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An efficient synthesis of methyl ketones from temali olefins using Pd@ICrO; systen
mimicking the Wacker process is developed. The aotktehows good functional grot
compatibility, no aldehyde by-products and is opierally simple. CrQis the sole oxidant al
replaces both Cu-salts and molecular oxygen, taaditly used in this process. The met
holds potential for future applications in orgasymthesis.
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1. Introduction

The methyl ketone moiety is ubiquitously found iramy
natural products. There has been extensive developin the
synthesis of this unit from terminal olefins by tt\éacker type
oxidation. The conventional Wacker process of axia of
ethylene to acetaldehyde is catalyzed by an agtisnlof PdC}
combined with CuG| under Q atmospheré&’ Although
commercially successful, the process suffers froertamn
limitations. Most significant being the generatiohHCI [from
CuCl, which is required to promote the re-oxidation o{®do
Pd(11)] which corrodes the reactor and as well ipoesible for
the formation of chlorinated by-products. Tsuji armtworkers
extended this elegant method to construct methidries from
terminal olefins using the Pd@BCuCl, catalytic system, known

popularly as Wacker—Tsuiji oxidatiéi.In order to overcome the /\R

drawbacks present in conventional Wacker processerae
modifications and new advancements are documé’ﬁtEdstIy,
use of oxygen as a sole oxid&ht****then direct @ coupled
Wacker oxidation associated with coordinating apiliof
solvent: .
were developed. Further, appropriate co-catdfj&s" e
and/or solvent&?"*'® nitrogen based ligand&™ organic

oxidants such as benzoquindtf&}*®® organic peroxide®:**

nitrite$>® and hydrogen peroxiffe were also investigated.

Supporting the catalyst ingredients onto polyfféfswas also
explored. A recent development uses potassium berasta
oxidant®

alternatives for terminal oxidants.

In many palladium catalysed processes, inorganiédants
[Ag(OAC),,” Tl(IlNsalts,'® CuCh,** Cu(OAc),> HNO,,*® HIO,,
K,S,0g,"° and heteropolyoxometalat@sare known to promote

the re-oxidation of Pd(0) into highly active Pd(fQus enabling
catalytic reactions. Inspired by the alternatives ferminal
oxidation of Pd(0) to Pd(ll), we believed that aroriganic
oxidant can replace the use of both Gu&lid Q in the Wacker
process. We envisioned examining the commonestaisdused
in normal alcohol oxidation, primarily based onaimium metal.
We here in display a mild process using €& the sole oxidant
in PdC} catalyzed oxidation of terminal olefins to methgténes
in excellent yields (Scheme 1). No olefin isomeiat or
aldehyde formation was observed. The reaction doesequire
any pressurization of r any dry reagents. Cg®eing a cheap
oxidant and freely soluble in water makes this meétho
advantageous and operationally simple.
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PdCl,, CrO;

CH3CN:H,0 (7:1)

1 60 °C

&2 5uch as DMF, DMA, NMP or ethylene carbonate Scheme 1. Oxidation of terminal olefins to methyl ketones. EG

functional group
2. Results and Discussion

Initially, 1-tetradecene was treated with Pd@ mol-%) and
CrGs; (1.0 equiv.) in a mixture of C}€N/H,O (7:1) at 40 °C. The
reaction was complete within 1.5 h giving tertadean2- as the

Hence there is an on-going interest in search ofole product in quantitative yield. No trace of &igde was

formed. The npurification process was mere filtratioh the

reaction mixture through a pad of silica gel to o@mwater and
chromium by-products delivering the product afteltrefte

concentration in virtually pure form.
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The detailed optimization of reaction conditidos oxidation  Table 2
of 1-tetradecene as model substrate varying tHedsaim source, Screening the different solvents for oxidation g@efradecerfe
solvents, oxidants and temperature are shown belown Fhe P4Cl o o]

L . . X A > (5 mol-%)
optimization study in Table 1, the oxidation ofetradecene with CrO; (1 equiv.) /\M)k
PdCh (5 mol-%) and Cr@(1.0 equiv) gave the best results (entry Me/\M:O\ | . > Me 10 Ve
1). Other Pd-catalysts or oxidants gave inferioultes All the Solvent, 40 °C 2a
reactions were carried out in a closed flask. Traetien under E 1 ol P Vield (%a7
N, atmosphere also worked well giving comparable regeltry ntry olven t(h) teld (%)
18, Table 1). The solvent screening indicated thatmixture of 1 THF:H,O (7:1 12 6C
CI_—|3CN:H2Q in 7:1 ratio was the best combination (Table 2) for, DMF:H,0 (7:1) 9 55
this oxidation.

h d&v based iyt q 3 CH;CN:H,O (7:1 KIRE Quant

From the optimization study based on cata axidant ) -
concentration it inferred that PdC{5 mol-%) and Cr@ (0.5 4 Toluene:+,0 (7:1, 1€ c
equiv) were quite economical for this oxidation (leaB). While 5 CH;CN:H,O (1:1 0.t 76
preliminary investigations were carried out at 40, %he 4 CH,CN:H,0 (2:1, 1.C 88
temperature dependence study revealed that 60e&Ziae was :

7 CH;CN:H,0 (5:1 1t 92

optimum with reduced reaction time (Table 4).

Tablel
Optimization varying different palladium catalystedeoxidants

for oxidation of 1-tetradecehe
Me/\ﬁ)kMe
10

Pd-catalyst (5 mol-%)
oxidant (X equiv.)

CH3CN:H,0 (7:1), 40°C

1 2a

Entry Pc-catalys Oxidan t Yield
(equiv.) (h) (%)°

1 PdC, CrG; (1.0 iLE Quant
2 PdC, PCC (1.0 24 NR
3 PdC, PCC (15 24 NR
4 PdC, PDC (1.0 5C NR
5 PdC, PDC (1.5 5C NR
5 PdC, KMnO, (1.0) 12C 18
6 PdC, KMnO,(1.5) 12C 21
7 PdC, K,CrG, (1.0 24 40
8 PdC, K.CrG, (1.5) 2C 45
9 PdC, K.,Cr,0;(1.0) 72 15
10 PdC, K.Cr,0;(1.5) 6C 18
11 Pd(OAc, CrG; (1.0] 48 38
12 Pd(OAc; CrG; (1.5 46 54
13 Pd(CFCQ,),  CrC;(1.0) 24 61
14 Pd(CECQCy), CrC;(1.5) 1€ 77
15 Pd(PPL), CrG; (1.0; 24 34
16 Pd(PPL), CrG; (1.5 24 37
17 -- CrG; (1.0; 3 NR
18 PdC, CrG; (1.0) 1.7 97

¢ All reactions were carried out on 0.4 mmol of olefin
closed flask.” Isolated yield. NR = no reactiofi.Reaction
under N.

2All reactions were carried out on 0.4 mmol of olefinclosed
flask.® Isolated yield.

Table3
Optimization varying the mole ratio of Pg@ind equiv. of Cr@
for oxidation of 1-tetradecehe

o}
PdCl, (X mol-%)

CrO3 (Y equiv.) /%/%k
Me% > Me " Me

CHACN:H,0 (7:1) 2a
1 40°C
Entry PdC, CrGCs, t Yield(%)”
(mol-%) (equiv.)

1 5 0.25 120 h 57

2 5 0.5 105t 94

3 5 1.0 1.5h Quant
4 5 1.t 45 mir Quant
5 5 2.C 40 mir Quan
6 1C 0.t 5h 97

7 1C 1.C 1h Quant
8 1C 1.t 40 mir Quart.
9 2 15 25t 97

10 2 10 25t 96

11 2 0.t 125¢F 87

2All reactions were carried out on 0.4 mmol of olefinclosed
flask.® Isolated yield.




Table4
Optimization varying the temperature for oxidatiod -
tetradecerfe

Table5

Synthesis of methyl ketones from terminal olefins

0 PdCl, (5 mol-%) o
PdCl, (5 mol-%) A CrO; (0.5 equiv) )L
CrO; (0.5 equiv.) /\M)L R > R
Me/M;\ > Me 10 Me 1 CH4CN:H,0 (7:1), 60 °C 2 (24 examples)
CHLCN:H,0 (7:1) 2a
1 T°C Entry  Produc t  Yield
(h) (%)
Entry Temperature®C) t(h) Yield %° 1 o) 2a, R =nCgH1, 6E OF
1 1C 12C 38 2 )kR 2b, R =I’IC12H25 6.5 9€
2 rt 9C 65 3 0 2c,X=Br,n=7 7 o1
3 ac 10% 94 4 )kM/\x 2d, X = OH, n = 7 91
4 5C 8 96 5 " 2¢X=O0Bzn=: 7 93
2 =l0 EE £l 6 2f, X = OMOM, n = ¢ 8 78
6 8C 6 91 7 29, X = OTBDPS, n = 12 91
2All rEactions were carried out on 0.4 mmol of olefinclosed 8 2h, X = CGEt, n = ( 7 85
flask." Isolated yield. i .
9 2i, X=CCMe,n=" 92
1c 2, X=CCH,n=: 8C
11° o O 2k, n=¢€ 14 7t
12° M 2l,n=¢ 14 78
Following the findings from the above optimizatiotudy, we A o 4 om. R = Pt 12 8C
chose a combination of PdGb mol-%), CrQ (0.5 equiv.), in - , '
CH,CN:H,0 (7:1) at 60 °C as the optimum reaction condition. 14 )K/OR 2n, R =Br 12 o€
With this operationally simple procedure and optieod 15 20, R = 4-tBu-pheny 14 81
conditions, we evaluated the scope and limitatiofisthis L
method. At the onset we explored the long chain ivaietd 'S 2p, R = 2-Br-5-OMe-pheny 12 64
olefins and aliphatic olefins with distal functiorgdoups (Table 17 29, R' = 2-naphthy 16 9€
5). 1-Decene and 1- tetradecene gave the methyhést@a and 18 2r, R' = 4-methylbenzoy 12 72
2b) in excellent yields in 6.5 h. The oxidation wasngatible £ 2¢ R = 4-nitrob | 12 72
with diverse functional groups: halides, hydroxykenkoates, ® s, R' = 4-nitrobenzoy
MOM, silyl, esters and acids were all tolerated givihe methyl 2C 2t, R = 3,t-dinitrobenzoy 12 64
ketone products in good to excellent yield@s-{). No OH group 0
oxidation or deprotection of acid labile groups whserved with )k/o
CrG; involved. When the oxidation of terminal OH contaipi 21 2u 1260
olefin 1d was carried out over 7 h in absence of Pd-catailyst,
delivered the aldehyde through OH oxidatiorxir0% yield. The HOC
olefin bond was intact. This indicates the utilinatiof CrQ in Q
Pd-oxidation and as well that it do not alone oxdihe OH )K/O
group substantially. Terminal dienes gave methidettines in 20b o ov 18 65
good vyields 2k and I). Primary allyl alcohols with various )i
protecting groups: phenyl, benzyl, tlutylphenyl, 2-bromo-5- g 0
methoxyphenyl, 2-naphthyl, 4-methylbenzoyl and atignzoyl
delivered methyl ketones (Table Bmn-t) in good to excellent 0
yields after 12-16 h of reaction time. Hydroxylyddited salicylic o @‘0 ow 18 69
acid gave the methyl ketor2ei in 60% vyield (Table 5, entry 21). 0
Similarly bis-allylated salicylic acids (with esteand ether \*{\ 0
functionality) gave the diketone2v in 65% and2w in 69% 0
yields (Table 5, entries 22 and 23). Menthyl adifher efficiently
gave2x in 84% yield in a 8 h reaction (entry 24).
24 2x 8 84

 Reaction conditions: Substrate (0.4 mmol), F, (0.02 mmol),
Cr0O; (0.2 mmol), CHCN (3.5 mL), HO (0.5 mL), at 6°C in
closed flask.” Diene substrate (0.4 mmol), Pd@D.04 mmol),
Cr0O; (0.4 mmol), CHCN (3.5 mL), HO (0.5 mL), at 6°C in
closed flask’ Isolated yields.
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Protected secondary allyl and homoallyl alcoholse ar Table7
considered to be classically difficult substrates do possible
coordination of neighbouring oxygen atom to the lewacidic
palladium causing water attack through multiplehpatys®**’ PdCI, (5 mol %) a

Oxidation of styrenes to aryl methyl ketofies

These compounds under the present protocol alsotecta A\, Cr0s (05equiv) )kA
successfully, tolerating different protecting greu@able 6). The CHACN:H,0 (7:1), 60 °C '
acyloin products4a-d, entries 1-4) were obtained in good yields. % 6 (8 examples)

Homoallyl alcohols gave the protectef-hydroxy ketone
products 4e-k, entries 5-11) in good yields in 8-18 h reaction

time. Similarly, the acetonide protected compoudt) (vas Entry  Produc t Yield
obtained in moderate yield with untouched acetomdaety (hy %"
(entry 12). I o &a, Ar=Pr 8 82
2 )k 6b, Ar = 4-Cl-pheny 160 7&
Tal_:>|e§ 3 Ar 6c, Ar = 4-Me-pheny 16 71
Oxidation of protected allyl and homoallyl alcotols 4 6d, Ar = 4tBu-pheny 18 9C
op o op 5 6e, Ar = 2-naphthy 24 6%
PdCl, (5 mol%
/\\2\ Crosz(g).srl?quiv).) )v\ 6 6f, Ar = 4Pt-pheny 24 58
7 My R > R 7 6g, Ar = 3,4-dimethoxyphen 24 7%
n CHCN:H,O (7:1), 60 °C n % ’ ypheny
3,n=0,1 4 (12 examples) 8 6h, Ar = 2,E-dimethoxy phen 24 83
_ @ Reaction conditions: Substrate (0.4 mmol), BdCI02 mmol),
Entry Produc ht \g}e'bd CrO; (0.2 mmol), CHCN (3.5 mL), HO (0.5 mL), at 66C in
() (%) closed flask.” Isolated yields® Trace amount of aldehyde was
1 o) Za, P = AC, R =NCqHys 24 61 detected byH NMR.
2 R 4b, P = MOM, R =nCgH3 36 52
3 op 4c,P=Ac,R=P 36 73 3. Conclusions
4 4d, P =TBDPS, R=F 24 91 In summary, we have discovered a mild, efficient gaderal

method to access methyl ketones from terminal mdefi/arious

> 4e, P =TBDPS, I'= Pt 18 84 long chain olefins, protected allyl and homoallytaols and
6 O OP 4f,P=Ac, F=nCsHy; 8 92 substituted styrenes have been explored (44 exainfie this
7 49, P = Ac, F = Pt 16 7¢ Wacker-type oxidation. Wide spectrum of functiogabup
R' tolerance, mild reaction conditions and use of itgaalvailable
8 4h, P = Ac, F = 4-OMe-pheny 1€ 8% Cr0; as sole oxidant are key features of this methagolSince
9 4i, P = Ac, F' = piperony 18 73 it is a mild process with operational simplicity aeeclusive
10 4, P = Bz, F = 1-naphthy 16 74 !<etone dgllvery, we expect this method to find brapglication
in synthetic chemistry.
11 4k, P = Bn, I = 4-NO,-phenyl 16 7t
12 28 52 4, Experimental Section

4.1. General considerations

¢ Reaction conditions: Substrate (0.4 mmol), F, (0.02 Flasks were oven or flame dried and cooled in acdesir.
mmol), CrQ (0.2 mmol), CHCN (3.5 mL), HO (0.5 mL), at Solvents and reagents were purified by standardhadst Thin-
60°C in closed flask’ Isolated yields. layer chromatography was performed on EM 250 Kiedet®
F254 silica gel plates. The spots were visualizedthining with
KMnO, or under UV lamp*H and**C NMR were recorded with

. L . a Bruker, AVANCE IIl 500 or 400 spectrometer and the
Aryl methyl ketones are widely distributed in natuApart chemical shifts are based on TMS pealkd at0.00 pm for proton

from direct acylation of aryl ring by Friedel-Craftocedure, \uvR and CDC} peak atd = 77.00 ppm (t) in carbon NMR. IR
there are limited one-step methods for their prefi@n. The  gpecira were obtained on Perkin Elmer Spectrum OneRFT
Friedel-Craft method suffers from a serious linitatwhen spectrometer and samples were prepared by evaporftim
electron deficient aryl rings are involved. Styrenare CHCl, on CsBr plates. Optical rotations were measured with
excellent masked precursors for aryl methyl ketasyeshesis  jasco P-2000 digital polarimeter. High-resolutiorssnapectra
through olefin oxidation protocol. Various aryl _stututed (HRMS) were obtained using positive electrosprayzation by
styrenes reacted under the developed procedurévéoagyl  TOF method on a Bruker Maxis Impact spectrometer.

methyl ketonesfa-h) in good to excellent yields (Table 7).




4.2. General procedurefor oxidation of terminal olefins

To a stirred solution of olefin (0.4 mmol) in @EN (3.5 mL)
and HO (0.5 mL) were added PddB.6 mg, 0.02 mmol, 5 mol-

5
26.1, 23.7; HRMS (ESI-TOF) calcd for {,dOs+Na]’
253.1774, found 253.1778.

4.2.7. 1-(tert-Butyldiphenylsilyloxy)propan-2-one (2g). Isolated

%) and CrQ (20 mg, 0.6 mmol, 0.5 equiv.) at room temperatureyield of 2g, (113.8 mg, 91%). Colorless oil; IR (CHEIvyax =

The reaction mixture was warmed to 8C and stirred for
specified time (see Table 5-7) in a closed falske Teaction
mixture was then filtered through a small pad ditsigel and
washed with EtOAc and the filtrate concentrated. Tseue in
some cases contained virtually pure compound andurtber
purification was necessary. In other cases the uesidas
purified by silica gel column chromatography usiogtroleum
ether/EtOAc as an eluent to afford the methyl ketones

4.2.1. Decan-2-one (2a). Isolated yield of2a, (59.4 mg, 95%).
Colorless oil; IR (CHG): vinax= 3020, 2950, 2928, 1715, 1465,
1401, 1361, 1163, 667 ¢j'H NMR (400 MHz, CDCYTMS): §

3071, 3050, 2933, 2893, 2859, 1736, 1717, 15893,14428,
1391, 1354, 1231, 1189, 1113, 940, 824, 703, 615 thNMR
(500 MHz, CDCYTMS): § = 7.65 (dd,J = 7.2, 0.7 Hz, 4H),
7.44-7.38 (m, 6H), 4.16 (s, 2H), 2.20 (s, 3H), 1.409H); **C
NMR (100 MHz, CDCJ): 6 = 208.5, 135.5, 132.6, 130.0, 127.8,
69.9, 26.7, 26.3, 19.2; HRMS (ESI-TOF) calcd for
[C1H2.SiO+Na]" 335.1438, found 335.1437.

4.2.8. Ethyl 3-oxobutanoate (2h). Isolated yield ofh, (44.2 mg,
85%). Colorless oil'lH NMR (400 MHz, CDCYTMS): ¢ = 4.15
(q,J=7.2 Hz, 2H), 3.40 (s, 2H), 2.23 (s, 3H), 1.24) ¢, 7.1 Hz,
3H); **C NMR (100 MHz, CDCJ): 6 = 200.6, 167.0, 61.3, 50.0,

=2.41 (tJ = 7.5 Hz, 2H), 2.13 (s, 3H), 1.54-1.53 (m, 2H), 1.32-30.0, 14.0.

1.20 (m, 10H), 0.87 (t) = 6.9 Hz, 3H);®C NMR (100 MHz,
CDCL): 6 = 209.3, 43.7, 31.7, 29.4, 29.3, 29.1, 29.0, 23285,
14.0; HRMS (ESI-TOF) calcd for [gH,,O+Na] 179.14086,
found 179.1409.

4.2.2. Tetradecan-2-one (2b). Isolated yield of2b, (81.5 mg,
96%). Colorless oil; IR (CHG): vima= 3018, 2926, 2846, 1719,
1459, 1411, 1364, 1163, 1120, 966, 721, 667:ciH NMR (400
MHz, CDCE/TMS): § = 2.42 (t,J = 7.5 Hz, 2H), 2.14 (s, 3H),
1.58-1.55 (m, 4H ), 1.36-1.19 (m, 16H), 0.881&, 6.8 Hz, 3H):
¥C NMR (100 MHz, CDGJ)): § = 209.3, 43.7, 31.8, 29.7, 29.6,
29.53, 29.5, 29.4, 29.3, 29.25, 29.1, 23.7, 2240;1HRMS
(ESI-TOF) calcd for [GH,g0+Na] 235.2032, found 235.2030.

4.2.3. 10-Bromodecan-2-one (2c). Isolated yield oc, (85.8 mg,
91%). Colorless oil; IR (CHG): viax= 2931, 2856, 1717, 1459,
1439, 1359, 1259, 1224, 1166, 948, 721, 644-citd NMR (400
MHz, CDCK/TMS): 6 = 3.38 (t,J = 6.8 Hz, 2H), 2.41 (J = 7.4
Hz, 2H), 2.13 (s, 3H), 1.87-1.76 (m, 2H), 1.58-1.51 2i),
1.42-1.37 (m, 2H), 1.29-1.23 (m, 6HYC NMR (100 MHz,
CDCly): § = 209.5, 43.9, 34.2, 32.9, 30.0, 29.3, 29.2, 28872,
23.9; HRMS (ESI-TOF) calcd for [gH;eBrO+Na] 257.0511,
found 257.0511.

4.2.4. 11-Hydroxyundecan-2-one (2d).**® Isolated yield of2d,
(67.8 mg, 91%). Colorless oil; IR (CHEI vy, = 3415, 2929,
2855, 1712, 1465, 1363, 1169, 1055, 91Z'cAH NMR (400
MHz, CDCL/TMS): 6 = 3.59 (t,J = 6.7 Hz, 2H), 2.38 (1 = 7.4
Hz, 2H), 2.10 (s, 3H), 1.54-1.50 (m, 4H), 1.37-1.20 10H);
¥C NMR (100 MHz, CDGJ)): § = 209.6, 62.8, 43.7, 32.6, 29.8,
29.3, 29.25, 29.21, 29.0, 25.6, 23.7; HRMS (ESI-TC#d for
[C1:H,,0,+Na]" 209.1512, found 209.1510.

4.2.5. 5-Oxohexyl benzoate (2€): Isolated yield ofe, (81.8 mg,
93%). Colorless oil; IR (CHG): vmax= 2956,2918, 2950, 1718,
1602, 1584, 1452, 1410, 1361, 1315, 1176, 1165911071,
1027, 963, 905, 807, 714, 688, 675 tmMH NMR (400 MHz,

CDCI/TMS): § = 8.04-8.02 (m, 2H), 7.57-7.53 (m, 1H), 7.45—

7.41(m, 2H), 4.32 (t, J = 6.1 Hz, 2H), 2.51 (t, J 8 Biz, 2H),
2.15 (s, 3H), 1.81-1.71 (m, 4HJC NMR (100 MHz, CDCJ): 5

=208.4, 166.6, 132.9, 130.3, 129.5, 128.3, 6£89),49.9, 28.1,
20.2; HRMS (ESI-TOF) calcd for [gH;Os+Na]" 243.0992,
found 243.0989.

4.2.6. 11-(Methoxymethoxy)undecan-2-one (2f). Isolated yield of
2f, (71.9 mg, 78%). Colorless oail; IR (CHEIva= 3014, 2929,
2856, 1716, 1465, 1410, 1361, 1145, 1111, 1043, 648 cnT;
'H NMR (400 MHz, CDCYTMS): 6 = 4.61 (s, 2H), 3.51 (1 =
6.6 Hz, 2H), 3.35 (s, 3H), 2.41 (,= 7.5 Hz, 2H), 2.13 (s, 3H),
1.60-1.54 (m, 2H), 1.28-1.27 (m, 12K NMR (100 MHz,
CDCly): 6 = 209.4, 96.3, 67.7, 55.0, 43.7, 29.8, 29.6, 299%],

4.2.9. Methyl 10-oxo-undecanoate (2i). Isolated yield o®i, (78.8
mg, 92%). Colorless oil; IR (CH@! va= 2931, 2857, 1740,
1717, 1459, 1437, 1362, 1197,1171, 1103, 1017, 882,cm’;

'"H NMR (400 MHz, CDCYTMS): § = 3.65 (s, 3H), 2.40 (1] =
7.4 Hz, 2H), 2.28 (t) = 7.5 Hz, 2H), 2.12 (s, 3H), 1.61-1.52 (m,
4H), 1.34-1.22 (m, 8H)?’C NMR (100 MHz, CDGJ)): 6 = 209.3,
174.3, 51.4, 43.7, 34.0, 29.8, 29.1, 29.03, 2949,223.7;
HRMS (ESI-TOF) calcd for [GH,,Os+Na]" 237.1461, found
237.1461.

4.2.10. 5-Oxohexanoic acid (2)). Isolated yield of2j, (41.6 mg,
80%). Colorless oil; IR (CHG): vnax= 3501, 3020, 2920, 2851,
1715, 1416, 1373, 1161, 1070, 1049, 955, 668 crtH NMR
(400 MHz, CDCYTMS): 6 = 2.53 (t,J = 7.2 Hz, 2H), 2.39 (1 =

7.2 Hz, 2H), 2.15 (s, 3H), 1.95.84 (m, 2H);"*C NMR (100
MHz, CDCL): § = 208.2, 179.0, 42.3, 32.9, 29.9, 18.5; HRMS
(ESI-TOF) calcd for [@H,00s+Na] 153.0522, found 153.0525.

4.2.11. Decane-2,9-dione (2k). Isolated yield of2k, (51.1 mg,
75%). Colorless oil; IR (CHG): vnax= 3019, 2933, 2858, 1717,
1409, 1363, 1168, 1048, 967, 927, 667 ¢l NMR (500 MHz,
CDCl/TMS): 6 =2.42 (t,J= 7.4 Hz, 4H) 2.13 (s, 6H), 1.62-1.51
(m, 4H), 1.40-1.26 (m, 4H)C NMR (125 MHz, CDG)): ¢ =
209.2, 43.5, 29.8, 28.8, 23.5; HRMS (ESI-TOF) cafcd
[C1oH140,+Na] 193.1199, found 193.1198.

4.2.12. Dodecane-2,11-dione (2I). Isolated yield o®l, (61.8 mg,
78%). Colorless oil; IR (CHG): vmax= 3017, 2916, 1704, 1406,
1379, 1284, 1165, 1131, 1018, 949, 717, 667-citd NMR (400
MHz, CDCE/TMS): § = 2.40 (t,J = 7.4 Hz, 4H), 2.12 (s, 6H),
1.63-1.51 (m, 4H), 1.28-1.23 (m, 8HC NMR (100 MHz,
CDCly): 6 = 209.2, 43.6, 29.7, 29.0, 28.9, 23.6; HRMS (ESI-
TOF) calcd for [GH,0+Na] 221.1512, found 221.1512.

4.2.13. 1-Phenoxypropan-2-one (2m). Isolated yield o2m, (48
mg, 80%). Colorless oil; IR (CH@l v = 3043, 3065, 2919,
2849, 1733, 1599, 1590, 1496, 1457, 1433, 13595,13095,
1228, 1172, 1155, 1085, 1067, 967, 888, 817, 888, 892 cm

L IH NMR (400 MHz, CDCYTMS): 6 = 7.33-7.28 (m, 2H),
7.02-6.98 (M, 1H), 6.90-6.87 (m, 2H), 4.54 (s, 2H)8Zs, 3H);
¥C NMR (100 MHz, CDCJ): 6 = 205.9, 157.6, 129.6, 121.7,
114.4, 72.9, 26.6; HRMS (ESI-TOF) calcd forgfG,O,+Na]"
173.0573, found 173.0573.

4.2.14. 1-(Benzyloxy)propan-2-one (2n). Isolated yield of2n,
(63.1 mg, 96%). Colorless oil; IR (CHEI v = 3067, 3032,
2868, 1729, 1603, 1584, 1497, 1455, 1376, 13576,12226,
1167, 1118, 1074, 1028, 1013, 939, 868, 699, 682; ¢NMR
(400 MHz, CDCYTMS): 6 = 7.38-7.25 (m, 5H), 4.57 (s, 2H),
4.04 (s, 2H), 2.13 (s, 3HJ’C NMR (100 MHz, CDG)): ¢ =
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206.5, 137.0, 128.3, 127.8, 127.7, 75.0, 73.0, ;26IRMS
(ESI-TOF) calcd for [GH1,0,+Na] 187.0730, found 187.0729.

4.2.15. 1-[4-(tert-Butyl)phenoxy] propan-2-one (20). Isolated
yield of 20, (66.9 mg, 81%.). Colorless oil; IR (CHEl vy =
3041, 2963, 2906, 2869, 1724, 1610, 1583, 15140,14864,
1435, 1364, 1297, 1255, 1234, 1185, 1066, 829, 882,cm’;
'"H NMR (400 MHz, CDCYTMS): § = 7.32 (d,J = 8.9 Hz, 2H),

NMR (400 MHz, CDCYTMS): 6 = 8.13 (dd,J = 7.8, 1.4 Hz,
1H), 7.53 (tJ = 7.2 Hz, 1H), 7.14 (] = 7.6 Hz, 1H), 6.91 (d] =
8.2 Hz, 1H), 4.89 (s, 2H), 2.30 (s, 3HJC NMR (100 MHz,

CDCly): 6 = 201.5, 165.7, 156.4, 134.8, 133.9, 122.9, 118.7,

113.0, 73.6, 26.0; HRMS (ESI-TOF) calcd for,§8,0,+NaJ’
217.0471, found 217.0472.

4.2.22. 2-Oxopropyl 2-(2-oxopropoxy)benzoate (2v). Isolated

6.82 (d,J = 8.9 Hz, 2H), 4.52 (s, 2H), 2.28 (s, 3H), 1.30 (s, 9H);yield of 2v, (65 mg, 65%). White solid, m.p. 6@4 °C; IR

C NMR (100 MHz, CDCJ)): 6 = 206.3, 155.4, 144.4, 126.4, (CHCL): vma= 3020, 2928, 2846, 1728, 1603, 1586, 1491, 1457,

113.9, 73.2, 34.1, 31.4, 26.6; HRMS (ESI-TOF) cafcd
[C1aH160,+Na]" 229.1199, found 229.1199.

42.16. 1-(2-Bromo-5-methoxyphenoxy)propan-2-one  (2p).
Isolated yield oPp, (66.4 mg, 64%). White solid, m.p. 680 °C;

IR (CHCL): vmax= 2939, 1721, 1586, 1488, 1462, 1432, 1359

1307, 1283, 1263, 1201, 1169, 1067, 1024, 910, 839,cni;
'H NMR (400 MHz, CDCYTMS): 6 = 7.45 (d,J = 8.7 Hz, 1H),
6.46 (dd,J = 8.7, 2.7 Hz, 1H), 6.35 (d,= 2.7 Hz, 1H), 4.52 (s,
2H), 3.78 (s, 3H), 2.38 (s, 3H)'C NMR (100 MHz, CDG)): § =
205.6, 160.1, 154.7, 133.5, 107.1, 102.7, 101.06,55.6, 27.0;
HRMS (ESI-TOF) calcd for [gH,,BrOs+Na]" 280.9784, found
280.9783.

4.2.17. 1-(Napthalen-2-yloxy)propan-2-one (2q). Isolated yield
of 2q, (76.8 mg, 96%). White solid, m.p. €85 °C; IR (CHC)):

vmax = 3028, 3056, 2924, 2850, 1732, 1631, 1600, 15@90,1
1432, 1390, 1358, 1272, 1259, 1222, 1173, 11221,1978, 950,
908, 875, 838, 819, 777, 638 dm'H NMR (400 MHz,
CDCIl/TMS): 6 = 7.79 (d,J = 8.8 Hz, 2H), 7.72 (d] = 8.2 Hz,
1H), 7.48-7.44 (m, 1H), 7.39-7.35 (m, 1H), 7.22 #id,9.0, 2.6
Hz, 1H), 7.03 (dJ = 2.5 Hz, 1H), 4.66 (s, 2H), 2.33 (s, 3HC

1420, 1364, 1306, 1253, 1180, 1168, 1134, 10970,10612,
964, 884, 828, 703, 668 ¢'H NMR (400 MHz, CDCYTMS):
5=7.96 (dd,J=7.8, 1.8 Hz, 1H), 7.52—7.47 (m, 1H), 7.1 (@
7.6, 0.8 Hz, 1H), 6.8 (d] = 8.3 Hz, 1H), 4.87 (s, 2H), 4.58 (s,
2H), 2.35 (s, 3H), 2.23 (s, 3H)'C NMR (100 MHz, CDG)): § =

'205.7, 201.7, 164.7, 157.6, 134.2, 132.4, 121.9.511113.5,

73.8, 68.6, 26.9, 26.1;, HRMS (ESI-TOF)
[C1aH140s+Na]" 273.0733, found 273.0731.

4.2.23. 2-Oxopropyl 4-(2-oxopropoxy)benzoate (2w). Isolated
yield of 2w, (69 mg, 69%). White solid, m.p. 882 °C; IR

calcd

(CHCL): vinax= 3021, 2928, 1721, 1607, 1583, 1509, 1420, 1371,

1314, 1276, 1170, 1115, 1070, 1008, 966, 883, 848, 667 cm
L 4 NMR (400 MHz, CDCYTMS): § = 8.03 (d,J = 9.0 Hz,

2H), 6.90 (d,J = 9.0 Hz, 2H), 4.83 (s, 2H), 4.60 (s, 2H), 2.26 (s,

3H), 2.20 (s, 3H);®*C NMR (100 MHz, CDG): § = 204.3,
202.0, 165.2, 161.6, 132.1, 122.5, 114.2, 72.75,68.5, 26.1;
HRMS (ESI-TOF) calcd for [GH..Os+Na]" 273.0733, found
273.0734.

4.2.24. 1-[(1R,2S,5R)-2-1sopropyl-5-methyl cyclohexyl oxy]
propan-2-one (2x). Isolated vyield of 2x, (71.3 mg, 84%).

NMR (100 MHz, CDCJ): 6 = 205.9, 155.6, 134.2, 129.9, 129.3, Colorless oil; {i]p>> = =73.3 € = 1.0, CHCJ); IR (CHCL): vimax=

127.7, 126.8, 126.6, 124.2, 118.5, 106.9, 73.0/;26RMS (ESI-
TOF) calcd for [GiH1,0,+#Na]” 223.0730, found 223.0729.

4.2.18. 2-Oxopropyl 4-methylbenzoate (2r). Isolated yield ofr,
(55.4 mg, 72%). Colorless oil; IR (CHEI v = 3036, 3006,
2927, 1735, 1719, 1611, 1577, 1509, 1420, 1374912177,
1112, 1022, 962, 841, 691, 639 ¢mH NMR (400 MHz,
CDCl/TMS): § = 7.97 (d,J = 8.2 Hz, 2H), 7.25 (dJ = 8.1 Hz,
2H), 4.85 (s, 2H), 2.40 (s, 3H), 2.22 (s, 3HC NMR (100

3020, 2958, 2928, 2872, 1720, 1457, 1370, 11165,1938, 842,
668 cm’; 'H NMR (400 MHz, CDCYTMS): § = 4.14 (d,J =
16.8 Hz, 1H), 3.93 (dJ = 16.8 Hz, 1H), 3.11 (td] = 10.6, 4.1
Hz, 1H), 2.28-2.24 (m, 1H), 2.18 (s, 3H), 2.06-2.01 (i),
1.68-1.62 (m, 2H), 1.36-1.28 (m, 2H), 1.01-0.84 (i), .78
(d, J = 7.0 Hz, 4H);"*C NMR (100 MHz, CDG)): § = 208.0,
80.3, 74.3, 48.0, 39.9, 34.3, 31.4, 26.7, 25.62,232.2, 20.9,
16.1; HRMS (ESI-TOF) calcd for [gH,.O,+Na] 235.16609,
found 235.1666.

MHz, CDCL): ¢ = 202.1, 165.8, 144.2, 129.8, 129.1, 126.3, 68.6,

26.2, 21.6; HRMS (ESI-TOF) calcd for {®;,0,+Na]"
215.0679, found 215.0675.

4.2.19. 2-Oxopropyl 4-nitrobenzoate (2s). Isolated yield of2s,
(64.3 mg, 72%). White solid, m.p. 10103 °C; IR (CHC)): vinax
= 3115, 3081, 3060, 2977, 2934, 2855, 1742, 1780711524,
1421, 1367, 1320, 1274, 1184, 1120, 1106, 1011, 883, 855,
720, 623 cri; 'H NMR (400 MHz, CDCYTMS): ¢ = 8.28 (d,J

= 9.1 Hz, 2H), 8.23 (dJ = 9.1 Hz, 2H), 4.95 (s, 2H), 2.23 (s,
3H); °C NMR (100 MHz, CDCJ)): 6 = 200.3, 163.9, 150.7,

134.5, 131.0, 123.6, 69.1, 26.0; HRMS (ESI-TOF) aafor
[C10HsOsN+Na]" 246.0373, found 246.0379.

4.2.20. 2-Oxopropyl 3,5-dinitrobenzoate (2t).*" Isolated yield of
2t, (68.6 mg, 64%). White solid, m.p. 1:3B10 °C; IR (CHC)):

Vmax = 3093, 3020, 2923, 1735, 1630, 1599, 1547, 148281
1345, 1285, 1157, 1075, 1035, 923, 905, 669;ck NMR (400
MHz, CDCL/TMS): 6 = 9.27-9.25 (m, 1H), 9.249.20 (m, 2H),
5.05 (s, 2H), 2.27 (s, 3HJC NMR (100 MHz, CDG): § =

199.2, 161.9, 148.7, 132.9, 129.7, 122.8, 69.8;23RMS (ESI-
TOF) calcd for [GHsO;N,+Na]* 291.0224, found 291.0230.

4.2.21. 2-(2-Oxopropoxy)benzoic acid (2u). Isolated yield oRu,
(46.6 mg, 60%). Colorless oil; IR (CHEI v = 3212, 2919,
1781, 1717, 1600, 1485, 1458, 1418, 1341, 12952,12%84,
1165, 1095, 1058, 1036, 958, 862, 829, 798, 688, &4 " 'H

4.2.25. 2-Oxononan-3-yl acetate (4a). Isolated yield of4a, (48.9
mg, 61%). Colorless oil; IR (CHQl v = 3027, 2956, 2929,
2851, 1744, 1731, 1462, 1429, 1376, 1239, 11222,10846,
668 cm'; '"H NMR (400 MHz, CDCYTMS): 6 = 4.98 (dd,J =
8.2, 4.6 Hz, 1H), 2.16 (s, 3H), 2.15 (s, 3H), 1.76-1r1 2H),
1.54-1.25 (m, 8H), 0.88 (1,= 6.8 Hz, 3H);*C NMR (100 MHz,
CDCly): 6 = 205.5, 170.7, 78.7, 31.5, 30.2, 28.9, 26.1, 25215,
20.7, 14.0; HRMS (ESI-TOF) calcd for {El,Os+Na]"
223.1305, found 223.1302.

4.2.26. 3-(Methoxymethoxy)nonan-2-one (4b). Isolated yield of
4b, (42 mg, 52%). Colorless oil; IR (CHI vy, = 3019, 2956,
2928, 2857, 1719, 1466, 1355, 1153, 1122, 110471921, 669
cm’; '"H NMR (400 MHz, CDCYTMS): § = 4.64 (s, 2H), 3.97 (t,
J = 6.3 Hz, 1H), 3.38 (s, 3H), 2.17 (s, 3H), 1.66—1.82 2H),

1.41-1.32 (m, 8H), 0.87 @,= 6.8 Hz, 3H)*C NMR (100 MHz,

CDCly): 6 = 210.1, 96.4, 82.8, 56.0, 32.0, 31.6, 29.0, 2850],

225, 14.0; HRMS (ESI-TOF) calcd for {{El,,0s+Na]’

225.1461, found 225.1459.

4.2.27. 2-Oxo-1-phenylpropyl acetate (4c). Isolated yield ofdc,
(56.1 mg, 73%). Colorless oil; IR (CHI v = 3065, 3030,
2925, 2854, 1745, 1733, 1678, 1626, 1603, 14965,14828,
1373, 1234, 1169, 1124, 1081, 1051, 961, 941, 884, 700 cm
% 'H NMR (400 MHz, CDCYTMS): § = 7.44-7.36 (m, 5H),
5.97 (s, 1H), 2.19 (s, 3H), 2.11 (s, 3HC NMR (100 MHz,

for



CDCly): 6 = 201.7, 170.3, 133.1, 129.4, 129.1, 128.1, 89691,
20.7; HRMS (ESI-TOF) calcd for [GH,Os+Na]" 215.0679,
found 215.0676.

4.2.28. 1-(tert-Butyl di phenyl silyl oxy)-1-phenyl propan-2-one
(4d). Isolated vyield of4d, (141.3 mg, 91%). Colorless oil; IR

7
3C NMR (100 MHz, CDGJ): ¢ = 204.7, 169.8, 147.8, 147.5,
133.4, 120.3, 108.3, 106.9, 101.1, 71.4, 49.8,,30141; HRMS
(ESI-TOF) calcd for [GH,,Os+Na] 273.0733, found 273.0735.

4.2.34. 1-(Naphthalen-1-yl)-3-oxobutyl benzoate (4j). Isolated
yield of 4j, (94.2 mg, 74%). Colorless oil; IR (CHEI vyax =

(CHCIg): vinax = 3070, 2961, 2932, 2894, 2859, 1717, 1589, 14923062, 3009, 2925, 2854, 1719, 1601, 1584, 15102,14951,

1472, 1428, 1391, 1351, 1307, 1190, 1113, 10708,1920, 855,
823, 701, 648 cii 'H NMR (400 MHz, CDCYTMS): 6 =
7.66-7.64 (m, 2H), 7.4%7.42 (m, 3H), 7.467.32 (m, 5H),
7.31-7.27 (m, 5H), 5.08 (s, 1H), 2.02 (s, 3H), 1.13 (s,;9F0
NMR (100 MHz, CDC)): ¢ = 207.7, 138.2, 135.7, 135.6, 132.8,
132.6, 130.0, 129.8, 128.5, 128.1, 127.8, 127.6,2181.7, 26.9,
24.3, 19.3; HRMS (ESI-TOF) calcd for J{,50,Si+Na]
411.1751, found 411.1755.

4.2.29. 4-(tert-Butyldiphenylsilyloxy)-4-phenylbutan-2-one (4€).

Isolated yield ofde, (135.5 mg, 84%). Colorless oil; IR (CHEI
Vmax = 3070, 2999, 2931, 2894 2858, 1716, 1589, 144341
1427, 1391, 1361, 1309, 1259, 1190, 1161, 1111810007,
956, 912, 855, 822, 701, 613 ¢m'H NMR (400 MHz,

CDCI/TMS): 6 = 7.65-7.63 (m, 2H), 7.44—7.40 (m, 3H), 7.38-

7.32 (m, 3H), 7.25-7.18 (m, 7H), 5.15 {t= 6.5 Hz, 1H), 2.92
(dd,J = 15.2, 6.5 Hz, 1H), 2.71 (dd,= 15.2, 6.4 Hz, 1H), 1.90
(s, 3H), 1.01 (s, 9H)**C NMR (100 MHz, CDGCJ)): 6 = 206.4,
1435, 135.8, 133.7, 133.2, 129.7, 129.5, 128.7.5,2127.4,
127.3, 126.2, 72.3, 54.1, 31.1, 26.9, 19.2; HRMSI{EOF)
calcd for [GgH300,Si+Na] 425.1907, found 425.1904.

4.2.30. 2-Oxononan-4-yl acetate (4f). Isolated yield o#f, (73.7
mg, 92%). Colorless oil; IR (CHQI v = 3011, 2950, 2932,
2861, 1736, 1717, 1677, 1628, 1459, 1424, 13648,12466,
1023, 981, 960, 667 ch'H NMR (400 MHz, CDCYTMS): 6 =
5.21-5.16 (m, 1H), 2.70 (dd] = 16.2, 7.4 Hz, 1H), 2.57 (dd,=
16.2, 5.3 Hz, 1H), 2.13 (s, 3H), 2.0 (s, 3H), 1.54—1r81 2H),
1.281.24 (m, 6H), 0.85 (= 6.8 Hz, 3H);*C NMR (100 MHz,
CDCly): 6 = 205.8, 170.5, 70.3, 47.9, 34.0, 31.4, 30.3, 22274,
21.0, 13.9; HRMS (ESI-TOF) calcd for {El,Os+Na]"
223.1305, found 223.1307.

4.2.31. 3-Oxo-1-phenylbutyl acetate (4g). Isolated yield of4g,

(57.8 mg, 70%). Colorless oil; IR (CHEI vy, = 3064, 3032,
2927, 2853, 1736, 1721, 1608, 1495, 1454, 13739,12363,
1043, 950, 917, 871, 701, 667 ¢m'H NMR (400 MHz,

CDCI/TMS): 6 = 7.36—7.28 (m, 5H), 6.18 (dd,= 8.7, 4.9 Hz,
1H), 3.12 (dd,J = 16.6, 8.7 Hz, 1H), 2.82 (dd,= 16.7, 4.9 Hz,
1H), 2.15 (s, 3H), 2.04 (s, 3H)C NMR (100 MHz, CDGJ)): 6 =

204.6, 169.7, 139.5, 128.5, 128.1, 126.3, 71.57,4%0.3, 20.9;
HRMS (ESI-TOF) calcd for [GH.,0:+Na]" 229.0835, found
229.0835.

4.2.32. 1-(4-Methoxyphenyl)-3-oxobutyl acetate (4h). Isolated
yield of 4h, (80.4 mg, 85%). Colorless oil; IR (CHEI vy =
3003, 2960, 2936, 2840, 1740, 1729, 1612, 15164,14824,
1372, 1303, 1177, 1033, 948, 835, 657 chd NMR (400 MHz,
CDCL/TMS): § = 7.29 (d,J = 8.7 Hz, 2H), 6.86 (d] = 8.7 Hz,
2H), 6.13 (ddJ = 8.5, 5.3 Hz, 1H), 3.78 (s, 3H), 3.10 (du=
16.5, 8.5 Hz, 1H), 2.81 (dd,= 16.5, 5.3 Hz, 1H), 2.14 (s, 3H),
2.01 (s, 3H);"*C NMR (100 MHz, CDG)): 6 = 204.8, 169.9,
159.4, 131.6, 128.0, 113.9, 71.3, 55.2, 49.6, 3P141; HRMS
(ESI-TOF) calcd for [GH,60,+Na] 259.0941, found 259.0948.

4.2.33. 1-(Benzo[d][1,3] dioxol-5-yl)-3-oxobutyl acetate (4i).
Isolated yield ofdi, (73.1 mg, 73%). Colorless oil; IR (CH{I
Vmax = 2919, 2852, 1773, 1736, 1660, 1625, 1600, 15@89,1
1448, 1359, 1239, 1178, 1103, 1037, 977, 929, BB&,cm’; 'H
NMR (400 MHz, CDCYTMS): 6 = 6.84—6.75 (m, 3H), 6.09 (dd,
J = 8.5, 5.1 Hz, 1H), 5.94, (s, 2H), 3.27 (dd= 16.6, 8.5 Hz,
1H), 2.80 (ddJ = 16.6, 5.2 Hz, 1H), 2.14 (s, 3H), 2.02 (s, 3H);

1417, 1398, 1363, 1315, 1270, 1176, 1110, 10708,10626,
975, 938, 862, 798, 713, 686 ¢m'H NMR (400 MHz,
CDCL/TMS): 6 = 8.25 (d,J = 8.4 Hz, 1H), 8.10-8.07 (m, 2H),
7.88 (d,J = 7.6 Hz, 1H), 7.80 (d] = 8.2 Hz, 1H), 7.64-7.42 (m,
7H) 7.21 (dd,J = 9.0, 4.0 Hz, 1H), 3.40 (dd,= 16.9, 8.6 Hz,
1H), 3.13 (dd) = 16.9, 4.1 Hz, 1H), 2.23 (s, 3HJC NMR (100
MHz, CDCL): 6 = 204.7, 165.4, 135.6, 133.9, 133.1, 130.1,
129.9, 129.7, 129.0, 128.8, 128.4, 126.6, 125.8&.312123.7,
123.0, 69.9, 49.7, 30.5; HRMS (ESI-TOF) calcd
[C,:H1s05+Na]" 341.1148, found 341.1148.

4.2.35. 4-(Benzyl oxy)-4-(4-nitrophenyl)butan-2-one  (4k).
Isolated yield ofdk, (89.8 mg, 75%). Colorless oil; IR (CH{I
vmax = 3066, 3032, 3008, 2865, 1716, 1606, 1521, 148151
1347, 1162, 1096, 1075, 1028, 884, 857, 699 :c NMR (400
MHz, CDCE/TMS): § = 8.15 (d,J = 8.8 Hz, 2H), 7.48 (d] = 8.7
Hz, 2H), 7.27-7.21 (m, 5H), 4.93 (d#l= 8.4, 4.6 Hz, 1H), 4.32
(d, J = 11.3 Hz, 1H), 4.27 (d] = 11.3 Hz, 1H), 2.99 (dd] =
16.5, 8.5 Hz, 1H), 2.57 (dd,= 16.5, 4.6 Hz, 1H), 2.08 (s, 3H);
¥C NMR (100 MHz, CDGJ)): § = 205.4, 148.9, 147.6, 137.2,
128.4, 127.9, 127.8, 127.5, 123.9, 76.5, 71.5,,5309; HRMS

for

(ESI-TOF) calcd for [GH;NO,#+Na]" 322.1050, found
322.1049.
4.2.36. (3R,49)-5-Benzyl oxy-3,4-isopropylidenedioxy-2-

pentanone (41). Isolated yield of4l, (55 mg, 52%). Colorless oil;
[0]p?°>= +23.4 € = 0.16, CHCJ); IR CHCL: vmax= 2988, 2925,
2862, 1717, 1497, 1454, 1418, 1381, 1371, 13552,125%66,
1133, 1092, 1026, 911, 858, 699 ¢mMH NMR (400 MHz,
CDCI/TMS): 6 = 7.36—7.32 (m, 5H), 4.61 (s, 2H), 4.22—-4.19 (m,
2H), 3.74 (ddJ = 10.6, 2.64 Hz, 1H), 3.64-3.60 (m, 1H), 2.27 (s,
3H), 1.47 (s, 3H), 1.43 (s, 3H)'C NMR (100 MHz, CDG)): § =
208.4, 137.8, 128.4, 127.7, 111.1, 81.9, 77.3,,78062, 26.9,
26.5, 26.2; HRMS (ESI-TOF) calcd for {,00,+Na]’
287.1254, found 287.1252.

4.2.37. Acetophenone (6a). Isolated yield o6a, (39.4 mg, 82%).
Colorless oil;'H NMR (400 MHz, CDCJTMS): 6 = 7.97-7.92
(m, 2H), 7.57-7.51 (m, 1H), 7.48-7.41 (m, 2H), 2.58BK); °C
NMR (100 MHz, CDC)): 6 = 198.1, 137.0, 133.0, 128.5, 128.2,
26.5.

4.2.38. 4-Chloroacetophenone (6b). Isolated yield of6b, (46.3
mg, 75%). Colorless oil; IR (CH@! v = 3018, 2927, 2855,
1687, 1590, 1572, 1488, 1429, 1397, 1358, 12615,10013,
958, 831, 668 cit '"H NMR (400 MHz, CDCYTMS) ¢ = 7.89
(d, J = 8.6 Hz, 2H) 7.43 (d, = 8.7 Hz, 2H), 2.58 (s, 3H)°C
NMR (100 MHz, CDC)) 6 = 196.8, 139.5, 135.4, 129.7, 128.9,
26.5.

4.2.39. 4-Methylacetophenone (6¢). Isolated yield of6c, (38.1

mg, 71%). Colorless oil; IR (CHQI v, = 3032, 3005, 2961,
2924, 2857, 1682, 1607, 1569, 1429, 1407, 13589,12682,

1019, 954, 912, 815, 734 &m 'H NMR (400 MHz,

CDCl/TMS): § = 7.86 (d,J = 8.2 Hz, 2H), 7.27 (dJ = 8.0 Hz,

2H), 2.58 (s, 3H), 2.41 (s, 3H)IC NMR (100 MHz, CDGJ)): 6 =

197.9, 143.9, 134.7, 129.2, 128.4, 26.5, 21.6; HRESI-TOF)

calcd for [GH,O+NaJ 157.0624, found 157.0623.

4.2.40. 4-tert-Butylacetophenone (6d). Isolated yield ofd, (63.5
mg, 90%). Colorless oil; IR (CHQI v, = 2965, 2907, 2871,
1719, 1685, 1607, 1407, 1363, 1271, 1114, 1015, 838, 777,
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701 cm®; '"H NMR (400 MHz, CDCYTMS): 6 = 7.90 (d,J =
8.7 Hz, 2H), 7.48 (dJ = 8.7 Hz, 2H), 2.58 (s, 3H), 1.34 (s, 9H);
*C NMR (100 MHz, CDCJ): 6 = 197.9, 156.8, 134.5, 128.3,
1255, 35.1, 31.0, 26.5, HRMS (ESI-TOF) calcd for
[C1.H160+H]" 177.1274, found 177.1276.

4.2.41. 2-Acetylnaphthalene (6€). Isolated yield ofe, (42.2 mg,
62%). Colorless oil; IR (CHG): vha = 3060, 3018, 1678, 1628,
1597, 1508, 1468, 1426, 1362, 1282, 1193, 1129,1942, 896,
861, 823, 667 cify 'H NMR (400 MHz, CDCYTMS): ¢ = 8.47

(s, 1H), 8.04 (ddJ = 8.7, 1.7 Hz, 1H), 7.97 (d,= 8.2 Hz, 1H),
7.92-7.85 (m, 2H), 7.66—-7.53 (m, 2H), 2.73 (s, 383 NMR
(125 MHz, CDC}): 6 = 198.1, 135.6, 134.5, 132.5, 130.2, 129.5,
128.5, 128.4, 127.8, 126.8, 123.9, 26.7; HRMS (ESFJcalcd
for [C1,H100+Na] 193.0624, found 193.0623.

4.242. 4-Phenylacetophenone (6f). Isolated yield of6f, (45.5
mg, 58%). White solid, m.p. 13317 °C; IR (CHC)): vpax =
3019, 2923, 1679, 1599, 1404, 1359, 1267, 11198,10044,
957, 927, 842, 694, 669 EmrH NMR (400 MHz, CDCYTMS):
0=28.04 (d,J = 8.6 Hz, 2H), 7.69 (d] = 8.6 Hz, 2H), 7.63 (d] =

7.0 Hz, 2H), 7.50-7.41 (m, 3H), 2.65 (s, 3¢ NMR (100
MHz, CDCk): 6 = 197.8, 145.8, 139.9, 135.8, 128.94, 128.9,
128.2, 127.3, 127.2, 26.6; HRMS (ESI-TOF) calcd for
[C1H1,0+Na] 219.0780, found 219.0783.

4.2.43. 3,4-Dimethoxyacetophenone (6g). Isolated yield oftg,
(54 mg, 75%); Colorless ail; IR (CHg .= 3080, 3005, 2962,
2938, 2840, 1673, 1588, 1513, 1463, 1417, 1358413370,
1224, 1175, 1150, 1135, 1079, 1023, 976, 915, 808, 732,
645 cm'; 'H NMR (400 MHz, CDCYTMS): 6 = 7.58 (dd,J =
8.4, 2.0 Hz, 2 H), 7.55 (d, = 2.0 Hz, 1 H), 6.89 (d] = 8.4 Hz,
1H), 3.95 (s, 3H), 3.94 (s, 3H), 2.57 (s, 3 NMR (100
MHz, CDCk): 6 = 196.7, 153.1, 148.8, 130.3, 123.2, 109.9,
109.8, 55.9, 55.8, 26.1; HRMS (ESI-TOF) calcd for
[C1oH1,05+H]" 181.0859, found 181.0862.

4.2.44. 25-Dimethoxyacetophenone (6h). Isolated yield oféh,
(59.8 mg, 83%); Colorless oil; IR (CHE vy = 3002, 2944,
2836, 1674, 1610, 1586, 1495, 1465, 1411, 13576,13281,
1179, 1044, 1024, 980, 882, 813, 701, 690, 667;cM NMR
(400 MHz, CDCYTMS): § = 7.28 (d,J = 3.2 Hz, 1H), 7.02 (dd,
J = 8.6, 3.6 Hz, 1H), 6.90 (d,= 9.0 Hz, 1H), 3.87 (s, 3H), 3.78
(s, 3H), 2.61 (s, 3H)'*C NMR (100 MHz, CDGJ)): § = 199. 4,
153.5, 153.3, 128.2, 120.3, 113.7, 113.1, 55.9/,58..8; HRMS
(ESI-TOF) calcd for [GH;,05+Na] 203.0679, found 203.0682.
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H and *C NMR for 2a-2x, 4a-4l and 6a-6h
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'H NMR (400 MHz, CDCI3/TMS) and *C NMR (100 MHz, CDCl3) of compound 2b
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CCEPTED MANUSCRIP
'H NMR (400 MHz, CDCI3/TMS) and *C NMR (100 MHz, CDCls3) of compound 2d
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CCEPTED MANUSCRIP

'H NMR (400 MHz, CDCI3/TMS) and *C NMR (100 MHz, CDCl3) of compound 2e
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'H NMR (400 MHz, CDCI3/TMS) and *C NMR (100 MHz, CDCl3) of compound 2f
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'H NMR (500 MHz, CDCI3/TMS) and *C NMR (100 MHz, CDCl3) of compound 2g

Current Data Parametsrs
NAME
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'H NMR (400 MHz, CDCI3/TMS) and *C NMR (100 MHz, CDCls3) of compound 2h
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'H NMR (400 MHz, CDCIl3/TMS) and **C NMR (100 MHz, CDCls) of compound 2i
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'H NMR (400 MHz, CDCI3/TMS) and *C NMR (100 MHz, CDCl3) of compound 2j
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CCEPTED MANUSCRIPT

'H NMR (500 MHz, CDCI3/TMS) and *C NMR (125 MHz, CDCls3) of compound 2k

Current Data Parameters RAF-BV-362-dn-1H
NAME RAF-BV-362-dn-1H
EXPNO 15

PROCNO 1

F2 - Acquisition Parameters

Date_ 20131009 0o

Time 17.08

INSTRUM spect

PROBHD 5 mm PABBO BB/

PULPROG 2g30

™ 66174

SOLVENT <oC13 ¢}

NS 9

bs (]

SWH 11029.412 Hz

F1DRES 0.166673 Hz

AQ 2.9998879 sec

RG 30.72

DW 45.333 usec
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B 296.3 K

o1 1.00000000 sec
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s=mszzas CHANNEL £l s=s=s===
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'H NMR (400 MHz, CDCI3/TMS) and *C NMR (100 MHz, CDCl3) of compound 2!

RAF-BV-298-R-1H

EXPNO 17
PROCNO 1
Date_ 20130803
i 20.37
1 spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
™ 65536
SOLVENT cpeli3 o]
NS 8
DS a
swWH 8223.685 Hz
FIDRES 0.125483 Hz
20 3.9846387 sec le)
RG 181
oW 60,800 usec
DE 6.50 usec
TE 295.2 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 =
1H
13.50 used
-1.00 dB
10.56200695 W
400.1324710 MHz
32768
400.1300095 MHz
EM
1]
0.30 Hz
0
1.00
T T T T . T T T T T T
10 9 8 7 6 ] 4 3 1 ppm
1 5
o o

&
e " -
g ; - : 23
z
e - LR

~29.70
=< —2903

T T T T T T T =
210 200 180 180 170 160 150 140 130 120 110 100 80 80 70 &0 50 40 30 20 10




'H NMR (400 MHz, CDCI3/TMS) and *C NMR (100 MHz, CDCl3) of compound 2m
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'H NMR (400 MHz, CDCI3/TMS) and *C NMR (100 MHz, CDCls3) of compound 2n

5 mm PABEO

LB 0.30 Hz

= =
e

T
9 8 7 6 5 4 3 2 1 ppm
| ) | | |
g & [ 8
- al (] =
2 5 Sue R -
2 g BN i P
< o NN 4
| b
|V N
o}

T T T T T T T T T T T

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 0 B0 70 60 50 40 30 20 10




'H NMR (400 MHz, CDCI5/TMS) and *C NMR (100 MHz, CDCl3) of compound 20
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'H NMR (400 MHz, CDCI3/TMS) and *C NMR (100 MHz, CDCl3) of compound 2p
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'H NMR (400 MHz,

CDCIy/TMS) and *C NMR (100 MHz, CDCl3) of compound 2q
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'H NMR (400 MHz, CDCI3/TMS) and *C NMR (100 MHz, CDCls3) of compound 2r
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'H NMR (400 MHz, CDCI5/TMS) and *C NMR (100 MHz, CDCl3) of compound 2s
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'H NMR (400 MHz, CDCI3/TMS) and *C NMR (100 MHz, CDCls3) of compound 2t
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'H NMR (400 MHz, CDCI3/TMS) and *C NMR (100 MHz, CDCls3) of compound 2u
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'H NMR (400 MHz, CDCI3/TMS) and *C NMR (100 MHz, CDCl3) of compound 2v
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'H NMR (400 MHz, CDCI3/TMS) and *C NMR (100 MHz, CDCls3) of compound 2w
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'H NMR (400 MHz, CDCI3/TMS) and **C NMR (100 MHz, CDCls) of compound 2x
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"H NMR (400 MHz, CDCIy/TMS) and *C NMR (100 MHz, CDCl3) of compound 4a

NAME RAF-BV-313-1H
EXFNO 4
PROCNG 1 O
Date 20130912
Time 22.29
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'H NMR (400 MHz, CDCIg/TMS) and *C NMR (100 MHz, CDCl3) of compound 4b
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'H NMR (400 MHz, CDCIg/TMS) and *C NMR (100 MHz, CDCl3) of compound 4c
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'H NMR (400 MHz, CDCIy/TMS) and *C NMR (100 MHz, CDCl5) of compound 4d
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'H NMR (400 MHz, CDCI3/TMS) and *C NMR (100 MHz, CDCl3) of compound 4e
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'H NMR (400 MHz, CDCIy/TMS) and *C NMR (100 MHz, CDCl5) of compound 4f
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*H NMR (400 MHz, CDCIy/TMS) and *C NMR (100 MHz, CDCl3) of compound 4g

RAF-BV-363-1H
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'H NMR (400 MHz, CDCI3/TMS) and **C NMR (100 MHz, CDCls) of compound 4h
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'H NMR (400 MHz, CDCI3/TMS) and *C NMR (100 MHz, CDCl3) of compound 4i
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'H NMR (400 MHz, CDCIg/TMS) and *C NMR (100 MHz, CDCl3) of compound 4j

N
[ag]
Q

ppm

0'l

LP0E —

89'6¥

¥6'69
89'9L s
00°LL—
L ~

8e'59L ——

ELV0E —

D0

-10 ppm

160

140 130 120 110 100 0 80 70 60 50 40 30 20 10

150

200 190 180 170

210




'H NMR (400 MHz, CDCI3/TMS) and *C NMR (100 MHz, CDCls3) of compound 4k
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'H NMR (400 MHz, CDCIy/TMS) and *C NMR (100 MHz, CDCl3) of compound 4!
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"H NMR (400 MHz, CDCI3/TMS) and *C NMR (100 MHz, CDCl3) of compound 6a
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'H NMR (400 MHz, CDCI3/TMS) and *C NMR (100 MHz, CDCl3) of compound 6b
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'H NMR (400 MHz, CDCI3/TMS) and *C NMR (100 MHz, CDCl3) of compound 6¢
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'H NMR (400 MHz, CDCI3/TMS) and *C NMR (100 MHz, CDCls3) of compound 6d
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'H NMR (400 MHz, CDCI5/TMS) and ** C NMR (125 MHz, CDCls) of compound 6e
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'H NMR (400 MHz,

CDCIy/TMS) and *C NMR (100 MHz, CDCl3) of compound 6f
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'H NMR (400 MHz, CDCIy/TMS) and *C NMR (100 MHz, CDCl3) of compound 6g
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'H NMR (400 MHz, CDCI3/TMS) and *C NMR (100 MHz, CDCls3) of compound 6h
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