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ARTICLE INFO ABSTRACT

Article history The base-induced Sommelet—-Hauser (S—H) rearrangeshéi(a-branched)benzylic glycine
Received ester-derived ammonium saltswas investigated. When thebranched substituent was
Received in revised form simple alkyl, such as a methyl or butyl, desiredH Searrangement produ2twas obtained ii
Accepted low yield with formation of the [1,2] Stevens remmged4 and Hofmann eliminated produdis

Available online and6. However, when thea-branched substituent had a 2-oxy moiety, such-asefoxyethyl
or 2-benzoyloxyethyl, the yields & were improved. These results could be explaingd b
formation of chelated intermedia that stabilizes the carbanionic ylide, and thesegient
initial dearomative [2,3] sigmatropic rearrangemesmuld be accelerated. The existenceCof
was supported by mechanistic experiments. Thiswecgment effect is not very strong or

effective; however, it will expand the syntheti@fisness of ammonium ylide rearrangements.
2009 Elsevier Ltd. All rights reserved
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1. Introduction the corresponding S—H produd®){2a in 5-12% yields ana-
. vinylphenyl derivative R)-3 in 48—-73% yields (Scheme 1). [4a]
The base-induced Sommelet-Hauser (S-H) rearrangeshient The main productR)-3 was formed via the dearomative [2,3]

N-benzylic tetraalkylammonium salts is one of theique  ggmatropic reaction followed by 1,4-eliminationheTresults
reactions that proceed via the dearomative [2,8matropic

reaction to generate a dearomatized intermedidieved by re-
aromatization. [1-5] This transformation enablebe t
construction of a new C—C bond on an aromatic rind &
applicable to the synthesis ofaryl amino acid derivatives using
N-benzylic amino acid-derived tetraalkylammoniumtsas a
substrate. However, the substrate and product scopé&s-H
rearrangement are severely limited because sesid@areactions
are complicated such as [1,2] Stevens rearrangerhiefinann
elimination, and @& substitution. Our group has solved the
limitations and successfully improved the yield &-H
rearrangement by discovering of enhancement effentshe
rearrangement, such as (i) use of an electronidefil-benzylic
migrating group, [6] (ii) use of 8BuOK THF solution as a base,
[7] (iii) use of an amino acid amide-derived ammuonisalt as
the substrate, [7] and (iv) stabilization of thebzmionic ylide by
ring strain. [4c] To further expand the synthetiope and utility
of the S-H rearrangement, the discovery of additiona
enhancement effects are still awaited.

Recently, we reported a reaction Nf(a-branched)benzylic
glycine-derived ammonium saltR){1la at —40 to —92 °C to give
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—78 °C (3 runs) 7-8%, 88-90% ee  56-60%, 69-75% ee

-92°C (3runs)  7-12%, 93-95% ee  48-52%, 81-85% ee
Scheme 1Base-induced dearomative [2,3] sigmatropic
rearrangement df-(a-branched)benzylic saltR)-1a.
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were very surprising to us because the initial deative [2,3]
rearrangement smoothly proceeded even at —92 °frdaeide
(R-2a and ®)-3. Our group recognized that aN-(a-
branched)benzylic migrating group is unfavored fbe S-H
rearrangement. For example, reaction Nebenzylic salt1lb
provided the S—H rearrangezb in 80% yield and the [1,2]
rearranged4b in 8% yield (Scheme 2, Eq. (1)).
reaction of N-(a-methyl-branched)benzylic saltc gave 2c in
only 16% yield andlcin 57% yield (Eq. (2)). The ratio of the S—
H versus [1,2] Stevens rearrangement products waersey.
Therefore, we expected that am-(acetoxymethyl)branched

substituent, as inR)-1a depicted in Scheme 1, might accelerate

the inititial dearomative [2,3] sigmatropic reamg@ment and
provide R)-2a and R)-3 as main products. To verify this

In contrast,

Tetrahedron

reactions (Entries 2-4). The yields 2l were improved to
approximately 50%, and the total yield o02d6 was
approximately 80%. To avoid the use of expensivePiVand
simplify the reaction conditions, we attempted te 04eCN as
the main reaction solvent which is easily removalbg
evaporation (Entry 5). [9] The yield &fd was successfully
improved to 60%, and the total yield 2d-6 was 82%. Thus, we
checked the reaction conditions in detail. Thectiea with 2.0
equivalents oftBUOK or under different temperatures (0 to —
40 °C and —78 °C in EtCN) did not show any improvetaen
the yield of2d (Entries 6-9).

Table 1 Optimization of reaction conditions in the base-
induced SH rearrangement dfd into 2d.?

expectation, we began to investigate the base-induseH +,L g
rearran -(a-(2- i A CO21BY i
gement of  N-(a-(2-oxyethyl)branched)benzylic tBuOK THF solution
derivatives1x as an anaologous substrate to eliminate the 1,4- B Solvent
elimination pathway (Eqg. (3)). OAc Temp.,3h
Previous work #2 | 1d |
| | | N._CO,tBu N__CO,tBu
+ 2 2
N CO-tBu N CO,tBu N CO,tBu - -
AT Buok 7 . - 0 . . Ro/\/\©
g~  THF
0°C,3h
OAc OAc 5d (R = Ac)
1b 2b: S-H 4b: [1,2] 2d 4d 6(R=H)
80% 8% S-H [1.2] Hofmann elimination
(Our unpublished result] Entry  Solvent Temp. 2d 4d 5d+6
+ lll CO,tB Ill CO,tB ) ) cedn 0
u u
AN COBU - 2 - 2 1 THF 20 16 26,6/4 17+3
_tBuOK _ + 2
g  THF @ 2 THF/DMPU (8/2) -40 51 12,7/3 1542
" 0°Cc,3h
3 THF/DMPU (9/1) -40 52 12,7/3  13+3
1c 2c: S-H 4c:[1,2]
16% 57%, 5/5 dr 4 THF/DMPU (19/1) -40 47 13,7/3  11+5
5 MeCN/THF (9/1) -40 60 11,6/4 645
| d
+/ 6 MeCN/THF (8/2 —40 55 7,5/5 1+6
SN _copBu L. N COaBu _N__CO,Bu (6/2)
analog « ) 7 MeCN/THF (9/1) —-20 43 15,6/4  9+3
o B ; _—
Br Br 8 MeCN/THF (9/1) 0 24 33,55 945
OAc 2 OR
OR 9 EtCN/THF (9/1) -78 0 23,5/5 1242
(R)-1a 1x 2x

S—H selective ?

Scheme 2S-H @) vs. [1,2] Stevens4) in the base-induced
rearrangement df.

2. Results and discussion

We preparedi-(2-acetoxyethyl) derivativdd as a substrate
and carried out reactions to investigate the acaleffect of the
dearomative [2,3] sigmatropic rearrangement by ting2-
acetoxyethyl)branched substituent, asldy compared with the
a-methyl-branched substituent, as i dipicted in Scheme 1
(Table 1). First, reaction dfd with 1.2 equivalents adBuOK (1
M THF solution) at =40 °C in THF (ca. 0.1 M) forh3(Entry 1)
was examined according to the conditions depicteSicileme 1.
Contrary to our expectations, the reaction gavediésired S—H
rearrangement produ@d in only 16% yield with formation of
side products such as the [1,2] Stevens rearradd€@6%, 6/4
dr), the Hofmann eliminatefid (17%), and its acetate cleaveéd
(3%). The total yield oRd—-6 was 62%. These yields were
determined by'H NMR analysis of the crude product using
mesitylene as an internal standard because 10-26860f the
N,N-dimethyl products2 and 4 accompanied after silica-gel
column chromatographic purification. To improves thield of
2d, we added 5-20% (v/v) 1,3-dimethyl-3,4,5,6-tetrabyd
2(1H)-pyrimidinone (DMPU) [8] into THF and carried outeih

3 Determined byH NMR analysis of the crude product using mesitglas
an internal standard’ Less polar isome#a)/more polar isomerdb)
based on TLC analysi$.Z-isomers o6d and6 were not observed 2.0
equivalents ofBuOK THF solution were used.

With these results in hand, we next investigatedtiipe of
substituent in the migrating group for the S-H r@agement
(Table 2). To clarify that the solvent MeCN itselbes not
accelerate the desired S—H rearrangement, reactionneethyl
branched derivativelc was examined under the optimized
conditions (Entry 1). The reaction produc2d in only 10%
yield and the [1,2] Stevens rearrangement prodacin 30%
yield (5/5 dr). To show that the size of thebranched
substituent does not affect this rearrangementticeaof a-butyl
derivative 1e was also examined (Entry 2). Almost the same
result as withla was obtained2e 15%;4e 30%). The results
indicate that thex-(2-acetoxyethyl) substituent, as 1, would
accelerate the S—H rearrangement. Thus, we prepastdgous
ester derivatives, such as benzoate (Brand pivalate (Pivig),
and carried out their reactions (Entries 3 and e desire®f
and 2g are the main products, respectively: (64%, 2g: 66%).
The use ofert-butylcarbonate (Boc) derivativEh did not lead to
any improvements (Entry 2h: 51%). Unexpectedly, reaction of
methyl ether derivativeli also afforded2i as a main product,
although the yield was slightly lowered (Entry26, 46%).



Table 2 Effect ofa-branched substituent in the migrating
group.

| |
N N

|
CO,tBu - COyBu CO,tBu
g )0 tBUOK .
R B MeCN R R
—-40°C,3h
1c—i 2c—i 4c—i
S-H [1,2]
Entry R 2 (%Y 4 (%Y, dr
1 Me C 10 30, 5/5
2 nBu € 15 30, 5/5
3 CH,CH,OBz f 64 12, 6/4
4 CH,CH,OPiv g 66 N.D.
5 CH,CH,OBoc h 51 N.D.
6 CH,CH,OMe i 46 N.D.

2 Determined byH NMR analysis of the crude product using mesitglas
an internal standard. N.D. = not determined bezausugh amounts dffor
identification were not obtained.Less polar isome#¢a—4fg/more polar
isomer écb—4fb) based on TLC analysis.

To estimate how efficiently these (2-oxyethyl) substituents
can accelerate the S—H rearrangement, we introdurcebbetron-
withdrawing or -donating group onto the aromatic ringthe
migrating group and investigated their reactionab(€ 3). Our

previous studies on the base-induced S-H rearrangeme BzO

clarified that an electron-withdrawing group acceiesahe S—H
rearrangement but that an electron-donating greagtiates the
rearrangement. [7] Reactionsmthloro (j) andp-bromo (k)
derivatives smoothly proceeded to provide the spwading S—
H rearranged2j and 2k as the main products, respective
(Entries 1 and 2); however, reactions pfmethyl (I) and p-

methoxy (m) derivatives did not (Entries 3 and 4). The exact3

reason is unclear at present, the usemafhloro (Ln) and o-
chloro (Lo) derivatives as substrates resulted in lower yiefd3
(Entries 5 and 6). The enhancement effect obtt{2-oxyethyl)
substituent, as ift, would not be as strong, reducing the effect
the aromatic ring substituent.

Based on the above described results, we proposectite
rearrangement af-(2-oxyethyl)branched salts, suchlakand1if,
proceeds via a chelated intermedi@tethat might stabilize the
carbanionic ylide leading to the dearomative [Z&matropic
rearrangement (Scheme 3). To demonstrate thisopitam, we
examined reaction olf in the presence of 18-crown-6 as
potassium ion (K) scavenger to inhibit the formation 6 The
reaction of benzoyl derivativdf in THF-DMPU (9/1) [10]

proceeded to afford the desir@fl as a major product (60%).

However, when the same reaction was carried out iprémence
of 1.2 equivalents of 18-crown-6, which would procega an

intermediateD in resonance with the ammonium ylide and
enolate, the yield o2f was dramatically decreased (10%). The
yields of 2f and 4f were similar with the reaction of non-
chelatablelc and le depicted in Table 2, Entries 1 and 2.

Therefore, it is safe to say that the acceleragéfect of the
dearomative [2,3] sigmatropic rearrangement by tin€2-
benzoyloxyethyl)branched substituent, aslinwas disabled by
addition of 18-crown-6. Other words, the chelatedaaionic
ylide form C would be desired for the initial concerte
dearomative [2,3] sigmatropic rearrangement. [11]

Furthermore, we investigated reaction of chiral ¢8jt1f,

with 6% ee. Racemization would proceed similarly the
reaction of §-1a depicted in Scheme 1. Thus, the reaction was
carried out at a lower temperature to minimize rdeation.
Although the reaction at —60 °C for 3 h resulted ainlow
conversion (43%), the ee oR)(2f [12] was 90% ee. Finally,
when the reaction was performed at —60 °C for 1Rp2{ was
obtained in 58% yield with 85% ee. This result adgpports the
formation of chelated intermedia@ A potassium ion (K, as
in C, coordinates between the ylide carbanion and eatbonyl.
Therefore, the aromatic ring of the migrating grdeplocated
toward the front-side of the ylide carbanion, foll@vby the
dearomative [2,3] sigmatropic rearrangement, whicbdpces
(R)-2f as an enantio-enriched form.

Table 3 Effect of substituent on the aromatic ring in the
migrating group.

N._CO,tBu
_ BuOK
Br MeCN
BzO~ R?® R'" —40°C,3h
RZ
1j-o
lll CO,tB lll CO,tB
u u
- 2 P 2 RO =
+ + R3 R1
R3 R' Bz0” R? R R?
R? R2 5j-0 (R = Bz)
2j-o0 4j—o 6j—0 (R = H)
Entry R R R 2(%yY 4 (%), df®  5+6 (%)"°
1 ] H i 53 N.D. N.D.
ly Br H k 68 N.D. N.D.
Chs H I 6 31, 6/4 11+0
4 OCH H m 0 25, 6/4 10+7
H cl H n 17 34, 6/4 N.D.
of6 H H Cl o 30 N.D. N.D.

2 Determined byH NMR analysis of the crude product using mesitglas
an internal standard. The Hofmann eliminggedl, 5m, andém (Entries 3
and 4) were prepared as authentic samples resplgctinN.D. = not
determined. Because enough amountfof identification were not
obtained or the authentic Hofmann eliminated saswiere not prepared.

+
N CO,tBu N CO,tBu
N_ _CO,tB 2 2
a - o _12eq.1BUOK _
Br ~ THF-DMPU 9/1
OBz —40°C, 3 h
1f (additive)
none 60% N.D.
1.2 eq. 18-crown-6 10% 25% (5/5 dr)
~h /JO\
<7 SotBu HY OtBu
K
o0.__0 O\]&O
Ph Ph

D

d Scheme 3Proposed chelated intermedi@e®btained by the
S—H rearrangement df in the presence of 18-crown-6.

studies on the base-induced S-H

In conclusion, our

which would afford R)-2f if the rearrangement proceeds via rearrangement oiN-(a-branched)benzylic ammonium salis

chelatedC (Scheme 4). First, reaction @){1f was examined at
—40 °C for 3 h, and the desirel){2f was obtained in 68% yield

were described. Am-(2-oxyethyl) substituent such as 2-
acetoxyethyl or 2-benzoyloxyethyl accelerates thuitial
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dearomative [2,3] sigmatropic rearrangement andywes the
desired S—H rearrangement proddcin moderate yields. The
rearrangement proceeds via the chelated interngediatthat
stabilizes the carbanionic ylide leading to therdestive [2,3]
sigmatropic rearrangement. The existence of the chelated

Tetrahedron

The resulting mixture was cooled to room temperatanel
filtered. The filtracts were washed with EtOH and dnigdier
reduced pressure to obtain 3-amino-3-phenylpropandd (2.68
g, 54% yield) as a white solid. This product (2g485.0 mmol)
was added slowly to a suspension of LiA9.85 g, 22 mmol) in

intermediateC could be supported by mechanistic experimentsTHF (30 mL) at 0 °C and the mixture was refluxed Sdn under

(i) the reaction in the presence of 18-crown-6 gstassium ion
(K" scavenger and (ii) the reaction via chiralitynsger from a
chiral benzylic carbon ofg-1f to an a-carbon of the ester

a N, atmosphere. The resulting mixture was cooled tCp
diluted with E}O, and quenched with ;@ (0.85 mL). The
mixture was treated with 15 wt.% NaOH in,(H (0.85 mL)

carbonyl of R)-2f. The enhancement effect is not very strong orfollowed by HO (2.55 mL) and stirred for over 30 min at room

effective; however, it will expand the synthetic ugeéss of
ammonium ylide rearrangements and provide a ungethod of
synthesizingi-arylamino acid derivatives.

+ / ~h
\N\/COZtBU H N\E<002tBU
{BuOK LUK

L Br MeCN-THF (9/1) at —40 °C or \/0\]//‘0
THF-DMPU (9/1 ° 3
OBz U (9/1) at —60 °C L
(S)-1f c
|
_N__CO,tBu .
oH —40 °C, 3 h: 68%, 6% ee
=, —80 °C, 3 h: 43%, 90% ee
-80 °C, 12 h: 58%, 85% ee
OBz
(R)-2f

Scheme 4Proposed chelated intermedi&®btained by the
S—H rearrangement oB)-1f into (R)-2f.

3. Experimental section

temperature. The mixture was and filtered througpad of
Celite and the filtrate was evaporated to obtainmBia-3-
phenylpropan-1-ol (2.01 g, 89% vyield) as colorlesgstals. A
mixture of this product (1.71 g, 11.3 mmol), 37 wt#&€HO in
H,O (1.8 mL, ca. 23 mmol) and HGB (1.75 mL, 46.4 mmol)
was stirred at 100 °C for 15 h. The resulting migtwas cooled

to room temperature and treated with 2 M NaOH p®H The
mixture was extracted with GBI, and the combined extracts
were washed with brine, dried overS$&,, and evaporated. The
residue was purified by bulb-to-bulb distillationden reduced
pressure (3 to 5 mmHg, 150 to 180 °C) to afford 3-
(dimethylamino)-3-phenylpropan-1-ol (1.85 g, 91%Ilg) as a
colorless oil. A solution of this product (581 24 mmol)
and DMAP (79 mg, 0.65 mmol) in GBI, (16 mL) was treated
with Ac,O (0.46 mL, 4.9 mmol) at 0 °C and stirred for 30 min
The resulting mixture was treated with saturated agse
NaHCO;, and extracted with Cil,. The combined extracts
were washed with saturated aqueous NaklC@ried over
N&SQ, and evaporated. Purification of the residue by
chromatography on silica gel (GEI,/MeOH = 20/1 to 10/1 as

General: Infrared spectra (IR) were recorded on a JASCGhe eluent) gave 3-(dimethylamino)-3-phenylpropgttate (451

FT/IR-4600 spectrometer. '"H and *C NMR spectra were
measured on a VariarH: 400 MHz,**C: 100 MHz) or a Bruker
(*H: 400 MHz,**C: 100 MHz) spectrometer. M@ & 0 ppm)
was used as an internal standard in GO& ‘H NMR. CDCl,
(8 77.00 ppm) was used as an internal standard*®MNMR.
The splitting patterns are denoted as follows: sglst; d,
doublet; t, triplet; g, quartet; m, multiplet; ahd, broad peak.
High-resolution mass spectra (ESI) were measured ©hermo
Fisher Scientific LC/FT-MS spectrometer. Specifatations
were recorded on a JASCO polarimeter P-1010. Normaseph

mg, 63% yield) as a colorless oil. A solution asthroduct (473
mg, 2.14 mmol) andert-butyl bromoacetate (347L, 2.35
mmol) in MeCN (4.3 mL) was stirred for 3 days at room
temperature. The resulting mixture was evaporated the
residue was purified by chromatography on silica gel
(CH,CI,/MeOH = 10/1 to 5/1 as the eluent) to affdmi (898 mg,
quant.) as a white solid. IR (ATR)/cm® 2977, 2931, 1732,
1459, 1417, 1395, 1368, 1237, 1151, 1070, 1041, 983, 872,
840, 800, 771, 722, 7044 NMR (400 MHz, CDC}J) 5 7.70-7.35
(5H, br m, Ph), 5.49 (1H, dd, = 10.8, 4.4 Hz, NCHPh), 4.81

HPLC analyses were performed using a JASCO HPLC pumpiH, d,J = 17.2 Hz, NCHCO), 4.33 (1H, dJ = 17.2 Hz,

(PU-2080) and a UV/VIS detector (UV-2075).
involving air- or moisture-sensitive compounds weonducted
in appropriate round-bottomed flasks with a magnstiiting bar
under an argon (Ar) or a nitrogen JNatmosphere. Reactions
under lower temperature were carried out using a taohs
temperature bath with a magnetic stirrer (PSL-1400 BSL-
1800, EYELA, Japan) and an ultracooling reactor (UGR;1
Techno-Sigma Co., Ltd, Japan). A 1.0tBuOK THF solution
was purchased from Tokyo Chemical Industry (TCI),CQdd,
Japan. Tetrahydrofuran (THF) was purchased from KANT
Chemical Co., Inc., Japan as an anhydrous solvAogtonitrile
(MeCN) was dried over 3 A molecular sieves activate208 °C
under vacuum. For the thin layer chromatography Q)T
analysis throughout this work, a FUJIFILM Silicageéd TLC
Plate-Wako was used. The products were purifiedrbparative
column chromatography on silica gel (60N, sphericalitral)
purchased from KANTO Chemical Co., Inc., Japan.

3.1.Representative procedure for preparation of 3-axgt-(2-
(tert-butoxy)-2-oxoethyl)-N,N-dimethyl-1-phenylprogk
aminium bromideid) [13]

A mixture of benzaldehyde (3.05 mL, 30.0 mmol), JOAC
(3.08 g, 40.0 mmol), and malonic acid (3.12 g, 3Gu®ol) in
EtOH (50 mL) was refluxed for 16 h under a &tmosphere.

ReactionsNCH,CO), 4.11 (1H, ddd,) = 11.4, 5.0, 5.0 Hz, CHCIEH,),

3.75 (3H, s, N(CH),), 3.64 (1H, dddJ = 11.4, 8.5, 5.0 Hz,
CHCH,CH,), 3.51 (3H, s, N(CH,), 2.83-2.67 (2H, m,
CHCH,CH,), 1.98 (3H, s, CKCO), 1.52 (9H, stBu); *C NMR
(100 MHz, CDC}) & 170.4, 163.9, 133.8 (br), 131.4, 129.7 (br),
129.3, 128.1 (br), 85.4, 73.3, 61.1, 60.3, 49.43497.8, 27.4,
20.6; HRMS (ESI): calcd for gH;NO, [M — Br]*" 336.21609,
found 336.2166.

3.2.Representative procedure for preparation of 3-(logiaxy)-
N-(2-(tert-butoxy)-2-oxoethyl)-N,N-dimethyl-1-phggpan-1-
aminium bromideif) [13]

A solution of 3-(dimethylamino)-3-phenylpropan-1{dl44 mg,
0.803 mmol), BN (123 pL, 0.882 mmol), and DMAP (5 mg,
0.04 mmol) in THF (4 mL) was treated with BzCI (102,m
0.878 mmol) at room temperature. After stirring20 h at room
temperature, the resulting mixture was diluted witfOHand
extracted with EtOAc. The combined extracts were wasligd
saturated aqueous NaHg@bllowed by brine and dried over
N&SQ,. Evaporation of the solvents and purification thé
residue by chromatography on silica gel gCH/MeOH = 50/1
to 20/1 as the eluent) afforded 3-(dimethylamingik@nylpropyl
benzoate (190 mg, 84% yield) as a colorless oilsoAution of
this product (184 mg, 0.649 mmol) atett-butyl bromoacetate



(215pL, 0.779 mmol) in MeCN (1.3 mL) was stirred for 3 day
at room temperature. The resulting mixture wagexated and
the residue was purified by chromatography on silgel
(CH,CI,/MeOH = 20/1 to 5/1 as the eluent) to obtafr{319 mg,
quant.) as a white solid. IR (ATR)./cm* 2976, 2929, 2874,
1715, 1451, 1415, 1395, 1369, 1342, 1314, 12701,12%52,
1113, 1070, 1025, 983, 937, 873, 840, 807, 771; HAMR
(400 MHz, CDC}) & 7.97-7.91 (2H, m, ArH), 7.67 (1H, br,
ArH), 7.62-7.48 (2H, br m, ArH), 7.57 (1H, 1,= 7.4, 1.2 Hz,
ArH), 7.48-7.38 (4H, m, ArH), 5.66 (1H, dd,= 11.8, 3.8 Hz,
NCHPh), 4.89 (1H, d) = 17.2 Hz, NCHCO), 4.45-4.32 (2H, m,
NCH,CO and CHCHCH,), 3.90 (1H, dddJ = 11.5, 8.9, 4.8 Hz,
CHCH,CHy), 3.80 (3H, s, N(CH),), 3.54 (2H, s, N(CH),), 3.00-
2.82 (2H, m, CHE,CH,), 1.48 (9H, s,Bu); *C NMR (100

MHz, CDCk) & 165.8, 164.0, 133.7 (br), 133.1, 131.4, 129.7, (br)

129.5, 129.3, 129.2, 128.3, 85.4, 73.4, 61.2, 64M5, 27.9,
27.6; HRMS (ESI): calcd for GHNO, [M — Br]* 398.2326,
found 398.2321.

3.3.Representative procedure for the base-induced
rearrangement old to obtain pure tert-butyl 5-acetoxy-2-
(dimethylamino)-3-phenylpentanoatl) (Table 1, Entry 1)

A solution of 1d (141 mg, 0.339 mmol) in THF (3.0 mL) was
treated with a 1.0 MBuOK THF solution (0.41 mL, 0.41 mmol)
at —40 °C under an Ar atmosphere and stirred fom8the same
temperature. The resulting mixture was poured Baturated
aqueous NKCI and extracted with EtOAc.
extracts were washed with saturated aqueous NaH@wed

The combined

3.4.Representative procedure for the base-induced
rearrangement old to obtain pure tert-butyl 2-(dimethylamino)-
2-(2-pentylphenyl)acetai@d) (Table 1, Entry 5)

A solution of1d (137 mg, 0.329 mmol) in MeCN (3.0 mL) was
treated with a 1.0 MBuOK THF solution (0.39 mL, 0.39 mmol)
at —40 °C under an Ar atmosphere and stirred fom8the same
temperature. The resulting mixture was poured Baturated
aqueous NKCI and extracted with EtOAc. The combined
extracts were washed with saturated aqueous NaH@wed
by brine, dried over N&Q,, and evaporated. The residue was
dissolved in CDGJ and mesitylene (15.8L, 0.110 mmol) was
added as an internal standarti NMR analysis of the solution
determined the yields &fd (60%),4d (11%,4da/4db = 6/4),5d
(6%), and6 (5%). The CDGl solution was evaporated and the
residue was purified by chromatography on silica gel
(CH,CI,/EtOAC = 5/1 to 2/1 as the eluent) to obtain pRulg53.2
mg, 48% vyield) as a colorless oil. IR (ATR)./cm® 2977,
2954, 2868, 2819, 2772, 1736, 1459, 1449, 13916,13833,
1140, 1033, 948, 903, 835, 795, 754, 7#1;NMR (400 MHz,
CDCly) 8 7.62-7.56 (1H, m, ArH), 7.24-7.12 (3H, m, ArH), 4.14
(1H, dt,J = 10.8, 6.6 Hz, OC}}, 4.11 (1H, dtJ = 10.8, 6.6 Hz,
OCH,), 4.04 (1H, s, NCHCO), 2.82 (2H, i,= 8.0 Hz, CHAr),
2.27 (6H, s, N(CH),), 2.08 (3H, s, CECO), 2.07-1.90 (2H, m,
CH,CH,CH;), 1.38 (9H, stBu); *C NMR (100 MHz, CDG)) &
171.13, 171.10, 140.1, 135.2, 129.6, 128.5, 12128.,5, 81.2,
70.4, 63.9, 43.2, 30.1, 29.1, 27.9, 21.0; HRMS (E&d)cd for
C1gH3oNO, [M + H]" 336.2169, found 336.2166.

by brine, dried over N&Q,, and evaporated. The residue was3.5.tert-Butyl 2-(dimethylamino)-2-(2-ethylphenyl)acetéie)

dissolved in CDGJl and mesitylene (15.idL, 0.113 mmol) was
added as an internal standartd NMR analysis of the solution
determined the yields dld (16%), 4d (26%, 4da/4db = 6/4),
cinnamyl acetate5@) (17%), and cinnamyl alcohob) (3%).

Colorless oil; IR (ATR)vmmlcm'l 2968, 2933, 2870, 2817, 2769,
1741, 1729, 1448, 1391, 1366, 1347, 1279, 1255912139,
1043, 961, 946, 901, 877, 865, 836, 807, 758;NMR (400

The CDC} solution was evaporated and the residue was purifielfHZ, CDCk) 87.62-7.57 (1H, m, ArH), 7.25-7.15 (3H, m, ArH),

twice by chromatography on silica gel (1st: OH/EtOAC =
15/1 to 10/1 as the eluent; 2ndhexane/EtOAc = 4/1 to 3/1 as
the eluentR: 4da > 4db) to afford puredda (7.1 mg, 6% yield)
as colorless crystals anttlb (7.4 mg, 7% yield) as colorless
crystals. 4da: m.p. 48-51 °C; IR (KBryma/cm’* 3060, 3032,
2976, 2936, 2871, 2836, 2794, 1738, 1706, 1499714455,
1392, 1364, 1321, 1241, 1200, 1147, 1060, 10451,1929, 951,
850, 796, 757, 739, 701 NMR (400 MHz, CDCJ) 5 7.30 (2H,
dddd,J=7.6, 7.2, 1.6, 1.6 Hz, Ph), 7.21 (1H,Jtt; 7.2, 1.6 Hz,
Ph), 7.18-7.13 (2H, m, Ph), 3.90 (1H, ddds 10.9, 7.2, 4.8 Hz,
5-H), 3.73 (1H, dddJ = 10.9, 8.3, 6.4 Hz, 5-H), 3.33 (1H, 3=
11.0 Hz, 2-H), 3.12 (1H, ddd, = 11.2, 11.0, 3.2 Hz, 3-H), 2.23
(6H, s, N(CH),), 1.97 (3H, s, CKCO), 1.93 (1H, dddd] = 13.6,
8.3, 7.2,3.2 Hz, 4-H), 1.77 (1H, dddb+ 13.6, 11.2, 6.4, 4.8 Hz,
4-H), 1.52 (9H, sfBu); *C NMR (100 MHz, CDGJ) & 170.9,
170.2, 141.0, 128.4, 128.1, 126.6, 81.3, 72.6,,62242, 41.2,
32.5, 28.4, 20.9; HRMS (ESI): calcd forH;NO, [M + H]*
336.2169, found 336.2158.4db: m.p. 83-86 °C; IR (KBr)
Vma/CM* 3029, 2977, 2938, 2869, 2832, 2793, 2775, 1734317
1496, 1455, 1390, 1367, 1256, 1238, 1150, 10927,1938, 845,
792, 759, 739, 703H NMR (400 MHz, CDCJ) 5 7.29-7.22 (2H,
m, Ph), 7.21-7.14 (3H, m, Ph), 3.96 (1H, dd&; 11.1, 7.3, 5.2
Hz, 5-H), 3.83 (1H, ddd] =11.1, 7.8, 6.4 Hz, 5-H), 3.28 (1H, d,
J = 11.6 Hz, 2-H), 3.05 (1H, ddd,= 11.6, 11.4, 3.2 Hz, 3-H),
2.47-2.36 (1H, m, 4-H), 2.41 (6H, s, N(Qk, 1.96 (3H, s,
CH;CO), 1.75 (1H, dddd] = 14.2, 11.4, 6.4, 5.2 Hz, 4-H), 1.11
(9H, s,tBu); **C NMR (100 MHz, CDCJ) 5 171.0, 169.3, 140.6,
128.8, 128.3, 126.9, 80.5, 72.6, 62.7, 42.2, 43123, 27.9, 20.9;
HRMS (ESI): calcd for GHsNO, [M + H]" 336.2169, found
336.2160.

4.05 (1H, s, NCHCO), 2.78 (2H, 4,= 7.6 Hz, ®,CHs), 2.26

(6H, s, N(CH),), 1.37 (9H, siBu), 1.25 (3H, tJ = 7.6 Hz,

CH,CH3); °C NMR (100 MHz, CDGJ) 5 171.2, 143.0, 134.8,
128.8, 128.2, 127.7, 126.0, 81.0, 70.5, 43.3, 2288, 15.7;

HRMS (ESI): calcd for GH,NO, [M + H]* 264.1958, found
264.1956.

3.6.tert-Butyl 2-(dimethylamino)-3-phenylbutanoaded)

Colorless crystals; M.p. 46-48 °C; IR (ATR)./cm® 3060,
3027, 3010, 2964, 2931, 2871, 2830, 2776, 1711416097,
1471, 1454, 1389, 1363, 1338, 1297, 1267, 11430,11083,
1062, 1041, 1031, 1009, 996, 968, 908, 852, 816, 788, 753,
700;"H NMR (400 MHz, CDCJ) & 7.33-7.27 (2H, m, Ph), 7.23-
7.17 (3H, m, Ph), 3.28 (1H, d,= 10.9 Hz, 2-H), 3.12 (1H, dd,
= 10.9, 6.8 Hz, 3-H), 2.26 (6H, s, N(gH), 1.51 (9H, s{Bu),
1.18 (3H, d,J = 6.8 Hz, 4-H);"*C NMR (100 MHz, CDG)) &
170.7, 1445, 128.3, 127.3, 126.2, 81.0, 73.4,,439%4, 28.4,
20.3; HRMS (ESI): calcd for gH,eNO, [M + H]* 264.1958,
found 264.1956.

3.7.tert-Butyl 2-(dimethylamino)-3-phenylbutanoadek)

Colorless oil; M.p. 68-70 °C; IR (ATR\)ma)Jcm'1 3058, 3030,
3008, 2976, 2930, 2866, 2827, 2792, 2769, 1713514850,
1389, 1365, 1353, 1287, 1264, 1215, 1146, 10896,10637,
1019, 1000, 959, 910, 866, 842, 786, 757, 740, B96NMR
(400 MHz, CDC}) 8 7.29-7.15 (5H, m, Ph), 3.19 (1H, 35 11.4
Hz, 2-H), 3.06 (1H, dgJ = 11.4, 6.8 Hz, 3-H), 2.42 (6H, s,
N(CHs),), 1.30 (3H, dJ = 6.8 Hz, 4-H), 1.13 (9H, $Bu); *C
NMR (100 MHz, CDCJ) 5 169.9, 143.7, 128.1, 126.4, 80.3, 73.7,
41.2, 39.6, 27.9, 19.1; HRMS (ESI): calcd foidNO, [M +

H]* 264.1958, found 264.1956.
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3.8.tert-Butyl 2-(dimethylamino)-2-(2-pentylphenyl)acetat
(2e)

Colorless oil; IR (ATR)vmmlcm'l 2955, 2929, 2861, 2817, 2770,
1741, 1730, 1458, 1391, 1366, 1347, 1279, 1255912139,
1042, 961, 946, 902, 879, 866, 836, 789, 7H2;NMR (400
MHz, CDCk) & 7.63-7.56 (1H, m, ArH), 7.23-7.12 (3H, m, ArH),
4.04 (1H, s, NCHCO), 2.72 (2H,1= 8.0 Hz, CHAr), 2.26 (6H,

s, N(CH),), 1.75-1.51 (2H, m, C}), 1.46-1.30 (4H, m, CH,
1.37 (9H, stBu), 0.92 (3H, tJ = 7.0 Hz, CHCH,CH,CH,CH);
3¢ NMR (100 MHz, CDGCJ) 8 171.3, 141.7, 135.0, 129.5, 128.2,
127.5, 126.0, 80.9, 70.3, 43.3, 32.8, 31.9, 31718,22.5, 14.0;
HRMS (ESI): calcd for GH3.NO, [M + H]" 306.2428, found
306.2419.

3.9.tert-Butyl 2-(dimethylamino)-3-phenylheptanoates]

Colorless crystals; M.p. 68-71 °C; IR (ATR)/cmi' 2957,
2932, 2861, 2824, 2790, 2766, 1712, 1496, 1454213845,
1207, 1148, 1114, 1098, 1065, 1041, 1026, 1008, 938, 913,
870, 843, 789, 763, 739, 726, 708;NMR (400 MHz, CDC)) &
7.29 (2H, ddddJ) = 7.3, 7.3, 1.6, 1.6 Hz, Ph), 7.20 (1HJt& 7.3,
1.6 Hz, Ph), 7.18-7.13 (2H, m, Ph), 3.32 (1HJd&; 11.1 Hz, 2-
H), 2.95 (1H, dddJ = 11.1, 10.6, 3.2 Hz, 3-H), 2.23 (6H, s,
N(CHy),), 1.58-1.39 (2H, m, C}), 1.52 (9H, s{Bu), 1.32-1.09
(2H, m, CH), 1.09-0.93 (2H, m, C}), 0.78 (3H, tJ = 7.2 Hz, 7-
H); *C NMR (100 MHz, CDG)) 3 170.7, 142.5, 128.13, 128.07,
126.1, 80.9, 72.8, 45.3, 41.2, 33.6, 29.2, 28.45,2P3.8; HRMS
(ESI): calcd for GHz NO, [M + H]" 306.2428, found 306.2420.

3.10.tert-Butyl 2-(dimethylamino)-3-phenylheptanoateh

Colorless crystals; M.p. 28-31 °C; IR (ATR)/cmi' 2972,
2951, 2929, 2871, 2857, 2829, 2782, 1715, 14958,14854,
1391, 1366, 1330, 1316, 1265, 1251, 1221, 11440,11087,
1065, 1033, 1002, 995, 952, 934, 904, 863, 845, 768, 729,
698;"H NMR (400 MHz, CDCJ) & 7.28-7.22 (2H, m, Ph), 7.20-
7.15 (3H, m, Ph), 3.26 (1H, d= 11.6 Hz, 2-H), 2.88 (1H, ddd,
=11.6,11.6, 3.2 Hz, 3-H), 2.41 (6H, s, N({# 2.02 (1H, dtd)
=14.8, 8.4, 3.2 Hz, 4-H), 1.51-1.39 (1H, m, £;H..38-1.13 (3H,
m, CHy), 1.10 (9H, stBu), 1.09-0.98 (1H, m, CH} 0.80 (3H, tJ
= 7.4 Hz, 7-H);"*C NMR (100 MHz, CDCJ) d 169.8, 141.8,
128.9, 128.0, 126.4, 80.2, 73.0, 45.4, 41.2, 398, 27.8, 22.7,
14.0; HRMS (ESI): calcd for Hs,NO, [M + H]* 306.2428,
found 306.2421.

3.11.3-(2-(2-(tert-Butoxy)-1-(dimethylamino)-2-
oxoethyl)phenyl)propyl benzoat@f

Colorless oil; IR (ATR)vmmlcm'l 3062, 2977, 2953, 2867, 2819,
2771, 1716, 1602, 1584, 1451, 1391, 1367, 1314012220,
1176, 1140, 1115, 1069, 1042, 1026, 961, 948, 888, 797,
754, 732, 710'H NMR (400 MHz, CDCJ) 5 8.10-8.06 (2H, m,
ArH), 7.63-7.54 (2H, m, ArH), 7.49-7.42 (2H, m, ArH), 7.25-
7.17 (3H, m, ArH), 4.39 (2H, 1] = 6.2 Hz, OCH), 4.08 (1H, s,
NCHCO), 2.94 (2H, tJ = 7.8 Hz, CHAr), 2.25 (6H, s,
N(CHa),), 2.23-2.04 (2H, m, CHCH,CH,), 1.36 (9H, stBu); **C
NMR (100 MHz, CDC}) 5 171.1, 166.5, 140.1, 135.2, 132.9,
130.3, 129.7, 129.6, 128.5, 128.3, 127.8, 126.5,810.4, 64.4,
43.2, 30.4, 29.3, 27.9; HRMS (ESI): calcd folz,NO, [M +
H]* 398.2326, found 398.2320.

3.12.5-(tert-Butoxy)-4-(dimethylamino)-5-oxo-3-phenylpénty
benzoate4f)

Isolated as a 6/4 mixture of diastereomers. Whiéd; IR

Tetrahedron

(400 MHz, CDCJ) 5 7.99-7.92 (2H, m, ArH), 7.57-7.51 (1H, m,
ArH), 7.45-7.38 (2H, m, ArH), 7.33-7.15 (5H, m, ArH), 4.22
(0.4H, ddd,J = 11.0, 6.9, 5.0 Hz, 1-H), 4.15 (0.6H, ddds 11.1,
6.8, 4.4 Hz, 1-H), 4.09 (0.4H, ddd,= 11.0, 8.5, 6.0 Hz, 1-H),
3.99 (0.6H, dddJ = 11.1, 8.5, 6.0 Hz, 1-H), 3.38 (0.6H, Bz
11.2 Hz, 4-H), 3.33 (0.4H, d,= 11.6 Hz, 4-H), 3.23 (0.6H, ddd,
J=11.2,11.1, 3.2 Hz, 3-H), 3.17 (0.4H, ddd; 11.6, 11.4, 3.2
Hz, 3-H), 2.60 (0.4H, dddd), = 14.2, 8.5, 6.9, 3.2 Hz, 2-H), 2.43
(2.4H, s, N(CH),), 2.25 (3.6H, s, N(CH),), 2.10 (0.6H, ddddJ

= 13.8, 8.5, 6.8, 3.2 Hz, 2-H), 1.97-1.83 (1H, m, 2-B)51
(5.4H, s,tBu), 1.12 (3.6H, stBu); **C NMR (100 MHz, CDG))
5170.2, 169.3, 166.4, 166.3, 141.0, 140.5, 13238,7, 130.35,
130.30, 129.52, 129.46, 128.8, 128.5, 128.35, K8128.1,
126.9, 126.7, 81.3, 80.5, 72.74, 72.65, 63.3, 62293, 42.42,
41.26, 41.17, 32.7, 31.5, 28.4, 27.9; HRMS (ESl)jcaaor
C,H3:NO, [M + H]* 398.2326, found 398.2317.

3.13.3-(2-(2-(tert-Butoxy)-1-(dimethylamino)-2-
oxoethyl)phenyl)propy! pivalat@d)

Colorless oil; IR (ATR)vma)Jcm'l 2975, 2934, 2870, 2818, 2771,
1726, 1480, 1459, 1394, 1367, 1282, 1256, 12200,11835,
947, 902, 836, 798, 7531 NMR (400 MHz, CDC)) 4 7.63-7.57
(1H, m, ArH), 7.24-7.18 (2H, m, ArH), 7.18-7.12 (1H, m, ArH)
4.14 (1H, dgJ = 11.4, 6.4 Hz, OC}), 4.11 (1H, dgJ = 11.4, 6.4
Hz, OCH), 4.04 (1H, s, NCHCO), 2.83 (2H, §, = 8.0 Hz,
CH,Ar), 2.26 (6H, s, N(CH),), 2.10-1.88 (2H, m, C}CH,CH,),
1.37 (9H, stBu), 1.25 (9H, stBu); **C NMR (100 MHz, CDG))

5 178.5, 171.0, 140.2, 135.1, 129.7, 128.5, 12726,5, 81.1,
70.3, 63.8, 43.2, 38.8, 30.4, 29.3, 27.9, 27.3; HRESI): calcd
for C,,HagNO, [M + H]* 378.2639, found 378.2634.

3.14.tert-Butyl 2-(2-(3-((tert-
butoxycarbonyl)oxy)propyl)phenyl)-2-(dimethylamin@ate
(2h)

Colorless oil; IR (ATR)vmmlcm'l 2978, 2934, 2869, 2819, 2772,
1737, 1457, 1393, 1367, 1275, 1253, 1220, 11550,11897,
1040, 1009, 947, 914, 903, 852, 837, 794, 753, MB2NMR
(400 MHz, CDC}) & 7.61-7.55 (1H, m, ArH), 7.25-7.13 (3H, m,
ArH), 4.18-4.07 (2H, m, OC}), 4.05 (1H, s, NCHCO), 2.84
(2H, t,J = 7.8 Hz, CHAr), 2.27 (6H, s, N(Ch),), 2.13-1.93 (2H,
m, CH,CH,CH,), 1.50 (9H, stBu), 1.37 (9H, stBu); **C NMR
(100 MHz, CDC}) & 171.0, 153.6, 140.0, 135.2, 129.6, 128.4,
127.7, 126.4, 81.8, 81.1, 70.2, 66.4, 43.1, 30819,227.8, 27.7;
HRMS (ESI): calcd for @HsNOs [M + H]* 394.2588, found
394.2578.

3.15.tert-Butyl 2-(dimethylamino)-2-(2-(3-
methoxypropyl)phenyl)acetat& X

Colorless oil; IR (ATR)vmmlcm'l 2977, 2929, 2867, 2821, 2770,
1740, 1729, 1478, 1458, 1448, 1391, 1367, 1349012855,
1219, 1139, 1118, 1042, 948, 902, 884, 836, 793, 'F5NMR
(400 MHz, CDCJ) 8 7.62-7.55 (1H, m, ArH), 7.25-7.14 (3H, m,
ArH), 4.08 (1H, s, NCHCO), 3.44 (1H, d, = 9.4, 6.4 Hz,
OCH,), 3.41 (1H, dt]) = 9.4, 6.4 Hz, OCH), 3.37 (3H, s, OCH),
2.82 (2H, tJ = 7.8 Hz, CHAr), 2.27 (6H, s, N(Ch),), 2.01-1.83
(2H, m, CHCH,CH,), 1.37 (9H, stBu); *C NMR (100 MHz,
CDCly) 5 171.2, 140.8, 135.2, 129.6, 128.3, 127.6, 12612),8
71.9, 70.2, 58.4, 43.1, 31.0, 29.1, 27.8; HRMS (E&)cd for
C1gH3oNO; [M + H]* 308.2220, found 308.2212.

3.16.3-(2-(2-(tert-Butoxy)-1-(dimethylamino)-2-oxoethy})-4
chlorophenyl)propyl benzoatgj}

(ATR) vpofcm™ 2974, 2934, 2876, 2827, 2765, 1715, 1602,Colorless oil; IR (ATR),o/cm 3062, 2977, 2954, 2897, 2868,

1583, 1495, 1473, 1452, 1366, 1313, 1271, 12013,11417,
1069, 1024, 976, 941, 866, 846, 793, 756, 710, 848\NMR

2821, 2774, 1716, 1601, 1483, 1451, 1392, 13679,13314,
1270, 1220, 1141, 1111, 1069, 1042, 1026, 959, 839, 838,



813, 790, 736, 710H NMR (400 MHz, CDCJ) 5 8.08-8.04 (2H,
m, ArH), 7.65 (1H, dJ = 2.4 Hz, ArH), 7.57 (1H, ttJ = 7.4, 1.4
Hz, ArH), 7.45 (2H, dddd) = 8.1, 7.4, 1.4, 1.4 Hz, ArH), 7.19
(1H, dd,J = 8.2, 2.4 Hz, ArH), 7.13 (1H, d, = 8.2 Hz, ArH),
4.38 (2H, tJ = 6.2 Hz, OCH), 4.03 (1H, s, NCHCO), 2.97-2.83
(2H, m, CHAr), 2.25 (6H, s, N(ChH),), 2.20-2.01 (2H, m,
CH,CH,CH;), 1.38 (9H, stBu); *C NMR (100 MHz, CDG)) &
170.4, 166.4, 138.6, 137.2, 132.9, 132.4, 130.9.213129.5,
128.6, 128.3, 128.0, 81.6, 70.4, 64.2, 43.1, 3Q28, 27.8;
HRMS (ESI): calcd for gH3,CINO, [M + H]" 432.1936, found
432.1921.

3.17.3-(4-Bromo-2-(2-(tert-butoxy)-1-(dimethylamino)-2-
oxoethyl)phenyl)propyl benzoa@kj

Colorless oil; IR (ATRV./cm* 3062, 2977, 2954, 2868, 2821,
2774, 1716, 1602, 1586, 1479, 1451, 1392, 1367813314,
1270, 1220, 1174, 1141, 1110, 1069, 1042, 1026, 985, 890,
837, 809, 735, 710H NMR (400 MHz, CDC}) 5 8.05 (2H, dd,
J=7.9, 1.2 Hz, ArH), 7.79 (1H, d,= 2.0 Hz, ArH), 7.57 (1H, t,
J = 7.6 Hz, ArH), 7.45 (2H, dd] = 7.9, 7.6 Hz, ArH), 7.34 (1H,
dd,J = 8.2, 2.0 Hz, ArH), 7.07 (1H, d, = 8.2 Hz, ArH), 4.37
(2H, t,J = 6.2 Hz, OCH), 4.01 (1H, s, NCHCO), 2.96-2.80 (2H,
m, CHAr), 2.25 (6H, s, N(CH,), 2.19-2.01 (2H, m,
CH,CH,CH,), 1.38 (9H, stBu); **C NMR (100 MHz, CDCJ) &
170.4, 166.5, 139.1, 137.6, 133.0, 131.5, 131.3,13130.3,
129.6, 128.4, 120.4, 81.7, 70.5, 64.2, 43.2, 3QR9, 27.9;
HRMS (ESI): calcd for @H3,BrNO, [M + H]* 476.1431, found
476.1410.

3.18.3-(2-(2-(tert-Butoxy)-1-(dimethylamino)-2-oxoethy})-4
methylphenyl)propyl benzoat@&

Yellow oil; IR (ATR) v,mlcm’l 2925, 2856, 2819, 2771, 1717,
1638, 1602, 1584, 1501, 1451, 1391, 1367, 1314012215,
1142, 1114, 1069, 1042, 1026, 963, 936, 902, 843, B39, 711;
'H NMR (400 MHz, CDCJ) & 8.07 (2H, ddJ = 8.2, 1.4 Hz,
ArH), 7.57 (1H, tt,J = 7.6, 1.4 Hz, ArH), 7.48-7.41 (3H, m,
ArH), 7.07 (1H, d,J = 7.6 Hz, ArH), 7.02 (1H, dd] = 7.6, 1.6
Hz, ArH), 4.37 (2H, tJ = 6.4 Hz, OCH), 4.03 (1H, s, NCHCO),
2.89 (2H, tJ = 7.8 Hz, CHAr), 2.30 (3H, s, ArCH), 2.25 (6H, s,
N(CHs),), 2.19-2.03 (2H, m, C}CH,CH,), 1.36 (9H, stBu); **C
NMR (100 MHz, CDC}) 5 169.7, 166.6, 137.0, 136.1, 132.9,
130.4, 129.58, 129.57, 128.9, 128.7, 128.3, 7(454,613.3, 30.4,
29.7, 29.0, 27.9, 21.0; HRMS (ESI): calcd forlz,NO, [M +
H]* 412.2482, found 412.2472.

3.19.5-(tert-Butoxy)-4-(dimethylamino)-5-oxo-3-(p-tolylye
benzoate4])

Isolated as a 6/4 mixture of diastereomers. Cedsrloil; IR

81.2, 80.4, 72.72, 72.69, 63.3, 62.9, 42.0, 41192,441.1, 32.7,
31.4, 28.4, 27.9, 21.1, 20.9: HRMS (ESI): calcd @®gH:,NO,
[M + H]" 412.2482, found 412.2472.

3.20.5-(tert-Butoxy)-4-(dimethylamino)-3-(4-methoxyphe®yl)-
oxopentyl benzoatdr)

Isolated as a 5/5 mixture of diastereomers. YelbdmR (ATR)
Vma/CM* 3005, 2962, 2932, 2869, 2833, 2790, 2770, 1718216
1584, 1513, 1469, 1450, 1390, 1366, 1313, 1271512475,
1145, 1116, 1069, 1035, 1025, 1006, 942, 911, 829, 791,
734, 710;*H NMR (400 MHz, CDC}J) 3 8.00-7.92 (2H, m, ArH),
7.58-7.50 (1H, m, ArH), 7.46-7.37 (2H, m, ArH), 7.16-7 (@81,
m, ArH), 6.84 (1H, ddd,) = 8.4, 2.4, 2.4 Hz, ArH), 6.80 (1H,
ddd,J =8.4, 2.4, 2.4 Hz, ArH), 4.21 (0.5H, ddtk 11.1, 6.8, 5.0
Hz, 1-H), 4.16 (0.5H, ddd) = 11.0, 6.6, 4.8 Hz, 1-H), 4.08
(0.5H, dddJ = 11.1, 8.5, 6.0 Hz, 1-H), 4.00 (0.5H, ddd; 11.0,
8.4, 6.2 Hz, 1-H), 3.76 (1.5H, s, OQH3.75 (1.5H, s, OCH),
3.33 (0.5H, dJ = 11.2 Hz, 4-H), 3.29 (0.5H, d,= 11.6 Hz, 4-
H), 3.18 (0.5H, dddJ = 11.2, 11.2, 3.2 Hz, 3-H), 3.12 (0.5H,
ddd,J =11.6, 11.6, 3.2 Hz, 3-H), 2.57 (0.5H, dddd; 14.0, 8.5,
6.8, 3.2 Hz, 2-H), 2.42 (3H, s, N(GH), 2.26 (3H, s, N(CH).),
2.07 (0.5H, ddddj = 14.0, 8.4, 6.6, 3.2 Hz, 2-H), 1.93-1.78 (1H,
m, 2-H), 1.51 (4.5H, $Bu), 1.15 (4.5H, stBu); **C NMR (100
MHz, CDCkL) & 170.3, 169.4, 166.4, 166.3, 158.5, 158.2, 132.8,
132.75, 132.71, 132.4, 130.34, 130.29, 129.7, 12929.4,
128.9, 128.23, 128.22, 113.9, 113.7, 81.3, 80.8,%3.3, 62.9,
55.2, 55.0, 41.6, 41.5, 41.2, 41.1, 32.7, 31.44,287.9; HRMS
(ES): calcd for GsHzNOs [M + H]* 428.2431, found 428.2422.

3.21.3-(2-(2-(tert-Butoxy)-1-(dimethylamino)-2-oxoethy})-5
chlorophenyl)propyl benzoatén()

Colorless oil; IR (ATR)vmm/cm'l 2977, 2954, 2931, 2868, 2820,
2773, 1716, 1597, 1569, 1478, 1451, 1391, 13674,13270,
1221, 1140, 1112, 1069, 1043, 1026, 949, 901, 888, 790,
710;'H NMR (400 MHz, CDC)) 3 8.07 (2H, dd,J = 8.0, 1.2 Hz,
ArH), 7.60-7.53 (2H, m, ArH), 7.46 (2H, dd,= 8.0, 7.2 Hz,
ArH), 7.23-7.18 (2H, m, ArH), 4.40 (2H, §,= 6.2 Hz, OCH),
4.02 (1H, s, NCHCO), 2.97-2.83 (2H, m, &), 2.23 (6H, s,
N(CHa),), 2.20-2.03 (2H, m, CHCH,CH,), 1.36 (9H, stBu); **C
NMR (100 MHz, CDC}) 5 170.7, 166.5, 142.2, 133.9, 133.6,
133.0, 130.3, 130.1, 129.6, 129.5, 128.4, 126.%,810.1, 64.3,
43.1, 30.2, 29.2, 27.9; HRMS (ESI): calcd foutz,CINO, [M +
H]* 432.1936, found 432.1923.

3.22.5-(tert-Butoxy)-3-(3-chlorophenyl)-4-(dimethylamirs)-
oxopentyl benzoatdit)

Isolated as a 5/5 mixture of diastereomers. Cderleil; IR
(ATR) Vma/CMT 2975, 2936, 2870, 2833, 2790, 1715, 1598,

(ATR) vpa/cm® 2969, 2936, 2869, 2832, 2788, 1713, 1602,1573, 1474, 1452, 1432, 1391, 1367, 1314, 1269411413,

1584, 1515, 1471, 1450, 1391, 1365, 1313, 12709,11415,
1069, 1048, 1026, 975, 961, 944, 849, 815, 788; HMR
(400 MHz, CDCJ) 5 8.00-7.91 (2H, m, ArH), 7.57-7.49 (1H, m,
ArH), 7.46-7.36 (2H, m, ArH), 7.13-7.02 (4H, m, ArH), 4.21
(0.4H, dddJ = 10.9, 6.8, 4.8 Hz, 1-H), 4.15 (0.6H, ddd; 11.0,
6.9, 4.8 Hz, 1-H), 4.09 (0.4H, ddd,= 10.9, 8.4, 6.0 Hz, 1-H),
4.00 (0.6H, ddd) = 11.0, 8.3, 6.2 Hz, 1-H), 3.37 (0.6H, Xz
11.2 Hz, 4-H), 3.31 (0.4H, d,= 11.6 Hz, 4-H), 3.19 (0.6H, ddd,
J=11.2,11.0, 3.2 Hz, 3-H), 3.13 (0.4H, ddd; 11.6, 11.4, 3.2
Hz, 3-H), 2.57 (0.4H, dddd), = 14.2, 8.4, 6.8, 3.2 Hz, 2-H), 2.42
(2.4H, s, N(CH),), 2.30 (1.8H, s, ArCl), 2.28 (1.2H, s, ArCH),
2.25 (3.6H, s, N(CH),), 2.07 (0.6H, ddddj = 13.5, 8.3, 6.9, 3.2
Hz, 2-H), 1.94-1.80 (1H, m, 2-H), 1.51 (5.4H, t8u), 1.13
(3.6H, s,tBu); °C NMR (100 MHz, CDGJ)) & 170.3, 169.3,
166.4, 166.3, 137.8, 137.3, 136.3, 136.0, 132.30,66, 130.35,
130.30, 129.5, 129.4, 129.2, 128.9, 128.6, 128.26,19, 127.9,

1069, 1046, 1026, 999, 943, 878, 842, 783, 737, ©896; 'H
NMR (400 MHz, CDCJ) & 7.98-7.89 (2H, m, ArH), 7.58-7.51
(1H, m, ArH), 7.46-7.38 (2H, m, ArH), 7.25-7.14 (3H, m, ArH)
7.14-7.05 (1H, m, ArH), 4.24 (0.5H, dd#i= 11.1, 6.2, 5.4 Hz, 1-
H), 4.17 (0.5H, ddd) = 11.2, 6.4, 5.0 Hz, 1-H), 4.11 (0.5H, ddd,
J=11.1, 8.3, 5.8 Hz, 1-H), 4.02 (0.5H, ddds 11.2, 8.2, 5.8 Hz,
1-H), 3.32 (0.5H, dJ = 11.4 Hz, 4-H), 3.28 (0.5H, d,= 11.6
Hz, 4-H), 3.21 (0.5H, ddd) = 11.4, 10.6, 3.0 Hz, 3-H), 3.15
(0.5H, ddd,J = 11.6, 11.2, 3.0 Hz, 3-H), 2.61 (0.5H, dddds
14.5, 8.3, 6.2, 3.0 Hz, 2-H), 2.42 (3H, s, N@}H 2.24 (3H, s,
N(CH,),), 2.09 (0.5H, ddddJ = 14.2, 8.2, 6.4, 3.0 Hz, 2-H),
1.99-1.82 (1H, m, 2-H), 1.50 (4.5H,t8u), 1.16 (4.5H, stBu);
¥C NMR (100 MHz, CDCJ) 5 169.8, 169.0, 166.4, 166.3, 143.4,
143.0, 134.3, 134.2, 132.85, 132.82, 130.2, 131R9,7, 129.6,
129.5, 129.4, 128.9, 128.3, 128.1, 127.1, 127.®.92126.5,
81.5, 80.8, 72.6, 72.5, 63.1, 62.8, 42.41, 42.383,441.2, 32.5,
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31.3, 28.4, 27.9; HRMS (ESI): calcd fog85,CINO, [M + H]"
432.1936, found 432.1926.

3.23.3-(2-(2-(tert-Butoxy)-1-(dimethylamino)-2-oxoethy})-6
chlorophenyl)propyl benzoat2d)

Colorless oil; IR (ATRV /e’ 2977, 2954, 2931, 2896, 2867,
2820, 2773, 1717, 1451, 1392, 1367, 1314, 1270612141,
1112, 1069, 1044, 1027, 958, 914, 836, 778, 738; 'HNMR
(400 MHz, CDC}) & 8.10 (2H, ddJ = 7.7, 1.2 Hz, ArH), 7.61-
7.51 (2H, m, ArH), 7.45 (2H, dd,= 7.7, 7.2 Hz, ArH), 7.32 (1H,
dd,J = 8.0, 1.2 Hz, ArH), 7.16 (1H, dd,= 8.0, 8.0 Hz, ArH),
4.51-4.39 (2H, m, OC}), 4.11 (1H, s, NCHCO), 3.17 (1H, ddd,
J=13.5,10.9, 5.6 Hz, GiAr), 3.04 (1H, ddd) = 13.5, 10.9, 5.6
Hz, CHAr), 2.24 (6H, s, N(CH,), 2.20-2.00 (2H, m,
CH,CH,CH,), 1.37 (9H, siBu); **C NMR (100 MHz, CDCJ) &
170.6, 166.6, 138.3, 137.6, 134.8, 132.9, 130.4.612129.2,
128.3, 127.3, 127.2, 81.6, 70.7, 64.7, 43.0, 28B9, 26.4;
HRMS (ESI): calcd for §H4,CINO, [M + H]* 432.1936, found
432.1923.

3.24.85% ee of (R)-3-(2-(2-(tert-Butoxy)-1-(dimethylami@e)
oxoethyl)phenyl)propyl benzoate [(&} (Scheme 4, —60 °C, 12
h)

Colorless oil; §]%%s —72.6 ¢ 1.0, EtOH) for 85% ee
[determined by HPLC analysis: Daicel Chiralpak AD-Huoh
(25 cm),n-hexandPrOH = 90/10 as the eluent, flow rate = 0.50
mL/min, tz = 8.7 min for §-2f (7.3%) and 10.4 min forR)-2f
(92.7%)]. Other spectroscopic data: 8e
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