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1. Introduction

The introduction of methyl groups into organic nwlkes can 29
improve the physical properties and bioactivitiésimlogically M
F

active molecules, hence, methylation reaction massad much | N
interest in recent years. a-Methyl-1,3-diketones are widely

employed for the preparation of medicines and awgotcals’

e.g. 1-(4-fluorophenyl)-2,4-dimethylpentane-1,3ro (I) has

been used for the preparation of Rosuvastatin walc{ll) NN
(Scheme 1, eq 1) which could treat hyperchol-esteri, N
hyperlipoproteinemia and atherosclerosig; a-Methyl-1,3- 0 o /
diketones (lll) have been employed in the synthebigesticides MR
(IV, V)* and fungicides (VP (Scheme 1, egs 2 and 3). One of the
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most important routes ta-methyl-1,3-diketones is through R=ON. CFa, LR
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R
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methylation reaction. The traditional process ifresl the use of C=NOCH,, 3

eq
3b, 6 COCH, CN, CF3,

a strong base and poisonous methyl iodide (Scheraq 2). C=NOCH,
Thus, the development of new routes and reagentsthfer

methylation of 1,3-diketones is highly desirable2D08, the Li's  Scheme 1. Application of a-methyl-1,3-diketones in medicines,

Vi

group first reported that organic peroxides couldused as a pesticides and fungicides synthesis.
methyl source for the methylation of arenes in phesence of o o o o

palladium catalysté. Thereafter, several groups have employed RMR«M R)H)LRW eq 1
organic peroxides as the methylating reagent fqr O or C- o

methylation and oxidative methylation—cyclizatioh atkenes* o o onlo-o % o o
110,10 1 1y continuation of our effort on the organic pet®s . o R Rt 92
promoted methylation of organic molecufeserein, we report a R.R' = anyl, heteroaryl, alky This work

novel methylation protocol for the preparationosiethyl-1,3-
diketones (Scheme 2, eq 2), this protocol featwgelective
monomethylation in air withert-butyl peroxybenzoate (TBPB), 2.Results and Discussion
short reaction time (0.5 h), thus avoiding the of@oisonous
methyl iodide, scaling up to 50g level, and apmyithe
synthesized  1-(4-fluorophenyl)-2,4-dimethylpentdng-dione
(I for synthesis of the medicine, Rosuvastatin.

Scheme 2a-Methylation of 1,3-diketones

Initially, we began by investigating the reaction f3-
diphenylpropane-1,3-dione 14) with di-tert-butyl peroxide
(DTBP) (1.0 mmol)) using Cul catalyst (10 mol %) 16 mL
AcOH under air at 100C. To our delight, the desired prod@et
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was obtained in a low yield of 33% (Table 1, ently By
increasing the amount of DTBP used, we found thabgmal
use of 3 eq. of the oxidant resulted in an improv&eo yield of

yield respectively. Also, an enol substrate undermesthylation
to produce a good yield of produgd. Remarkably, the reaction
involving aliphatic and cyclic 1,3-diketones alstcorred giving

2a (Table 1, entries 2-4). Naeaction was observed in the product2m and2n respectively; the low yield &m (41%) may

absence of Cul (Table 1, entry 5) which indicated the Cusalt
was essential for the formation of product. Also, weplyed
other Cu salts and found CuCl to be the most effeatatalyst

giving product2a in 87% yield (Table 1, entries 6-7). The choice

of oxidant was also varied; whetert-butyl hydroperoxide

(TBHP) was used in place of DTBP, the reaction became

complex and only 30% vyield of produ2a could be obtained
(Table 1, entry 8). However, the usetet-butyl peroxybenzoate
(TBPB) gave a very satisfactory yield of 91% (Tableentry 9).
After screening the reaction temperature and titme,optimized
reaction conditions were a combination of 1,3-diketo
/TBPB/CuCI (1:3:0.1) in AcOH for 0.5 h under air at0O12C
(Table 1, entry 10).

Table 1.Optimization of the reaction conditichs

o 0 0. R 0 o
A, + Sy 0™ contons ph)Kl)k o
1a Oxidant 2a
Entry Catalyst 1a:0xidant Temp (°C) Time (h) Yield (%)?
1 Cul 1:1 (DTBP) 100 6 33
2 cul 1:3(DTBP) 100 6 71
3 cul 1.6 (DTBP) 100 6 63
4 Cul 1:12 (DTBP) 100 6 60
5 None 1:3(DTBP) 100 6 N.R.C
6 CuBr 1:3 (DTBP) 100 6 74
7 cucl 1:3(DTBP) 100 6 87
8 cucl 1:3(TBHP) 100 24 30
9 CuCl 1:3 (TBPB) 100 1.5 91
10 CuCl 1:3 (TBPB) 120 0.5 90
1 cucl 1:3 (TBPB) 80 12 72
12 CuCl 1:3 (TBPB) 60 24 18
13 CuCl 1:3 (TBPB) 25 48 trace
14 CuCl, 1:3(TBPB) 120 0.5 53
15 Cu(OTf), 1:3(TBPB) 120 0.5 50

# Reaction conditions: the mixture b (1.0 mmol), catalyst (10 mol %),
and oxidant (diert-butyl peroxide (DTBP)tert-butyl hydroperoxide
(TBHP), tert-butyl peroxybenzoate (TBPB)) was heated in HOAc

(10 mL) under air.

® Isolated yield.

°N. R. means no reaction.

With the optimal reaction conditions in hand, welergd the
scope of 1,3-dicarbonyl derivativeSable 2). A variety of
substituted aromatic, aliphatic and cyclic 1,3-ttkees reacted
with TBPB to give methylated products in moderategtmd
yields (30D0%).
significant role during the methylation process.tWiliketones
bearing electron-donating groups on the aromatings;i the
reaction took place smoothly resulting in good dgeRb-29g). It
is noteworthy that halogens were also tolerated uodecopper-
catalyzed protocol2h-2j, 2g). However, low yields of products
were obtained when the phenyl rings contains an relect
withdrawing substituent (e.®k) or different substituent types
(e.g. 2j). In addition, the reactions of unsymmetrical dikess
containing aromatic-ethyl, aromatic-cyclohexyl aadomatic-
isopropyl 1,3-dicarbonyl derivatives all occurrethaothly to
afford methylated product2l, 2p and| in 68%, 77% and 61%

Electronic effect was found to play a

be attributed to the steric hindrance caused bytehery butyl
group. Finally, the benzoyl ethyl acetate was rehuetith TBPB,
no reaction was observe®Ir}, hence this protocol is selective.

Table 2.Scope of 1,3-dicarbonyl compoufids

cuCl(10mol%) O O
TBPB (3 eq)
AcOH, 120°C, air

o O

R! R?
1a-1q

R R?

2a-2q

fe) [e} o o ] ]
2a 90% 2b 74% 2 75%

@ o ® e me“’o
(o) O (o)
[ 2d 88% 2e 74% [ 2 70% [

o o o o0 o o

II o O II Cl I

Br

[ 2h 68% 2 7%
29 81%

OBr ON O O

[ 2% 44% 2 30% 2 6%

o
HO. i;O ' *l :OH

o
2n 68%

20 82%
o o0
o O
OEt
F
161%

2r, 0%

Na g

2m 41%°

o

2p 77%

#Reaction conditions: the mixture d{1.0 mmol), CuCl (10 mol %),
andtert-butyl peroxybenzoate (TBPB) was heated in HOAcr(ilLQ
at 120°C for 30 mins under air.

®The reaction was performed at 14Dfor 4h.

Subsequently, we investigated the scope of monobisr
heteroaryl 1,3-diketones. As shownTable 3, a wide range of
substrates reacted readily including both electteficient and
electron-rich heteroaryls, thereby producing therexponding
methylated products in varying vyields. Notablya-
monomethylatiordg and bismethylatiortg' were generated by
substrate 1-(pyridin-2-yl)butane-1,3-dion8g) under standard
procedure, however onlyg was produced when 1.2 equivalent
TBPB was used. In addition, we found that the isdlgteduct
4g can be totally converted tdg' when reacted with 5
equivalents of TBPB; this result indicated that tiemethylation
product was generated from themonomethylation compound.
A reasonable explanation for this experimental tesuld be the
chelation of the Cu salt with N-atom and methineboar® This
metal-chelate function may activate the methinetlsat the
bismethylation derivatives can also be generatedvédrify this
hypothesis, we carried out the reactions of sulestrat(quinolin-
2-yl)butane-1,3-dione(3h), 1-(1H-pyrrol-2-yl)butane-1,3-dione
(3i) and 1-(1-methyl-H-pyrrol-2-yl)butane-1,3-dione3() under
standard conditions. Fortunately, a similar resudis observed
with 3h where the ratio of derivative#h/4h’ was 3:1; with3i
however, the bismethylation product was not detebtedrather
the N-methylation compoundi’ after 10 minutegseefootnote
€). Meanwhile, only productéi’ was obtained wher8i’ was
employed (seéootnote g, this is probably because the angfe
chelation between Cu salt and N-atom was too wide.thfamo



interesting result was the simultaneous formatioprotiucts4j

3

an acetone molecule. The 'Cspecies generated from 'Cay

and4j’ even when TBPB was decreased to 0.99 equivalent, ThUBET process, couldoordinate withla to form complexs, which

a competing reaction was taking place between
monomethylation on 1,3-dicarbonyls and methylation2-furyl
ring.

Table 3.Scope of 1,3-diketones bearing heteroaryl ring

cucl(tomol%) o o

TBPB (3 eq)

AcOH, 120°C RSKHLR"
s
W, \ s

o O

RIS e

4a 88% 70% 4c 79%
o O
A A
\ ‘ <
N N~ _N S
4d 65% e 68% 4f 72%
o O N
X
X ‘ A _
‘ _N N

4g 56%" (80%)° 4g' 14%° (0%)C 4h 53% (80%)°

o o
N\
\ / \ /
=
ah' 17%9 (0%)° 4i 58%° (77%)f 4" 19%¢ (0%) (72%)9
o O O O
O, 0,
W \
4 47%" 4j' 29%"

#Reaction conditions3 (1.0 mmol), TBPB (3.0 mmol), CuCl (10 mol %)
in HOAc (10 mL) at 12071 for 30 mins under air except for otherwise
noted;

P Generated by substradg, 4g:4g’ = 4:1;
©1.2 mmol TBPB;

4 Generated by substradk, 4h:4h' = 3:1.
¢ Generated by substradg 4i:4i' =3:1;
10 mins;

9 Generated by substrade;

" Generated by substradf 4j:4j' =1.6:1.

To further demonstrate the practicability of thisthodology,

was attacked by methyl radical to affoordmonomethylation
product2a along with the release of Guvhich participated in
the reaction again.

0 0 o 0
CuCI (10 mol %), TBPB
@ O O ACOH, 120°C, 3.5 h, air O O

1a,50.0 g, 222.5 mmol 2a,31.8 g, 133.5 mmol,
60% yield

OH OH
\ x\N‘

161%

CuCl (10 mol %)
w ACOH, TBPB,

120°C, air, 0.5 h

SO,Me

Rosuvastatin

R S CARCEEYS

Scheme 3Synthetic applications
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Scheme 4Radical capture experiment and proposed mechanism

3. Conclusion

In summary, we have developed a copper-catalyzeettdind
selective radical methylation of 1,3-diketones widnt-butyl

30 gram-scale preparation @fmono-methylated 1,3-dicarbonyl peroxybenzoate, providing a friendly and general way
compounds was performed as illustrated in Schema).31(3- synthesis of--methyl-1,3-diketones in moderate to good vyields.
Diphenylpropane-1,3-dionela (50.0 g, 222.5 mmol) was This methodology involves neither the use of meibylide, or
converted to2a (31.8 g, 133.5 mmol) in 60% isolated yield. inert conditions. It requires a short reaction tiaed can be

Besides, another utility is shown in Scheme 3 (b}neH can be
employed as an important intermediate in the swighef
Rosuvastatin. Compared with the traditional

refluxing for 48 h, this copper-catalyst protocfileos a friendly
and rapid method of carrying out thenonomethylation of 1-(4-
fluorophenyl)-2,4-dimethylpent-ane-1,3-dione.

Furthermore, a radical capture experiment was octeduto

help gain insight on the reaction pathway. As showBdheme 4,

the addition of the widely known radical-scaveng2?,6,6-
tetramethyl-1-piperidinyloxy (TEMPO, 3.0 eq) inhibd the

methylation reaction completely arth was not detected.

scaled up to 50g level. Also, the synthesized liy@rbphenyl)-
2,4-dimethylpentane-1,3-dione was shown to be a sitaiting

methotl omaterial in the synthesis of the medicine, Rosatast
synthesizingl which involves the use of poisonous Mel and

4. Experimental Section
4.1. General

'H NMR (400 MHz) and®*C NMR (101 MHz) spectra were
determined with CDGlI or DMSO4d; as solvent and
tetramethylsilane (TMS) as internal standard. Chalsbifts were
reported in ppm from internal TMS)){ all coupling constantsJ(
values) were reported in hertz (Hz). High-resolutimass spectra
were recorded on a TOF machine (ESI). Column chtognaphy

Moreover, the structurb formed from a methyl radical_ capture was performed with 300-400 mesh silica gel usinghflaolumn
by TEMPO was detected by LC-MS, thus this resultiechniques. All of the reagents were obtained coroiaéy and used

impliedstrongly the involvement of a radical intexdiate.

directly unless otherwise noted.

On the basis of these experimental results, a pespos 4.2. General procedurefor the methylation of 1,3-diketoneg1

mechanism is outlined in Scheme 4. Initially, text-butoxy
radical could be generated by single-electron feansf Cu to
TBPB, then it converted to a methyl radical througa loss of

and 3).
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Typical procedure for the preparation of 2-methyl-1,3-
diphenylpropane-1,3-dione (2a). To a solution of acetic acid (10
mL) containing 1,3-diphenylpropane-1,3-diod&)((0.224 g, 1.0
mmol) and CuCl (0.010 g, 0.1 mmol) was added-butyl
peroxybenzoate (0.56 mL, 3.0 mmol), then the mé&twas
heated at 120/ for 0.5 hours, after completion of reaction
(monitored by TLC), the solvent was removed undeuuvan and
the residue was neutralized by aqueous Naki€@ution and
extracted with DCM (10 mLx 3). The combined organic
fractions were dried over anhydrous MgsS@nd concentrated
under vacuum to obtain the crude product, which weied by
column chromatography (silica gel, petroleum et&E&AC
(95:5)) to give pure 2-methyl-1,3-diphenylpropang-dione
(2a).

Scale-up procedure for the preparation of 2-methyl-1,3-
diphenylpropane-1,3-dione (28). To a three-necked flask were
added acetic acid (450 mL), 1,3-diphenylpropanediode (La)
(50.0 g, 222.5 mmol) and CuCl (2.207 g, 22.3 mméfjer the
mixture was heated to 120, tert-butyl peroxybenzoate (124.5
mL, 669 mmol) was added in dropwise for 1 hour, themed
for about 2.5 hours. After completion of reactionofitored by
TLC), the solvent was removed under
dichloromethane (200 mL) was added to the residiexefd with
celite. The filtrate was washed with water (300 mL 3),
neutralized by aqueous NaHgGolution, and concentrated
under vacuum to obtain the red oily crude produdtich was
recrystallized from petroleum ether to give puren@thyl-1,3-
diphenylpropane-1,3-dion24, 31.8 g, 60% yield).

4.3 Characterization
2-Methyl-1,3-diphenylpropane-1,3-dione (2a) °

Colorless solid, 90% vyield (214 mg), mp 75-79 *8;:NMR
(400 MHz, CDC}): ¢ 7.99-7.92 (m, 4H), 7.60-7.53 (m, 2H),
7.50-7.41 (m, 4H), 5.27 (d,= 7.0 Hz, 1H), 1.61 (d] = 7.0 Hz,
3H). *C NMR (101 MHz, CDGJ)): § 197.3, 135.8, 133.6, 129.0,
128.7, 51.2, 14.5. MS (ESI-TOFRz (M+H)" Calcd for
Ci6H150, 239.1, found 239.1.

2-Methyl-1-phenyl-3-(p-tolyl)propane-1,3-dione (2b) °

Colorless solid, 74% yield (186 mg), mp 92-585'H NMR
(400 MHz, CDC)): 6 7.98-7.92 (m, 2H), 7.87 (d,= 8.2 Hz, 2H),
7.58-7.52 (m, 1H), 7.44 (8,= 7.7 Hz, 2H), 7.26 (d] = 8.2 Hz,
2H), 5.24 (q,J = 7.0 Hz, 1H), 2.40 (s, 3H), 1.59 @@= 7.0 Hz,
3H)."*C NMR (101 MHz, CDGCJ)): § 197.4, 197.0, 144.6, 135.8,
133.5, 133.2, 129.7, 129.0, 128.8, 128.6, 51.18,214.5. MS
(ESI-TOF)mVz. (M+H)" Calcd for G/H,/0, 253.1, found 253.1.

1-Phenyl-3-(o-tolyl)propane-1,3-dione (2¢)*°

There is an equilibrium of keto/enol in CQGblution for2c,
in which keto is major. Yellow oil, 75% yield (189 mdH NMR

vacuum an

Tetrahedron

Yellow oil, 88% yield (236 mg);H NMR (400 MHz, CDC)):
5 8.00-7.90 (m, 4H), 7.58-7.51 (m, 1H), 7.43(& 7.7 Hz, 2H),
6.98-6.89 (M, 2H), 5.22 (d,= 7.0 Hz, 1H), 3.85 (s, 3H), 1.58 (d,
J = 7.0 Hz, 3H)¥C NMR (101 MHz, CDCJ): ¢ 197.4, 196.0,
163.9, 135.8, 133.5, 131.0, 128.9, 128.6, 114.%,5%..0, 14.6.
MS (ESI-TOF)m/z (M+H)" Calcd for G;H;;05 269.1, found
269.1.

2-Methyl-1,3-bis (p-tolyl) propane-1,3-dione (2¢) **

Yellow solid, 74% vyield (197 mg), mp 135-13Z 'H NMR
(400 MHz, CDCY): 6 7.85 (d,J = 8.3 Hz, 4H), 7.23 (d) = 8.0
Hz, 4H), 5.20 (g, = 7.0 Hz, 1H), 2.39 (s, 6H), 1.58 @= 7.0
Hz, 3H).”*C NMR (101 MHz, CDGCJ)): ¢ 197.1, 144.5, 133.3,
129.7,128.8, 51.2, 21.8, 14.6. MS (ESI-T@#)x. (M+H)" Calcd
for CigH140, 267.1, found 267.1.

1,3-Bis(4-methoxyphenyl)-2-methyl propane-1,3-dione (2f) 2

Yellow oil, 70% yield (209 mg):H NMR (400 MHz, CDCJ):
5 7.94 (d,J = 8.9 Hz, 4H), 6.89 (d] = 8.9 Hz, 4H), 5.18 (q] =
7.0 Hz, 1H), 3.80 (s, 6H), 1.55 (d,= 7.0 Hz, 3H).”°C NMR
(101 MHz, CDC)): § 196.0, 163.7, 130.8, 128.6, 114.0, 55.4,
$0.6, 14.5. MS (ESI-TOFyWz (M+H)" Calcd for GgHiO4
299.1, found 299.1.

1,3-Bis(2-methoxyphenyl)-2-methyl propane-1,3-dione (29)

Colorless solid, 81% vyield (241 mg), mp 134-1%5 H
NMR (400 MHz, CDC}): § 7.81 (dd,J = 7.8, 1.6 Hz, 2H), 7.40-
7.47 (m, 2H), 6.99 (tJ = 7.5 Hz, 2H), 6.89 (d] = 8.3 Hz, 2H),
5.45 (q,J = 7.0 Hz, 1H), 3.68 (s, 6H), 1.45 @@= 7.0 Hz, 3H).
*C NMR (101 MHz, CDGJ): 5 198.6, 158.5, 133.9, 131.4, 126.9,
120.9, 111.5, 59.3, 55.2, 13.3. HRMS (CI-TOR)z (M+H)"
Calcd for GgH140, 299.1283, found 299.1294.

1-(4-Chlorophenyl)-2-methyl-3-phenyl propane-1,3-dione (2h) **

Yellow oil, 68% yield (185 mg);H NMR (400 MHz, CDCJ):
9 8.00-7.93 (m, 2H), 7.91-7.84 (m, 2H), 7.62-7.54 (),
7.51-7.37 (m, 4H), 5.20 (d,= 7.0 Hz, 1H), 1.60 (d] = 7.0 Hz,
3H). 3C NMR (101 MHz, CDC): 6 197.2, 196.0, 140.1, 135.6,
134.2, 133.8, 130.0, 129.4, 129.1, 128.7, 51.35.1KIS (ESI-
TOF)m/z. (M+H)" Calcd for GgH,4,CIO, 273.1, found 273.1.

1-(4-Bromophenyl)-2-methyl-3-phenyl propane-1,3-dione (2i)

Yellow oil, 71% yield (224 mg);H NMR (400 MHz, CDCJ):
9 8.00-7.92 (m, 2H), 7.91-7.85 (m, 2H), 7.59( 7.4 Hz, 1H),
7.52-7.38 (m, 4H), 5.20 (d,= 7.0 Hz, 1H), 1.60 (d] = 7.0 Hz,
3H). 3C NMR (101 MHz, CDC): § 197.2, 196.1, 140.1, 135.6,
134.1, 133.8, 129.5, 129.4, 129.1, 128.7, 51.%.1MRMS (CI-
TOF) m/z (M+H)" Caled for GgH.,BrO, 317.0177, found
317.0189.

1-(4-Bromophenyl)-3-(4-methoxyphenyl)-2-methyl propane-1,3-

(400 MHz, CDCJ): 5 7.97—7.90 (m, 1.98H, keto/enol), 7.70—7.63 dione (2))

(m, 1.41H, keto/enol), 7.61-7.53 (m, 1.05H, keto/gn@l52—
7.42 (m, 2.65H, keto/enol), 7.41-7.32 (m, 1.26H, iastol),

7.31-7.20 (m, 2.85H, keto/enol), 5.22 o= 7.0 Hz, 1H, keto),
2.45 (s, 3H, keto), 2.37 (s, 0.56H, enol ), 1.750(53H, enol),
1.60 (d,J = 7.0 Hz, 3H, keto)*C NMR (101 MHz, CDCJ): ¢

200.6 (keto), 197.5 (keto), 192.2 (enol), 189.40(gn139.4,
137.5, 137.3, 137.0, 136.1, 134.7, 133.5, 132.4,.713130.7,
130.6, 129.4, 128.9, 128.6, 128.3, 128.1, 126.3,83 125.77,
105.4, 53.2 (keto), 21.3 (keto), 19.3 (enol), 1%hol), 14.4
(keto). MS (ESI-TOF)mz (M+H)" Calcd for G/H,,0, 253.1,
found 253.1.

1-(4-Methoxyphenyl)-2-methyi-3-phenyl propane-1,3-dione (2d) °

Colorless solid, 44% vyield (152 mg), mp 96-@8'H NMR
(400 MHz, CDCY): 6 7.94 (d,J = 9.0 Hz, 2H), 7.79 (d) = 8.7
Hz, 2H), 7.57 (dJ = 8.7 Hz, 2H), 6.94 (d] = 9.0 Hz, 2H), 5.12
(q,J = 7.0 Hz, 1H), 3.87 (s, 3H), 1.59 @@= 7.0 Hz, 3H).°C
NMR (101 MHz, CDC)): ¢ 196.4, 195.8, 164.1, 134.7, 132.3,
131.1, 130.1, 128.7, 128.5, 114.3, 55.7, 51.4,.14RMS (CI-
TOF) miz (M+H)" Caled for G.H,BrO; 347.0283, found
347.0296.

2-Methyl-1-(4-nitrophenyl)-3-phenyl propane-1,3-dione (2k)

Yellow oil, 30% yield (85 mg)*H NMR (400 MHz, DMSO-
dg): ¢ 8.35 (d,J = 8.9 Hz, 2H), 8.18 (d] = 8.9 Hz, 2H), 8.05—
7.99 (m, 2H), 7.69 (1) = 7.4 Hz, 1H), 7.56 (tJ = 7.7 Hz, 2H),



5.91 (q,J = 6.9 Hz, 1H), 1.41 (d] = 6.9 Hz, 3H)**C NMR (101

5
Yellow oil, 70% vyield (167 mg)."H NMR (400 MHz,

MHz, CDCk): § 198.1, 197.2, 150.1, 140.3, 135.0, 134.0, 129.6CDCL): 6 8.52 (d,J = 4.3 Hz, 1H), 8.09 (dJ = 7.8 Hz, 1H),

129.1, 128.6, 124.2, 50.3, 13.9. HRMS (CI-TQRY: (M+H)"
Calcd for GgH1/NO, 284.0923, found 284.0934.

2-Methyl-1-phenylpentane-1,3-dione (21) **

Yellow oil, 68% yield (129 mg);H NMR (400 MHz, CDCJ):
5 8.00-7.92 (m, 2H), 7.61-7.53 (m, 1H), 7.51-7.422kt), 4.50
(9,J = 7.0 Hz, 1H), 2.61-2.48 (m, 1H), 2.47-2.32 (m, 131
(d,J = 7.0 Hz, 3H), 1.00 (] = 7.2 Hz, 3H)*C NMR (101 MHz,
CDCL): 6 207.8, 197.6, 136.1, 133.7, 129.0, 128.7, 56.01,34
13.8, 7.8. MS (ESI-TORWz (M+H)" Calcd for G,H;s0, 191.1,
found 191.1.

2,2,4,6,6-Pentamethyl heptane-3,5-dione (2m) *°

Colorless oil, 41% yield (81 mg)H NMR (400 MHz, CDCJ):
0 4.45 (g,J = 6.9 Hz, 1H), 1.27 (d] = 6.9 Hz, 3H), 1.15 (s, 18H).
*C NMR (101 MHz, CDG)): 6 212.1, 49.0, 44.6, 27.5, 15.7. MS
(ESI-TOF)mVz: (M+H)" Calcd for G,H,»30, 199.2, found 199.2.

3-Hydroxy-2,5,5-trimethyl cyclohex-2-en-1-one (2n) *°

Yellow oil, 68% yield (105 mg);H NMR (400 MHz, CDCJ):
0 5.37 (s, 1H), 3.70 (s, 3H), 2.28 (s, 2H), 2.22 (s,,2H)7 (s,
6H). ®C NMR (101 MHz, CDGC)): 6 199.7, 177.1, 101.3, 55.8,
50.9, 42.8, 32.7, 28.4. MS (ESI-TORYz (M+H)" Calcd for
CyH150, 155.1, found 155.1.

2-Hydroxy-3-methyl naphthal ene-1,4-dione (20)

Yellow solid, 82% vyield (154 mg), mp 164-166 '"H NMR
(400 MHz, CDCJ): 6 8.13 (ddJ = 7.6, 1.0 Hz, 1H), 8.08 (dd,=
7.5, 1.1 Hz, 1H), 7.75 (td, = 7.6, 1.4 Hz, 1H), 7.68 (td,= 7.5,
1.3 Hz, 1H), 7.31 (s, 1H), 2.11 (s, 3HJC NMR (101 MHz,
CDCly): 6 185.2, 181.3, 153.3, 135.0, 133.0, 129.6, 12628,3,
120.7, 8.8. HRMS (ESI-TOF)m/z (M+Na)" Calcd for
C;HgNaG; 211.0371, found 211.0365.

1-Cyclohexyl-2-methyl-3-phenyl propane-1,3-dione (2p)

Yellow oil, 82% yield (188 mg)'*H NMR (400 MHz, CDCJ):
 8.00-7.92 (m, 2H), 7.59 @,= 7.4 Hz, 1H), 7.49 (0 = 7.6 Hz,

8.07-8.03 (m, 2H), 7.83 (td,= 7.7, 1.6 Hz, 1H), 7.61-7.52 (m,
1H), 7.51-7.45 (m, 2H), 7.44-7.38 (m, 1H), 5.74Xg, 7.0 Hz,
1H), 1.52 (d,J = 7.1 Hz, 3H).2*C NMR (101 MHz, CDG)): ¢
198.8, 198.7, 151.9, 148.9, 137.2, 136.4, 133.8.912128.8,
127.4, 122.6, 49.7, 13.5. HRMS (ESI-TORjz. (M+H)" Calcd
for C;5H14NO, 240.1024, found 240.1025.

2-Methyl-1,3-di(thiophen-2-yl)propane-1,3-dione (4¢)

Yellow oil, 79% yield (197 mg)*H NMR (400 MHz, CDC)):
5 7.78 (dd,J = 3.9, 1.0 Hz, 2H), 7.66 (dd,= 5.0, 1.0 Hz, 2H),
7.14-7.08 (m, 2H), 4.90 (d,= 7.0 Hz, 1H), 1.64 (d] = 7.1 Hz,
3H). °*C NMR (101 MHz, CDGCJ): ¢ 189.3, 143.0, 134.8, 133.0,
128.6, 54.9, 14.9. HRMS (ESI-TORyVz (M+H)" Calcd for
C1:H1:0,S, 251.0200, found 251.0195.

2-Methyl-1,3-di(pyridin-2-yl)propane-1,3-dione (4d)

Yellow oil, 65% vyield (156 mg)H NMR (400 MHz, DMSO-
de): 0 8.54 (d,J = 4.3 Hz, 2H), 8.00 (dJ = 3.9 Hz, 4H), 7.63—
7.54 (m, 2H), 5.77-5.67 (m, 1H), 1.39 (M= 7.0 Hz, 3H).*C
NMR (101 MHz, DMSOe): 6 198.6, 151.3, 148.9, 137.8, 127.6,
121.9, 49.2, 12.9. HRMS (ESI-TORyz (M+H)" Calcd for
C1H13N,0, 241.0977, found 241.0971.

2-Methyl-1-(pyridin-2-yl)-3-(thiophen-2-yl) propane-1,3-dione
(4¢)

Yellow solid, 68% yield (167 mg), mp 82-83.'H NMR
(400 MHz, CDCJ) : 6 8.56 (d,J = 4.3 Hz, 1H), 8.08 (d] = 7.8
Hz, 1H), 7.85-7.80 (m, 2H), 7.64 (@z= 4.9 Hz, 1H), 7.48-7.40
(m, 1H), 7.16-7.10 (m, 1H), 5.65 @= 7.1 Hz, 1H), 1.56 (d] =
7.1 Hz, 3H).“C NMR (101 MHz, CDC): § 1987.9, 191.1,
151.8, 148.9, 143.6, 137.3, 134.0, 132.7, 128.3,.5,2122.7,
51.0, 13.9. HRMS (ESI-TOF)mVz (M+H)" Calcd for
C.:H1,NO,S 246.0589, found 246.0588.

2-Methyl-1-(thiophen-2-yl)butane-1,3-dione (4f)

Yellow oil, 72% yield (131 mg)'*H NMR (400 MHz, CDCJ):
§7.79 (d,J = 3.8 Hz, 1H), 7.72 (d] = 4.9 Hz, 1H), 7.17 () =

2H), 4.60 (gJ = 7.0 Hz, 1H), 2.56-2.44 (m, 1H), 1.85-1.65 (m, 4.4 Hz, 1H), 4.33 (qJ = 7.0 Hz, 1H), 2.19 (s, 3H), 1.48 @~

4H), 1.43 (dJ = 7.0 Hz, 3H), 1.31-1.10 (m, 6HJC NMR (101

7.0 Hz, 3H).”*C NMR (101 MHz, CDGJ): 6 204.4, 189.8, 143.3,

MHz, CDCL): ¢ 210.3, 197.8, 136.3, 133.7, 129.0, 128.7, 54.8135.1, 133.3, 128.6, 58.2, 27.8, 13.7. HRMS (ESI-T@¥z

49.6, 29.4, 28.8, 25.8, 25.5, 13.8. HRMS (ESI-TOR) (M+H)"*
Calcd for GgH»,0, 245.1541, found 245.1542.

1-(4-Fluorophenyl)-2,4-dimethyl pentane-1,3-dione (1)

Colorless oil, 61% vyield (135 mgjH NMR (400 MHz,
CDCly): 6 8.05-7.89 (m, 2H), 7.19-7.09 (m, 2H), 4.57Jg, 7.0
Hz, 1H), 2.80-2.69 (m, 1H), 1.42 @z 7.0 Hz, 3H), 1.07 (d] =
6.8 Hz, 3H), 1.00 (dJ = 6.9 Hz, 3H).*C NMR (101 MHz,
CDCly): 6 210.9, 196.0, 166.1 (d,= 256.5 Hz), 132.6 (d] = 3.0
Hz), 131.5 (dJ = 10.0 Hz), 116.1 (d) = 20.0 Hz), 54.7, 39.4,
19.2, 18.7, 13.8. HRMS (ESI-TORyWz (M+Na)" Calcd for
CiHisFNaQ, 245.0954, found 245.0955.

2-Methyl-1-phenyl-3-(thiophen-2-yl)propane-1,3-dione (4a)

Yellow oil, 88% vyield (214 mg)'*H NMR (400 MHz, CDCJ)):
5 8.02-7.95 (m, 2H), 7.73 (dd,= 3.8, 1.0 Hz, 1H), 7.65 (dd,=
5.0, 1.0 Hz, 1H), 7.60-7.52 (m, 1H), 7.50-7.40 (m, ZH)}A-
7.08 (m, 1H), 5.08 (q] = 7.0 Hz, 1H), 1.63 (d] = 7.0 Hz, 3H).

¥C NMR (101 MHz, CDGCJ): 6 196.6, 189.0, 143.1, 135.9, 134.6

133.7, 132.8, 129.0, 128.8, 128.5, 53.1, 14.8. HRESI-TOF)
m/z. (M+H)" Calcd for G4H;40,S 245.0636, found 245.0624.

2-Methyl-1-phenyl-3-(pyridin-2-yl)propane-1,3-dione (4b)

(M+H)" Calcd for GH,;0,S 183.0480, found 183.0478.
2-Methyl-1-(pyridin-2-yl)butane-1,3-dione (4Q)

Yellow oil, 56% yield (99 mg)*H NMR (400 MHz, CDC)):
5 8.65 (d,J = 4.2 Hz, 1H), 8.07 (d] = 7.8 Hz, 1H), 7.85 (td] =
7.7, 1.6 Hz, 1H), 7.51-7.44 (m, 1H), 4.89 Jo= 7.1 Hz, 1H),
2.36 (s, 3H), 1.41 (dJ = 7.1 Hz, 3H).”*C NMR (101 MHz,
CDCL): ¢ 206.3, 198.4, 152.1, 148.9, 137.2, 127.5, 122458,5
29.5, 12.6. HRMS (ESI-TORyVz (M+H)* Calcd for GgH1,NO,
178.0868, found 178.0867.

2,2-Dimethyl-1-(pyridin-2-yl)butane-1,3-dione (49°)

Yellow oil, 14% yield (26 mg)'H NMR (400 MHz, CDCJ)):
4 8.59 (d,J = 4.2 Hz, 1H), 8.06 (d] = 7.8 Hz, 1H), 7.84 (td] =
7.7, 1.6 Hz, 1H), 7.46-7.38 (m, 1H), 2.21 (s, 3H), 1(&56H).
*C NMR (101 MHz, CDGJ)): 6 207.8, 200.9, 151.2, 148.3, 137.3,
127.1, 123.5, 29.7, 26.8, 22.8. HRMS (ESI-TOWE (M+H)"
Calcd for G;H1,NO, 192.1025, found 192.1021.

' 2-Methyl-1-(quinolin-2-yl)butane-1,3-dione (4h)

Yellow oil, 53% vyield (118 mg)‘*H NMR (400 MHz, CDCJ)):
0 8.28 (d,J = 8.5 Hz, 1H), 8.14 (d] = 8.5 Hz, 2H), 7.87 (d] =
8.2 Hz, 1H), 7.82-7.74 (m, 1H), 7.69-7.60 (m, 1H), 5@ =
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7.1 Hz, 1H), 2.49 (s, 3H), 1.47 (d,= 7.1 Hz, 3H)“C NMR
(101 MHz, CDCJ): § 206.4, 198.5, 151.6, 147.1, 137.4, 130.4,
130.3 129.9, 128.9, 127.9, 118.6, 54.9, 29.8, 12RMS (ESI-
TOF) miz (M+H)" Calcd for GH.NO, 228.1025, found
228.1017.

2,2-Dimethyl-1-(quinolin-2-yl)butane-1,3-dione (4h’)

Colorless solid, 17% yield (41 mg), mp 62—-63'H NMR
(400 MHz, CDCY)): ¢ 8.29 (d,J = 8.4 Hz, 1H), 8.13 (d) = 8.5
Hz, 1H), 8.07 (dJ = 8.5 Hz, 1H), 7.87 (d] = 8.1 Hz, 1H), 7.81-
7.73 (m, 1H), 7.69-7.60 (m, 1H), 2.32 (s, 3H), 1.536). °C
NMR (101 MHz, CDC)): ¢ 207.7, 201.2, 150.5, 146.6, 137.4,
130.32, 130.30, 129.6, 129.0, 127.8, 119.3, 59710,223.1.
HRMS (ESI-TOF)m/zz (M+H)" Calcd for GgH,gNO, 242.1181,
found 242.1180.

2-Methyl-1-(1H-pyrrol-2-yl)butane-1,3-dione (4i)

Yellow oil, 58% yield (96 mg)'H NMR (400 MHz, CDC)): §
10.01 (s, 1H), 7.12 (s, 1H), 7.01 (s, 1H), 6.34-6A81H), 4.22
(q,J = 7.0 Hz, 1H), 2.17 (s, 3H), 1.43 @@= 7.0 Hz, 3H).°C
NMR (101 MHz, CDC)): 6 204.9, 187.0, 131.2, 126.4, 118.1,
111.3, 56.9, 28.1, 13.8. HRMS (ESI-TORJz (M+Na)' Calcd
for CoH ;NNaO, 188.0687, found 188.0687.

2-Methyl-1-(1-methyl-1H-pyrrol-2-yl)butane-1,3-dione (4i")

Yellow oil, 72% yield (129 mg)*H NMR (400 MHz, CDC)):
57.03 (ddJ = 4.2, 1.6 Hz, 1H), 6.90-6.85 (m, 1H), 6.19-6.14 (m,
1H), 4.23 (qJ = 7.0 Hz, 1H), 3.95 (s, 3H), 2.16 (s, 3H), 1.40 (d,
J = 7.0 Hz, 3H).®C NMR (101 MHz, CDG)): § 205.4, 187.4,
132.4, 130.2, 120.7, 108.7, 57.6, 37.9, 27.9, 14RMS (ESI-
TOF) miz (M+H)" Caled for GoH;,NO, 180.1025, found
180.1016.

Mixture of 1-(furan-2-yl)-2-methyl-3-phenylpropane-1,3-dione
(4j) and 2-methyl-1-(5-methylfuran-2-yl)-3-phenylpropane-1,3-
dione (4)’)

Yellow oil, 4j/4j = 1/0.6 (calculated on the basis'sf NMR
integral), total yield 76% (178 mgiH NMR (400 MHz, CDCJ):
d 8.03-7.95 (m, 3.23H), 7.60-7.51 (m, 2.72H), 7.50+7,
3.31H), 7.25 (ddJ = 3.6, 0.6 Hz, 0.93H), 7.16 (d,= 3.5 Hz,
0.62H), 6.52 (ddJ = 3.6, 1.7 Hz, 0.98H), 6.15 (dd,= 3.5, 0.8
Hz, 0.61H), 5.09 (gJ = 7.1 Hz, 1H), 5.01 (q] = 7.0 Hz, 0.62H),
2.32 (s, 1.91H), 1.56 (d,= 7.1 Hz, 5.01H):°C NMR (101 MHz,
CDCly): 6 197.1, 197.0, 186.1, 185.3, 158.3, 151.8, 15018, 7,
136.2, 136.0, 133.6, 133.5, 128.94, 128.87, 128.78,69, 120.3,
118.1, 112.8, 109.6, 51.8, 51.7, 14.2, 13.8. HRMSI{EOF)
m/z. (M+H)" Caled for GH,30; 229.0865, found 229.0859;
(M+H)" Calcd for GgH1205243.1021, found 243.1029.

1-Methoxy-2,2,6,6-tetramethyl piperidine (5)

MS (ESI-TOF)m/z: (M+H)* Calcd for GgH,,NO 172.2, found
172.2.

Supplementary data

Experimental procedures, characterization data,capies of
the'H NMR and**C NMR spectra for the products are available.
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