am no) pentyl )i soi ndoline-1, 3-di one (19)
(0.198 g,W0.2812/9498. After 20 h, the crude product was PaTISG2ed/0p§239 | ash

col um chromat ography (silica gel; diethyl ether/hexane = 2:100) to afford
the desired product 2g as a light yellow sh oil (0.128 ng, 56%yield); R=

0. 50 (h94m§ @E*MboapﬁtsaV% %69; 494 cif NMQQ@SM'KW)C@Q%@}‘M(@H?I@? 7.78
(m 2H) (m 2H), 4.122-4.117 (d, J= 1.94 1H), 3. 66-32.62 (m

2H), 3.40 (s, 3H) 3.73 (s, 3H), 2.76-2.66 (m 3H), 196185(m 13 1H),

1 74-1. 3}}]\44@] ;Mosglf&zld13j@3(gd@ 8H), 1.00-0.89 (rn 2H) ppm C NMR (100
168.4 (C x 2), 133.6 (CH x 2), 132.2 (C x 2), 123.0 (CH x 2),

”1 % 230@2 Sy o Al e B ol o 02

(neat) v = 3460, 2930, 1709, -1 1396, 1215, 754, 669, 494 cm: HRMVB (ESI,

m z): cal cd for C271-141N202 | + 457. 3066, found: 457.3066.
[ 0093] 4- (di cycl ohexyl am no) \RoB~¢ cetate (2h): Ove MeOCQAC
N: Cy2 2h  The product was prepar g by above general procedure and the sane

chem cal s except enpl oying 5-(di cycﬁ ghexyl am no) pentyl acetate (1h) (0.154
g, 0.5 mol). After 20 h, The crude product was purified by flash colum

Chr ot o8k Lo R Ly S ERBE 6 o2 il el LR S
h _ 400 MHz 158-4.153,(d, J=
L m?gwmg?&%y?f@w?ﬁ’-ﬁ%ﬁl%M%Sf@amm%(*lcgzg 7, O5spo5 A58 26 50”1
3H),201(s 3H), 1.90-1 H?) (m H),157136(m 9H) ,

The crude product was punﬁed y ﬂash column chromatography (silica gel;

triethylamine/ethyl acetate/hexane = 0.1:1:100) to afford the desired product 2¢ as a
1

light yellowish oil (0.125 g, 61% yield); Rf= 0.83 (hexane: ethyl acetate = 3:1); H

NMR (CDCl3 400 MHz) 6 4.138-4.134 (d, J = 1.57 Hz, 1H), 3.43 (s, 3H), 3.42 (s, 3H),

2.74-2.71 (m, 3H), 1.57-1.21 (m, 32H), 1.04-0.98 (m, 2H), 0.89-0.86 (t, J = 7.01 Hz,
13
3H) ppm; C NMR (CDCI,, 100 MHz) 5 112.4, 56.67, 56.61 (CH_ x 2), 54.1 (CH,_x

2), 34.59 (CH2x 2), 34.56 (CH2 x 2), 31.9, 30.1, 29.7, 29.6 (CHZX 2), 29.4, 27.6, 26.8
(CH2x 4),26.2,26.0 (CHzx 2),22.7, 14.1 ppm; FTIR (neat): v = 2930, 1215, 754, 669,

-1 + +
494 cm ; HRMS (ESI, m/z): calcd for C26H52NO2 [M+H] 410.3998, found:

410.3998.

[0088] Methyl 4-(dicyclohexylamino)-5,5-dimethoxypentanoate (2d):

OMe 0O

MeO o~

NCy
2d

19



13 1.31-1.17 (m 8H), 1.04-0.94 (m 2H) ppm C NWR (100 MHz, CDC13): (5

171.3, 112.0, 65.2, 56.8, 56.7, 56.4, 54.0 (CH3x 2), 34.6 (CH2x 2), 34.4

(CH2x 2) ,wdaoirdobddbl2 x 4), 26.67, 25.9 (CH2 x 2), 22.5, pet/sG2pnmoBT| R

(neat): v = 2930, 1730, 1215, 756, -1 669, 494 cm; HRMS (ES!, nmlz): calcd

for C211140N04 [ M+H 370.2957, found: 370.2952.

[ 0094] N- (j0089] di nFhéryduct anas? pydpardd- ibyopbevey kenethlo pxcadaai ael (i lsameve

[ 0095] The product was prepared by above general procedure and the sane

chen cal $hemiaR! exRep! BvipRFidy Ridthyl SNdiSRRhe hﬁ%?&h@ﬁﬁ@ﬂ@ i1a¢ 01y 498 ny,

0.5 nunol ). After ggd h,b?gﬁ:rugj‘é’hprb{gdﬁgt Wirj)t%l puri) I ed bynﬂflgs(h colédrm

chr omat ogy ApGi $id 92 HRle crhdd SloRUbARS IRy MERBREIGHaStoardpnY: 1 100)
J i oéf% 32 Hip crbdc fiod gﬁs{%ﬁ y, sk 23 r?éfa%%%

to affgr esw)e( r]p.ro uct 2 ) t y.eIIovmsh ol )
. 155, 4. 196% B SRBARGne Bl RiEhBles digiion iR &Nl 0

1H), 2.72-2.64@@ 2K, 178172 (m _2%, 1.61-1.18 (m, 10H), 13 0.99-0.95
(m 6H), 20 A lightgelewish 01170486 18, 60%yiclds R = -Ahfhexans el acetater3d:1);111. 9,
57.7, 56.6, 56.5, 53.5, 44.9, 34.4, 34.3, 36.8, 26.0, 23.5. 23.0, 18.9,

12. 4 ppm
H NMR (CDCl3 400 MHz) 6 4.183-4.178 (d, J = 1.97 Hz, 1H), 3.64 (s, 3H), 3.42 (s,

3H), 3.41 (s, 3H), 2.85-2.81 (m, 1H), 2.73-2.68 (m, 2H), 2.53-2.28 (m, 2H), 1.87-1.79

(m, 1H), 1.74-1.54 (m, 9H), 1.47-1.45 (m, 2H), 1.33-1.16 (m, 8H), 1.04-0.94 (m, 2H)
13
ppm; C NMR (CDCL,, 100 MHz) 6 174.9, 111.4, 56.4 (CH_ x 2), 5.7, 54.1 (CH,

2),51.3,34.6 (CH_x 2), 343 (CH_x 2), 31.8,26.8 (CH_x 2),26.7 (CH x 2),25.9 (CH,

-1
x 2), 21.7 ppm; FTIR (neat): v = 2930, 1730, 1449, 1215, 754, 669, 494 cm ; HRMS
+ +
(ESI1, m/z): calcd for C20H38NO4 [M+H] 356.2801, found: 356.2799.

[0090] N-(6-bromo-1,1-dimethoxyhexan-2-yl)-V-cyclohexylcyclohexanamine

(2e):

OMe

MeO Br

NCyz
2e

The product was prepared by above general procedure and the same chemicals except
employing N-(6-bromohexyl)-N-cyclohexylcyclohexanamine (1e) (0.172 g, 0.5 mmol).
After 6 h, the crude product was purified by flash column chromatography (silica gel,;

triethylamine/ethyl acetate/hexane = 0.1:1:100) to afford the desired product 2e as a
1
light yellowish oil (0.109 g, 54% yield); Rf= 0.75 (hexane: ethyl acetate = 3:1); H

NMR (CDCI, 400 MHz) 6 4.15 (brs, 1H), 3.44-3.39 (m, 8H), 2.74-2.72 (m, 3H), 1.89-
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-1 FTIR (neat): v = 2930, 1215, 754, 669, 494 cm; HRMS (ESI, nlz): calcd
for CHNO [MH + 258.2433, found: 258.2433. 15 322

100961 netwpl24124005993 1- (t er t - but yl di et hyl si | yl oxy) - 3- et pgiriseRan /80239

yl) (i sopropyl)am no) -5, 5-di met hoxypentanoate (2j): 'Pro), NCO2Me 'Pr 2j The
product was prepared by above general procedure and the sane chemcals
except  1.82 (m, 2H), 1.72-1.64 (m, 5H), 1.57-1.55 (m, 4H), 1.48-1.18 (m, 13H), 1.00-0.98 (m,
enpl oyi ng(S)-nmethyl 5- ((1-(tert-butyldi nmet hyl silyl oxy)-3-nethyl but an- 2-

N P CeLDRRORTC { Xbd Wit 8192, Bk SRk S50y Spal I Bl

di ethyl ether/hexane = 1:100) to afford the desired product 2j as a light

yel I owi shy4q tcr(IOx 1!}234% (éﬁ%xmejzﬂz 33313321581@¢H . 26285.0 BH Q.2§224 hexane:
ethyl acetate = 3: MR (40 2181-4.176 ( 3=1.89 Hz,

1H), 3.72-3.58 (m 5H) 344335(m 7H) 309305(m 1H), 259255(m

T 5 ognf YR edd: Vi 2babrad i 788 b Ry Sks ol @R iy 30
J= 13 6.68 Hz, 3H), 0.88 (s, 9H), 0.03 (s, 6H); CNI\/R(lOO Mz, CDC13): (5

174.8, 1%3: 6, HOBRO 6M5H] 50411 636f00nd 5SH4D1651. 2, 46.1, 31.7, 29.5, 25.9
(CH3 x 3), 28 % 2324, 22.8, 22.2,

[0091] N-cyclohexyl-N-(1,1-dimethoxyhex-5-en-2-yl)cyclohexanamine (2f):

OMe

MeO =
NCy;
2f

The product was prepared by above general procedure and the same chemicals except
employing N-cyclohexyl-N-(hex-5-enyl)cyclohexanamine (1f) (0.131 g, 0.5 mmol).
After 24 h, the crude product was purified by flash column chromatography (silica gel;

triethylamine/ethyl acetate/hexane = 0.1:1:100) to afford the desired product 2f as a
1

light yellowish oil (98 mg, 61% yield); Rf= 0.5 (hexane: ethyl acetate = 3:1); H NMR

(CDCl3 400 MHz) 6 5.87-5.80 (m, 1H), 5.02-4.98 (d, /= 17.18 Hz, 1H), 4.92-4.89 (d, J

=10.22 Hz, 1H), 4.154-4.150 (d, J = 1.89 Hz, 1H), 3.42 (s, 3H), 3.41 (s, 3H), 2.78-2.70

(m, 3H), 2.28-2.20 (m, 1H), 2.02-1.90 (m, 1H), 1.74-1.72 (m, 4H), 1.57-1.42 (m, 8H),
13
1.32-1.17 (m, 8H), 1.04-0.95 (m, 2H) ppm; C NMR (CDCl,, 100 MHz) 5 139.9,

113.6, 112.1, 56.6 (CH_ x 2), 56.1, 54.1 (CH, x 2), 34.6 (CH, x 2), 34.4 (CH, x 2), 31.6,

26.8 (CH2x 4),26.0 (CH2 x 2), 25.5 ppm; FTIR (neat): v = 2930, 1638, 1215, 754, 669

-1 + +
cm ; HRMS (ESI, m/z): calcd for C20H38NO2 [M+H] 324.2903, found: 324.2901.
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-1 19.8, 18.2, -5.6, -5.8 ppm FTIR (neat): v = 3019, 1730, 1215, 756, 669,
484 cm; 20 HRVS (ES!', mz): calcd for C22H48NOBSI [ M+H] 434. 3302, found:
434. 3298;wphD1270056931. 0 (c = 2.2, CH2C12). [0097] Anot her pcIsER011/00239 0. 71
(hexane: ethyl acetate = 3:1); H NWR (400 MHz, CDC13): (5 4.316-4.312 (d,.
J=1.44 Hz, 1H), 3.79-3.75 (m 1H), 3.64 (s, 3H), 3.55-3.51 (m 1H), '
3. 50- 3. 440492] 4H}-(4-¢didycloBexybdshino)-5Hdiin@Boxypentyl)isoindtline21,38li¢me 2H) ,
2.40-2.32 (m 1H), 2.00-1.83 (m 2H), 1.62-1.63 (m 1H), 1.04-1.02 (d, J=
6.49 13 I-(I;%);BH), 0.98-0.97 (d, J=6.76 Hz, 3H), 0.93-0.89 (m 15H),
0.049-0.045 (m 6H); C NWVR (100 MHz, CDC13): (5 174.8, 110.4, 64.8, 61.4,
56.6, 56.0, 54.9, 51.3, 45.9, 32.0, 28.3,025.9 (CH3x 3), 23.6, 22.8, 22.4,

21.9, 20.3, 18.2, -5.6, -5.8 ppm MR (n v = -1 3019, 1730, 1215,

756, 669, 484 cm; HRVS (ES!, mdx)>Y'C cd' 2HABNCESI + [ MkH] 434. 3302,

found: 434.3298. [0098]/V, N-diisobuweyl- 1, &§- di met hoxyhexan-2-am ne (2k): Owe
2g

The product was prepared by above general procedure and the same chemicals except
employing 2-(5-(dicyclohexylamino)pentyl)isoindoline-1,3-dione (1g) (0.198 g, 0.5
mmol). After 20 h, the crude product was purified by flash column chromatography

(silica gel; diethyl ether/hexane = 2:100) to afford the desired product 2g as a light
yellowish oil (0.128 mg, 56% yield); Rf= 0.50 (hexane: ethyl acetate = 3:1); lH NMR
(400 MHz, CDClS): 6 7.82-7.78 (m, 2H), 7.69-7.64 (m, 2H), 4.122-4.117 (d, J = 1.94
Hz, 1H), 3.66-3.62 (m, 2H), 3.40 (s, 3H), 3.73 (s, 3H), 2.76-2.66 (m, 3H), 1.96-1.85 (m,
1H), 1.74-1.34 (m, 13H), 1.27-1.12 (m, 8H), 1.00-0.89 (m, 2H) ppm; 13C NMR (100
MHz, CDCls): 6 168.4 (Cx2),133.6 (CHx 2),1322(Cx2),123.0 (CHx 2), 111.8,

56.7, 56.5, 56.2, 54.0 (CH3x 2), 384, 34.6 (CH2x 2), 34.3 (CH2x 2), 26.69 (CH2x 2),

26.66 (CH_x 2), 26.5, 25.9 (CH_ x 2), 23.3 ppm; FTIR (eat): v = 3460, 2930, 1709,

-1 + +
1396, 1215, 754, 669, 494 cm ; HRMS (ESI, m/z): calcd for C27H41N202 [M+H]

457.3066, found: 457.3066.

[0093] 4-(dicyclohexylamino)-5,5-dimethoxypentyl acetate (2h):
OMe '

MeO OAc
NCy»

2h
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Ni Bu2. 2k [0099] The product was prepared by above general procedure and the
sane chem cal s except enploying N, N-diisobutyl hex-1-en-1-amne (1k) (0.105
ng, 0.5 rwol2p12/08bdesr 5 h, the crude product was purifi egchgscRémasmbosel um

chromat ography (silica gel; triethylam ne/ethyl acetate/hexane = 0.1:1:100)
to afford the desired product 2k as a light yellowsh oil (85 ng, 62%

yi el d); RheGroduct e gnepareat hyhbcaceeg@bml préedire anli3hé 8amd dhdmigplstexCeptivVR (100
MHz, CDC13): (5 107.8, 61.6, 60.6 (CH2x 2), 54.8 (CH3 x 2), 29.8, 27.2 (CH

2), 26. 4 at):
< 21,2 Al e gt el 1 i s g

1
d
L?%S?]ed“%*d&% E”S‘S‘E‘\é‘r”% Efﬁ%;‘?"e‘ 04 AR “‘%‘5"??5’@? (HEOCH ol
2004, 6, 9-221: Y 5-141
Lo at t o SUETLEGEE —2:100) 18'pde B desw%ﬁﬂ%%?&'gm}le Wi ol 19197 (m)
2H), 2.00 (s, 3H), 1.71-1.64 (m 8H), 13 1.57-1.54 (m 2H) 1.23-1.12 (m

8H), 1.0688).55% Yi ﬁid),ZRy=06D[\MRa(ld.@ﬂlyﬂ/qutat€BGLB)); H(SMR 400 MHZ, 6DCIP: & 2),
31.7 (CH2 x 4), 26.4/CH2 x 4) 22(:Hzx2) 20.9 ppm HRVE (ESI, niz):

6
gal(g:jcgglr% egg‘i;féﬁno)_ﬂﬂ& Hﬁﬁoxybu ?H‘DgHgggtﬁ%?O%%)l?“g*ﬁ%ﬁ(@ usc'E :)8;21]
Ll oy n iy FnirD) by EEO e ""“ﬂw?eﬂ(ﬁqﬁg i g T S e
h, The crude product was purified by flggh col um chromatography (sili ca

gel tri atdyl amne/Sehhylosaxet ahelHpppne =C(NM'Rl (10OMHA @bendstive.esired
product 21 as a Iight yel l owi sh oil (86 ng, 48% yield); R= @ 60 (hexane:
ethyl acetate = gi H NVR %200 VHz CDClB&: 3.42 (s, 3H), 3.40 hsi 3H)
2.92 (s, 18294842, @ 5651684 if-04GH, x2)046 §CH3KR), 38-4(CH, %), P73 40K,
1.56-1.54 (m 4H), 1.50-1.42 (m 2H), 1.30-1.16 (m 8H), 1.04-0.94 (m 2H)

13 p'?m CA\"VE% 67095 B/H%H D 5. 4% pim: FTIR maaty > =293, 195032451585, 2) -

-1 + +
669, 4994 cm ; HRMS (ESI, m/z): calcd for C21H40NO4 [M+H] 370.2957, found:

370.2952.

[0094) N-(1,1-dimethoxybutan-2-yl)-N-isopropylcyclohexanamine (2i):

OMe
MeO)Y\
O
2i
[0095] The product was prepared by above general procedure and the same
chemicals except employing N-butyl-N-isopropylcyclohexanamine (1i) (98 mg, 0.5

mmol). After 24 h, the crude product was purified by flash column chromatography

(silica gel; triethylamine/ethyl acetate/hexane = 0.1:1:100) to afford the desired product

2i as a light yellowish oil (58 mg, 45% yield); Rf= 0.67 (hexane: ethyl acetate = 3:1);

1
H NMR (400 MHz, CDCI,): § 4.155-4.150 (d, J = 2.09 Hz, 1H), 3.43 (s, 3H), 3.41 (s,
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(CH2x 2), 34.3 (CHx 2), 26.72 (CHx 2), 26.69 (CHx 2), 25.9 (CH x 2),
21.1 ppm 2222 -1 FTIR (neat): v = 2930, 1215, 754, 669, 494 cm; HRMS
(ESI, m ayo20slmssoBor C H D NO [ MrH] 361. 3115, found: 3®&tT3GA&1/0b02gur e
2(B). 20 33 54 Isolation of the Internediate [00102] A
N, N- di cycl ohexyl -n-butylamne la (0.118 g, 0.5 nmol) was added to a m xture
of CuBr23{B83138;3.28 (A5 1hpoL.J2-2a64d0 (EMVEBR [.29-10, (1, 28),nh6l-). 18n(nmet0t@pnol (0. 2

m.)/acetonitrile (2.0 nL) in air at roomtenperature. The m xture was

stirred at.4 usj oonunt di cyé -p-hut ylanminecl a was
conpl et e?’f 95@85&% Qgﬁlgwg& he?égﬁgoh.z’l\&ml?’e QW?{IQEQE# z,ﬂ&ﬁ%lﬁ. %bout 8%
yield) was isolated fromthe reaction mxture by a sinple filtration and
washed udilhg, BBCNSG.b, 6&.5x53), 44.BeBd.4he4.9n26.8, 2@0, 2B.5a23.0li K9 Med ppm;

met hanol , hexane was added into it, and sol vent was evaporated to obtain

the crystal (Cy2NH2Br), [00103] _Di cycl ohexyl d ni um hrom de: " , NH2
B0y 1 W RGRan00" 280 FLp, 355 b0 3ot THRMS SE56. By oot oy
1.90-1.86 (m 13+4H), A.75-1.71 (m 2H), 1.41-1.20 (m 10H) ppm C NWR

( CD30D, . 2 x 4), 26.2 (CH2x 2), 25.5 (CH2
X 4) ppm%?%éMSﬁgﬁﬁ] %Sgggg’.@ﬁ“d%g%%% VWhen

N, N- di cycl ohexyl -n-butyl am ne | a was subjected to copper (lI1) brom de and
oxygen i 10086] hanmettad et oni t r 4@ (Sat1-gertchutyldimethydsilyloxyhdrivethyhrgan2a in | ow
yield (11% (Table 1, entry 2) was unexpectedly obtained. The structure of
2a was cohiisoprogyh)yming)di,®dingthbaypedtanmoata(j):ysi s (see bel ow). Mst of the
substrate |l a was converted into N, N-dicycl ohexyl formam de (62% (Table 1,

entry 2). The reaction did not ¥ OMet hout copper catal yst (Table 1,
entry 1). Since nitrogen donor |ligandg is known to play an inportant role
i n di oxygen activation, a seriedr6f Nl M0 donor |igands were tested in

this reaction. It was found out thatPrAT, N, AP, M et r amet hyl et hyl enedi am ne
(TMEDA) was the best ligand for thigjreaction to suppress the formation of
N, N- di cycl ohexyl formam de, affording the desired a-am no acetals 2a in 51%
i sol at ed Tie arefughaias prepamdepakaysmeperal procpdwaiand thessams cliesnicaly excepbl e 1,
entry 3). It is noteworthy that the reaction proceeded even under air

wi t hout ampigmg i cant(Shmethyhse i nS-((il dtatt-b@yldimethyFiplowy):3-methylgutan-gi t h
Table 1, entry 17). Anpong the various solvents screened, acetonitrile

enmer ged 3gy(ikdyropdmincjpestahodte (1j) (0. 586 gal§ inanol).gefiar 48 hnte chele pesduced
product in 51%yield (Table 1, entry 3). OQher solvents such as nethanol,
1, 2- di chiek @atifiad By (6 olumnthi@hitapuph P {silicange(; [ditthyM@hé&/hek s S¢ri@ened, but
in all cases, the desired ic&am no acetal 2a was obtained in |lower yield
(Table 1 i s 1: . t59 o )\VBi 4 r eened
(Table 1° gﬂg‘%’?itgid%fr%? a‘{é*?g‘ %J%Qg{aé?'g?’@g’gggg ok 32%?’%?“2?5’@8? Ao afford
the desired product 2a and 3a in 35% and 17% yields, respectively (JTable 1,
entry 13Pnedtoger: &pdbr2 Guane: sHoleaetis 3 e N R M0MHZ CBELAA 1 o
for this reaction (Table 1, entries 8-12, 14-15). Notably, anong the
various QoRRef1RAd g < N8, 9%),?3172-@%%5,(51{)2 333 $PURAd7THR 38090305 {(mbet ter

catalytic activity than copper (1) having the same anion, and the order of

the catauh] £588's5(id Y1912 $919 4804 01 R7PRG, SARDES-PRK A, Y85, ' AURHo (@, be 1>

Br > X ( S0 ”’on) . undt
1H), 1.01-0.99 (d, J = 6.64 Hz, 6H), 0.98-0.96 (d, J = 6.86 Hz, 3H), 0.92-091 (d, J =

13
6.68 Hz, 3H), 0.88 (s, 9H), 0.03 (s, 6H); C NMR (100 MHz, CDCls): 61748, 112.5,

64.3, 61.5, 56.1, 56.0, 54.5, 51.2, 46.1, 31.7, 29.5, 25.9 (CH3 x 3),23.5,234,22.38,22.2,

-1
19.8, 18.2, -5.6, -5.8 ppm; FTIR (neat): v = 3019, 1730, 1215, 756, 669, 484 cm ;
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t he best volune ratio of nmethanol to acetonitrile was 1:4, and 40 C was the
nost suitable tenperature for this reaction by examning the effect of the
vol une r avoaofooké®@H MeCN and tenperature on the yield etTtacamiinoisget al 2a
(Table 1, entries 5, 16- 19). Therefore, our optinmal reaction conditions

for the rearrangenent of tertiary amnes were as follows: the reactjon was

carried ' . r * i % @f r Iz)o
brom de an 0(%&?%%%§Rpggﬁ4gﬁogt 1;/ltﬁ:' 2@ g??’? gﬁ{m{%ﬁe“%%rgr’e@at i o of
met hanol to acetonitrile was 1:4. [00106] Table 1 shows the optim zation of
t he reacts -031.@0@dt 2.2p0H €loy. the reacti on scheme shown in Figure 1(A). Table
1. Optimzation of Reacti 6n Conditions of Schene Shown in Fi gure 1(A) Entry
Catalyst Solvent Tr C t [h] Yield For 2a 3a 1 2Ecl {3 4[11' n 5

[0097] Another isomer: Rf= 0.71 (hexane: ethyl acetate = 3:1); H NMR (400

MHz, CDCI): § 4.316-4.312 (d, J = 1.4 Hz, 1H), 3.79-3.75 (m, 1H), 3.64 (s, 3H),

3.55-3.51 (m, 1H), 3.50-3.44 (m, 4H), 3.37 (s, 3H), 2.90-2.88 (m, 1H), 2.60-2.48 (m,

2H), 2.40-2.32 (m, 1H), 2.00-1.83 (m, 2H), 1.62-1.63 (m, 1H), 1.04-1.02 (d, J = 6.49

13
Hz, 3H), 0.98-0.97 (d, J = 6.76 Hz, 3H), 0.93-0.89 (m, 15H), 0.049-0.045 (m, 6H); C

NMR (100 MHz, CDCls): 0 174.8,110.4, 64.8, 61.4, 56.6, 56.0, 54.9, 51.3, 45.9, 32.0,

28.3,25.9 (CH, x 3), 23.6,22.8, 22.4,21.9,20.3, 18.2, -5.6, -5.8 ppm; FTIR (neat): v =

+

-1
3019, 1730, 1215, 756, 669, 484 cm ; HRMS (ESI, m/z): calcd for C22H48NOSSi

+
[M+H] 434.3302, found: 434.3298.

[0098] N,N-diisobutyl-1,1-dimethoxyhexan-2-amine (2k):
OMe

Meo/k‘/\/\

NiBUZ
2k

[0099] The product was prepared by above general procedure and the same
chemicals except employing N,N-diisobutylhex-1-en-1-amine (1k) (0.105 mg, 0.5
mmol). After 5 h, the crude product was purified by flash column chromatography

(silica gel; triethylamine/ethyl acetate/hexane = 0.1:1:100) to afford the desired product

2k as a light yellowish oil (85 mg, 62% yield); Rf= 0.65 (hexane: ethyl acetate = 3:1);

1
H NMR (400 MHz, CDCL): § 4.22-4.21 (d, J = 4.67 Hz, 1H), 3.371-3.368 (m, 6H),
2.59-2.55 (m, 1H), 2.34-2.17 (m, 4H), 1.66-1.49 (m, 3H), 1.45-1.24 (m, 5H), 0.90-0.84
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67809 10 11 12 13 14 15 16[1 17m 18[1 19[ei CuBr2 CuBr2 CuBr2 CuBr2 CuBr2
CuBr2 Cud 2 Cu(PAc)2 CupT02 Cu(acac)2 Cu(MeCN) 4PF6 Cul CuBr CuCl CuBr2
CuBr2 CuBw® 2012802698ECN MeCN MeCN MeCN MeOH DCE THE MeCNplleGi2040h23#CN MeCN
MeCN MeCN MeCN MeCN MeCN MeCN MeCN 40 40 40 40 40 40 40 40 40 40 40 40 40
40 40 25 40 60 40 48 48 48 6 48 48 48 48 48 48 48 48 96 48 48 96 5 |

(m, 15H) ppm; C NMR (100 MHz, CDCIS): 6 107.8, 61.6, 60.6 (CH2 x 2), 54.8 (CH3

X 2),29.8, 27.2 (CH x 2), 26.6, 23.0, 21.0 (CH, x 2), 20.8 (CH, x 2), 14.1 ppm; FTIR

-1
(neat): v =2955, 1456, 1215, 756, 669, 494 cm .

Deuterium Labelling Experiment

[00100] 4-(dicyclohexylamino)butyl-D8 acetate (11): The product was prepared by
above general procedure (Y. H. Ju, R. S. Varma, Green Chem., 2004, 6, 219-221; Y. H.

Ju, R. S. Varma, J. Org. Chem., 2006, 71, 135-141) to afford product as colorless oil;

1
H NMR (400 MHz, CDCl): 6 2.48-2.43 (m, 2H), 2.00 (s, 3H), 1.71-1.64 (m, 8H),

13
1.57-1.54 (m, 2H), 1.23-1.12 (m, 8H), 1.06-0.97 (m, 2H); C NMR (100 MHz,

CDC,): § 171.1, 57.8 (CH x 2), 31.7 (CH, x 4), 26.4 (CH, x 4), 26.2 (CH, x 2), 20.9

ppm; HRMS (ESI, m/z): calcd for C18H26D8N02Jr [M+H]+304.3092, found: 304.3089;
Figure 2(A).

[00101] 3-(dicyclohexylamino)-4,4-dimethoxybutyl-D5 acetate (2I): The product
was prepared by above general procedure and the same chemicals except employing 4-
(dicyclohexylamino)butyl-D8 acetate (11) (0.151 g, 0.5 mmol). After 24 h, The crude
product was purified by flash column chromatography (silica gel; triethylamine/ethyl
acetate/hexane = 0.1:1:100) to afford the desired product 21 as a light yellowish oil (86
mg, 48% yield); Rf= 0.60 (hexane: ethyl acetate = 3:1); 1H NMR (400 MHz, CDCls): o
3.42 (s, 3H), 3.40 (s, 3H), 2.92 (s, 0.74H), 2.72-2.66 (m, 2H), 2.02 (s, 3H), 1.74-1.69

(m, 4H), 1.56-1.54 (m, 4H), 1.50-1.42 (m, 2H), 1.30-1.16 (m, 8H), 1.04-0.94 (m, 2H)

13
ppm; C NMR (100 MHz, CDCls): 0171.2,56.4 (CH x 2), 54.2 (CH3x 2),52.8,34.4
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550 11 51 58 23 17 trace trace 0 O O trace 35 trace 0 42 66 57 63 0 O
trace trace trace trace 0 0 0 O 0 0 17 O O trace trace trace trace
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(CH2x 2), 343 (CH2x 2), 26.72 (CHzx 2), 26.69 (CH2x 2),259 (CH2X 2), 21.1 ppm;

-1
FTIR (meat): v = 2930, 1215, 754, 669, 494 cm ; HRMS (ESI, m/z): calcd for

+ +
C20H33D5NO4 [M+H] 361.3115, found: 361.3109; Figure 2(B).

Isolation of the Intermediate

[00102] N,N-dicyclohexyl-n-butylamine 1a (0.118 g, 0.5 mmol) was added to a

mixture of CuBr2 (28 mg, 0.125 mmol), and TMEDA (29 mg, 0.25 mmol) in methanol

(0.2 mL)/acetonitrile (2.0 mL) in air at room temperature. The mixture was stirred at 40

°C using O2 balloon until N,N-dicyclohexyl-n-butylamine 1a was completely converted

by TLC detection. A white solid (about 10 mg, about 8% yield) was isolated from the
reaction mixture by a simple filtration and washed using MeCN (1 mL x 3). Then the

white solid was dissolved in methanol, hexane was added into it, and solvent was

evaporated to obtain the crystal (CyzNHzBr).

[00103] Dicyclohexylammonium bromide:

1
H NMR (CD30D 400 MHz) 6 3.23-3.18 (m, 2H), 2.09-2.07 (m, 4H), 1.90-1.86 (m,

13
4H), 1.75-1.71 (m, 2H), 1.41-1.20 (m, 10H) ppm; C NMR (CD OD, 100 MHz) §

54.6 (CH x 2), 30.6 (CH_x 4),26.2 (CH, x 2), 25.5 (CH, x 4) ppm.

Results and Discussion
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[00107] Reaction conditions: /V,Ndicyclohexyl butylamne (0.5 mol, 1

equi v.), copper catalyst (0.25 equiv.), TMEDA (0.5 equiv.), MOH (0.2 nL),
sol vent (Worzhj200sedder 02 at nosphere (1 atm). [b] Isol at edTisicebdmodeased on
/'V, N-di cycl ohexyl -n- butylamne. [c] The reaction was perfornmed w thout
TMVEDA, affording the byproduct N, N-dicycl ohexylformam de with 62% vyi el d.
[d] The rfe@ldd] onWhes &avV-dicydobexylinrbutylamife |1aT s r sbgecitain tovasopper f(H) med
using 0.5 nmL nmethanol. [e] The reaction was performed using 1 nL nethanol.
Tabl e 2: pRhi#dlahd 8x rih%@l%%naR%e@éniE%é x&/ 40 3C, pré iR o-afriihd YcetaPRRSA I €

Product t [h] Yield m Rl R2

yield (11%) (Table 1, entry 2) was unexpectedly obtained. The structure of 2a was
confirmed by single crystal X-ray analysis (see below). Most of the substrate 1a was
converted into N,N-dicyclohexylformamide (62%) (Table 1, entry 2). The reaction did
not proceed without copper catalyst (Table 1, entry 1). Since nitrogen donor ligands is
known to play an important role in dioxygen activation, a series of nitrogen donor
ligands were tested in this reaction. It was found out that NNN,N-
tetramethylethylenediamine (TMEDA) was the best ligand for this reaction to suppress
the formation of N,N-dicyclohexylformamide, affording the desired a-amino acetals 2a
in 51% isolated yield when the TMEDA/copper (II) bromide ratio was 2:1 (Table 1,
entry 3). It is noteworthy that the reaction proceeded even under air without a
significant decrease in yield (Compare Table 1, entry 4 with Table 1, entry 17). Among
the various solvents screened, acetonitrile emerged as the best solvent for this reaction,
generating the desired product in 51% yield (Table 1, entry 3). Other solvents such as
methanol, 1,2-dichloroethane (DCE), and tetrahydrofuran (THF) were also screened,
but in all cases, the desired a-amino acetal 2a was obtained in lower yield (Table 1,
entries 5-7).

[00105] Other copper catalysts were also screened (Table 1, entries 3, 8-15). Cul
catalyzed the reaction sluggishly to afford the desired product 2a and 3a in 35% and
17% yields, respectively (Table 1, entry 13). Other copper salts showed low or even no
catalytic activities for this reaction (Table 1, entries 8-12, 14-15). Notably, among the
various copper salts investigated, copper(II) was found to exhibit better catalytic activity

than copper (I) having the same anion, and the order of the catalytic activity of the anion

among copper salts was found to be I > Br > X (C], OAc, and so on). We also found that
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the best volume ratio of methanol to acetonitrile was 1:4, and 40 °C was the most

suitable temperature for this reaction by examining the effect of the volume ratio of
MeOH/MeCN and temperature on the yield of o-amino acetal 2a (Table 1, entries 5, 16-
19). Therefore, our optimal reaction conditions for the rearrangement of tertiary amines
were as follows: the reaction was carried out in oxygen atmosphere at 40 °c using 25
mol% of copper(I) bromide and 50 mol% of TMEDA as the catalytic system, the
volume ratio of methanol to acetonitrile was 1:4.

[00106] Table 1 shows the optimization of the reaction conditions for the reaction

scheme shown in Figure 1(A).

Table 1: Optimization of Reaction Conditions of Scheme Shown in Figure 1(A)

T Yield [%]"

Entry Catalyst Solvent C] t[h] 2a 3a

1 - MeCN 40 48 0 0

2 CuBr, MeCN 40 48 11 0

3 CuBr, MeCN 40 48 51 trace
411 CuBr; MeCN 40 6 58 trace
5 CuBrn» MeOH 40 48 23 trace
6 CuBr, DCE 40 48 17 trace
7 CuBr, THF 40 48 trace 0

8 CuCl, MeCN 40 48 trace 0

9 Cu(OAc), MeCN 40 48 0 0

10 Cu(OTf), MeCN 40 48 0 0

11 Cu(acac), MeCN 40 48 0 0
12 Cu(MeCN)sPFs MeCN 40 48 trace O

13 Cul MeCN 40 96 35 17
14 CuBr MeCN 40 48 frace 0

15 CuCl MeCN 40 48 0 0
160 CuBr, MeCN 25 96 42 trace
170 CuBr, MeCN 40 5 66 trace
1810 CuBr, MeCN 60 5 57 trace
19t CuBr, MeCN 40 5 63 trace

[00107] Reaction conditions: N,N-dicyclohexylbutylamine (0.5 mmol, 1 equiv.),
copper catalyst (0.25 equiv.), TMEDA (0.5 equiv.), MeOH (0.2 mL), solvent (2 mL),

under O, atmosphere (1 atm). [b] Isolated yields based on N,N-dicyclohexyl-n-
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CO2Me 2d 12 60 5 Cy Cy CH2CH2Br 2e 6 54 6 Cy Cy CH=CH2 2f 24 61 7 Oy Oy
CH2NPht h
WO 2012/005693 PCT/SG2011/000239

butylamine. [¢] The reaction was performed without TMEDA, affording the byproduct
N,N-dicyclohexylformamide with 62% yield. [d] The reaction was carried out in air. [f]
The reaction was performed using 0.5 mL methanol. [e] The reaction was performed

using 1 mL methanol.

Table 2: Oxidative Rearrangement of Tertiary Amines

Entry R RSzubstraged Product t[h] ;ﬁ%&
1 Cy Cy H 2a 5 66
2 Cy Cy Et 2b 6 65
3 Cy Cy n-Octyl 2c 24 61
4 Cy Cy CO;Me 2d 12 60
5 Cy Cy CHCH.Br  2e 6 54
6 Cy Cy CH=CHj3 2f 24 61
7 Cy Cy CH,NPhth  2g 20 56
8 Cy Cy CH,0Ac 2h 20 55
9 Cy 'Pr H 2i 24 45

Reaction conditions: N,N-dicyclohexylbutylamine (0.5 mmol, 1 equiv.), copper(Il)
bromide (0.25 equiv.), TMEDA (0.5 equiv.), MeOH (0.5 mL), MeCN (2 mL). [b]
Isolated yields based on N, N-dicyclohexyl-n-butylamine.

[00108] Representative examples of tertiary amines for this oxidative rearrangement
investigated are shown in Table 2. Almost all the substrates containing R1 = R2 = Cy
provided the desired products in good yields under the standard reaction conditions
(Table 2, entries 1-8). The tertiary amine with long carbon chain was also suitable for
this reaction (Table 2, entry 3) although the reaction time was much longer. The
reaction tolerated a wide array of functional groups including ester group (Table 2,
entries 4, 8), bromo group (Table 2, entry 5), double bond (Table 2, entry 6), amino
group (Table 2, entry 7). It was found that the substrates of R1 and R2 groups with more
branched carbon chain (Table 2, entry 1) had better reactivity for this reaction than

those with linear carbon chain (Table 2, entry 9).
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2g 20 56 8 Cy Cy CH20Ac 2h 20 55 9 Cy "Pr H 2i 24 45 Reaction conditions:
N, N- di cycl ohexyl butylamne (0.5 mmol, 1 equiv.), copper(ll) bromde (0.25
equi v.), WoBDR/©895 equiv.), MeOH (0.5 nlL), MeCN (2 nl) pciBG20nm@based

yi el ds based on N, N-di cycl ohexyl - n-butyl am ne. 1001081 Representative v
exanples of tertiary amnes for this oxidative rearrangenent investigated
are show{00109TabThe Zertidtymastinal|with hae chindls cerditee svas outtleredi fog tRis=rda2tion, Cy
provi ded the desired products in good yields under the standard reaction
condi t i ongfotdiaghie &sireproded id a@lodeddie ylekt 6f 30 %o with Beo Blabterdoaiegs whichon
chain was also suitable for this reaction (Table 2, entry 3) although the

reaction dyj BB NG sBpdrhel 899fica gzh&lﬁﬁﬁ%hfo%htéﬁhlg{}ﬁ(tsﬁﬁierﬁe Vi Figuad 32y of
functional group$ including ester group (Table 2,” entries 4, 8), brono

group (T , : i .

(rabl o 2100807, $5é Ebrabecrig S o RAforaf 26 5 EmEBE e phbnqed bRy HicHP
groupswi th nore granched .carbo 1aj.n (Table.2, entry.1) had petter

oot vi JOVB oy RFER e HIBFA Harl TeHGs SRR YBER PRI SAPE BT 1201 e 2,
entry 9). [00109] The tertiary. amne with chiral centre was ytilized for
this readinQion a5 OHFESTHOR neXidiging: agenty dawer? festiaryngaEieaceaping ® spds2 o
with two diastereoners which can be easily sepatated by silica gel colum
chr omat odntepnsdigtex Beand &; Imitiglly,ccogper grooies dFCrhel wanformeddndhe catalytive
rationalized in ternms of the proposed nechani smshown in Schene 2, Figure

3. Fi r st Isystemmne pyf ezoppérosaty emolepibari esy/ger randt M as a bidexntaieohgand. After
one-el ectron oxidi zing agents toward tertiary am ne, enam ne D and

i nt er mediefdc@sn Bransfér, Gleprotohativnl 3nd eleppen tspsfer @odessesinidihiuntisorf @ W i n the
catal ytic systens of copper salt, nolecular oxygen and TMEDA as a bidentate

ligand. Afdfice®! Subicdledtiyanihiflium JRAI @ OWad | @hvarsli GhRCtehMfirer TSRS
processes, imniumion C'was produced. Subsequently, imniumion C was

converte e.gmt&aﬁef’i‘.n}\l@ﬁ Elé%irpﬁ‘ "trahSRY @E%ﬁg&n ictil?ef;_catNuc Tac p%a?fs%é&@s 3] %ﬁ@‘}sr

yi el ded t cationic radical specie C atta
el G PR L P B SHRRTRIRR BERRSSRL IR 1
o oD A o B a3 G0 Shelo L R0 RS g 8" e
form oxocarbenium ion I, attack by an additional methanol molecule on the
oxocarbenium ion I generates the desired product.
[00111] Of mechanistic interests are the followings: (I) the formation of the iminium
ion B was proved by the trapping experiment. In the process of carrying out the
experiment (Table 1, entries 3, 6-7, 16), it was found that a white solid with the
molecular structure Cy,NH,Br (confirmed by X-ray analysis) was isolated from the
reaction mixture by a simple filtration with about 8% yield, indicating that the iminium
ion B was the reaction intermediate. (II) Enamine is also thought to be the reaction
intermediate. In order to prove it, enamine 1k was synthesized for this reaction.
Gratifyingly, the desired product 2k was obtained with 62% isolated yield (Scheme 3,

Figure 3). (IIT) To explore how the rearrangement occurred and which C-H bonds of

long carbon chain were activated, substrate 11 for this reaction (Scheme 4, Figure 4)
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[00111] O nechanistic interests are the followngs: (1) the formation of
the imniumion B was proved by the trapping experinment. In the process of
carryi ng wototdnesesperi nent (Table 1, entries 3, 6-7, 1érr/SceomasoBound
that a white solid with the nolecular structure Cy2NH2Br (confirnmed by
X-ray analysis) was isolated fromthe reaction m xture by a sinple
filtrati evasvéynthesibedit In8¥esyinglyd underddiheastamdard edctibh eohditions) eompouBd vids t he
reaction internmediate. (Il1) Enamne is also thought to be the reaction

i nt er nedigat@probiict®1 eibdu 48%:0M€ldi Es e&ﬁﬂyinﬂ%wokthmﬁmﬂhﬁﬁhgﬂ@@eh@torh hi s
reaction. Gatifyingly, the desired product 2k was obtained with 62%

ocour ed “Haarl SF G ENADA dpicnatl Tt PR e B B Lot

11 for this.r ' ' I QU g t - lnt e ingly,
under 1 e bR, BB GHR dhenirerd e thec 4OR e IE Ao IS, |
about 48%yiel d. Especiall. teworthy was, f.hat . 74% hydrogen at om was
Obser ved 1 G -PRIGROERER rihn L Tk (B o aqdifia mehaol; REREHBLRE: Hhas
formed via the bel gw pat hway: upon opening of the three-nenbered ring of
azi ri di niogAsarbeniymaen fsw%%@aﬂs%rﬁdmh&g The rgasondr BiP s¥rhangs mpphal

nmet hanol nol ecul e on the oxocarbeniumion | generates the desired product.
The r easdue todepsponatiarhandgproteagptigreotithe reversiblgrséaps Faandoh(Sehemp 2oFigwaei on of
the reversible steps 2 and 4 (Schene 2, Figure 3). (I\g When the reaction
was per f @).n@¥) Whenitbe peagtiom was perfomeadDinube poesenrepefUria, QR usingtdompoubdt r at e
under the simlar reaction conditions, only 67% of 2a was recovered, and
t he ot henatdltiaesubytpite dhddrsho\sifitlapteattigh ashiditishs 2ol 60 vftdaewas retelerds very
| ow (Schenme 5, Figure 4). This result showed that nost of steps in this

oxi dat i vgnd §RE HARE RO bypRAGEN Qrerb@tso’ SN6LSIdOAIGougR dhélyff 4B &slv Why
t hese byproducts were produced. Exanple 2: Copper-Catalyzed C HBond

Am nati o i I hegi.S - ' a 3 - - AN nes
and Al presttmedibust . TRl rhis oo Bl MELALE bl BES QAR E
am nation reaction for. direct s hesi, s, of c6-amn etal s fromsecondary
2 nes. wiEAREanrTy e Rt e S AR L Ay B Rabredb e iR ces i &
provi ded. Furthernore; optically active canm no acetals were obtained by

st udyi ng PFH&Cetf ect of other chirality elenments in the nolecule and chiral
copper conpl exes on the reaction. In summary, a copper-catalyzed C H bond
am nation reaction for direct synthesis of c&m no acetals from secondary
amines with readily renovabl e protecting groups and aliphatic al dehydes was
descri bed. EQampde 2:0C eppen-CGatalvized ¢2HBond Aminatiq ddistecttSynthdsis o

oxi dants enployed in the traditional nethods for CH bond oxidation, this
cat al yti c syst eAniiaé AicbialofivomSexondyanA nippes anid Aliplshticctkiiehpdescondi ti ons and
cheap catal ysis and oxidant. General Procedures 1001121 All reactions were
carried out w thout exclusion of air or noisture unless otherw se stated.
Copper salts, and tert-butyl hydroperoxide (-5.5 Min decane) (TBHP) were

pur chased,fh Rk sRPIRES EbpHer-SatBRZEECSH bBAE atiRHof kéREbA YoraBreb@SRINSS of
Commerci al solvents and reagents were used wi thout further purification.

So00 1 0PeAing ERertts hromsedordfny Fnindlith refdilyrenUap R ARkt G,

129(37), 336) nam ne | k' . (D Hodgson.. ¢ D.. Bray..N D, .Kindon, N.
J. Reynolaéé]}a%ﬁ algenyags iy, P“?J".‘d‘i(f}r R Mhe%?fgkop‘i\faﬁﬁo%ﬁ?,v c X‘H“g? 2l VS09, 74,
1019-1028), .and aliphatic aldehydes 2(f', h') (M .Huckstep, R J. K

Tayl op, si)ﬁerwéshysstm%szg ﬂaﬂaﬁf%ﬂf ogher (“HF‘BEY, elsmgwrﬁlt - maleciecing ghiral 7
Wang, P. Forgione, D. Cyne, L. A Paquette, Og. Lett., 2007, 719) were
synt hesi £epper Remplexenen thereactipni Insuemarky deryper-patalyred/erH bordamingtiemphy

[ Merck 60 F254 precoated silica gel plate (0.2 mmthickness)]. Subsequent

t 0 el ut i oecactiswdors dineat essynthssislof zeemumi agetdld/ froau isedondary( @it ithoreadily
Spectrol i ne Model ENF-24061/F 254 nm Further visualization was possible
usi ng baséfiowdldipiotdttiaf drolipsaidialiplaticridshydéewas desiribed. Somparedrwiti ceric
nol ybdate as stain, followed by heating on a hot plate. Flash

chromat ogkﬁaﬂwemam&élgt FRd stbiéHiSmMeicGhetal biBahtdempRiyedvit thettafitidrlapd
solvents. Infrared spectra were recorded on a Shinmadzu IR Prestige-21
FT-1R Liquid sanples were exam ned as filmbetween NaCl salt plates. HRVS
spectra were recorded on a Waters QTEQ Perm er 113 Spectronmeter. H NVR and
C NWR spectra were recorded using Bruker Avance 300, 1 400 and 500 MHz
spectroneters. Chem cal shifts for H NVR spectra are reported as 6 in
units of parts per million (ppm) downfield fromSi Me4 ((5 0.0) and rel ative
to the signal of chloroformd (5 7.260, singlet). Miultiplicities were given
as: s (singlet); brs (broad singlet); d (doublet); t (triplet); g

g o, . . 1 L1 1\




Ove NBn2 3a R= 0.70 (hexane: ethyl acetate = 3:1); H NVMR (CDC13 400 MHz)
(5 7.38-7.36 (m , 4H), 7.30-7.26 (m 4H), 7.22-7.18 (m 2H), 4.38-4.37 (d,
J = 5.16 wb,20ikd05693. 82-3.66 (m 4H), 3.35 (s, 3H), 3.32rC3sGIbj00R2365- 2. 60
(m 1H), 1.61-1.44 (m 2H), 0.94-0.91 (t, J 13 = 7.43 Hz, 3H ppm C NWR.
(CDC13, 100 MHz) (5 140.7 (Cx 2), 129.0 (CH x 4), 128.0 (CH x 4), 126.6
(CH x 2) ,méthods4for €9H4bortd4o8dativh, s Cataltix s¥ptemSHasIfe obiohs adParflaged ofpm
FTIR (neat): v = 3015, 1452, 1215, 754, 700, 494 cm; HRMS (ES!, nlz):

cal cd formﬂaf'éamx{d\'ghﬂﬂtloﬁ@énc?—él?egp chtal8idand b4idaad 9. 20 282 The pr oduct” was

prepared by above general procedure and the sane chemicals except enploying
di benzylamne (la') (98 ng, 0.5 mmol ), and 3-net hyl butanal (2b') (64 ng,
0.75 mml ). After 24 h, the crude product was purified by flash col um

chromat ogka th rsoicl ca gel; ethyl acetate or diethyl ether/hexane = 1:100)
to affor?lﬁ%[-—nﬁv%roduct 3b as a li ght yel l ow sh oil (0.108 g, 66%
yi el d); hexane: ethyl acetate. (CDC13, 400
7.38-7. 35{’?1&3] 4|—|§"{1 rpaciipny wage (cﬁ‘;“e I—B‘lt ‘V‘t%‘t ?X%LIQS‘() I}[%‘—T) or H‘OSSi“rﬁ ‘B’éfsf‘d J=
4.28 Hz, 1H), 3.91-3.62 (m 3.37 2.46-2.43 (m
1H), 2. omtheryisestpteds (Qpppey salds, @n@(fﬁr( butyhhrydesomome( M m @&a@) §PBHB) (| 3=
6.68 Hz, 3H) ppm C NWR (CDC13, 100 MHz) 140.7 (C X 2) 129.2 (CH x

were purchased from commercial suppliers, and used directly as received. Commercial

solvents and reagents were used without further purification. Secondary amines 1(b’, j’)

(C. R. Smith, T. V. RajanBabu, Org. Lett., 2008, 10(8), 1657-1659; S. Mukherjee, B.

List, J. Am. Soc. Chem., 2007, 129(37), 11336), enamine 1k’ (D. M. Hodgson, C. D.

Bray, N. D. Kindon, N. J. Reynolds, S. J. Coote, J. M. Um, and K. N. Houk, J. Org.

Chem. 2009, 74, 1019-1028), and aliphatic aldehydes 2(f", h") (M. Huckstep, R. J. K.

Taylop, Synthesis .1982, 881-882; S. Ciblat, J. Kim, C. A. Stewart, J. Z. Wang, P.

Forgione, D. Clyne, L. A. Paquette, Org. Lett., 2007, 719) were synthesized. Reactions

were monitored through thin layer chromatography [Merck 60 F254 precoated silica gel

plate (0.2 mm thickness)]. Subsequent to elution, spots were visualized using UV

radiation (254 nm) on Spectroline Model ENF-24061/F 254 nm. Further visualization

was possible using basic solution of potassium permanganate or acidic solution of ceric

molybdate as stain, followed by heating on a hot plate. Flash chromatography was

performed using Merck silica gel 60 with distilled solvents. Infrared spectra were

recorded on a Shimadzu IR Prestige-21 FT-IR. Liquid samples were examined as film

between NaCl salt plates. HRMS spectra were recorded on a Waters Q-Tof Permier

1 13
Spectrometer. H NMR and C NMR spectra were recorded using Bruker Avance 300,

1
400 and 500 MHz spectrometers. Chemical shifts for H NMR spectra are reported as &
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4), 128.0 (CH x 4), 126.6 (CH x 2), 107.1, 62.5, 55.5 (CH2 x 2), 55.2,
54.8, 27.2, 20.9, -1 20.7 ppm FTIR (neat): v = 3015, 1215, 754, 700, 494
cm ; HRVByvOE®I2/008893) : cal cd ++ for C H NO [ MtH] 328. 227 PcTfscand00@38. 2273.
21 302 [00116] N, N-di benzyl-1, 1-di net hoxyoct an-2-amne (3c): Owe NBn2 3c
The product was prepared by above general procedure and the sanme chem cal s
except enph@is g pditd Bimlﬂmf?phbﬁoknfgﬂ ffm QMermm(») arn el fb/leatdathe ( 2C' )
(96 nmg, 0.75 mol). After the crude product* was purified by flash
colum chromat ography (silica gel; ethyl acetate or diethyl ether/hexane =
1:100) t cigaff of dnlot®§om*ed|(ﬁe7d2q9r sthglst). Mulémheztlm yiere giokn owi s (singlet);(Ws 129 g,
70%vyield); R= 0.77 (hexane: ethyl acetate 3:1); 1 HNWR (CDC13, 400 MHz)
(5 7.37- (bidad (singldty) d (Hoﬁﬁlet?}; 26(tefipiet) 4 k) (qqutét’};— dd 1@opbiets26f) dodblaf): 4d@6 (d,
J=5.03 Hz, 1H), 3.81-3.65 (m 4H), 3.35 (s, 3H), 3.32 (s, 3H), 2.73- 2.68

(m 1H), %Mﬁ&oﬁ@oﬁﬁl‘&ts 3ﬁhoub1€tﬁﬁd¥t let(dNdoablet); d GRulfiple);(dat (dddblet @f88- 0. 85
(t, J= 13 7.07 Hz, 3H) ppm C 13, 100 MHz) (5 140.8 (C x 2), 129.0

(SSHBX g)l’dgﬁglgt Of (ngl'ét?( arf@ etg 1@§u]ﬁm(g%n§tagt)s’aré-%o§ted 3¢ a% varte fh HRAcABORHRX 2),

13
nuclear magnetic resonance spectra ( C NMR) are reported as 6 in units of parts per

million (ppm) downfield from SiMe4 (6 0.0) and relative to the signal of chloroform-d (6

77.00, triplet).

General Experimental Procedure for Copper-Catalyzed C-H Bond Amination for Direct

Svynthesis of a-Amino Acetals from Secondary Amines and Aliphatic Aldehydes

[00113] Typicali procedure for copper-catalyzed C-H bond amination for direct
synthesis of o-amino acetals from secondary amines and aliphatic aldehydes
(dibenzylamine 1a’ and butyraldehyde 2a’ as a model system) is illustrated in Figure
1(B): tert-butyl hydroperoxide (~5.5 M in decane) (0.1 mL, ~0.55 mmol) was added to a
mixture of Cul (38 mg, 0.2 mmol), dibenzylamine 1a’ (98 mg, 0.5 mmol), and
butyraldehyde 2a’ (54 mg, 0.75 mmol) in methanol (0.4 mL)/acetonitrile (2.0 mL) at
room temperature. The mixture was stirred at 40 °C until dibenzylamine 1a’ was
completely converted by TLC detection. The resulting reaction mixture was mixed with
a small amount of silica gel and concentrated. The crude product was purified by flash
column chromatography (silica gel; ethyl acetate or diethyl ether/hexane = 1:100) to
afford the desired product 3a as a light yellowish oil (0.125 g, 80% yield).

[00114] N,N-dibenzyl-1,1-dimethoxybutan-2-amine (3a):
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26.5, 22.7, 14.1 ppm FTIR (neat): v = 3015, 1215, 754, 700, 494 cm; HRMVS
(ESI, mz): calcd for C24H36NO2 [ M FH 370.2746, found: 370.2743. [00117]
N, N- di bermploib/isadsnet hoxypent - 4-en-2-am ne (3d): Ove RBWAG3dh1/00¢289 pr oduct
was prepared by above general procedure and the sanme chem cal s except

enpl oyi ng di benzylamne (la') (98 ng, 0.5 mml ), and pent-4-enal (2d') (63

nmg, O0.75 nmmol). After 24 h, the crudeomeoduct was purified by flash colum
chromat ography (silica gel; ethyl ‘ij*L&‘r?‘Qr di et hyl et her/hexane = 1:100)

to afford the desired product 3d as a Ikght yel lowi sh oil (0.102 g, 63%
yield); Rf= 0.70 (hexane: ethyl acetate™="3:1): 1 H NWR (CDC13, 400 Miz)
7.38-7.37 (m 4H), 7.30-7.26 (m 4H), 3@ 21-7.18 (m 2H), 5.89-5.79 (m 1H),
5.08-5.00 (m 2H), 4.39-4.38 (d, J =,4.93 Hz, 1H), 3.80-3.71 13 (m 4H),

3.35 (s, BH0.78.(R&ans: etByi)ace&teBQ-321)84H(NMm(tD(2 400 MBPG) 611 3EQI7-D36F(pm C NMVR
(CDCl 3, 100 MHz) 45 140.5 (C x 2), 137.8, 129.0 {CH x 4), 128.0 (CH x 4),

(b, v iR o3k Al Dot Tt il
calcd for C211-128NO2 326. 2120 und: 326.2114. [00118

(2) - 1 v, Nam: BEz333 65, iH&%Q Goxy > %6QM2llé)nlr@ -t48ym, éjvl/b(w}ao RBf1Z 3e The
product was prepared by bove general procedure and the sanme chem cal s

except enphayi y a 4- enal
(o) (5 ra B R O D T BT oaue e (T TEe B by

flash col um chromat ography (silica gel; ethyl acetate or diethyl
et her / heX@8é (€CH x1490)26.6 (6Hf 02y 107ed, $O4, 548, PrddUEH 3<eZ)a§4é81 i%ﬁ; 1281 | owi sh
oil (0.115 g, 65%yield); R= 0.72 (hexane: ethyl acétate = 3: 1); HNWR
(CbCl 3, 400 MHz) 45 7.38-7.36 (m 4H), 7.30-7.26 (m 4H),

ppm; FTIR (neat): v = 3015, 1452, 1215, 754, 700, 494 cm ; HRMS (ESI, m/z): calcd

+ +
for C20H28NO2 [M+H] 314.2120, found: 314.2119.

[00115] N,N-dibenzyl—1,1-dimethoxy-3-methylbutan-2-amihe (3b):
OMe

MeO
Nan
3b

The product was prepared by above general procedure and the same chemicals except
employing dibenzylamine (1a’) (98 mg, 0.5 mmol), and 3-methylbutanal (2b") (64 mg,
0.75 mmol). After 24 h, the crude product was purified by flash column

chromatography (silica gel; ethyl acetate or diethyl ether/hexane = 1:100) to afford the

desired product 3b as a light yellowish oil (0.108 g, 66% yield); Rf= 0.76 (hexane: ethyl

1
acetate = 3:1); H NMR (CDCIL 400 MHz) 5 7.38-7.36 (m, 4H), 7.30-7.26 (m, 4H),

7.22-7.18 (m, 2H), 4.51-4.50 (d, J = 4.28 Hz, 1H), 3.91-3.62 (m, 4H), 3.40 (s, 3H), 3.37

(s, 3H), 2.46-2.43 (m, 1H), 2.05-1.97 (m, 1H), 0.99-0.98 (t, /= 6.82 Hz, 3H), 0.84-0.82

13
(t J = 6.68 Hz, 3H) ppm; C NMR (CDCL,, 100 MHz) § 140.7 (C x 2), 129.2 (CH x
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7.24-7.18 (m 2H), 5.44-5.36 (m 2H), 4.38-4.37 (d, J = 4.73 Hz, 1H),
3.79-3.71 (m 4H), 3.36 (s, 3H), 3.28 (s, 3H), 2.86-2.81 (m 1H), 2.44-2.37
(m 1H), W028t208@3(m 13 1H), 2.08-2.01 (m 2H), O0.95- @Cc¥5G2011/030239 7. 53
Hz, 3H) ppm C NWVR (CDC13, 100 MHz) 6 140.6 (C x 2), 131.9, 129.0 (CH x 4),
128.0 (CH x 4), 127.6, 126.7 (CH x 2), 107.3, 58.0, 54.8, 54.6, 54.5 (CH2 x
2), 24. 2,420810 &dﬂ x24£9@% 6CHR enea)r, 62.57 5881CH x12)1854, 5481872, 101, 756,
699, 498 Ccm; mz): cal cd for C23H32N@2+ [I\/HrH] 354. 2433, found:
354. 2443, [00119]

IV, N-di b - Lhdn - byt y) di L siday ) Hllgﬁéfso am ne
(31): Ow #(r)? gakﬁ%g})?g‘ ?ﬁg@ﬁ?ﬁégh’@[& 32% 4pggtec}lc}are ove ?ér?érrcgl
procedure and the sane chem cal s except enploying di benzyl amne (la') (98

my, 0.5 rmepC) H avd FMHHEEr 81812170 Epindny2&22 38l oxy) pent anal (211) (0. 255 g,
0.75 mmol ). #Affer 48 h, the crude product was purlfled by flash col um

chromat o e acet ate or et her/ hexane = 1:100)
to afforgaﬁﬁ@fde&& gﬁ’%@flﬁ&’&f injet %"yz?c?ai“g%f‘"&"é‘? &6 sh oil (0.230 g, 79%
yield); R = 0.72 (hexane: ethyl acet g 3:1); HNWR (CDCI3 400 MHz) 6 ,
7.66-7.64 (m 4H), 7.43-7.33 (m 10 7.28-7. 17 (m 6H), 4.38-4.37 (d, J=
5.42 Hz, 1H), 3.79-3.66 (m 4H),Mm80 ? 3.33 (s, 3H), 3.32 (s,
3H), 2.73-2.68 (m 13 1H), 1.86-1.76 (,qgnll—l), 168 1.40 (m 3H), 1.04 (s,
9H) ppm C NVR (CDC13, 100 MHz) 6 140. 6 6Cx 2), 135.6 (CH x 4), 134.2 (C x
2), 129.4 (CH x 2), 129.1 (CH x 4),

The product was prepared by above general procedure and the same chemicals except

ry

employing dibenzylamine (1a’) (98 mg, 0.5 mmol), and octanal (2¢’) (96 mg, 0.75
mmol). After 24 h, the crude product was purified by flash column chromatography

(silica gel; ethyl acetate or diethyl ether/hexane = 1:100) to afford the desired product

3c as a light yellowish oil (0.129 g, 70% yield); Rf= 0.77 (hexane: ethyl acetate = 3:1);

1

H NMR (CDCl, 400 MHz) § 7.37-7.35 (m, 4H), 7.30-7.26 (m, 4H), 7.23-7.18 (m,
2H), 4.37-4.36 (d, J = 5.03 Hz, 1H), 3.81-3.65 (m, 4H), 3.35 (s, 3H), 3.32 (s, 3H), 2.73-
2.68 (m, 1H), 1.59-1.36 (m, 3H), 1.25-1.17 (m, SH), 1.15-1.08 (m, 2H), 0.88-0.85 (t, J =

13
7.07 Hz, 3H) ppm; C NMR (CDCI,, 100 MHz) 5 140.8 (C x 2), 129.0 (CH x 4),

128.0 (CH x 4), 126.6 (CH x 2), 107.5, 57.4, 54.8, 54.5 (CH2 X 2),54.3,31.9,29.4, 26.9,

-1
26.5,22.7, 14.1 ppm; FTIR (neat): v = 3015, 1215, 754, 700, 494 cm ; HRMS (ESI,
+ +
m/z): calcd for C24H36NO2 [M+H] 370.2746, found: 370.2743.

[00117] N,N-dibenzyl-1,1-dimethoxypent-4-en-2-amine (3d):

OMe

MeO Z

NBn,
3d
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128.0 (CH x 4), 127.5 (CH x 4), 126.7 (CH x 2), 107.4, 63.9, 57.4, 54.7,
54.5 (CH2 x 2), 54.2, 30.3, 26.9 (CH3 x 3), 22.8, 19.2 ppm FTIR (neat): v
= 3017, DMRd2p12l0b36b3 758, -1 494 cm; HRMS (ES!, ink): ceatedcken/oe@3$48NC3S
[ MFH] 582. 3403, found: 582.3401. [00120]

/'V, N-di benzyl1-1, 1- di met hoxy- 3- phenyl propan- 2-am ne (3g): Ov MOPh NBn2; 3g
The pr odukite pradugd meys aremirdsl/ by bbwe mnml arogedarecnidrthe amde chemisalyexcémn cal s
except enpl oyi ng di benzylamne (la') (98 ng, 0.5 nmol), and

3- pheny! phfiieyiag dibéfzylarhihe Y02) 998 frg! b.SHBIo)), ad pext-4ténd (2d'h e53cmigde. 7T oduct

was purified by flash columm chromatography (silica gel; ethyl acetate or

di et hyl %x‘%f)/ l&%@@@ h- the ARk ﬁr@d@étfﬂsdpﬁﬁ}?eddﬁﬁ iflagifl cahﬁﬂnu&{roégto@%pﬁ i ght

yeIIOW| sh oil ng, 69% yi el d) . 72 (hexane: et hyl acetate =

e, 11 “d%fﬁsé?%*%xté&%%)d e‘l?ylat%“’é % % 2‘"@2@ af“ff“tﬁaﬁséﬂe&#% -

2. 88- 8613 140.8, 140.3 (C x 2),
120.6. ( Crdsa et 2o RERi0PD 4 B pe ‘%‘69 70 gismans” et aoesgte “i58) 3
107.2, 59.6, 54.9, 54.8, 54.4 (CH2 x 2) 6 ppm FTIR (neat) v 3019
1495, 1454, 1215, 1072, 756, 698, 49 cm; nl z cal Cd for
C25H301\ 1B NMRHCRGl 4087 MH2) 7 38- 5% (o 98). Yé@ﬂzZﬁ] (mn‘tlrln)yﬂ 1-7.18 (m,

4- (di benzyl ami no) - 5, 5- di met hoxypent anoate (3h): OV0 MeOOVe NBn2

2H), 5.89-5.79 (m, 1H), 5.08-5.00 (m, 2H), 4.39-4.38 (d, J = 4.93 Hz, 1H), 3.80-3.71

13
(m, 4H), 3.35 (s, 3H), 3.28 (s, 3H), 2.89-2.84 (m, 1H), 2.44-2.26 (m, 2H) ppm; C

NMR (CDCI , 100 MHz) 5 140.5 (C x 2), 137.8, 129.0 (CH x 4), 128.0 (CH x 4), 126.7

(CH x 2), 115.5, 107.0, 57.8, 54.7, 54.5, 54.4 (CH2X 2), 31.2 ppm; FTIR (neat): v =

+

-1
3015, 1454, 1215, 754, 700, 494 cm ; HRMS (ESI, m/z): calcd for C21H28NO2

+
[M+H] 326.2120, found: 326.2114.

[00118] (Z)-N,N-dibenzyl-1,1-dimethoxyhept-4-en-2-amine (3¢):
OMe
2

NBn,
3e

MeO

The product was prepared by above general procedure and the same chemicals except
employing dibenzylamine (1a’) (98 mg, 0.5 mmol), and (Z)-hept-4-enal (2¢') (84 mg,
0.75 mmol). After 48 h, the crude product was purified by flash column

chromatography (silica gel; ethyl acetate or diethyl ether/hexane = 1:100) to afford the

desired product 3e as a light yellowish oil (0.115 g, 65% yield); Rf= 0.72 (hexane: ethyl

1
acetate = 3:1); H NMR (CDCl3 400 MHz) 6 7.38-7.36 (m, 4H), 7.30-7.26 (m, 4H),
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3h The product was prepared by above general procedure and the sane
chem cal s except enpl oying di benzylamne (la') (98 ng, 0.5 nmol ), and

met hyl 5-weepenssdate (2h') (97 ng, 0.75 mmol). After #8TlsG0h@oesude
product was purified by flash colum chromatography (silica gel; ethyl
acetate or diethyl ether/hexane = 1:100) to afford the desired product 3h
as a li gmzm.nsqm, Q)0 65144{336L 24, QH),64.38-vi3a @) ;7 R4.73. B4, [He3aT983.7¢t(hy|
acetate = 3:1); HNWR (CDC13, 400 MHz) 6 7.33-7.27 (m 8H), 7.25-7.19 (m

4. 441}13 §%6((§ 31-=1),=3 2 t3s3 3, 236, 81’35&21?’1%6544121374(1&,) 1H)3 2918290 (BH) .

3363335 73m ,186170(m
211) ppm 174.2, 140.2 (C xnizé 129
128. 1 (cHrH) 2)08 21@6(’8’ %@’1(3(9529 911(06/7 7%?6H@ 3&P8m 54 NI &&CQ !_9 10%3 6,

51.3, 31.1, 21.9 ppm FTIR (neat): v = 3017, 1454, -1 1215 758, 494 cm,

HRVS ( ESm U &l
10012(21 N- al 6)14&%36%5335101?l@grbang%%%ﬁaznsag?%%&n? ltpgnﬂ% ’N@HBn%% 1) 3i

Zggegrogﬁ@g""?%p%ggg %¥ggeg{v rﬁeggéna#gr duremg he Sane?é:lf'fglngals

but yral dehyde (2a') (55 ng, 0.75 mmol). After 24 h, the crude product was

i oyl i ) AEk e "o 105 R i oHRIRL CBSE: ey shsdlior LT g

yeIIowi sh oil (92 ng, 69%yvyield); R= 0.72 (hexane: ethyl acetate = 3:1); H
(coc 6 7.3 (m 2H), 7.30-7.26 (m 2H), 7.24-7.18 (m
111) @“ﬁ g5‘l(\%31?‘1‘5“d 2541%434315 03 (m 2H), 4.32-4.31 (d, J= 5.35 Hz,
1H), 3 86- 3. 65 (m 2H), 3.36 (s, 6H), 3.28-3.15 (m 2H), 2.72-2.67 (m 1H),
1.57-1.41001319] N,N-dibenzyl-5-(tert-butyldiphenylsilyloxy)-1,1-dimethoxypentan-2-
amine (3f):
OMe

Melo)\|/\/\OTBSDPS
Nanj
3f

The product was prepared by above general procedure and the same chemicals except
employing  dibenzylamine (1a’) (98 mg, 0.5 mmol), and 5-(tert-
butyldiphenylsilyloxy)pentanal (2f') (0.255 g, 0.75 mmol). After 48 h, the crude product
was purified by flash column chromatography (silica gel; ethyl acetate or diethyl

ether/hexane = 1:100) to afford the desired product 3f as a light yellowish oil (0.230 g,
1
79% yield); Rf= 0.72 (hexane: ethyl acetate = 3:1); H NMR (CDCl3 400 MHz) 6

7.66-7.64 (m, 4H), 7.43-7.33 (m, 10H), 7.28-7.17 (m, 6H), 4.38-4.37 (d, J = 5.42 Hz,

1H), 3.79-3.66 (m, 4H), 3.61-3.45 (m, 2H), 3.33 (s, 3H), 3.32 (s, 3H), 2.73-2.68 (m,
13
1H), 1.86-1.76 (m, 1H), 1.68-1.40 (m, 3H), 1.04 (s, 9H) ppm; C NMR (CDCL, 100

MHz) § 140.6 (C x 2), 135.6 (CH x 4), 134.2 (C x 2), 129.4 (CH x 2), 129.1 (CH x 4),

128.0 (CHx 4), 127.5 (CH x 4), 126.7 (CH x 2), 107.4, 63.9, 57.4, 54.7, 54.5 (CH2x 2),
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(m 2H), 0.97-0.94 (t, J = 7.41 Hz, 3H) ppm C NWR (CDC13, 100 MHz) (5
141.1, 138.1, 128.7 (CH x 2), 128.0 (CH x 2), 126.5, 116.1, 107.3, 60.4,
54.7, 54.80281®/M56933.5, -1 19.7, 12.0 ppm FTIR (neat): PCTSGOIPI023452,
1215, 1065, 756, 494 cm; HRMS (ES!', niz): calcd for CL6H26NO2 [ MtH|

264. 1964, found: 264.1965. [00123]

N- benzy1-54,2] 30i e RBOX(CHN-X 832218, poenypraf RTIRumesd): 2= 1ve 1263,)1110E758t eCr ™.
PIITN Bn 3j R= 0.71 (héekane: ethyl acetate = 3:1); H NVR (400 MHz, CDC13):
(5 7.36-7.34 (m 4H, 7.30-7.24 (m 4H, 7.21-7.17 (m ,2H), 4.48-4.47 (d,

J= 4.20 Ho4 &hl); HRMS 4ESE Gfiz): Jcal& F6r CLH THOR: [MAH] 358234938Go¢ma: 2H) ,
3.75-3.67 (m 1H), 3.63-3.55 (m 1H), 3.48-%3.35 (m 2H), 2.75-2.70 (m

1H), 1.56-%.%3 (m 1H), 1.39-1.31 (m 4H), 1.23-1.19 (t, J= 13 7.02 Hz,
3H), 1.19883#91(¢ J="7.04 Hz, 3H), 0.77-0.73 (t, J = 7.43 Hz, 3H); C NMR
(100 MHz, CDC13):. (5 145.9, 142.5, 128.8 (CH x 2), 127.90 (CH x 2), 127.89
(CH x 2) [0612P] 37N(¥adibenzyl-1,1adimwthoxye3-phenylpropanghaming@gy 60. 2, 57. 6,
50.9, 19.6, 18.7, 15.5, 15.2, 12.4 ppye 1001241
[V, N-diallyl-1, 1-di net hoxyhexan-2-ampe (3k): Owve MeelLy NAII2 3k
N, N-di al | yl hex-1-en-1-am ne 1k' @N&OTON O ppmmol) was added to a m xture of
CuBr2 (28 ng, 0.125 mml), and TMEDA ( rrzrg 0.25 mmol ) in nethanol (0.5 41
3g
The product was prepared by above general procedure and the same chemicals except
employing dibenzylamine (1a’) (98 mg, 0.5 mmol), and 3-phenylpropanal (2g’) (0.100
g, 0.75 mmol). After 48 h, the crude product was purified by flash column

chromatography (silica gel; ethyl acetate or diethyl ether/hexane = 1:100) to afford the

desired product 3g as a light yellowish oil (0.129 mg, 69% yield); Rf= 0.72 (hexane:

1
ethyl acetate = 3:1); H NMR (CDCIL, 400 MHz) 6 7.27-7.01 (m, 15H), 4.42-4.41 (d, J
= 438 Hz, 1H), 3.74 (s, 4H), 3.37 (s, 3H), 3.30 (s, 3H), 3.13-3.08 (m, 1H), 2.88-2.86
13
(m, 2H) ppm; C NMR (CDCL, 100 MHz) 5 140.8, 1403 (C x 2), 129.6 (CH x 2),

128.7 (CH x 4), 128.0 (CH x 6), 126.5 (CH x 2), 125.3, 107.2, 59.6, 54.9, 54.8, 54.4

(CH2x 2), 32.6 ppm; FTIR (neat): v = 3019, 1495, 1454, 1215, 1072, 756, 698, 496

-1 + +
cm ; HRMS (ESI, m/z): calcd for C25H30N02 [M+H] 376.2277, found: 376.2278.

[00121] methyl 4-(dibenzylamino)-5,5-dimethoxypentanoate (3h):
OMe O

MeO OMe
NBn,

3h
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mL)/acetonitrile (2.0 nL) in air at roomtenperature. The m xture was
stirred at 40 C using 02 balloon for 2 hours. The resulting reaction

m xture wae 2oi20esk9si t h a snmal |l anobunt of silica gel andpcosceotiroainsg. The
crude product was purified by flash colum chronmat ography (silica gel;
ethyl acetate or diethyl ether/hexane = 1:100) to afford the desired
product 3]‘<heamodudt ivgdst pryreédd by abova genei prr@qedﬁ&%nﬂi tht dame Rherlicd3 dxkeptane:
et hyl acetate 3:1); H NWR (CDC13, 400 MHz) (5 5.83-5.73 (m 2H),

5.16-5.0 i 1z, 0.4 4
3 29 3 lgengpg]bylﬂ 1beﬁzﬁ4mfhe2@a(8ct98 Jirg, D i, ﬂ}‘_@l}lfﬂf)%lgtﬁ %@%xégé’n@ﬁloﬁ@ (25% (m

SR e s B R A gy Lyt 2, (0

228, 14, op BheBfl gt gy 480 etﬁg&r?exaaf@zquao%% 8% ¢d96 om

Deuteriu

[V, N-di benzyl-1, 1- d| rret hox an- Dl1-2-a OC D3, D3C0 D NBn2 57%
D" 31" R oS R B.as 1P ellevish @i 0424 56 T iA)| BCTAAbGRRLI S
7.38-7.36 (m , 4H), 7.30-7.26 (m 4H), 723718(m2H) 4.38-4.37 (m
1H), 3.82-3.66 (m 4H), 2.64- 13260(m043H),159 44ng¥[

0. 94- 0. 9zacetate J 3d)7 HINMR (EPLlpARe MHRMVR 1 X627 Im, BID, R%)7.1%5madtlk (C x
2), 129.0 (CH x 4), 1280(CHX4) 126.6 (CH x 2), 107.2, 594 54.5 (CH2

X 2), 19.544.4%9-437 =125 %, 1 2P RBH3 (Gl 4R 888t ), 31),3.7B1H359 (m, 6H),
2.78-2.73 (m, 1H), 2.53-2.26 (m, 2H), 1.86-1.70 (m, 2H) ppm; C NMR (CDCI, 100

MHz) 6 174.2, 140.2 (C x 2), 129.1 (CH x 4), 128.1 (CH x 4), 126.8 (CH x 2), 106.7,

56.6, 54.8, 54.2 (CH2x 2), 53.6, 51.3, 31.1, 21.9 ppm; FTIR (neat): v = 3017, 1454,

-1 o+ +
1215, 758, 494 cm ; HRMS (ESI, m/z): calcd for C22H30N04 [M+H] 372.2175,

found: 372.2178.

[00122]  N-allyl-N-benzyl-1,1-dimethoxybutan-2-amine (3i):
OMe

MeO
NBn(All)

3i

The product was prepared by above general procedure and the same chemicals except
employing N-benzylprop-2-en-1-amine (1b’) (74 mg, 0.5 mmol), and butyraldehyde
(2a’) (55 mg, 0.75 mmol). After 24 h, the crude product was purified by flash column

chromatography (silica gel; ethyl acetate or diethyl ether/hexane = 1:100) to afford the

desired product 3i as a light yellowish oil (92 mg, 69% yield); Rf= 0.72 (hexane: ethyl

1
acetate = 3:1); H NMR (CDCl3 400 MHz) 6 7.36-7.34 (m, 2H), 7.30-7.26 (m, 2H),

7.24-7.18 (m, 1H), 5.85-5.75 (m, 1H), 5.17-5.03 (m, 2H), 4.32-4.31 (d, J = 5.35 Hz,
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42 -1 1215, 754, 700, 494 cm; HRMS (ESI, niz): calcd for C20H33D5N04

[ MFH 361. 3115, found: 361.3109. Results and D scussion [00126] In the
initial swodyidosesthe optim zation of the reaction condiptirseoamos3ot he C H
bond am nation reaction to directly synthesize a-am no acetal s,

di benzyl am ne, butyral dehyde, and net hanol were selected as the nodel
reaction H)s886:3.ahemy 2HNIX36 6 6HYLBRE31 De(in,i 2H)TaN262.67 (mhéH),vieSBldjlect ed

di benzylamne |a' to copper(l) iodide and oxygen in nethanol/acetonitrile

3 the suBbeRr B9 U e TITHAST R, v SR ) aoh MR 4 2o,

isolated yield when tert-butyl hydroperoxide (-5.5 Min decane) was used as
t he oxi dar3B.1, T287€CH, x 2)t12§.03CH X 2),1a6.5, ip@il § Hit3,160.49644, hé) 54 a5 Bact i on
did not proceed without copper catalyst (Tabl e 3 entry 1). O her peroxides
such as di -tert but yl peroxide, tert-but benzo eroxi de were al so

i nvest i galte 12 Qe B TIR, (neap): des}qlgdl‘ﬂﬁ?oéaa 1@95 6tﬁ9‘h%‘fl THRMS (E8L5000

i sol ated vyi el d (Tabl e 3, entrles 4-5). It is noteworthy that the reaction

pr oceede entat omj t cant decrease in yield
( Conpar e‘hﬁgl%cglf fegu;ﬁy Igﬁyﬁ{\ﬁ’t%agFMé&wg%@yQEQ%(?abl e 3: Optimzation of

Reaction Conditions of Schene Shown in Figure 16 WO 2012/ 005693
PCT/ SG201001230 2 39-benzyl 1 X=digthpxy- N (R)2hphauilethnbbutancd-amine(3j)vi el d [ %4 [ b]

OFEt
EtO

PhTN‘Bn
3

1
Rf= 0.71 (hexane: ethyl acetate = 3:1); H NMR (400 MHz, CDClS): 6 7.36-7.34 (m,

4H), 7.30-7.24 (m, 4H), 7.21-7.17 (m, 2H), 4.48-4.47 (d, J=4.20 Hz, 1H), 4.11-4.05 (q,
J=6.86, 13.74 Hz, 1H), 3.99-3.80 (m, 2H), 3.75-3.67 (m, 1H), 3.63-3.55 (m, 1H), 3.48-

3.35 (m, 2H), 2.75-2.70 (m, 1H), 1.56-1.46 (m, 1H), 1.39-1.31 (m, 4H), 1.23-1.19 (t, J =

13
7.02 Hz, 3H), 1.15-1.12 (t, J = 7.04 Hz, 3H), 0.77-0.73 (t, /= 7.43 Hz, 3H); C NMR

(100 MHz, CDCL): 6 145.9, 142.5, 128.8 (CH x 2), 127.90 (CH x 2), 127.89 (CH x 2),

127.87 (CH x 2), 126.5, 126.3, 106.7, 63.4, 63.3, 60.2, 57.6, 50.9, 19.6, 18.7, 15.5, 15.2,
12.4 ppm.

[00124] N,N-diallyl-1,1-dimethoxyhexan-2-amine (3k):
OMe

MeO
NAli>

3k

N,N-diallylhex-1-en-1-amine 1k’ (90 mg, 0.5 mmol) was added to a mixture of CuBr2

(28 mg, 0.125 mmol), and TMEDA (29 mg, 0.25 mmol) in methanol (0.5
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1

t BuCOH MeCN 40 24 0 2 Cul 02 or air MeCN 40 24 O (1 atm 3

WO 2012/005693 PCT/SG2011/000239

mL)/acetonitrile (2.0 mL) in air at room temperature. The mixture was stirred at 40 °C

using O2 balloon for 2 hours. The resulting reaction mixture was mixed with a small

amount of silica gel and concentrated. The crude product was purified by flash column

chromatography (silica gel; ethyl acetate or diethyl ether/hexane = 1:100) to afford the

desired product 3K as a light yellowish oil (85 mg, 70% yield); Rf= 0.70 (hexane: ethyl

1
acetate = 3:1); H NMR (CDCl3 400 MHz) 6 5.83-5.73 (m, 2H), 5.16-5.03 (m, 4H),

4.24-4.23 (d, J = 5.14 Hz, 1H), 3.362-3.359 (m, 6H), 3.29-3.12 (m, 4H), 2.80-2.76 (m,

13
1H), 1.47-1.36 (m, 3H), 1.35-1.23 (m, 3H), 0.90-0.87 (t, J = 7.16 Hz, 3H) ppm; C

NMR (CDCls, 100 MHz) 6 138.2 (CH x 2), 115.8 (CH2x 2), 107.3, 59.1, 54.8, 54.6,

535 (CH2x 2), 29.4, 26.3, 22.8, 14.1 ppm; FTIR (neat): v = 2955, 1468, 1215, 1070,

a1
756, 699, 496 cm .

Deuterium Labelling Experiment

[00125] N,N-dibenzyl-1,1-dimethoxy-D6-butan-D1-2-amine (31):
OCD;
DyCO
D NBny
57% D. 3l

1
Rf= 0.70 (hexane: ethyl acetate = 3:1); H NMR (CDCl3 400 MHz) 6 7.38-7.36 (m,

4H), 7.30-7.26 (m, 4H), 7.23-7.18 (m, 2H), 4.38-4.37 (m, 1H), 3.82-3.66 (m, 4H), 2.64-

13
2.60 (m, 0.43H), 1.59-1.44 (m, 2H), 0.94-0.91 (t, J = 7.43 Hz, 3H) ppm; C NMR

(CDCls, 100 MHz) ¢ 140.7 (C x 2), 129.0 (CH x 4), 128.0 (CH x 4), 126.6 (CH x 2),

107.2, 59.4, 54.5 (CH2 X 2), 19.54, 19.43, 12.03, 11.99 ppm; FTIR (neat): v = 3015,
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Cul buCOH MeCN 40 24 80 4 Cul buQObu MeCN 40 24 trace 5 Cut tiu00Bz MeCN 40
24 50 6 Cut
WO 2012/005693 PCT/SG2011/000239

-1 + +
1215, 754, 700, 494 cm ; HRMS (ESI, m/z): calcd for C20H33D5N04 [M+H]

361.3115, found: 361.3109.

Results and Discussion

[00126] In the initial study for the optimization of the reaction conditions about the
C-H bond amination reaction to directly synthesize o-amino acetals, dibenzylamine,
butyraldehyde, and methanol were selected as the model reaction system. The results
are summarized in Table 3. When we subjected dibenzylamine 1a’ to copper(I) iodide
and oxygen in methanol/acetonitrile at 40 OC, no product 3a was observed (Table 3,
entry 2). Interestingly, most of the substrate 1a’ was converted into the desired product
3a with 80% isolated yield when tert-butyl hydroperoxide (~5.5 M in decane) was used
as the oxidant (Table 3, entry 3). It was important to note that the reaction did not
proceed without copper catalyst (Table 3, entry 1). Other peroxides such as di-tert-butyl
peroxide, tert-butyl benzoylperoxide were also investigated, generating the desired
product 2a’ with not more than 50% isolated yield (Table 3, entries 4-5). It is
noteworthy that the reaction proceeded even at room temperature without a significant

decrease in yield (Compare Table 3, entry 3 with Table 3, entry 6).

Table 3: Optimization of Reaction Conditions of Scheme Shown in Figure 1(B)
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bu®OH MeCN 20 96 75 Cul buOOH MeCN 40 72 57 8d Cul buOOH MeCN 40 24 50 9
Cul buQOOH

WO 2012/005693 PCT/SG2011/000239

. T t Yield
Entry Catalyst Oxidant Solvent rc]  [h] [%}{b}
1 — '‘BUOOH MeCN 40 24 0
2 Cul O, or air MeCN 40 24 0

(1 atm)

3 Cul '‘BUOOH MeCN 40 24 80
4 Cul BuOOBu MeCN 40 24  trace
5 Cul ‘BuOOBz MeCN 40 24 50
6 Cul ‘BUOOH MeCN 20 96 75
7° Cul ‘BUOOH MeCN 40 72 57
g’ Cul 'BUOOH MeCN 40 24 50
9 Cul ‘BuOOH MeOH 40 24 50
10 Cul ‘BUOOH DCE 40 24 48
11 Cul '‘BUOOH THF 40 24 583
12 Cul ‘BUOOH DMSO 40 24 51
13 CuBr '‘BUOOH MeCN 40 24 55
14 CuCl '‘BUOOH MeCN 40 24 14
15 CuBr, ‘BUOOH MeCN 40 24 67
16 CuCly '‘BUOOH MeCN 25 24 9
17 Cu(OAc), 'BUOOH MeCN 40 24 0
18 Cu(OTf). '‘BuOOH MeCN 40 24  trace

Reaction conditions: Dibenzylamine (0.5 mmol, 1 equiv.), butyraldehyde (0.75 mmol),

copper catalyst (0.4 equiv.), oxidant (1.1 equiv.), methanol (0.4 mL), solvent (2 mL). i

Isolated yields based on dibenzylamine. ° The reaction was performed using 0.2 equiv.
Cul.  The reaction was performed using 0.2 mL MeOH.

[00127] When the amount of copper (1) iodide was reduced from 0.4 equiv to 0.2
equiv (Table 3, entries 3, 7), Cul sluggishly catalyzed the reaction to afford the desired
product in 57% yield although it took longer time (72 h) for the reaction (Table 3, entry
7). It was also found that the best volume ratio of methanol to acetonitrile was 1:5, and
40 °C was the most suitable temperature for this reaction by examining the effect of the
volume ratio of MeOH/MeCN and temperature on the yield of a-amino acetal 3a (Table
3, entries 3, 6, 8). Among the various solvents screened, acetonitrile emerged as the best
solvent for this reaction, generating the desired product in 80% isolated yield (Table 3,

entry 3). Other solvents such as methanol, 1,2-dichloroethane (DCE), tetrahydrofuran
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(THF), and dimethyl sulfoxide (DMSO) were also studied, but in all cases, the desired
o-amino acetal 3a was obtained in about 50% isolated yield (Table 3, entries 9-12).
Other copper catalysts were also examined (Table 1, entries 13-18). CuBr and CuBr,
also can catalyze the reaction to afford the desired product 3a in moderate yield under
the same conditions (Table 3, entries 13, 15). Other copper salts such as CuCl, CuCl,,
Cu(OAc),, and Cu(OTf), showed low or even no catalytic activities for this reaction
(Table 3, entries 14, 16-18). Therefore, the optimal reaction conditions for C-H bond
amination reaction to directly synthesize a-amino acetals were as follows: the reaction
was carried out at 40 "C using 40 mol% of copper (I) iodide as the catalysis, tert-butyl
hydroperoxide (~5.5 M in decane) was used as the oxidant, and the volume ratio of

methanol to acetonitrile was 1:5.

Table 4: Oxidative Rearrangement of Secondary Amines and Aliphatic Aldehydes

via C-H Bond Amination

Entry Product Yield (%)? Time (h)

OMe OMe OMe
Bu
1 MeO 2 MeO 3 MeO
NBn; NBn; NBny
80%, 24 h, 3a 66%, 24 h, 3b 70%, 24 h, 3¢
OMe OMe OMe
4 MeOW 5 MeO Z 6 MeO OTBDPS
NBn; NBn, NBny
63%, 24 h, 3d 65%, 48 h, 3e 79%, 48 h, 3f
OMe OMe 0 OMe
7 MeO Ph 8 MeO OMe 9 MeO
NBn, NBn;, NBn(All)
69%, 48 h, 3g 67%, 48 h, 3h 69%, 24 h, 3i
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Reaction conditions: secondary amine (0.5 mmol), aliphatic aldehyde (0.75 mmol),
copper(l) iodide (0.4 equiv.), tert-butyl hydroperoxide (~5.5 M in decane) (~1.1 equiv.),
methanol (0.4 mL), MeCN (2 mL). * Isolated yields based on secondary amine.

[00128] Representative examples of aliphatic aldehydes for this C-H bond amination
reaction investigated are shown in Table 4. Almost all the substrates containing
different functional groups provided the desired products in good yields under the
standard reaction conditions (Table 4, entries 1-8). The aliphatic aldehydes with long
carbon chain or more branched carbon chain were also suitable for this reaction (Table
4, entries 2-3) although the yield slightly decreased under the same reaction conditions
(Compare Table 2, entries 2-3 with Table 2, entry 1). The reaction also can tolerate a
wide array of functional groups including double bond (Table 4, entries 4-5), tert-butyl
diphenylsilyl (TBDPS) group (Table 4, entry 6), phenyl group (Table 4, entry 7), ester
group (Table 4, entry 8). For the scope of the secondary amines, some secondary amines
with readily removable protecting groups such as an allyl or a benzyl group were chosen
for this C-H bond amination reaction. As shown in Table 4, entries 1, 9, this type of
substrates were also suitable for this reaction with good yields.

[00129] For enantioselective synthesis of a~amino acetals, two strategies were
adopted for it. Firstly, the effect of other chirality elements in the molecule including
chiral amino protection groups, chiral aliphatic aldehydes, and chiral alcohols was
examined for this C-H bond amination reaction. For example, the secondary amine with
a chiral centre was utilized for this reaction, affording the desired product in a moderate
yield of 53 % with two diastereomers which can be easily separated by silica gel
column chromatography (Scheme 6, Figure 5). Another strategy is that chiral metal
complexes were used for the catalytic enantioselective C-H amination reaction,

affording the desired product with good yields and enantioselectivity.
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[00130] Enamine is also thought to be the reaction intermediate. On the basis of this,
a series of enamines were developed for copper-catalyzed oxidative rearrangement for
direct synthesis of a~amino acetals in air or oxygen. For example, enamine 1k’ was
synthesized for this reaction. The desired product 3k was obtained with 70% isolated
yield (Scheme 7, Figure 5).

[00131] To demonstrate the hypothesis that iminium ion and enamine, and the
aziridinium ion with three-membered ring were thought to be the important
intermediates for direct synthesis of o-amino acetals from secondary amine and
aliphatic aldehydes, some experiments were carried out. Firstly, two deuterated labeling
experiments were performed using CD3OD instead of MeOH (Scheme 8, egs, 1-2,
Figure 6), which affords similar results with the synthesis a-amino acetals via oxidative
rearrangement of tertiary amine. Interestingly, c-methyl aliphatic aldehyes was used for
this reaction, no desired product was obtained (Scheme 8§, eq, 3, Figure 6).

[00132]

[00133] By "comprising" it is meant including, but not limited to, whatever follows
the word "comprising”. Thus, use of the term "comprising" indicates that the listed
elements are required or mandatory, but that other elements are optional and may or
may not be present.

[00134] By "consisting of" is meant including, and limited to, whatever follows the
phrase "consisting of". Thus, the phrase "consisting of" indicates that the listed elements
are required or mandatory, and that no other elements may be present.

[00135] The inventions illustratively described herein may suitably be practiced in
the absence of any element or elements, limitation or limitations, not specifically
disclosed herein. Thus, for example, the terms "comprising", "including", "containing",

etc. shall be read expansively and without limitation. Additionally, the terms and
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expressi ons enpl oyed herein have been used as terns of description and not
of limtation, and there is no intention in the use of such terns and
expressi one 20f2/@x@Budi ng any equi val ents of the feature®cssocomnianetso
described or portions thereof, but it is recognized that various ,
nodi fications are possible wthin the scope of the invention clained. Thus,
it shoul cClagms/nder st ood that although the present invention has been
specifically disclosed by preferred enbodi nrents and optional features,

modi fi caty, oy gHethoddbt MheisPMthedis b LANBRS QA kiR therein herein

di scl osed may be resorted to by those skilled in the art, and that such
nodi ficatio advard akd:ons, are - i b It M f this
i nvention. F@o‘@gfﬁ“%yd %%%gtwﬂlﬁlﬁ lﬁg@gtq}%ﬁ?‘%hg agle?pgﬁ; Eh%??dég %\Igg)lnge, such
as for t%gﬁfrg%gge qu Qgriod of time, it is nmeant to include nunerical

val ues w &N B Ve specified value. [00137] The invention has been
descri bed brgadly .and gene ically herein. Each a@é tge.naﬁéower speci es and
sub- generi c (§F SeASHAGS FeoPndany am ﬁiaﬁdt%alﬁgﬁ@ﬁ Fyde il BresFes PHoAm part
of the invention, This includes the generic description of the invention
with a preeppasaBtyshageastpaeoxidanbandsasolesibyvi ng any subject matter fromthe
genus, regardless of whether or not the excised material is specifically
reci ted Rer dhe.mdthed GBilaiat héor therfyothasismfsinar-emuiot deetal offerrhalallowi ng cl ai ns
and non- limting exanples. In addition, where features or aspects of the
invention are described in terns of Markush groups, those skilled in the
art will recognize that the invention al so thereby described in terns of
any individual menber or subgroup of nbers of the Markush group. dains
1. A nethod for the synthesis of~an  ho, acetal, conprising (1)
oxidizing a tertiary amne in the pfesenc®®of a copper catalyst, at |east
one oxi dant and a sol vent, or (I i1%2 reacting a secondary am ne and an

al i phatic al dehyde in the presence %R%a copper catal yst, at |east one

oxi dant and a solvent. 2. The nmethod of claim1l for the synthesis of an
a-amno acetal of formula I, OR4 R%?oF i, NRLR2 Formula | wherein the

nmet hod conprises oxidizing a tertia ‘Vn’g‘iﬂhe of formula Il NRLR2 Formula

Il in the presence of a copper catal yst, one or re al cohols of formula
R4CH, at Wheadn thevaetdod aampriags @xididpg ¢ &tiary amine of formula II

R3
\/\NR1R2

Formula II

in the presence of a copper catalyst, one or more alcohols of formula R*OH, at least one
oxidant and a solvent,

wherein each R', R%, R?, and R*is independently selected from the group consisting of
substituted or unsubstituted C;-C,o alkyl, substituted or unsubstituted C,-C,¢ alkenyl,
substituted or unsubstituted C,-Cy alkynyl, substituted or unsubstituted C;-Cy
cycloalkyl, substituted or unsubstituted C;-Cy heterocycloalkyl, substituted or
unsubstituted C;-Cy¢ cycloalkenyl, and substituted or unsubstituted C;-Cy

heterocycloalkenyl.
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wherein each R, R2, R3, and R4 is independently selected fromthe group
consisting of substituted or unsubstituted Cl-C20 al kyl, substituted or
unsubst i twoed1 569320 al kenyl, substituted or unsubstitutred/sG20@D0023d kynyl ,
substituted or unsubstituted C3-C20 cycl oal kyl, substituted or
unsubstituted C3-C20 heterocycl oal kyl, substituted or unsubstituted C3-C20
cycl oal kenylTheanethedibBilaiinil €6t the sytnseshsdfianui-athidodacedlohiimutady cl oal kenyl .
WO 2012/ 005693PCT/ SG2011/ 000239 3. The nethod of claim1 for the synthesis

of an a-am no acetal of formula |, Fe R3",,,,...,,,,,,OR4 NRIR2 Fornul a I
wherein the nethod conprises reacting aggecondary amne of formula |11
HNR1R2 Formyila Il with an aliphatic al dehyde

of formula IV R3co I1-1 Fornmula LY in tlhe presence of a copper catalyst,
one or nore al cohols of fornula t gast one oxi dant and a sol vent,
wherein each R, R2, R3, and R4 is ipdependently selected fromthe group
consisting of substituted or unsubstltuied C -C20 al kyl, substituted or
unsubstituted C2-C20 al kenyl, subst ifufed or unsubstituted C2-C20 al kynyl ,
substituted or unsubstituted C3-C20 cycl oal kyl, substituted or
unsubstituted C3-C20 heterocycl oal kkomuabstituted or unsubstituted C3-C20
cycl oal kenyl, and substituted or unsubstituted C3-C20 heterocycl oal kenyl .
WO 2012/ 0ds688 ACThetad tampigs 3eacting Alsecandatyodniof of faxmmialllf or t he synt hesi s

of an a-amno acetal of formula |, oRA R3,,,.,,,,,, . 11 11::.,,,, OR4A NWR2
Fornmul a | HNR'R®
Formula III

with an aliphatic aldehyde of formula IV

Rs\/\ /O

I e O

Formula IV

in the presence of a copper catalyst, one or more alcohols of formula R*OH, at least one
oxidant and a solvent,

wherein each R!, R%, R3, and R* is independently selected from the group consisting of
substituted or unsubstituted C;-C,o alkyl, substituted or unsubstituted C,-C,o alkenyl,
substituted or unsubstituted C,-C;p alkynyl, substituted or unsubstituted C;-Cy
cycloalkyl, substituted or unsubstituted C;-Cyy heterocycloalkyl, substituted or
unsubstituted C;-Cyo cycloalkenyl, and substituted or unsubstituted C;-Cy

heterocycloalkenyl.
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wherein the nethod conprises oxidizing an enam ne of fornula V R3 Fornmula V
in the presence of a copper catalyst, one or nore al cohols of fornmula R4ACH,
at | east woeowos@st and a sol vent, wherein each R, R2pcRBG2enmods9i s

i ndependently selected fromthe group consisting of substituted or
unsubstituted G -C20 al kyl, substituted or unsubstituted C2-C20 al kenyl,
substi t utded Thie muthobdsf dlait BeorGRe Sathesiskofraylg-aminosdcetalib£fdrmanladnsubst i t ut ed
C3-C20 cycl oal kyl, substituted or unsubstituted C3-C20 heterocycl oal kyl,
substituted or unsubstituted C3-C20 cycl oal kenyl, and substituted or
unsubstituted C3-C20 heterocycl oal kenylgrs 5. The net hod of any one of
clainms 1, 2 and 4, wherein the reaction|is carried out in the presence of a
nitrogen donor ligand. 6. The ngihod of claimb5, wherein the nitrogen
donor ligand is NNN,N ,N - tetrane bgnedi ami ne (TMEDA). 7. The

met hod of claim6, wherein the nolar|ratio of copper catalyst: TMEDA is

bet ween about 1:1 and about 1:5. % Jhe method of claim?7, wherein the
nol ar ratio of copper catalyst: TMED 8 about 1:2. 9. The nmethod of any
one of clainms 1-8, wherein the copper catalyst is copper (I1) halide or
copper (1) halide. 10. The method B™MBI&I m 9, wherein the halide is

i odi de, brom de or chloride. 11. The nethod of claim 10, wherein the
copper carhersisthe metbed eamprises ogidizing ag eeaming of irswiany of CuBr2, Cul 2, Cul,
and CuBr. 12. The nethod of claim2 or 4, wherein the copper catalyst is
CuBr2 or Cul2. 13. The method of claim3, wherein the copper catalyst is
Cul, CuBr or CuBr2. 14. The meRWone of clains 1-13, wherein the
one or nore al cohols are nethanol o hanoINR'RE5. The met hod of any one of
clainms 1-14, wherein RI and R2 are selected fromthe group consisting of
substituted or unsubstituted G - ClG ghkilyvand substituted or unsubstituted
C3-C10 cycl oal kyl. 16. The nethod of any one of clainms 1-15, wherein R3 is

substi t Uti{? gle%gf:éé\agéjgisé !:&ptﬁtep gatﬁ&étécc}#e @IJ A‘n&le' alcohbls 6%815{{@% ﬁégig%t %?Qef 891 e of

clainms 1 erern-the solv I'sS an organic s e romthe
group consistjng of acetonitrile (MeCN), nethanol (MOH), 1, 2-

di chl oroé’txﬁffﬂtéa‘%ﬁﬁl‘,'enget rahydrofuran (THF), dinethyl sulfoxide (DMSO), and
m xtures thereof. _[18., The Hod of claim 17, erein the sol vent

conpri sesvherin gedy R 3% , %mﬂq oS pRsRendepdy S#’ﬁete%%weo&mm SoMISHBE Ohher ei n
t he solvent conprises a volune ratio of MeOH MeCN in a range of between
about 1: §uquutg£@mun§qb§gt_uted C;-Cy alkyl, substituted or unsubstituted C,-Cyy alkenyl,

substituted or unsubstituted C,;-Cy; alkynyl, substituted or unsubstituted C;-Cy
cycloalkyl, substituted or unsubstituted C;-Cy heterocycloalkyl, substituted or
unsubstituted C3-Cy¢ cycloalkenyl, and substituted or unsubstituted Cs3-Cy
heterocycloalkenyl.

5. The method of any one of claims 1, 2 and 4, wherein the reaction is carried out in
the presence of a nitrogen donor ligand.

6. The method of claim 5, wherein the nitrogen donor ligand is N,NN’,N’-
tetramethylethylenediamine (TMEDA).

7. The method of claim 6, wherein the molar ratio of copper catalyst:TMEDA is

between about 1:1 and about 1:5.
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20. The nethod of claim 19, wherein the solvent conprises a volunme ratio of
MeOH MeCN in a range of about 1:4. 21. The nethod of claim 19, wherein the
sol vent cwopnizesesa vol une ratio of MeOH MeCN in a rangecofsGabambo2se 5. 22.
The met hod of any one of clains 1 to 21, wherein the oxidant is selected
fromthe group consisting of air, oxygen, a peroxide, and a m xture thereof
23. The 18et Hiw mdthad of ¢chaigP7, witezeiaithe tniodar paticoodi abpperscasadyseTMED Arioabdite gr oup
consisting of tert-butyl hydroperoxide, di-tert-butyl peroxide, tert-butyl
benzoyl pgrpxi de, and a m xture thereof 24. The method of any one of clains
1 to 23, wherein the reaction is carried out at a tenperature of |ess than

100 C. 25. THaGmERbARE afY o‘ﬁk:gdfglzﬁfhs 18 ERRERI iR 60??&‘ i:a‘?ﬂyit?z %%grq@l[)out at

a tenperature of less than 6 26. The net hod claim erein the

reacti on,j i about 40 C. 27. The nmethod of claim 24, wherein
t he react}ﬁag%ecﬁirs&gggrrwaalgét at roomtenperature. 28. The nmethod of any one

of cl ai 1.to 27, rein the reacti I.S. ri ed.out aj nospheric

o ecsar 010 238 thod QSR R R R e i iohRlE SRii0Eer Rt vt he
reaction is carried out for_a period of between about 1 and about 100
hours. 3d. Theansthothof chimc] Gy wherein the cpppst atalyst dsselegipd fom: ter gro¥Pout f or

a period of between about 5 and about 48 hours.
consisting of CuBr,, Cul,, Cul, and CuBr.

12. The method of claim 2 or 4, wherein the copper catalyst is CuBr; or Cul,.

13. The method of claim 3, wherein the copper catalyst is Cul, CuBr or CuBr.

14. The method of any one of claims 1-13, wherein the one or more alcohols are
methanol or ethanol.

15. The method of any one of claims 1-14, wherein R' and R? are selected from the
group consisting df substituted or unsubstituted C;-C;o alkyl and substituted or
unsubstituted C;-C, cycloalkyl.

16. The method of any one of claims 1-15, wherein R? is substituted or unsubstituted
C:-Cyp alkyl.

17. The method of any one of claims 1 to 16, wherein the solvent is an organic solvent
selected from the group consisting of acetonitrile (MeCN), methanol (MeOH), 1,2-
dichloroethane (DCE), tetrahydrofuran (THF), dimethyl sulfoxide (DMSO), and
mixtures thereof.

18. The method of claim 17, wherein the solvent comprises a mixture of MeOH and
MeCN.

19. The method of claim 18, wherein the solvent comprises a volume ratio of

MeOH:MeCN in a range of between about 1:1 and about 1:10.
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20. The method of claim 19, wherein the solvent comprises a volume ratio of
MeOH:MeCN in a range of about 1:4.

21. The method of claim 19, wherein the solvent comprises a volume ratio of
MeOH:MeCN in a range of about 1:5.

22. The method of any one of claims 1 to 21, wherein the oxidant is selected from the
group consisting of air, oxygen, a peroxide, and a mixture thereof.

23. The method of claim 22, wherein the peroxide is selected from the group consisting
of tert-butyl hydroperoxide, di-tert-butyl peroxide, tert-butyl benzoylperoxide, and a
mixture thereof.

24. The method of any one of claims 1 to 23, wherein the reaction is carried out at a
temperature of less than 100 °C.

25. The method of claim 24, wherein the reaction is carried out at a temperature of less
than 60 °C.

26. The method of claim 24, wherein the reaction is carried out at about 40 °C.

27. The method of claim 24, wherein the reaction is carried out at room temperature.
28. The method of any one of claims 1 to 27, wherein the reaction is carried out at
atmospheric pressure.

29. The method of any one of claims 1 to 28, wherein the reaction is carried out for a
period of between about 1 and about 100 hours.

30. The method of claim 29, wherein the reaction is carried out for a period of between

about 5 and about 48 hours.

53



