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1. Introduction Modern Mannich-type reactions are used as a stdndar

_ _ _ _ _ method for the synthesis @amino carbonyl derivative's’
B-Amino carbonyl compounds, includirfigamino acids, are Among them, Mannich-type reactions of stable imifiesr

a key structural elements of natural products amplay e reactiveN-acyliminium cation®® with silyl enolates have

various biological activities (Figure if Moreover, these peep investigated in detail (Scheme 1a, b). Howévernder to
compounds are versatile synthons which are ofted iséhe  efficiently perform the above-mentioned transforioms, an

synthesis of alkaloids and nitrogen-containing prereuticals appropriate reactant activator is required. Manynmters of

. -3 - . p
and agroche_mmal"s. In addition, B-amino acids are used asg|ecirophilic species have been reported in teedlitire such as
precursors in the development of new, potent bieacti | opis acid$® e.g., metal halides or triflates, BEtO, and

peptidomimetics. Bransted acidS? Alternatively, the nucleophilic partner can be

OMe activated by a catalytic amount of Lewis base.addition, the
o IO search for new chiral catalysts that are useful fre t
OH stereoselective synthesis pfamino carbonyl compounds has
Falicain NMe; been reported extensively in the literattftdt needs to be
Myrtine I anaesthetic ~ stressed that in some cases, stoichiometric qiemtif the
anticancer agent ~N a;:';;zsz various catalysts are necessary to achieve higtsyfe®®®"
® Additionally, the presence of even small quantitycatalyst
Meﬁ“u o Ve Me § Jk waste in a post-reaction mixture requires its néim&rdon and
HoN ° %ﬂ OH removal by agueous work-up, what, in result, compdisand
o o extend whole procees as well as puts additional mhter
(R)-Emeriamine (R)-(+)-Panthothenic acid .
hypoglycemic and component of vitamin By expenditure to the overall process.

antiketogenic agent X -
In 2012, we have reported a convenient and efficient

Figure 1. Selected examples of bioactif@amino carbonyl ~ SteP  protocol  for  the ~synthesis  of N~
degrivatives. P i y acylamino)alkyltriphenylphosphonium tetrafluorobiest™ We

have demonstrated that this type of phosphoniurnts sae
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reactivea-amidoalkylating agents which can react with variou®a, the yield of producBa increased to 98% (Table 1, entry 8).
nucleophiles in base-catalyzed reactions (eRRpEtN, DBU, However, the reactions carried out at room tempezatere
DABCO).* Very recently, Adamelet al. presented that IN¢  sluggish. Therefore, in the next experiment, theperature
acylamino)alkyltriarylphosphonium salts may also used as was increased to 50 °C, which allowed us to shorten th
precursors of N-acyliminium cations in the catalyst-free reaction time from 24 h to 1 h. The expected pro®acwas
reactions with nucleophiles, e.g. arenes or hetenss’ obtained in very good, 96% yield (Table 1, entry Similar
However, in these reactions, the expected producte weaesults were also obtained in the case of reactisimg saltlb
obtained efficiently when phosphonium salts derifreain the as the reagent (Table 1, entries 10-14). Phospimosalt 1b
more expensive triarylphosphines with electron-wislndng with a larger substituent at the 1-position was fesstive and
substituents were used. its complete conversion in the reaction requiregraximately
2.5 h at 50 °C. The desired prodadtt was obtained in good,
74% vyield (Table 1, entry 14). It was concluded,t tkize
reactions of phosphonium saliswith silyl ketene acetaP
should be carried out using a two-fold excess of the
nucleophile, heating the reaction mixture at 50 (th@@er an

In this context, we report a new catalyst-free vdriah argon atmosphere. However, the appropriate reaciioe t
Mannich-type reaction of INe  should be determined by 1H NMR spectroscopy.
acylamino)alkyltriphenylphosphonium tetrafluorobms with
silyl enolates as an alternative approach for {mehesis off-
amino carbonyl compounds (Scheme 1c).

Although most of the modern Mannich-type reactions a
highly efficient, they still require catalysts te bffective. From
a synthetic standpoint, a more preferable appreamhid be a
catalyst-free method.

Table 1.Screening of reaction conditiofis.

(0] (o}
PN OTMS see A )k
O o A, —ee R
@ PG R PPh3 BF4 R OMe
\‘N Lewis/Brensted Acid or Lewis Base 1aR'=Me 2a ) 3a-b
R1J\H aqueous work-up 1bR" = CHPh (2 equiv)
12 OTMS PG.
R' = aryl, alkyl "y NH O : : .
R 1% 4 Entry Salt Catalyst Solvent Temp Time % Yield3
® pg R R et (X equiv) (°C)  (h) (% Conv.1)°
T\H Lewis Acid or Bronsted Acid 1 1a i-PLNEt (0.1) CHCIl, r.t. 24 44 (80)

R~z aqueous work-up

R' = aryl, alkyl 2 la i-PrNEt (0.1) THF r.t. 24 82 (95)

Z = OMe, OAc, SO»Ar, Bt, NHBoc .

Precursor of N-acyliminium ion 3 la Bi(OTf} (0.1) THF r.t. 24 90 (>99)
omms 4 la  Yb(OTH(0.1) THF rt. 24 81 (>99)
© REA i 5 la BREtO(0.1) THF r.t. 24  68(>99)

PG. cata/ys{-free R3 PG\NH o
NH reaction 6 la - CHCl, rt. 24 16 (82)

ij\gpha SFA no aqueous work-up R’ X, R*

) R 7° la - THF rt. 24 76 (77)

R" = aryl, alkyl

Phosphonium salt 8 la - THF r.t. 24 98 (>99)

Scheme 1Mannich-type reaction of imines or precursors of la - THF 50 ! 96 (>99)

N-acyliminium ions with silyl enolates. 10 1b  i-PLNEt(0.1)  THF r.t. 24 33(45)

2. Result and discussion 11 1b  Bi(OTfy(0.1) THF r.t. 24  45(62)
In a preliminary study, we screened various reactiol? 1P - THE rt 24 15(17)

conditions for the reactions of M 13 1 - THE  rt. 24 32(35)

acylamino)alkyltriphenylphosphonium tetrafluorobtesala-b

with silyl ketene acetal2a (Table 1). The process was14 1b - THF 50 25 74(>99)

performed in the presence of diverse catalysts.réhetion of
salt lawith compound2a in CH,CI, at room temperature in the
presence of Hunig's baseRLEtN) gaveN-Cbz$-amino ester
3ain 44% yield, nevertheless, the conversion of phosium
salt1a was pretty high. Replacing GBI, with THF improved
the selectivity and the yield of this reaction. Tladlowed to
obtain the expected produg4 in high yield of 82% (Table 1,
entries 1 and 2). Good yields were also achieved Jdeerns
acids were applied (Table 1, entries 3-5). Intenghtj when
the reaction was performed in THF at room tempeeatur
without any catalyst and using two equivalents oflenhile

®Reaction conditions: phosphonium sal{0.20 mmol, 1.0
equiv), silyl ketene acetda (0.40 mmol, 2.0 equiv), catalyst
(0.02 mmol, 0.1 equiv), solvent (3 mL) under an oarg
atmosphere. Entries 6-9 and 12—14 were catalyst®fesd of
3 and conversion aof were determined by the 1H NMFSilyl
ketene acetdéda (0.24 mmol, 1.2 equiv).



PG.

OTMS(TBS)

PG.

NH 5 NH O
le RN ome Method A or B
R" “PPh3 BF, R? R OMe
R?2R®
1a-n 2a-b 3a-w
(2 equiv)
Method A: THF, 50 °C, time
Method B: THF, MW, 50 °C, time
Products 3 obtained in the reactions with 2a:
R R Boc- R R N
bz o bz o NH O BZ\h o ChZ\h o BoS\h o
/%LOMe MOM(& OMe OMe MOMe NOMe
Ph Ph Ph
3a 3b 3c 3d 3e 3f

A:98% (1.0 h)
B: 94% (10 min)

bz H o

39

A: 74% (2.5 h)°
B: 81% (20 min)°

A:75% (2.5 h)
B: 76% (10 min)

BZ\H o

3h
A:84% (2.5 h)°
B: 83% (20 min)°

A:86% (1.0 h)
B: 82% (10 min)

NP

Ph OMe

3i
A: 96% (1.5 h)

A:76% (3.5 h)

Boc\H o

Ph OMe

A:91% (2.0 h)
B:91% (10 min)

A: 78% (2.5 h)° A:89% (2.5 h)°

B: 76% (10 min)°©

Boc. 0
NH O H
o O N OMe
r OMe
Ph
3k 3l

Products 3 obtained in the reactions with 2b:

bz \h o

OMe

3m
A:91% (0.5 h)
B: 80% (5 min)

OMe
3n
A:99% (0.5h)
97% (0.5 h)

OMe
Ph 34

A:87% (1.0 h)

OMe

3p
A:73% (1.0 h)

OMe

3r 3s
A: 86% (0.5 h) A:94% (0.5 h)

OMe

Boc. Boc.

NH O NH O o H Q om
e
F’hMOMe KOMOMG w
3t Ph 3u 3w

A:90% (0.5 h)
B: 85% (5 min)

Structures of substrates:

A:57% (2.0 h) A:74% (0.5 h)

Cbz. . < N Cbz.
2 NH Cbz NH Boc NH Bz NH BZ\NH Z NH
Je o ® ® © ® © ® © @ ©
PPh3BF4 PPh3BFy4 PPh3BF,4 PPh3BF, PPh3BF4 PPh;BF4
1a P b T Ph 14 1e 1f
Boc\NH Bz\NH Bz\NH Cbz\NH Cbz\NH Boc\NH
© ®@ © ® o ® O Jo o e o
PPh;BFy4 PPh3BF, PPh3BF, PPh;BF, Ph” “PPh3BF,4 Ph” “PPh3BF,
19 1h 1 1j 1k 1l
Boc- H } otBs
NH o O\]\;'\l)i@ o | /OTMS
@ PPh3BF, :
(o\)\PPhsBH o : W)\OMG OMe
Ph 1m 1n ‘ 2a 2b

4Reactions were performed, under an argon atmosphere, using either method A or B: Method A: phosphonium salt 1
(0.2 mmol, 1equiv), silyl ketene acetal 2 (0.4 mmol, 2 equiv) in THF (3 mL) at 50 °C for 0.5-3.5 h. Method B: phosphonium
salt 1 (0.2 mmol, 1 equiv), silyl ketene acetal 2 (0.4 mmol, 2 equiv) in THF (4 mL) under MW at 50 °C for 5-20 min. lsolated
yields. °Silyl ketene acetal 2a (0.6 mmol, 3 equiv). %Yield for 1 mmol scale reaction.

Scheme 2Scope of catalyst-free Mannich-type reaction afggthonium salts with silyl ketene aceta®®

3k was obtained with a poor, 30% vyield. A deeper analystsi
NMR spectrum revealed that the poor yield of prodéglctwas
probably caused by the partial deprotection ofaifmne group in

Next, the scope and applicability of the describeacedure
using 1-N-acylamino)alkyltriphenylphosphonium
tetrafluoroboratesdla-n and two silyl ketene acetala-b were
investigated. The results are summarized in Sch2rfddethod the expected product. In the synthesisNsprotectedf-amino
A). Structurally diverse alkyl and anfl-substitutedp-amino  esters3e-hwith branched aliphatic substituents at faposition,
esters3a-j,| were obtained with good to excellent yields (74—complete conversion of substrates and good yiefdsraducts
98%) by heating the mixture of phosphonium saltwith silyl were obtained onlwhen three equivalents of nucleophia
ketene acetaRa for 1.0-3.5 h. The reaction conditions were were used. However, in comparison, the reactionsltsf Bavith
compatible with Cbz, Boc, and B¥-protecting groups. Among silyl ketene acetalkb proceeded faster and resulted in less
the examined examples, only tNeBoc protected3-amino ester  sterically hinderedN-protectedp-amino ester8m-w with very
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good yields (57-99%) after only 0.5-2.0 h. For coomm 3n,
this reaction was scaled-up to 1 mmol of phosphongai,
retaining high, 97% vyield.

As an extension of the current studies, the infleernd
microwave irradiation on the investigated process evasuated.
As shown in Scheme 2 (Method B), replacing conveatio
heating with microwave irradiation enhanced the aamiuitthus,
the reaction time could be significantly shorteried5—-20 min
without affecting the yield.

These results encouraged us to extend the setotdéaphiles
to less reactivé silyl enol ethers such a&a-d and subject them
to reactions with phosphonium saltsTherefore, we performed
a series of reactions of phosphonium sahsb with silyl enol
ether4a in order to determine the reaction conditions.b{@é2).
The best results were obtained when the reactions esred
out at 60 °C, using a three-fold excess of the euptile.
Furthermore, the reactions needed to be performedd longer
than 2.5 h. Otherwise, a significant decrease irdgief products
5a-b was observed.

Table 2 Screening of reaction conditions for catalysefre
Mannich-type reaction of phosphonium salésb with silyl
enol etheda®

in a mixture of diastereomeric produd&s-p with high yields.
However, diastereoselectivity was poor (50:505arand 65:35
for 50 and 55:45 fobp). Unfortunately, these products could not
be separated and isolated as single isomers.

Next, several microwave-assisted reactions were daoig
between phosphonium sallsand silyl enol ethergla and 4c
(Scheme 3, Method B). As expected, microwave irrauhiat
accelerated the reactions, similar to the previouskntioned
reactions with silyl ketene acetals (Scheme 2, M&tBd. The
appropriate products were obtained in good to excellent yields
(64-99%) in a shorter time (0.5-1.0 h).

It was observed that in the reaction of phosphongadis 1
with silyl enolate<? or 4, irrespective of reaction conditions, the
corresponding3-amino carbonyl compound3 or 5, with both
aliphatic and aromatic substituents at tfeposition, were
obtained with very good yields. Moreové&Cbz,N-Boc, andN-
Bz protecting groups were well tolerated.

PG. PG.
NH oTMS NH O
le o + ge Method A or B
R" “PPh; BF, ) R! R3
R R?
1 4a-d (3 equiv) 5

OTMS

[es

4a OTMS 4p OTMS 4c OTMS

Pen PN @

o o
P JS Method A: THF, 60 °C, time
Ph” 0 J’\‘\H@ oo Q™S e P07 UNH O Method B: THF, MW, 60 °C, time
R PPh; BF, Ph R’ Ph T
1aR"=Me 4a 5a-b RN ZNH o B%NH o B2 \H o
1bR' = CHaPh Mph Mph Mph /K)Lph
5a Fn 5b Fn 5c 5d
Molar ratio % Yield 5° (% Conversiori)° A:93% (2.5h) A: 78% (2.5 h) A:76% (2.5h) A:77% (4.5h)
of Temp - - B: 86% (0.5 h) B: 74% (0.5 h) B:70% (0.5 h)
Entry Salt . CN Reaction time (h)
Saltl:Nu  (C) Cbz Boc Cbz Cbz
2a 25 45 12 24 "NH O "NH O "NH O “NH O
1 1la 1:2 rt.  12(13) 18(19) -  32(36) NP“ Ph PR Ph Ph
) 5¢ 5f 59 5h
2 1la 1:2 60  87(88) 89(91) 82(94) Y A:75% (2.5 h) A:80% (2.5 h) A:66% (2.5 h) A:98% (2.5 h)
3 1a 13 60  92(93) 86 (95) 77 (96) / B: 64% (0.5 h) B:73% (1.0 h) B:94% (0.5 h)
4 1b 1:3 r.t. 9(9 10(10) - 22 (23) Bocs\u o oz o Chze i o oz 1 o
5 1b 1:3 60  79(92) 73(93) 60 (95) - oh oh
®Reaction conditions: phosphonium salt 1 (0.2 mrhaquiv), 5i 5 Ph ek 51
silyl enol etherda (0.4 mmol, 2 equiv or 0.6 mmol, 3 equiv) in A:93% (2.5 h) A:80% (1.5 h) A:T1% (2.5h) A:65% (2.5 h)
THF (3 mL) under an argon atmosphef¥ield of 5 and B:99% (0.5
conversion ofl. were determined by 1H NMR spectrum. oz o oz o oz o Py o

Next, we examined the scope of catalyst-free remctib
phosphonium salt$ with various silyl enol ether$a-d (Scheme
3). As previously stated, the reactions were conductging
conventional heating and microwave irradiation téghes
(Scheme 3, Methods A and B).

Under the thermal reaction conditions (Scheme 3hbteiA),
16 structurally diverse aliphatic and ar@-substituted N-
protected p-amino ketonesb5a-p were prepared in good to
excellent yields (65-98%). Again, the reaction ctinds were
compatible with varioudN-protecting groups. While in most of
the cases, the corresponding products were obt&in2d h,p-

amino carbonyl productj, 5m, and50 were produced at a faster

rate with high yields of 80%, 82% and 88%, respetyivin 1.0—

ALY X R

5m 5n 50 5p
A:82% (1.5 h) A:81%° (2.5 h) A:88% (1.0 h) A:97%° (2.5 h)
B: 76%° (0.5 h) B: 89% (0.5 h)

“Reactions were carried out, under an argon atmosphere, using either
method A or B: Method A: phosphonium salt 1 (0.2 mmol, 1 equiv), silyl enol
ether 4 (0.6 mmol, 3 equiv) in THF (3 mL) at 60 °C for 1.0-4.5 h. Method B:
phosphonium salt 1 (0.2 mmol, 1 equiv), silyl enol ether 4 (0.6 mmol, 3 equiv)
in THF (4 mL) under MW at 60 °C for 0.5-1.0 h. bisolated yields. °dr = 50:50.
ddr = 65:35. °dr = 55:45. Diastereomeric ratio (dr) was determined by
1H NMR spectroscopy.

Scheme 3Scope of catalyst-free Mannich-type reaction of

. . . ’b
1.5 h. In the case d&d, the reaction time was extended to 4.5 h,Phosphonium salts with silyl enol etherg.

due to the poor solubility of the phosphonium sékte reaction
of phosphonium salts with cyclic silyl enol ethergdc-d resulted



Finally, a plausible mechanism for the developedlgst-free
Mannich-type reaction was provided (Scheme 4). é&fiist step,
reactiveN-acyliminium cationA, spontaneously generated from
1-(N-acylamino)alkyltriphenylphosphonium tetrafluorobta 1,
reacts slowly with silyl ketene acetalor silyl enol ethed to
produce silyloxy-substituted carbenium idh This unstable
intermediate undergoes a desilylation reaction it@ §-amino
carbonyl compound$ or 5. A similar desilylation reaction of
siloxycarbenium ions has been described by Metyal™ The
proposed mechanism confirms the observation that ethtire
process can be enhanced by increasing the reaetigoerature.
Heating or, even more markedly, microwave irradiafevor the
cleavage of the polar C-Bond in phosphonium salts resulting
in the faster generation of the highly reactivenimin specied\.

PG. slow | PG. PG.© |BF,
hind

T\H D\IH D\IH
® O = o
R >PPh;BF, -PPhs | R R R?
1 A Ry\(os‘Ra
o R*
P\H o PG\ OSiRs| BF4 20r4
fast )
R’ R* T-FSRs | R’ R* =
R2R3 -BF3 R2R3
3R*=0Me B
5 R = alkyl, aryl

R = alkyl, aryl; R?=R®=H or Me

Scheme 4Plausible mechanism for catalyst-free Mannich-
type reaction of phosphonium saltsvith silyl enolates.

3. Conclusion

In conclusion, an efficient catalyst-free reactioh 1-(N-
acylamino)alkyltriphenylphosphonium tetrafluorob@s with
silyl enolates was developed to prepapeamino ketone
derivatives. To the best of our knowledge, this hig first
example of Mannich-type reaction of silyl enolategth
a precursor ofN-acyliminium ion in which the addition of an
appropriate activator is not required. The reporteéthod
represents a useful approach in the preparatiofmibtecteds-
amino esters andN-protected B-amino ketones. As it was
demonstrated, the process can be enhanced by simgethe
reaction temperature through either conventionahtihg or
microwave irradiation. In the latter case, a siguaifit reduction
in reaction time can be achieved. It must be enipbdsthat
these two procedures are manually simple. The additi
advantage of the presented approach is that thengtal-(N-
acylamino)alkyltriphenylphosphonium  tetrafluorobes are
readily available fromN-protected a-amino acids. From this
point of view, the reported approach can be consdler new
method for thex-homologation ofN-protectedo-amino acids to
preparep-amino acid derivatives (with silyl ketene acetats a
nucleophiles). Further investigations on the degvetb strategy,
including the modification of phosphonium salt sture and
improvement of the stereoselectivity of the procease in
progress.

4. Experimental section
4.1. General

Infrared spectra (IR) were recorded on a Nicolet 6FTdAR
spectrophotometer (ATR methodfH NMR spectra were
acquired on either a Varian 600 or 400 MHz at 60808 MHz,
respectively. Data were given as follows: chemicalt shippm
with tetramethylsilane (TMS) as the internal staddar
multiplicity (s = singlet; d = doublet; t = triplet| = quartet; br =
broad; m = multiplet), coupling constant (Hz) antegration. .

5

¥C NMR spectra were measured on either a Varian 6@0r
MHz at, as appropriate, 150 or 100 MHz. Chemicaltshifere
reported in ppm from the solvent resonance emplggdhe
internal standard (CDglat 77.0 ppm)*'P NMR spectra were
measured on a Varian 400 spectrometer at 162 MHz wiitthe
resonance shift standard, with respect ® as zero ppm.
Melting points were determined in capillaries, in Stuart
Scientific SMP3 melting point apparatus and wereomcted.
The high-resolution mass spectra (HRMS) were obtaibgd
electrospray ionization (ESI), using a Waters Coaion Xevo
G2 QTOF instrument.

Catalyst-free Mannich type reactions with silyl eatek were
performed under argon atmosphere in Schlenk flasikh
magnetic stirring. Temperatures were reported ash bat
temperatures. The microwave reactions were carrigdiroa
glass vial sealed with a screw cap, using a CEM Miere
(Matthews, NC, USA), model: Discover-S wigynergycontrol
program. Temperature measurements were conductad asi
IR sensor located below the microwave cavity floReaction
times refer to the total hold time at the indicatechperature. To
avoid overheating the reaction mixture, the maximuattage
was set to 30 W. For TLC analysis, Merck TLC silged 60 s,
plates were used. The plates were visualized by UM [igb4
nm) and/or dipped in a solution of cerium sulfatd getrahydrate
of ammonium heptamolybdate in,$0,,4 and heated. Kieselgel
60 (Merck, 0.040-0.063 mm) was used for column
chromatography.

Materials. All solvents and common reagents were obtained
from commercial suppliers. Only solvents used in rib&ctions
under inert atmosphere were additionally purifiedy DHF was
prepared by distillation over Na/benzophenone, @rydCH,Cl,
by distillation over Cakl Silyl ketene acetal®a-b and silyl enol
ethers4a-d were purchased from Sigma-Aldrich or Alfa Aesar.
3-(1-Piperidino)propyl functionalized silica geli(%-Pip) was
purchased from Sigma-Aldrich.

4.2. Substrate synthesis

The starting phosphonium salisa-n were synthesized by
previously described two-step protocol, which consaft
electrochemical decarboxylative-methoxylation of N-acyl-o-
amino acids (Step 1) and transformation of the Itiegu N-
protected 1-methoxyalkylamines to title M- (
acylamino)alkyltriphenylphosphonium tetrafluorobtesl (Step
2).M The analytical data and spectra of compouras, 1f-g, 1j-

k were identical to those previously describedror unknown

phosphonium saltslc-¢ 1h-i, and 1I-n, analytical and
spectroscopic data are reported below.
General  procedure for the synthesis of  1-(N-

acylamino)alkyltriphenylphosphonium tetrafluorobosate

Step 1:The methanol (30 cfjy N-acyl-w-amino acid (3.0
mmol), and Si@-Pip (200 mg, 0.22 mmol) were added to an
undivided cylindrical glass electrolyzer (85 ¥mwith a
thermostatic jacket, equipped with a magnetic stirra
cylindrical Pt mesh anode (47 &nand a similar cathode (44
cnt), all arranged concentrically to one another distance of
2.5 + 0.5 mm. The electrolysis was conducted whikeirsg at a
current density of 0.3 A/dfrat 10 °C until 3.5-3.75 F/mol charge
had passed [3.5 F/mol ft-Cbz-valine and 3.75 F/mol for other
N-protecteda-amino acids]. When the electrolysis was finished,
the SiQ-Pip was filtered out, and methanol was evaporated
under reduced pressure to afford correspondifgrotected 1-
methoxyalkylamine. CrudeN-protected 1-methoxyalkylamines
were used in the next step without purification.
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Step 2: A mixture of the correspondingy-protected 1- 1H), 1.97-1.85 (m, 1H), 1.47-1.37 (m, 1H), 1.01 {d; 6.8 Hz,
methoxyalkylamine (1 mmol) and FhHBFR, (343 mg, 0.98 3H), 0.95 (d,J = 6.4 Hz, 3H).®C NMR (100 MHz, CDQ)): ¢
mmol) in CHCI, (1 cn?) was stirred at 25 °C for 30 min, and the 168.4 (d,J = 2.4 Hz), 135.0 (d] = 3.1 Hz), 134.3 (d] = 9.2 Hz),
solvent was removed under reduced pressure. The gnedluct  132.3, 131.7, 130.2 (d,= 12.2 Hz), 128.5, 127.5, 117.7 ®F
was dissolved in CKCl, and precipitated by addition of EXto  80.9 Hz), 48.6 (dJ = 51.8 Hz), 39.7 (dJ = 4.0 Hz), 25.8 (dJ =
afford the 1-N-acylamino)alkyltriphenylphosphonium salt 12.5 Hz), 23.1, 21.0* P NMR (162 MHz, CDG): § 27.0; IR
(ATR): 3354, 2971, 1669, 1513, 1438, 1064 cHRMS (ESI)

4.2.1. 1-(N-tert-Butoxycarbonylamino)-2- +
phenylethyltriphenyl-phosphonium tetrafluoroboratkc). This m/z caled for GoHsuNOP[M] 452.2143, found 452.2147.
product was obtained in 78% yield (446 mg). Whitédsomp 4.2.6. 1-(N-tert-Butoxycarbonylamino)phenylmethyhapyl-

142.0-143.0 °C!H NMR (400 MHz, CDCJ): 6 7.84-7.67 (m, phosphonium tetrafluoroboratéll). This product was obtained
15H), 7.28-7.17 (m, 5H), 6.58 (br d,= 9.2 Hz, 1H), 5.72-5.64 in 85% vyield (473 mg). White solid; mp 145.5-1466. 'H
(m, 1H), 3.36 (dtJ; = 13.2 Hz,J, = 10.4 Hz), 3.15 (dt), =18.8 NMR (400 MHz, CDC}): ¢ 7.85-7.78 (m, 3H), 7.68-7.63 (m,
Hz, J, = 4.4 Hz, 1H), 1.15 (s, 9H}*C NMR (100 MHz, CDC)): 12H), 7.38-7.32 (m, 1H), 7.27-7.23 (m, 2H), 7.10-7(6% 3H),
6 155.5 (dJ = 3.5 Hz), 135.1 (d] = 2.8 Hz), 135.0, 134.3 (d=  6.62 (t,J = 9.8 Hz, 1H), 1.29 (s, 9H)’C NMR (100 MHz,
9.2 Hz), 130.4 (d) = 12.2 Hz), 129.2, 128.8, 127.5, 117.2J&,  CDCl): ¢ 155.3, 135.2 (dJ = 3.1 Hz), 134.8 (dJ = 8.9 Hz),
80.5 Hz), 81.0, 52.2 (d} = 51.2 Hz), 37.1 (d) = 8.0 Hz), 27.8. 130.7 (d,J = 3.1 Hz), 130.2 (dJ = 12.1 Hz), 130.1, 129.4 (d,=
%P NMR (162 MHz, CDG): ¢ 26.0. IR (ATR): 3322, 2979, 2.1 Hz), 129.2 (dJ = 8.4 Hz), 116.2 (d) = 79.9 Hz), 81.8, 56.5
1709, 1439, 1250, 1156, 1069 tnHRMS (ESI)m/z calcd for  (d, J = 51.9 Hz), 27.9* P NMR (162 MHz, CDG): ¢ 28.5. IR
CaH3aNO,P [M'] 482.2249, found 482.2255. (ATR): 3328, 2981, 2910, 1703, 1438, 1286, 1155016m".

4.2.2. 1-(N-Benzoylamino)-2-phenylethyltriphenylgasium HRMS (ESl)m/z calcd for GoHauNO,P [M'] 468.2092, found

tetrafluoroborate(1d). This product was obtained in 86% yield 468.2094.

(494 mg). White solid; mp 169.5-170.5 °t& NMR (400 MHz, 4.2.7. 1-(N-tert-Butoxycarbonylamino)-2-benzyloxykth
CDCly): 6 8.48 (d,J = 8.0 Hz, 1H), 7.83-7.55 (m, 17H), 7.42- triphenylphosphonium tetrafluoroboratém). This product was
7.28 (m, 3H), 7.24-7.15 (m, 5H), 6.17-6.09 (m, 1H§H23(dt, J; obtained in 89% yield (533 mg). White solid; decasigion at
= 14.4 Hz,J, = 10.8 Hz, 1H), 3.29 (dtl, = 14.4 HzJ, = 5.2 Hz, 141 °C."H NMR (400 MHz, CDCJ): § 7.78-7.75 (m, 15H), 7.25-
1H). ®C NMR (100 MHz, CDG)): ¢ 168.3, 135.1, 135.0 (d,=  7.19 (m, 3H), 6.97-6.91 (m, 2H), 6.70 (brdds 7.6 Hz, 1H), 5.74
2.4 Hz), 134.6 (dJ = 9.4 Hz), 132.2, 131.6, 130.2 @= 12.3  (br s, 1H), 4.13-3.96 (m, 3H), 3.79 (brd= 11.2 Hz, 1H), 1.16
Hz), 129.2, 128.9, 128.5, 127.6, 127.3, 117.6J(¢, 80.9 Hz), (s, 9H)."*C NMR (100 MHz, CDG)): ¢ 155.2, 136.0, 134.8 (d,
51.7 (d,J = 49.0 Hz), 37.1 (d) = 6.3 Hz).>’P NMR (162 MHz, = 9.6 Hz), 134.4 (dJ = 2.9 Hz), 129.8 (dJ = 12.4 Hz), 128.3,
CDCL): ¢ 27.6. IR (ATR): 3391, 1669, 1520, 1440, 1108'cm 128.0, 127.9, 118.3 (d,= 81.5 Hz), 81.1, 73.3, 67.0, 51.8%
HRMS (ESI)m/z calcd for GaH,oNOP [M'] 486.1987, found 51.1 Hz), 27.8*P NMR (162 MHz, CDG): ¢ 30.4. IR (ATR):
486.1985. 3352, 2985, 1694, 1441, 1283, 1160, 1085'chMMRS (ESI)

4.2.3. 1-(N-Benzoylamino)ethyltriphenylphosphoniumm/Z calcd for GHagNO;P [M] 512.2355, found 512.2357.

tetrafluoroborate(1le) This product was obtained in 85% yield  4.2.8. (5-Oxopyrrolidin-2-yl)triphenylphosphonium
(425 mg). White solid; mp 176.0-178.0 °t&l NMR (600 MHz, tetrafluoroborate(1n). This product was obtained in 92% yield
CDCly): ¢ 8.52 (dd,J; = 7.8 Hz,J, = 1.8 Hz, 1H), 7.83-7.63 (m, (399 mg). White solid; decomposition at 139 *8.NMR (400
17H), 7.47-7.43 (m, 1H), 7.38-7.35 (m, 1H), 6.06-6(00 1H), = MHz, CDCk): 6 7.87-7.69 (m, 15H), 6.85 (br s, 1H), 6.26-6.18
1.85 (dd,J; = 17.4 Hz,J, = 7.2 Hz, 3H).”*C NMR (150 MHz,  (m, 1H), 3.24-3.07 (m, 1H), 2.29-2.11 (m, 2H), 1.2901(m,
CDCL): § 168.1, 135.0 (dJ = 2.3 Hz), 134.6 (dJ = 9.1 Hz), 1H).*C NMR (100 MHz, CDGJ): 6 178.1, 135.7 (dJ = 3.0 Hz),
132.4, 131.6, 130.2 (d,= 12.3 Hz), 128.6, 127.7, 117.8, @= 133.9 (d,J = 9.2 Hz), 130.9 (dJ = 12.1 Hz), 115.8 (dJ = 81.9
81.2 Hz), 46.0 (dJ = 53.1 Hz), 18.03'P NMR (162 MHz, Hz), 49.1 (d,J = 56.6 Hz), 28.2, 22.5'P NMR (162 MHz,
CDCL): ¢ 28.0. IR (ATR): 3302, 2931, 1649, 1517, 1437, 1050CDCl,): 6 21.8. IR (ATR): 3065, 1695, 1439, 1112, 1051'cm
cm™. HRMS (ESI) m/z calcd for GH,sNOP[M'] 410.1674, HRMS (ESI)m/z calcd for G,H,NOP [M] 346.1361, found
found 410.1675. 346.1365.

4.2.4, 1-(N-Benzoylamino)-2-methylpropyltriphenyl- 4.3. General procedure for the synthesis of methydsters of
phosphonium tetrafluoroborat@ h). This product was obtained N-protected$-amino acids 3
in 89% yield (468 mg). White solid; mp 183.5-1850. 'H

NMR (400 MHz, CDCJ): 6 8.61 (ddJ; = 7.6 Hz,Jy = 4.0 Hz, ~  Method A To 2 stired suspension (or solution) of
1H), 7.90-7.83 (m, 6H), 7.73-7.56 (m, 11H), 7.46-7(80 3H), ~ corresponding N-acylamino)alkyltriphenylphosphonium

) ) tetrafluoroboratel (0.2 mmol, 1 equiv) in dry THF (3 mL), the
ggg ?d5§>:(n€1581ﬂ)2 233‘;)13(:83,\“&”& (11%)0 :,bllleacé:D%j;lgzlggi silyl ketene acetafa or 2b (0.4 mmol, 2 equiv or 0.6 mmol, 3
(d 3= ’2 1 H.z) 1é4 8 th = 9.3 Hy) 134"1 (dJ ='3 1 Hz.) equiv) was added. The reaction mixture was stirradguargon

132.2, 1315 (dJ = 0.7 Hz), 129.8 (d] = 12.3 Hz), 128.5, 127.2 atmosphere, at 50 °C for the time given in Schem€&h2n, the
119.2,(dJ _ 803 Hz.) 55 3 (@ _ 46.5 Hz).29 1 (,dJ _ 5 l Hz). " solvent was evaporated under reduced pressure.etithie was
21.2’ (d,j - 1.9'Hz), 202 (dJ = 9.7.Hz).3lP NMR (162. MHz’, purified by column chromatography on silica gel
CDCL): 6 28.9. IR (ATR): 3377, 2962, 1656, 1533, 1438, 1307 (hexanes/AcO_Et) to afford the desired methyl estersNo
1294, 1016 cih. HRMS (ESI):m/z calcd for GoH,NOP [M1]  Protecteds-amino acids.

438.1987, found 438.1992. Method B:  1-(N-Acylamino)alkyltriphenylphosphonium
tetrafluoroboratel (0.2 mmol, 1 equiv), dry THF (4mL) and the
phosphonium tetrafluoroboratéli). This product was obtained sﬂyl_ketene acetala or 2b (0.4 mmol, 2 equiv-or 0.6 mmc_)l, 3
in 81% yield (433 mg). White solid: mp 151.0-1520. *H equiv) were placed ina glass vial. The vial waskfhst_i_swnh
NMR (400 MHz, CDCJ): & 8.40 (d,J - 8.4 Hz, 1H), 7.79-7.63 argon and closed with a screw-cap. Then, the reactixture

was stirred and irradiated at 50 °C and 30 W in arowave
(m, 17H), 7.46-7.32 (m, 3H) 6.08-5.99 (m, 1H), 2.6242(m, reactor for the time given in Scheme 2. Afterwartig, $olvent

4.2.5. 1-(N-Benzoylamino)-3-methylbutyltriphenyl-



was evaporated under reduced pressure, and thecprddvas

isolated by column chromatography on silica gel
(hexanes/AcOEt).
4.3.1. Methyl 3-(N-benzyloxycarbonylamino)-2,2-

dimethylbutanoate(3a)."®> This product was obtained in 98%
yield (54.7 mg) by Method A or 94% vyield (52.4 mg) Method
B. Colorless oil;R = 0.24 (hexanes/AcOEt = 4:2H NMR (400
MHz, CDCk): 6 7.37-7.30 (m, 5H), 5.33 (br d,= 9.6 Hz, 1H),
5.11 (d,J = 13.2 Hz, 1H), 5.08 (d] = 12.8 Hz, 1H), 3.84 (dd,

= 9.6 Hz,J, = 6.8 Hz, 1H), 3.67 (s, 3H), 1.21 (s, 6H), 1.12J¢,
6.8 Hz, 3H).”*C NMR (100 MHz, CDGJ): ¢ 176.9, 156.0, 136.6,
128.5, 128.1, 66.6, 53.4, 51.9, 46.3, 23.2, 22/R.1R (ATR):
3346, 2978, 1704, 1507, 1455, 1234, 1141, 1051 cm

4.3.2. Methyl 3-(N-benzyloxycarbonylamino)-2,2-dimketh
phenylbutanoat€3b).®” This product was obtained in 75% vyield
(53.3 mg) by Method A or 76% vyield (54.0 mg) by MadhB.
White solid; mp 62.5-64.0 °C (toluene/n-pentani);= 0.22
(hexanes/AcOEt = 4:1). Compoufb exists as a 8:2 mixture of
rotamers at 25 °C in CDgIThe spectra for the major rotamer
are as follows'H NMR (400 Hz, CDGJ): d 7.37-7.15 (m, 10H),
5.16 (br d,J = 10.4 Hz, 1H), 4.97 (dl = 12.4 Hz, 1H), 4.87 (d
=12.4 Hz, 1H), 4.06 (td}, = 10.8 Hz,J, = 3.3 Hz, 1H), 3.68 (s,
3H), 2.95 (dd)); = 14.0 Hz,J, = 3.2 Hz, 1H), 2.48 (dd}; = 14.0
Hz, J, = 10.8 Hz, 1H), 1.32 (s, 3H), 1.26 (s, 3H)C NMR (100

7
Hz, 3H)."*C NMR (100 MHz, CDGJ): § 177.6, 157.1, 136.8,
128.5,128.0, 128.0, 66.7, 62.3, 51.9, 45.4, 28414, 23.7, 22.1,
16.7. IR (ATR): 3348, 2961, 1712, 1507, 1229, 11933, 1026
cm’. HRMS (ESI)m/z calcd for G;H,NO, [M+H]* 308.1862,
found 308.1862.

4.3.6. Methyl 3-(N-tert-butoxycarbonylamino)-2,2,4-
trimethylpentanoatg3f)."” This product was obtained in 89%
yield (48.8 mg) by Method A or 76% vyield (41.7 mg) Method
B. White solid; mp 61.5-62.5 °C (toluene)x = 0.44
(hexanes/AcOEt = 4:1). Compoufd exists as a 85:15 mixture
of rotamers at 25 °C in CD&IThe spectra for the major rotamer
are as follows*H NMR (600 MHz, CDCJ): § 5.17 (br d,J = 10.6
Hz, 1H), 3.67 (s, 3H), 3.61 (dd; = 10.8 Hz,J, = 3.6 Hz, 1H),
1.95-1.88 (m, 1H), 1.45 (s, 9H), 1.22 (s, 3H), 1.203H), 0.91
(d, J = 6.6 Hz, 3H), 0.74 (dJ = 7.2 Hz, 3H)."*C NMR (150
MHz, CDCkL): ¢ 177.8, 156.5, 78.8, 61.4, 51.8, 45.5, 29.1, 28.4,
24.0, 23.8, 22.1, 16.9. IR (ATR): 3387, 2979, 179689, 1513,
1246, 1153 ci.

4.3.7. Methyl 3-(N-benzyloxycarbonylamino)-2,2,5-
trimethylhexanoaté3g). This product was obtained in 74% yield
(47.7 mg) by Method A or 81% vyield (52.3 mg) by MadhB.
Colorless oil;R = 0.37 (hexanes/AcOEt = 4:1). Compousgl
exists as a 9:1 mixture of rotamers at 25 °C in GDCThe
spectra for the major rotamer are as follo#sNMR (400 MHz,

MHz, CDCk): 6 176.9, 156.2, 138.2, 136.7, 129.1, 128.4, 128.3CDCly): 6 7.36-7.29 (m, 5H), 5.12 (d,= 12.4 Hz, 1H), 5.08 (d}

127.9, 127.7, 126.3, 66.4, 58.9, 51.9, 46.6, 37375, 22.9. IR
(ATR): 3326, 2947, 1732, 1690, 1537, 1254, 113¢.cm

4.3.3. Methyl 3-(N-tert-butoxycarbonylamino)-2,2-dinyé-4-
phenylbutanoatd3c). This product was obtained in 86% yield
(55.3 mg) by Method A or 82% vyield (52.7 mg) by MzdhB.
White solid; mp 92.0-93.0 °C (toluene)R 0.34
(hexanes/AcOEt = 4:1). Compoufld exists as a 8:2 mixture of
rotamers at 25 °C in CDEIThe spectra for the major rotamer
are as follows'H NMR (400 MHz, CDCJ): § 7.28-7.15 (m, 5H),
4.81 (d,J = 10.4 Hz, 1H), 4.01 (td), = 10.8 Hz,J, = 3.6 Hz,
1H), 3.69 (s, 3H), 2.92 (dd, ;= 13.8 Hz,J, = 3.4 Hz, 1H), 2.45
(dd,J; = 14.0 Hz,J, = 11.2 Hz, 1H), 1.30 (s, 3H), 1.25 (s, 12H).
¥C NMR (100 MHz, CDCJ)): ¢ 177.1, 155.6, 138.4, 129.2,
128.2, 126.2, 78.9, 58.0, 51.8, 46.7, 37.8, 2834,222.7. IR
(ATR): 3344, 2976, 1732, 1683, 1523, 1251, 1163"cHRMS
(ESI) m/z calcd for GgH,sNO,Na [M+Na] 344.1838, found
344.1833.

4.3.4. Methyl 3-(N-benzoylamino)-2,2-dimethyl-4-
phenylbutanoaté3d).*® This product was obtained in 76% vyield
(49.6 mg) by Method A. White solid; mp 134.0-135.Q °
(Tolune/n-pentane)R = 0.13 (hexanes/AcOEt = 4:1%H NMR
(400 MHz, CDC)): § 7.61-7.57 (m, 2H), 7.46-7.33 (m, 3H),
7.24-7.12 (m, 5H), 6.90 (br d,= 10.0 Hz, 1H), 4.54 (td}, =
10.3 Hz,J, = 3.9 Hz, 1H), 3.70 (s, 3H), 3.12 (dbh= 14.4 Hz J,
= 4.0 Hz, 1H), 2.67 (dd}; = 14.0 Hz,J, = 10.4 Hz, 1H), 1.40 (s,
3H), 1.32 (s, 3H)*C NMR (100 MHz, CDG)): 6 177.5, 166.9,
138.0, 134.8, 131.2, 129.1, 128.4, 128.3, 126.8,4,56.8, 52.0,
46.4, 37.4, 24.5, 23.4. IR (ATR): 3311, 2981, 178439, 1541,
1324, 1133 ci.

4.3.5. Methyl 3-(N-benzyloxycarbonylamino)-2,2,4-
trimethylpentanoate(3e) This product was obtained in 78%
yield (41.2 mg) by Method A. Colorless oiR = 0.39
(hexanes/AcOEt = 4:1). CompouBéd exists as a 9:1 mixture of
rotamers at 25 °C in CDEIThe spectra for the major rotamer
are as followsH NMR (400 MHz, CDCJ): § 7.39- 7.31 (m,
5H), 5.50 (br dJ = 10.8 Hz, 1H), 5.13 (s, 2H), 3.68 (d#i; =
10.8 Hz,J, = 3.6 Hz, 1H), 3.66 (s, 3H), 2.00-1.92 (m, 1H), 1.24
(s, 3H), 1.20 (s, 3H), 0.94 (d,= 6.8 Hz, 3H), 0.72 (d) = 6.8

=12.4 Hz, 1H), 5.03 (br d} = 10.4 Hz, 1H), 3.84-3.78 (m, 1H),
3.66 (s, 3H), 1.68-1.59 (m, 1H), 1.21-1.13 (m, 2H201(s, 3H),
1.18 (s, 3H), 0.92 (d] = 6.4 Hz, 3H), 0.89 (d] = 6.8 Hz, 3H).
¥C NMR (100 MHz, CDGCJ): 6 177.1 156.6, 136.7, 128.5, 128.0,
128.0, 66.7, 55.8, 51.8, 46.7, 40.8, 25.1, 23.2,22.5, 21.4. IR
(ATR): 3339, 2953, 1698, 1533, 1256, 1139, 1051 ¢hRMS
(ESI) m/z: caled for GgHxNO, [M+H]*, 322.2018, found
322.2019.

4.3.8. Methyl 3-(N-Benzoylamino)-2,2,5-trimethylhexanoate
(3h).*® This product was obtained in 84% vyield (49.1 mg) by
Method A or 83% yield (48.6 mg) by Method B. Whitdid; mp
73-75 °C (toluene)R; = 0.43 (toluene/AcOEt = 8:1JH NMR
(600 MHz, CDC}): ¢ 7.82 -7.80 (m, 2H), 7.52-7.43 (m, 3H),
6.79 (br dJ = 10.2 Hz, 1H), 4.27 (td}, = 10.4 Hz,J, = 3.4 Hz,
1H), 3.73 (m, 3H), 1.68-1.62 (m, 1H), 1.39-1.30 (m, 2H29 (s,
3H), 1.27 (s, 3H), 0.97 (d, = 6.0 Hz, 3H), 0.89 (d] = 6.6 Hz,
3H). *C NMR (150 MHz, CDGJ)): § 177.7, 167.0, 134.7, 131.3,
128.6, 126.8, 54.2, 51.9, 46.6, 40.7, 25.2, 24309,223.2, 21.6.
IR (ATR): 3313, 2952, 1725, 1634, 1540, 1325, 1¢49.

4.3.9. Methyl 3-(N-benzyloxycarbonylamino)-2,2-dimethyl-3-
phenylpropanoat¢3i).'® This product was obtained in 96% vyield
(65.9 mg) by (Method A). Colorless oilR 0.24
(hexanes/AcOEt = 4:13H NMR (400 MHz, CDC)): 6 7.39-7.17
(m, 10H), 6.31 (br dJ = 9.2 Hz, 1H), 5.10 (d] = 12.0 Hz, 1H),
5.01 (d,J = 12.0 Hz, 1H), 4.73 (d] = 9.6 Hz, 1H), 3.63 (s, 3H),
1.32 (s, 3H), 1.11 (s, 3H)’C NMR (100 MHz, CDC)): § 176.7,
155.8, 139.2, 136.5, 128.5, 128.1, 128.1, 128.7,.7,2127.6,
66.8, 62.3, 52.0, 46.6, 24.7, 22.6. IR (ATR): 333851, 1701,
1497, 1230, 1133, 1041 &m

4.3.10. Methyl 3-(N-tert-butoxycarbonylamino)-2,2-dimethyl-
3-phenylpropanoatg3;j).® This product was obtained in 91%
yield (56.0 mg) by Method A or 91% vyield (56.2 mg) Method
B. White crystals; mp 86.0-87.0 °C (toluene/n-papjaR; = 0.39
(hexanes/AcOEt = 4:1JH NMR (400 MHz, CDCY)): 6 7.30-7.17
(m, 5H), 5.95 (br dJ = 8.4 Hz, 1H), 4.71 (d] = 9.2 Hz, 1H),
3.65 (s, 3H), 1.40 (s, 9H), 1.30 (s, 3H), 1.11 (s, 3f).NMR
(100 MHz, CDC}): § 176.8, 155.3 139.5, 128.0, 127.8, 127.4,
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79.4, 61.5, 51.9, 46.8, 28.4, 24.4, 22.4. IR (ATB)17, 2973,
1728, 1697, 1507, 1238,1139 ¢tm

4.3.11. Methyl 4-(benzyloxy)-3-(N-tert-butoxycanpamino)-
2,2-dimethylbutanoaté3k).*® This product was obtained in 30%
yield (21.4 mg) by Method A. Colorless oilR = 0.28
(hexanes/AcOEt = 4:13H NMR (600 MHz, CDCJ): 6 7.34-7.25
(m, 5H), 5.42 (br dJ = 10.2 Hz, 1H), 4.48 (d] = 12.0 Hz, 1H),
4.42 (d,J = 11.4 Hz, 1H), 3.92-3.88 (m, 1H), 3.57 (dg5 10.2
Hz, J, = 4.8 Hz, 1H), 3.55 (s, 3H), 3.52 (d#,= 10.2,J, = 4.2
Hz, 1H), 1.45 (s, 9H) 1.23 (s, 3H), 1.22 (s, 3HL NMR (150

Tetrahedron

172.3, 155.5, 79.1, 53.0, 51.6, 37.1, 31.8, 28%43,118.4. IR
(ATR): 3338, 2967, 1706, 1519, 1291, 1166, 1008.cm

4.3.17.Methyl 3-(N-benzoylamino)-4-methylpentano@e.*
This product was obtained in 86% vyield (42.8 mgMmsthod A.
White solid; mp 90.5-92.0 °C (toluene)Ry 0.09
(hexanes/AcOEt = 4:1jH NMR(400 MHz, CDC}): 5 7.81-7.78
(m, 2H), 7.52-7.41 (m, 3H), 6.90 (br d,= 9.2 Hz, 1H), 4.29-
4.22 (m, 1H), 3.70 (s, 3H), 2.69 (d#],= 16.0 Hz,J, = 5.6 Hz,
1H), 2.63 (dd,J;, = 16.2 Hz,J, = 5.0 Hz, 1H), 2.02-1.90 (m, 1H),
0.99 (d,J = 6.8 Hz, 3H), 0.98 (d] = 6.8 Hz, 3H)*C NMR (100

MHz, CDCk): ¢ 177.0, 155.9, 138.0, 128.2, 127.7, 127.6, 79.2MHz, CDCk): § 172.8, 166.8, 134.7, 131.4, 128.5, 126.9, 51.9,

73.2, 70.0, 56.6, 51.7, 44.4, 28.4, 23.4, 23.3(ARR): 3369,
2979, 1713, 1497, 1365, 1246, 1164'cm

4.3.12. Methyl 2-methyl-2-(5-oxopyrrolidin-2-yl)prmate
(3). This product was obtained in 85% yield (31.6 mg) b
Method A. White solid; mp 103.0-105.0 °C (toluent). NMR
(400 MHz, CDCY): 6 6.43 (br s, 1H), 3.90 (dd; = 8.0 Hz,J, =
6.0 Hz, 1H), 3.71 (s, 3H), 2.32 (= 8.2 Hz, 2H), 2.19-2.10 (m,
1H), 1.89-1.80 (m, 1H), 1.17 (s, 3H), 1.16 (s, 3. NMR (100

51.8, 36.1, 31.7, 19.4, 19.2. IR (ATR): 3314, 295629, 1636,
1541, 1328, 1277, 1251, 1192, 1172, 1111, 997.cm

4.3.18. Methyl 3-(N-Benzoylamino)-5-methylhexan¢as}'®
This product was obtained in 94% vyield (49.6 mgMmsthod A.
White solid; mp 70.0-71.0 °C (toluene/n-pentani);= 0.11
(hexanes/AcOEt = 4:1JH NMR (400 MHz, CDCJ): § 7.80-7.76
(m, 2H), 7.51-7.41 (m, 3H), 6.85 (br d,= 8.8 Hz, 1H), 4.60-
4.51 (m, 1H), 3.70 (s, 3H), 2.70 (ddl, = 16.2 Hz,J, = 5.0 Hz,

MHz, CDCk): ¢ 178.1, 176.9, 59.5, 52.2, 45.8, 30.0, 22.0, 20.81H), 2.60 (dd,J; = 16.0 Hz,J,= 4.8 Hz, 1H), 1.73-1.60 (m, 2H),

19.7. IR (ATR): 3195, 2981, 1726, 1690, 1270, 110042 cni.
HRMS (ESI)m/z: calcd for GHygNO; [M+H] " 186.1130, found
186.1128.

4.3.13. Methyl 3-(N-benzyloxycarbonylamino)butandats).
This product was obtained in 91% vyield (45.9 mg)Mmthod A
or 80% vyield (40.1 mg) by Method B. White solid; r8p.0-38.0
°C (toluene/hexanesl; = 0.14 (hexanes/AcOEt = 4:1H NMR
(400 MHz, CDC})): 6 7.36-7.29 (m, 5H), 5.19 (br s, 1H), 5.09 (s,
2H), 4.16-4.06 (m, 1H), 3.67 (s, 3H), 2.54 {d= 5.2 Hz, 2H),
1.24 (d,J = 6.8 Hz, 3H)*C NMR (100 MHz, CDGJ): ¢ 155.5,
136.5, 128.5 128.1, 66.6, 51.6, 44.0, 40.3, 2R4ATR): 3319,
2988, 1728, 1682, 1534, 1255, 1066 crtiRMS (ESI) m/z:
caled for GgH;,NO,Na [M+Na] 274.1055, found 274.1055.

4.3.14. Methyl 3-(N-benzoylamino)butanoa(dn).'® This
product was obtained in 99% vyield (43.9 mg) by Metha.
Furthermore, this product was obtained in 97% y{@lth.1 mg)
for 1. mmol reaction scale (Method A). White solidp 85.0-86.0
°C (toluene);R: = 0.26 (hexanes/AcOEt = 4:13H NMR (400
MHz, CDCL): 6 7.72-7.71 (m, 2H), 7.51-7.40 (m, 3H), 6.96 (br
d,J = 6.4 Hz, 1H), 4.62-4.52 (m, 1H), 3.72 (s, 3H), 2.68,(, =
16.0 Hz,J, = 5.2 Hz, 1H), 2.62 (dd}, = 15.6 Hz,J, = 4.8 Hz,
1H), 1.34 (d,J = 6.8 Hz, 3H).**C NMR (100 MHz, CDG)): ¢
172.5, 166.5, 134.5, 131.4, 128.5, 126.9, 51.73,429.5, 20.0.
IR (ATR): 3299, 2981, 1735, 1633, 1530, 1295, 111958 cri.

4.3.15. Methyl 3-(N-Benzoylamino)-4-phenylbutandats.*
This product was obtained in 87% vyield (51.9 mgMmsthod A.
White solid; mp 111.5-112.5 °C (toluenel: 0.08
(hexanes/AcOEt = 4:13H NMR (400 MHz, CDC)): 6 7.78-7.71
(m, 2H), 7.52-7.39 (m, 3H), 7.35-7.19 (m, 5H), 7.0dqp] = 8.4
Hz, 1H), 4.72-4.64 (m, 1H), 3.71 (s, 3H), 3.09 (dd+ 13.6 Hz,
J, = 6.0 Hz, 1H), 2.92 (dd};, = 13.6 Hz,J, = 8.4 Hz, 1H), 2.64
(dd, J;= 16.4 Hz,J, = 5.2 Hz, 1H), 2.58 (dd}, = 16.0 Hz,J, =
5.2 Hz, 1H).”*C NMR (100 MHz, CDGJ): ¢ 172.6, 166.6, 137.5,
134.4, 131.4, 129.3, 128.6, 128.5, 126.8, 126.738,517.7, 39.9,
36.5. IR (ATR): 3302, 2951, 1733, 1636, 1537, 120853 cni.

4.3.16. Methyl 3-(N-tert-butoxycarbonylamino)-4-
methylpentanoaté3p)." This product was obtained in 73% vyield
(36.0 mg) by Method A. White solid; mp 60.0-61.5 °C
(toluene/n-pentaneR = 0.26 (hexanes/AcOEt = 4:I'H NMR
(400 MHz, CDC}): ¢ 4.86 (br dJ = 8.0 Hz, 1H), 3.79-3.72 (m,
1H), 3.68 (s, 3H), 2.53 (dd; = 15.2 Hz,J, = 5.4 Hz, 1H), 2.47
(dd, J; = 16.0 Hz,J, = 7.4 Hz, 1H), 1.86-1.75 (m, 1H), 1.44 (s,
9H), 0.92 (d,J = 6.8 Hz, 6H).*C NMR (100 MHz, CDC)): §

1.43-1.35 (m, 1H), 0.97 (d,= 6.4 Hz, 3H), 0.94 (d] = 6.4 Hz,
3H). *C NMR (100 MHz, CDCJ): § 172.7, 166.6, 134.6, 131.4,
1285, 126.9, 51.7, 44.5, 43.2, 38.5, 25.2 22.R.2R (ATR):
3258, 2954, 1732, 1635, 1545, 1297, 1178 .cm

4.3.19. Methyl 3-(N-tert-butoxycarbonylamino)-3-
phenylpropanoaté3t).” This product was obtained in 90% yield
(50.2 mg) by Method A or 85% vyield (47.6 mg) by MadhB.
White solid; mp 77.5-79.0 °C (toluene/n-pentani);= 0.29
(hexanes/AcOEt = 4:1JH NMR (400 MHz, CDCJ): § 7.35-7.23
(m, 5H), 5.45 (br s, 1H), 5.10 (br s, 1H), 3.61 (s,,3%38 (ddJ;
=14.6 Hz,J, = 6.6 Hz, 1H), 2.81 (dd}; = 15.2 Hz,J, = 5.8 Hz,
1H), 1.42 (s, 9H)**C NMR (100 MHz, CDGJ)): ¢ 171.3, 155.0,
141.1, 128.6, 127.5, 126.1, 79.7, 51.8, 51.2, 4@83. IR
(ATR): 3384, 2974, 1739, 1687, 1515, 1237, 1166.cm

4.3.20. Methyl 4-(benzyloxy)-3-(N-tert-
butoxycarbonylamino)butanoate(3u).!® This product was
obtained in 56% vyield (36.5 mg) for Method A. Co&s$ oil;R
= 0.17 (hexanes/AcOEt = 4:1%H NMR (400 MHz, CDC)): &
7.38-7.27 (m, 5H), 5.15 (br d,= 7.6 Hz, 1H), 4.52 (d] = 12.4
Hz, 1H), 4.49 (dJ = 12.4 Hz, 1H), 4.16 (br s, 1H), 3.64 (s, 3H),
3.54 (ddJ; = 9.2 Hz,J, = 4.0 Hz, 1H), 3.52 (dd}, = 9.4 Hz,J, =
5.4 Hz, 1H) 2.68-2.58 (m, 2H), 1.43 (s, 9HJC NMR (100
MHz, CDCL): ¢ 171.9, 158.2, 137.9, 128.4, 127.7, 127.6, 79.5,
73.2, 71.0, 51.6, 47.3, 36.1, 28.3. IR (ATR): 338977, 1710,
1497, 1365, 1165 cM

4.3.21. Methyl 2-(5-oxopyrrolidin-2-yl)acetat@w).** This
product was obtained in 74% yield (23.3 mg) by Meth.
White wax.'H NMR (400 MHz, CDCJ): 6 6.06 (br s, 1H), 4.04-
3.97 (m, 1H), 3.71 (s, 3H), 2.60 (dd}, = 16.4 Hz,J,= 4.0 Hz,
1H), 2.48 (dd,J; = 16.8 Hz,J, = 9.6 Hz, 1H), 2.40-2.29 (m, 3H),
1.81-1.71 (m, 1H)**C NMR (100 MHz, CDGCJ): 6 177.4, 171.8,
52.0, 50.4, 40.8, 29.5, 26.8. IR (ATR): 3208, 295728, 1674,
1414, 1186 cm.

4.4. General procedure for the synthesis dfl-protected$-
amino ketones 5

Method A:  1-(N-Acylamino)alkyltriphenylphosphonium
tetrafluoroboratel (0.2 mmol, 1 equiv) and silyl enol ethéa-d
(0.6 mmol, 3 equiv) in dry THF (3 mL) were stirrathder argon
atmosphere, at 60 °C for the time given in Schem€&hen, the
solvent was evaporated under reduced pressure, had t
remaining residue was purified by column chromatplgyaon



silica gel (hexanes/AcOEt) to give the correspondiNg
protectedB-amino ketoné.

Method B:  1-(N-Acylamino)alkyltriphenylphosphonium
tetrafluoroborate 1 (0.2 mmol, 1 equiv), dry THFnfd) and the
appropriate silyl enol etheta or 4c (0.6 mmol, 3 equiv) were
placed in a glass vial. The vial was flushed withoargnd closed
with a screw-cap. The reaction mixture was stirred! iaradiated
at 60 °C and 30 W in a microwave reactor for theetmiven in
Scheme 3. Afterwards, the solvent was evaporated uadaeced
pressure, and the desired prod&ctwas isolated by column
chromatography on silica gel (hexanes/AcOEt).

4.4.1. Benzyl N-(4-oxo-4-phenylbutan-2-yl)carbamébe).
This product was obtained in 93% vyield (55.4 mg)Mmthod A
or 86% vyield (51.5 mg) by Method B. White solid; 1&p.0-82.0
°C (toluene):R = 0.2 (hexanes/AcOEt = 4:1JH NMR (400
MHz, CDCk): § 7.95 (d,J = 7.6 Hz, 2H), 7.58-7.54 (m, 1H),
7.47-7.25 (m, 2H), 7.37-7.28 (m, 5H), 5.32 (br s, 154).0 (d,J
= 12.0 Hz, 1H), 5.07 (dJ = 12.0 Hz, 1H), 4.30-4.20 (m, 1H),
3.37 (br dJ=16.0 Hz, 1H), 3.06 (dd}, = 16.4 Hz,J, = 6.4 Hz,
1H), 1.30 (d,J = 6.8 Hz, 3H).**C NMR (100 MHz, CDG)): ¢
198.6, 155.6, 136.9, 136.5, 133.3, 128.6, 128.8.11,2128.0,
128.0, 66.5, 44.3, 44.1, 20.4. IR (ATR): 3376, 297411, 1680,
1529, 1250, 1052 cth HRMS (ESI)m/z calcd for GgH,NOs
[M+H] " 298.1443, found 298.1445.

4.4.2. Benzyl N-(4-oxo-1,4-diphenylbutan-2-yl)carizae
(5b). This product was obtained in 78% vyield (58.5 mg) b
Method A or 70% yield (52.6 mg) by Method B. Whitdid; mp
106.0-107.0 °C (toluene]k = 0.21 (hexanes/AcOEt = 4:1H
NMR (400 MHz, CDC)): 6 7.87 (d,J = 7.2 Hz, 2H), 7.58-7.54
(m, 1H), 7.45-7.41 (m, 2H), 7.36-7.15 (m, 10H), 5.88¢,J =
7.2 Hz, 1H), 5.06 (br s, 2H), 4.40-4.32 (m, 1H), 3.86,(0, =
17.0 Hz,J, = 3.8 Hz, 1H), 3.10 (dd), = 17.2 Hz,J, = 5.6 Hz,
1H), 3.06 (dd,J); = 14.8 Hz,J, = 6.0 Hz, 1H), 2.96 (ddJ; = 13.1
Hz, J, =7.6 Hz, 1H)."*C NMR (100 MHz, CDG)): § 199.0,
155.7, 138.0, 136.8, 136.5, 133.4, 129.3, 128.6.6,2128.5,
128.0, 128.0, 127.9, 126.6, 66.5, 49.7, 40.7, 3RI(ATR):
3347, 1678, 1519, 1256, 1215, 1040 crtiRMS (ESI) m/z:
calcd for GH,NO; [M+H] " 374.1756, found 374.1754.

4.4.3. Tert-butyl N-(4-oxo-1,4-diphenylbutan-2-ghzamate
(5¢). This product was obtained in 76% vyield (51.7 mg) b
Method A. White solid; mp 125.0-126.5 °C (tolueng)= 0.23
(hexanes/AcOEt = 4:13H NMR (400 MHz, CDC)): 6 7.89-7.86
(m, 2H), 7.58-7.54 (m, 1H), 7.44 @,= 7.6 Hz, 2H), 7.29-7.17
(m, 5H), 5.22 (br s, 1H), 4.32-4.24 (m, 1H), 3.21 (dd+ 17.0
Hz, J, = 4.6 Hz, 1H), 3.09 (ddJ; =16.8 Hz,J, = 5.6 Hz, 1H),
3.05 (dd,J; = 15.2 Hz,J, = 5.6 Hz, 1H), 2.93 (ddl, = 13.4 Hz,
J, = 7.8 Hz, 1H), 1.39 (s, 9H}’C NMR (100 MHz, CDG)): ¢
199.3, 155.3, 138.3, 136.9, 133.3, 129.3, 128.6.5,2128.0,
126.5, 79.2, 49.2, 40.9, 40.1, 28.3. IR (ATR): 332977, 1687,
1678, 1529, 1451, 1324, 1161, 1022 cniRMS (ESI) m/z:
caled for GyH,eNO5 [M+H] ™ 340.1913, found 340.1908.

4.4.4. N-(4-Oxo-4-phenylbutan-2-yl)benzami@sd).”> This
product was obtained in 77% yield (41.8 mg) by Meth.
White solid; mp 167.5-168.0 °C (AcOEt/Hexanéy;, = 0.09
(hexanes/AcOEt = 4:1JH NMR (400 MHz, CDCJ): § 7.99 (d,J
= 7.6 Hz, 2H), 7.78 (d) = 7.2 Hz, 2H), 7.60-7.56 (m, 1H), 7.49-
7.40 (m, 5H), 7.05 (br dl = 6.8 Hz, 1H), 4.74-4.64 (m, 1H), 3.47
(dd, J; = 16.8 Hz,J, = 4.0 Hz, 1H), 3.20 (ddl, = 16.8 Hz,J, =
6.0 Hz, 1H), 1.41 (dJ = 7.2 Hz, 3H).*C NMR (100 MHz,
CDCly): 6 199.6, 166.6, 136.9, 134.6, 133.5, 131.4, 12838,5],
128.1, 126.9, 43.2, 42.9, 20.1. IR (ATR): 3310, 291684,
1635, 1546, 1221 ch

9

44.5. Benzyl N-(4-methyl-1-oxo-1-phenylpentan-3-
ylcarbamate (5e)®" This product was obtained in 75% vyield
(49.0 mg) by Method A or 64% vyield (41.9 mg) by MadhB.
White solid; mp 57.5-585 °C (toluene)R = 0.22
(hexanes/AcOEt = 4:1H NMR (400 MHz, CDCJ): 6 7.94 (d,J
= 7.6 Hz, 2H), 7.59-7.54 (m, 1H), 7.47-7.44 (m, 2HB677.29
(m, 5H), 5.29 (br dJ = 8.8 Hz, 1H), 5.08 (d] = 12.0 Hz, 1H),
5.05 (d,J = 12.0 Hz, 1H), 3.97-3.90 (m, 1H), 3.31 (dg~ 16.8
Hz, J, = 5.6 Hz, 1H), 3.12 (dd}, = 16.8 Hz,J, = 5.0 Hz, 1H),
2.08-1.99 (m, 1H), 0.97 (d,= 6.8 Hz, 3H), 0.92 (d] = 6.8 Hz,
3H). *C NMR (100 MHz, CDCJ): § 198.9, 156.1, 136.9, 136.6,
133.3, 128.7, 128.4, 128.0, 128.0, 128.0, 66.69,580.2, 31.2,
19.7, 18.7. IR (ATR): 3328, 2961, 1684, 1537, 124388 cril.

4.4.6. Tert-butyl N-(4-methyl-1-oxo-1-phenylpentan-3
yl)carbamate (5f).>® This product was obtained in 80% vyield
(46.5 mg) by Method A. White solid; mp 103.0-104.6 °
(toluene):R; = 0.28 (hexanes/AcOEt = 4:H NMR (400 MHz,
CDCly): 6 7.96-7.93 (m, 2H), 7.59-7.54 (m, 1H), 7.48-7.44 (m,
2H), 5.02 (br dJ = 7.6 Hz, 1H), 3.89-3.82 (m, 1H), 3.26 (d4,
=16.2 Hz,J, = 5.4 Hz, 1H), 3.11 (dd}; = 16.2 Hz,J, = 5.0 Hz,
1H), 2.04-1.96 (m, 1H), 1.40 (s, 9H), 0.96 {d= 6.8 Hz, 3H),
0.92 (d,J = 6.8 Hz, 3H).*C NMR (100 MHz, CDGJ): ¢ 199.2,
155.6, 137.0, 133.2, 128.6, 128.1, 79.0, 53.4,,48153, 28.3,
19.7, 18.7. IR (ATR): 3305, 2964, 1707, 1690, 1670, 1388,
1167, 1040 cr.

4.4.7. Benzyl N-(5-methyl-1-oxo-1-phenylhexan-3-
yl)carbamate(5g).** This product was obtained in 66% yield
(44.9 mg) by Method A or 73% vyield (49.7 mg) by MadhB.
White solid; mp 54.0-555 °C (toluene)R = 0.33
(hexanes/AcOEt = 4:TH NMR (400 MHz, CDCJ): 6 7.93 (d,J
= 7.6 Hz, 2H), 7.58-7.54 (m, 1H), 7.47-7.43 (m, 2HR777.27
(m, 5H), 5.32 (br dJ = 8.4 Hz, 1H), 5.07 (s, 2H), 4.24-4.15 (m,
1H), 3.34 (dd,J); = 16.8 Hz,J,= 4.0 Hz, 1H), 3.12 (ddJ, = 16.8
Hz, J, = 5.6 Hz, 1H), 1.70-1.60 (m, 2H), 1.40-1.36 (m, 1H)20
0.90 (m, 6H).”*C NMR (100 MHz, CDCJ): § 198.9, 155.8,
137.0, 136.6, 133.2, 128.6, 128.4, 128.0, 128.0,9.56.5, 46.6,
43.3, 42.9, 25.1, 23.1, 21.9. IR (ATR): 3340, 295486, 1526,
1467, 1448, 1260, 1215, 1026 tm

4.4.8. Benzyl N-(3-oxo-1,3-diphenylpropyl)carbaméih).*
This product was obtained in 98% vyield (70.2 mg)Msthod A
or 94% vyield (67.7 mg) by Method B. White solid; rif4.0-
115.0 °C (toluene)R = 0.27 (hexanes/AcOEt = 4:1H NMR
(400 MHz, CDC)): § 7.89-7.86 (m, 2H), 7.56-7.52 (m, 1H),
7.44-7.40 (m, 2H), 7.35-7.20 (m, 10H), 5.85 (bri4),15.35-5.30
(m, 1H), 5.10 (dJ = 12.4 Hz, 1H), 5.07 (d) = 12.4 Hz, 1H),
3.69 (br d,J = 16.8 Hz, 1H), 3.44 (dd), = 16.8 Hz,J, = 6.0 Hz,
1H); *C NMR (100 MHz, CDCJ): 6 197.8, 155.7, 141.3, 136.6,
136.4, 133.4, 128.6, 128.5, 128.1, 127.5, 126.3,6HL.8, 43.9.
IR (ATR): 3363, 1716, 1679, 1523, 1450, 1289, 128220,
1020 cnf'.

4.4.9. Tert-butyl N-(3-0xo0-1,3-diphenylpropyl)canbate (5i).
This product was obtained in 93% yield (60.8 mg)Mthod A
or 99% (64.3 mg) by Method B. White solid; mp 13238.0 °C
(toluene);R; = 0.28 (hexanes/AcOEt = 4:TH NMR (400 MHz,
CDCly): 6 7.91-7.88 (m, 2H), 7.57-7.52 (m, 1H), 7.45-7.20 (m,
7H), 5.55 (br s, 1H), 5.27-5.22 (m, 1H), 3.65 (bdd; 16.8 Hz,
1H), 3.43 (ddJ; = 16.8 Hz,J, = 6.2 Hz, 1H), 1.41 (s, 9HJ°C
NMR (100 MHz, CDC}): ¢ 198.0, 155.2, 141.7, 136.7, 133.3,
128.6, 128.6, 128.1, 127.3, 126.3, 79.6, 51.4,,4283. IR
(ATR): 3353, 2973, 1690, 1679, 1523, 1450, 1368612159,
1042 cni. HRMS (ESI) m/z: caled for GgH,NO; [M+H]”
326.1756, found 326.1751.
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4.4.10. Benzyl N-(4-oxopentan-2-yl)carbam#bg). This
product was obtained in 80% vyield (37.7 mg) by Méethd.
White solid; mp 43.5-45.0 °C (toluene)R 0.13
(hexanes/AcOEt = 4:1fH NMR (600 MHz, CDCI3):6 7.37-
7.29 (m, 5H), 5.17 (br s, 1H), 5.09 @@= 12.0 Hz, 1H), 5.08 (d,
J=13.2 Hz, 1H) 4.11-4.04 (m, 1H), 2.72 (dd,= 16.8 Hz,J, =
4.2 Hz, 1H), 2.60 (ddJ; = 16.8 Hz,J, = 6.0 Hz, 1H), 2.14 (s,
3H), 1.23 (dJ = 6.6 Hz, 3H).*C NMR (150 MHz, CDCJ): ¢
207.4, 155.5, 136.5, 128.5, 128.1, 128.0, 66.51,443.8, 30.6,
20.5. IR (ATR): 3324, 2989, 1712, 1679, 1529, 12880 cn.
HRMS (ESI) m/z: calcd for G3H,;NOz;Na [M+Na] 258.1106,
found 258.1107.

4.4.11. Benzyl N-(4-oxo-1-phenylpentan-2-yl)carban{ak).
This product was obtained in 71% vyield (44.4 mgMmsthod A.
White solid; mp 52.0-54.0 °C (toluene/n-pentani);= 0.11
(hexanes/AcOEt = 4:1JH NMR (400 MHz, CDCY)): § 7.37-7.12
(m, 10H), 5.31 (br dJ = 6.8 Hz, 1H), 5.05 (s, 2H), 4.23-4.14 (m,
1H), 2.95 (ddJ; = 13.2 Hz,J, = 6.4 Hz, 1H), 2.84 (ddl, = 13.4
Hz, J, = 7.8 Hz, 1H), 2.67-2.56 (m, 2H), 2.09 (s, 3HC NMR
(100 MHz, CDC}): ¢ 207.6, 155.7, 137.8, 136.5, 129.2, 128.6,
128.5, 128.0, 127.9, 126.6, 66.5, 49.1, 45.8, 468@5. IR
(ATR): 3367, 3034, 1710, 1686, 1537, 1258, 1060".cHRMS
(ESI) m/z: caled for GgH,;NO;Na [M+Na] 334.1419, found
334.1422.

4.4.12. Benzyl N-(2-methyl-6-oxoheptan-4-yl)carbantate
This product was obtained in 65% vyield (34.4 mgMmsthod A.
Colorless oil;R = 0.11(hexanes/AcOEt = 4:13H NMR (400
MHz, CDCL): § 7.39-7.27 (m, 5H), 5.13 (br d,= 8.4 Hz, 1H),
5.07 (s, 2H), 4.07-3.97 (m, 1H), 2.69 (dg,= 17.0 Hz,J, = 5.0
Hz, 1H), 2.63 (dd)), = 16.8 Hz,J, = 5.2 Hz, 1H), 2.13 (s, 3H),
1.64-1.46 (m, 2H), 1.30-1.23 (m, 1H), 0.92 Jds 8.4 Hz, 3H),
0.90 (d,J = 6.8 Hz, 3H).*C NMR (100 MHz, CDCJ): 6 207.7
155.8, 136.6, 128.5, 128.0, 128.0, 66.5, 48.1,,446326, 30.6,
25.0, 23.0, 22.0.IR (ATR): 3331, 2956, 1697, 15288, 1045
cm’. HRMS (ESI) m/z: caled for GgHpsNOs;Na[M+Na]
300.1576, found 300.1577.

4.4.13. Benzyl N-(3-oxo0-1-phenylbutyl)carbam@tm).?> This
product was obtained in 82% vyield (46.5 mg) by Methb.
White solid; mp 65.5-67.0 °C (toluene)R 0.14
(hexanes/AcOEt = 4:TH NMR (600 MHz, CDCJ): 8 7.37-7.24
(m, 10H), 5.74 (br s, 1H), 5.19-5.13 (m, 1H), 5.11Jd; 12.0
Hz, 1H), 5.09 (dJ = 12.6 Hz, 1H), 3.08 (d] = 13.8 Hz, 1H),
2.93 (dd,J; = 16.5 Hz,J, = 5.7 Hz, 1H), 2.08 (s, 3H}’C NMR
(150 MHz, CDC})): ¢ 206.7, 155.6, 141.1, 136.3, 128.7, 128.5,
128.1, 127.5, 126.2, 66.8, 51.4, 48.6, 30.6. IR RXT3332,
1711, 1687, 1530, 1254, 1051 ¢m

4.4.14. Benzyl N-[1-(2-oxocyclohexyl)ethyl]carbamdfm).
This product was obtained in 81% yield (44.6 mg)Mmthod A
or 76% vyield (41.9 mg) by Method B. Compoubd, in each
method, was obtained as a mixture of diastereonders $0:50).
White solid; R = 0.17 (hexanes/AcOEt = 4:1% NMR (600
MHz, CDChL): ¢ 7.37-7.29 (m, 5H), 5.49 (d,= 9.6 Hz, 0.5H ),
5.45 (d,J = 9.0 Hz, 0.5H), 5.12-5.03 (m, 2H), 3.91-3.85 (m,
0.5H), 3.85-3.79 (m, 0.5H), 2.57-2.21 (m, 3H), 2.0871(m,
3H), 1.70-1.51 (m, 3H), 1.24 (d,= 7.2 Hz, 1.5H), 1.20 (d] =
6.6 Hz, 1.5H).”C NMR (150 MHz, CDGC)): 6 212.9, 212.3,
156.1, 155.7, 136.6, 136.6, 132.1, 132.0, 128.4.01,2128.0,
66.5, 55.1, 54.6, 48.0, 47.6, 42.9, 42.5, 31.80,328.0, 27.2,
24.9, 24.7, 19.8, 16.8. IR (ATR): 3295, 2970, 177683, 1541,
1291, 1254, 1090, 1049 &mHRMS (ESI) m/z: caled for
Ci6H,NO; [M+H] ¥ 276.1600, found 276.1596.

4.4.15. Benzyl N-[(2-oxocyclohexyl)(phenyl)methylheanate
(50).%° This product was obtained in 88% yield (59.6 mg) by

Tetrahedron

Method A or 89% yield (60.0 mg) by Method B. Compd o,
in each method, was obtained as a mixture of deteers (dr =
65:35). White solidR = 0.19 (hexanes/AcOEt = 4:H NMR
(600 MHz, CDC})): 6 7.36-7.20 (m, 10H), 6.12 (br d= 7.8 Hz,
0.35H), 6.06 (br dJ = 7.8 Hz, 0.65H), 5.10-5.01 (m, 2H), 4.96
(dd,J; = 8.4 Hz,J,= 6.6 Hz, 0.65H), 4.90 (dd, = 8.1 Hz,J, =
3.3 Hz, 0.35H), 2.94-2.90 (m, 0.35H), 2.90-2.81 (n§561),
2.38-1.33 (m, 8H)**C NMR (150 MHz, CDG)): ¢ 212.5, 211.4,
156.2, 155.7, 141.2, 140.1, 140.0, 136.4, 128.4.3,2128.3,
128.0, 128.0, 127.9, 127.3, 127.1, 126.6, 66.7,556.7, 54.9,
42.5, 42.3, 32.6, 30.5, 28.1, 26.8, 24.5, 24.4(ARR): 3317,
2951, 2862, 1701, 1678, 1530, 1243, 1143, 11437 to#.

4.4.16. Benzyl N-[1-(1-oxo0-1,2,3,4-tetrahydronaiiein-2-
yl)ethyllcarbamate(5p).?” This product was obtained in 97%
yield (74.9 mg) by Method A. Compourip was obtained as a
mixture of diastereomers (dr = 55:45). White sol,= 0.26
(hexanes/AcOEt = 4:1H NMR (600 MHz, CDCJ): ¢ 8.00 (d,J
= 7.8 Hz, 0.45H), 7.95 (dJ = 7.8 Hz, 0.55H), 7.50-7.12 (m,
13H), 6.93 (br dJ = 9.6 Hz, 0.45H), 5.90 (br s, 0.55H), 5.16-
5.01 (m, 3H), 3.15-2.87 (m, 3H), 2.29-1.73 (m, 2K NMR
(150 MHz, CDC})): ¢ 198.9, 198.5, 156.0, 155.7, 143.7, 143.4,
141.0, 139.6, 136.5, 136.4, 133.7, 133.7, 132.2.5,3132.1,
132.0, 128.7, 128.6, 128.5, 128.4, 128.3, 128.8.01,2127.9,
127.5, 127.4, 127.3, 66.8, 66.7, 56.9, 55.4, H26l, 29.2, 27.9,
27.2, 27.0. 39.2, 29.7, 23.3. IR (ATR): 3338, 302882, 1496,
1454, 1495, 1226, 1156, 1046 tm
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