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Tetraalkylammonium salts bearing PFs~ and BF,~ anions
have been recognized as recoverable phase-transfer cata-
lysts for the synthesis of 1,1-dichlorocyclopropane and o-(tri-
chloromethyl)carbinol derivatives from alkenes or aldehydes
in the heterogeneous system KOH(s)/CHCI;. The catalysts

retained their
cycles.

catalytic activity over several reaction

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2008)

Introduction

In the last decade, organic salts with fluorinated anions,
particularly integral components of ionic liquids,™! have at-
tracted attention as green neoteric solvents and catalysts for
chemical reactions.’l They are stable, nonvolatile, non-
flammablel® and capable of dissolving a majority of or-
ganic, inorganic and organometallic compounds.[] Due to
their poor solubility in hydrocarbons and, in some cases,
in water, they may be readily separated from reagents and
products and reused.’! Many heterogeneous organic reac-
tions proceed with high yields and selectivities in multi-
phase liquid/liquid or solid/liquid systems bearing ionic
phases composed of these salts.[®]

Organic salts with fluorinated anions may act as phase-
transfer catalysts (PTCs) in multi-phase organic reactions.
The presence of lipophilic organic cations, similar to those
present in conventional PTCs,["! along with weakly solvat-
ing fluorinated anions, creates a favorable combination of
properties from the green chemistry viewpoint:!®l the ability
to transfer anionic reagents from the aqueous phase or po-
lar solid surface to the organic phase, and recoverability.
Despite this, the area of phase-transfer catalysis by fluori-
nated organic salts has so far been nearly unexplored. They
were applied in alkylation reactions without focusing on
recovery and without comparing catalyst efficacy to that
of conventional PTCs containing chloride or bromide
anions.’! In addition, we have recently found that tetra-
alkylammonium and 1,3-dialkylimidazolium salts with
fluorinated anions act as efficient, recoverable PTCs for
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solid base-promoted cross-aldol condensations and for
Michael reactions of nitroalkanes with electron-deficient
alkenes.'?

Herein we report the first application of PTCs bearing
BF, and PF¢ anions to the synthesis of practically impor-
tant 1,1-dichlorocyclopropane and a-(trichloromethyl)car-
binol derivatives. 1,1-Dichlorocyclopropanes possess fungi-
cide, insecticide and acaricide activities,['!! and can be used
for the synthesis of insect juvenile hormone analogs.!'?! Tri-
chloromethylcarbinol derivatives are valuable intermediates
in pyrethroid syntheses.!!?]

The most efficient approaches to these compounds are
tandem reactions, including the generation of dichlorocar-
bene or the CCl; anion in 50% aqueous!®!¥ or solid®:!3
metal hydroxide/CHCIl; heterogeneous systems, followed by
their reactions with unsaturated compounds. The syntheses
in the liquid/liquid systems are well documented, whereas
the solid/liquid systems, which are more important for
chemical technology, have not been studied in detail. In
both cases, when BnNEt;Cl (TEBA-CI) was used as a PTC,
it was irreversibly lost during product isolation. It might be
expected that the replacement of BnNEt;Cl by the corre-
sponding salt with a fluorinated anion would allow catalyst
recovery and retain the process efficacy.

Results and Discussion

To examine this assumption we first studied the reactions
of cinnamaldehyde dimethyl acetal (1a) with the KOH/
CHCl; solid/liquid system in the presence of tetraalkyl-
ammonium or 1,3-dialkylimidazolium salts bearing CI,
Br, BF, and PF4 anions (Table 1). For convenient pro-
cessing, the organic phase was diluted with an equal
amount of benzene. The reactions were run at 50 °C for 7 h.
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In all experiments the 1a/KOH(s)/CHCIl;/PhH ratio was
1:4:4:4; the PTC amount was 1 mol-% with respect to the
alkene 1a. Cyclopropane derivative 2a was isolated as the
major reaction product.

Table 1. Comparison of phase-transfer catalysts in the synthesis of
2a.

s. KOH/CHCI,/PhH Cl

Cl
(4 equiv. each) /&OMe
Ph OMe

OMe

Ph/\)\OMe

@ O
Cat An (1 mol-%),

1a PhH, 50°C, 7 h 2a

Cation Anion Yield of 2a
}’ZBL141\I+ BF, 69
nBu,N* PFs 72, 7211, 66lP, 72le]
nBuy,N* Br 64
Et;NBn* BF, 63
Et;NBn* PF, 60
Et;NBn* ClI 63

Bmim* PF, 17

None none 0

[a] nBuyNPF¢ (5 mol-%) was used. [b] nBuyNPFg (0.25 mol-%) was
used. [c] Yield in the system KOH (s)/CHCI;/PhCH; (4 equiv.
each)/nBuyNPFg (1 mol-%).

The yields of 2a in reactions catalyzed by tetraalkyl-
ammonium salts bearing BF; and PF4 anions were com-
parable to or higher than those attained in the reactions
catalyzed by conventional PTCs. Alternatively, [-butyl-
3-methylimidazolium hexafluorophosphate [bmim][PF]
showed modest efficacy in the studied reaction, presumably
because of the decomposition of the imidazolium cation un-
der the basic reaction conditions.!'®! No reactions occurred
in the absence of PTC. The highest yield of 2a (72%) was
attained in the presence of tetrabutylammonium hexafluo-
rophosphate (nBuysNPFy). Increasing the catalyst amount
to 5 mol-% did not influence the product yield, whereas its
reduction to 0.25 mol-% lowered it slightly. The process effi-
cacy remained high where toluene was used as a cosolvent
instead of toxic benzene.

The system KOH(s)/CHCl;/nBuyNPFq4 (1 mol-%), which
was most efficient in the model reaction, was further
studied in reactions with various alkenes, in particular with
those bearing isoprenoid moieties. The corresponding cy-
clopropane derivatives 2b—h were obtained in all cases. The
yields of the known compounds 2b,c,e-h and 3f were higher
than those reported in the literature (Table 2).

Dienes 1d,f afforded different products depending on the
1/KOH/CHCls/ratio. Monocyclopropanation products 2d,f
were isolated in a 1:2:2 ratio. Aldehyde 2f formed as a mix-
ture of (Z) and (E) isomers (2:3) by hydrolysis of the acetal
group during chromatography of the product on SiO,.
Compounds 3d.f, bearing two cyclopropane moieties,
formed in a 1:8:8 ratio. Yet, linalool (1¢) afforded monocy-
clopropanation product 2¢ even at the latter diene/KOH/
CHCl; ratio; the double bond located at the B-position with
respect to the hydroxy group remained intact.
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o,B-Unsaturated ketones bearing no alkyl group at the
a-position, in particular isophorone and pseudoionone, re-
mained unchanged under the studied conditions. Yet, (-)-L-
carvone (1i) afforded a mixture of isomeric dichlorocyclo-
propanes 2i,j, which were isolated by column chromatog-
raphy (silica gel) in 26% and 63 % yields, respectively.

In the presence of acrylic acid derivatives 4a.b, vinyl ace-
tate (4¢), or aldehydes 5, the reactions ran in another direc-
tion affording addition products 7 and 8 with the CCls
group. Under the same conditions, aldehyde acylals 6a,b
substituted one of the two acetate groups for the CCl;
group, vyielding B,B,B-trichlorocarbinol acetates 9a,b
(Table 3).

It is worth mentioning that methacrylic ester 1g and
acrylic ester 4b behaved differently under the studied condi-
tions. Compound 4b, being a strong electrophile, yielded
trichloromethyl derivative 7b (Table 3), whereas compound
1g, possessing nucleophilic properties, gave dichlorocyclo-
propane 2g (Table 2).

Fluorinated PTCs appeared recoverable and reusable in
the studied reactions (see Tables 2 and 3; compounds 2e¢h
and 9a). The regeneration procedure consisted of extracting
the product with an organic solvent followed by washing
the remaining nBuyNPF¢/KOH/KCI mixture with water to
remove inorganic compounds. The protocol is suitable for
recovery of various PTCs with fluorinated anions that
are poorly soluble in water, in particular nBuysNBF,,
BnNEt;BF; and BnNEt;PFs. The consistency of
nBuyNPF under the studied conditions was confirmed by
the identity of 'H, 'F NMR and microanalysis data of the
recovered and freshly prepared catalyst samples (see Exp.
Sect.). Using the nBuyNPF¢/KOH/KCI mixture instead of
pure PTC resulted in gradual yield lowering (Table 2; com-
pound 2h, cycles 2-4), probably due to the deactivation of
the catalyst by the adsorbed inorganic compounds. PTC ac-
tivity was restored after treatment of the mixture with water
(Table 2; compound 2h, cycle 5).

Addition reactions in the studied solid/liquid system are
assumed to start with CH-acid deprotonation on the solid
base surface followed by carbanion interception by a PTC
and its transfer from the solid/liquid interfacial region (a
so-called “omega phase”!®2?%l) into the organic phase
(Scheme 1). A further reaction pathway depends on the rea-
gent structure. Electrophiles 4-6 add the CCl; anion, yield-
ing compounds 7-9 and nBuy,NOH, which may further act
as a catalyst for the trichloromethylation reaction itself (Cy-
cle A). This assumption is in compliance with observation
that freshly prepared nBuy,NOH, used in amounts as high
as 1 equiv., catalyzed the homogeneous reaction between al-
dehyde 5b and CHCl; in benzene in the absence of KOH.
However, conversion of 5b was only 47% after 6 h, possibly
due to gradual decomposition of the organic base under the
reaction conditions.”! In the absence of an electrophile, the
CCl; anion decomposes to Cl™ and dichlorocarbene, which
reacts with alkenes 1 yielding 1,1-dichlorocyclopropane de-
rivatives 2 and 3 (Cycle B).*% Presumably, fluorinated PTC
returns to the process by a metathesis reaction (Cycle C).
The feasibility of ion exchange between nBuyNCIl and KPF4
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Table 2. Synthesis of 1,1-dichlorocyclopropanes 2 and 3 from alkenes 1 in the system KOH (s)/CHCl3/PhH/nBusNPF¢ (1 mol-%).

1/KOH/ o
1 CHCI,/PhH [02] ] 2,3 ‘{;‘*L‘L[){:’]]
molar ratio 4
OMe ClL o _
la 1:4:4:4 50 7 2a OMe 72 (4547
Ph/\/kOMe

1b )\/\ 1:222 15 6 2b 88 (7011

N }A (701

1c W 12222 20 7 2¢ W 99 (891"
OH

\>/\)\/\
[201[¢]
1d /I\/\/KAOAC 1222 15 6 2d o c 97 (61PN
~
1d )\/\/K/\OAC 1:8:8:8 15 6 3d CI/ 95
o7 (1)
98(2
OFt \Y\)\)\ 97 (3 ),
le /K/\)\)\ 1:4:4:4 45 7 2e B 984N,
OEt Cl/ 97 (5 ),
97 (61
(84[12a])
OEt ~~
85 (1)
le )\/\/k/k 1:4:4:4° 45 7 2e W Et
N oEt o 86 2
OEt
1f M 1:2:22 45 6 2f 68 (531"
OEt
OEt
T SO N G T BPE R 81(77%)
OEt

CO,Et
1g )\ 444 15 4 2g C'% 2 86 (8517
CO,Et

83 (1)
81 (2
79 (30
57 (417)
83 (59

(62[1 50])[&]

84 (1)
83 (29

Cl
Cl
Cl
Cl
2i 26 (73HM
1i 1:4:4:4 45 30 °
o 4:4:
2j al %Ciio

1h 1:2:22 45 6 2h

1h 1:2:2201 45 6 2h

63 (50123)h

[a] Reported data were obtained in the system NaOH (aq.)/CHCIl;/BnNEt;Cl unless noted otherwise. [b] Yield of corresponding diethyl
acetal. [c] Prepared by the electrolysis of CCl, in the 1d/CHCI; mixture. [d] nBuysNPF¢ recovered from previous cycle and washed with
H,O and Et,O was used. [e] PhCH; was used instead of PhH. [f] A mixture of nBuyNPF¢, KOH and KClI recovered from previous cycle
was used. [g] Yield in the system NaOH (s)/CHCIy/BnNEt;Cl. [h] Yield in the system NaOH (aq.)/CHCI3/CtNMesBr.

was indirectly confirmed by the synthesis of BnNEt;BF, The catalytic Cycle C makes the studied reaction dif-
from BnNEt;Cl and KBF, under the reaction conditions ferent from similar reactions catalyzed by conventional
(see Exp. Sect.). PTCs containing chloride or bromide anions.[!329-301 An
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Table 3. Synthesis of trichloromethyl derivatives 7-9 from compounds 4-6 in the catalytic system KOH (s)/CHCIl3;/PhH/nBuysNPF (1 mol-

UO).

T ¢ Yield™ [%)]
+6 [°C] [h] -9 (cycle)
4a CH,=CHCN 5 5 7a Cl;CCH,CH,CN 76 (72122
4b CH,=CHCO,Et 5 5 7b  CLCCH,CH,CO,Et 45 (5524
4c CH,=CHOAc 5 4 7c CH;CH(CCl;)OAc 81 (7512
5a PhCHO 20 5 8a PhCH(CCl3)OH 85 (8012
5b PhCH=CHCHO 20 4 8b PhCH=CHCH(CCI;)OH 76 (447
CCly -
5¢ NS N 5 5 8¢ M 55 (44127

~o X X Son
84 (1)
6a PhCH(OAc), 20 6 9a PhCH(CCl5)OAc 822
86 (3%
891 (1)
g d
6a PhCH(OAc), 20 6 9a  PhCH(CCL)OAc 88!l (21
SSM (3[‘1])
6b  MeCH=CHCH(OAc), 15 6 9b MeCH=CHCH(CCL;)OAc 70 (57°%)

[a] Reaction conditions: 4-6 (10 mmol), KOH (s) (20 mmol), CHCI; (20 mmol), PhH (20 mmol). [b] Reported data were obtained in the
system NaOH (aq.)/CHCIly/BnNEt;Cl unless noted otherwise. [c] Yield of corresponding iPr ester. [d] nBuyNPFg recovered from the
previous cycle and washed with H,O and Et,O was used. [¢] PhCH; (20 mmol) was used as cosolvent instead of PhH.

Electrophile (E) @ o
4-6 nBugN ClyC-E— Organic
Cycle A phase
Hzo w-Phase H20 CHC|3
@ © [CC]
CHCl, nBugN CCI3 nBuyN O Cs,:lsz
Cycle B >T<
K CCI Cl Cl
: PFG \
Cycle CCI2
KOH{ o o3
surface nBuyN }:>|:6 nBu4N CI ’
KOH
KCI

Scheme 1. Plausible mechanism for the synthesis of compounds 2,
3 and 7-9 in the heterogeneous system KOH (s)/CHCIl;/PhH/
I’IBU4NPF6.

equilibrium between organic salts with lipophilic (CCl;~
and Cl) and weakly solvating fluorinated (PFs or BF,)
anions strongly shifts to salts with PF4 or BF, anions
which are poorly soluble in the organic phase,[!% enabling
recovery of =85% of fluorinated PTC.

Conclusions

Tetraalkylammonium salts bearing PFs or BF,  anions
have been applied for the first time as efficient phase-trans-
fer catalysts for dichlorocyclopropanation and trichloro-
methylation reactions, including the generation of dichlo-
rocarbene or CCl; anion in solid base/CHCl; systems. Un-
like conventional PTCs, they can be easily separated from
the reaction products and used repeatedly.
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Experimental Section

General Remarks: NMR spectra were recorded with Bruker WM-
250 [250.13 MHz (‘H)], AM-300 [300.13 MHz ('H)], and DRX-
500 [500.13 MHz (H), 125.76 MHz (!3C), 470.4 MHz (*°F)] instru-
ments in CDCIl; unless noted otherwise. 'H, '*C and '°F chemical
shifts are relative to Me,Si, [Dglacetone and CCIF;, respectively.
The reactions were monitored by TLC [silufol plates; eluent: ethyl
acetate/PhH (1:19) or hexane, visualization by I, or UV] and GLC
(LKhM-80 chromatograph with a flame ionization detector, N,
1.4X0.003 m glass column with 5% SE-30 on Chromaton N-AW-
DMCS). nBuyyNBr, BnNEt;Cl, KPF¢, benzaldehyde, cinnamal-
dehyde, citral, acrylonitrile, ethyl acrylate, vinyl acetate, o-pinene,
linalool, prenyl acetate and geranyl acetate were purchased from
Acros and used without further purification. PTCs nBu,NPF,[1%
nBuyNBF, 1% BnNEt;PF, 1% [bmim]PF6P! and compounds
la,e,fi32) and 6a,bB3! were synthesized according to the reported
methods.

Synthesis of BnNEt;BF,: A mixture of BnNEt;Cl (4.55g,
20 mmol), KBF, (2.52 g, 20 mmol), CHCl; (15 mL) and benzene
(15 mL) was vigorously stirred at 20 °C for 30-35 h. The precipitate
was filtered off and washed with CHCl; (3 X 10 mL). The com-
bined organic solutions were concentrated under reduced pressure
(15 Torr). Water (20 mL) was added to the residue, and the solid
was filtered and washed successively with water (3 X5 mL), Et,O
(3X5mL) and dried at 40°C (20 Torr) yielding BnNEt;BF,
(4.20 g, 75%) as a colorless solid; m.p. 114115 °C (ref.B3* 114 °C).
'"H NMR ([D¢]DMSO): 6 =1.30 (t, J/ = 7.5 Hz, 9 H, 3 X CH3), 3.15
(q, J = 7.5Hz, 6 H, 3XCH,), 447 (s, 2 H, CH,), 7.5 (br. s, 5 H,
Ph) ppm. F NMR ([D¢]DMSO): 6 = —147.5 ppm.

Synthesis of Compounds 2,3,7-9. General Procedure: A solution of
compound 1 or 4-6 (10 mmol) in CHCI; was added to a suspension
of finely powdered KOH and PTC (0.1 mmol) in PhH or toluene
(the ratio of starting compounds and reaction conditions are given

Eur. J. Org. Chem. 2008, 1777-1782
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in Tables 2 and 3). The mixture was stirred until the reaction was
complete (TLC and GLC monitoring). The organic phase was de-
canted, and the residue extracted with Et,O (3 X5 mL). The com-
bined organic solutions were washed with water (3 X20 mL) and
dried with anhydrous MgSO,. The solvents were evaporated under
reduced pressure (15 Torr). The residue was purified by column
chromatography [silica gel, 0.060-0.200 um; eluents n-hexane and
n-hexane/PhH (95:5, 90:10, 80:20, 50:50)] yielding compounds 2, 3,
and 7-9 (the yields are given in Tables 2 and 3).

2a: Oil; np?° = 1.5215 (ref.[1711.5220, data for corresponding diethyl
acetal). "H NMR: 6 = 2.32 (dd, J = 6.0, 8.5 Hz, 1 H, CH_p,), 2.88
(d, J = 85Hz, 1 H, CH_p,), 3.42 and 3.51 (2 s, 3 H, OMe), 4.52
[d, J = 6.0 Hz, 1 H, CH(OMe),], 7.25-7.45 (m, 5 H, Ph) ppm.

2b: Oil; np?° = 1.4675 (ref.['81 1.4660). '"H NMR: 6 = 1.24, 1.38,
2.09 3,3 H, CHj), 1.55(,J=7.0Hz, 1 H, CH_p,), 4.18 (d, J =
7.0 Hz, 2 H, CH,) ppm.

2¢: Oil; np2° = 1.4860. '"H NMR: d = 1.12, 1.27, 1.31 (3 s, 3 H,
CHs), 1.40-1.76 (m, 6 H, 2 X CH,, CH,p, and OH), 5.05 (d, J =
10.3 Hz, 1 H, CH=), 5.20 (d, J = 17.4 Hz, 1 H, CH=), 5.90 (dd, J
=10.3, 17.4 Hz, 1 H, CH=) ppm. C,,;H,5CL,O (237.17): caled. C
55.71, H 7.65, C1 29.90; found C 55.90, H 7.52, Cl 29.64.

2d: Oil; np>® = 1.4770 (ref?% np'7 = 1.4833). 'H NMR: § = 1.13,
1.32, 1.70, 2.05 (4 s, 3 H, CHj3), 1.45-1.78 (m, 3 H, CH,, CH_p,),
2.10-2.20 (m, 2 H, CH,C=), 4.57 (d, J = 7.0 Hz, 2 H, CH,0), 5.36
(t, /= 7.0Hz, 1 H, CH=) ppm.

3d: Oil; np2° = 1.4950. '"H NMR: d = 1.15, 1.23, 1.32, 2.08 (4 s, 3
H, CH,), 1.55-1.82 (m, 6 H, 2X CH,, 2X CH,p,), 4.12 (ddd, J =
1.8, 7.3, 11.8 Hz, 1 H, CHHO), 4.26 (dd, J = 7.3, J = 11.8 Hz, 1
H, CHHO) ppm. '3C NMR: J = 17.1, 20.8, 22.5, 23.9, 24.8, 28.4,
32.5, 35.7, 37.0, 37.9, 38.1, 38.2, 61.0 (CH,OAc), 69.6 (CCl,), 71.5
(CCLy), 170.6 (C=0) ppm. C;4H,CL,0, (362.12): caled. C 46.43,
H 5.57, Cl 39.16; found C 46.71, H 5.69, Cl 38.92.

2e: Oil; np® = 1.4575. 'H NMR: ¢ = 0.90 (d, J = 6.0 Hz, 3 H,
CH,), 1.06 (t, J = 6.0 Hz, 1 H); 1.12, 1.30 2's, 1 H); 1.16 (¢, J =
7.0 Hz, 6 H, 2 X CH3), 1.35-1.50 (m, 5 H, 2 X CH,, CH); 1.60-1.70
(m, 2 H, CH,); 3.43-3.55, 3.57-3.70 (2 m, 2 H, OCH,), 4.59 [t, J
= 5.8 Hz, | H, CH(OEt),] ppm. C;sHCLO, (311.29): caled. C
57.88, H 9.07, CI 22.78; found C 58.09, H 8.98, Cl 22.57.

2f: Oil; np?° = 1.5040 (ref.?!1 1.5060). '"H NMR: 6 = 1.03-1.20 (m,
1 H, CH.p,), 1.12, 1.30 (2 s, 3 H, CH3), 1.6-1.75 (m, 2 H, CH,),
1.98 [s, 1.2 H, CH3C=, (Z) isomer], 2.17 [s, 1.8 H, CH;C=, (E)
isomer], 2.25-2.40 [m, 0.8 H, CH,C=, (Z) isomer], 2.70 [t, J =
7.5Hz, 1.2 H, CH,C=, (E) isomer], 5.87 [d, J = 8.2 Hz, 0.6 H,
CH=C, (E) isomer], 5.91 [d, J = 8.2 Hz, 0.4 H, CH=C, (Z) isomer],
9.95[d, J =8.2 Hz, 0.4 H, CH=0, (Z) isomer], 9.97 [d, J/ = 8.2 Hz,
0.6 H, CH=0, (F) isomer] ppm.

3f: Oil; np?° = 1.4850 (ref.?11 1.4885). '"H NMR: § = 1.12-1.40 (m,
15 H, 5X CHj3), 1.5-1.85 (m, 6 H, 2 X CH,, CH_p,), 3.45-3.70 (m,
4 H, 2 X CH,0), 4.37 [d, J = 7.8 Hz, 0.6 H, CH(OEt),], 4.47, 4.50
[2d,J = 7.8 Hz, 0.2 H, CH(OEt),] ppm.

2g: Oil; np?® = 1.4490 (ref.?4 np2° = 1.4519 for iPr ester). '"H NMR:
6=126(t,J=7.0Hz 3 H, CHs), 1.40 (dd, J = 7.5, 1.5 Hz, 1 H,
CHH), 1.57 (s, 3 H, CHs), 2.25 (dd, J = 7.5, 1.5 Hz, 1 H, CHH),
4.20 (q, J = 7.0 Hz, 2 H, CH,0) ppm.

2h: Colorless crystals; m.p. 63-64 °C (ref.'> 64-65 °C). '"H NMR:
0=1.0,1.32,138 3 s, 3 H, CH;), 1.51 (d, /= 9.6 Hz, 1 H), 1.67-
1.72 (m, 1 H), 1.98 (d, J = 11.7 Hz, 1 H), 2.00 (dtd, J = 13.1, 5.7,
2.3Hz, 1 H), 2.12 (t, J = 5.7Hz, 1 H), 2.23 (dddd, J = 13.1, 9.6,
3.5,2.3Hz, 1 H), 2.38 (d, J = 11.7 Hz, 1 H) ppm.
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2i: Oil; np = 1.5170. "H NMR: 6 = 1.45 (s, 3 H, CH3), 1.75 (s, 3
H, CHj), 2.05-2.25 (m, 1 H, CH), 2.30-2.45 (m, 4 H, 2X CH,),
2.65 (m, 1 H, CH), 4.58 (s, | H, CH=), 4.85 (s, | H, CH=) ppm.
C H,,CLO (233.13): caled. C 56.67, H 6.05, Cl 30.41; found C
56.89, H 6.22, Cl 30.24.

2j: Oil; np° = 1.5210. 'H NMR: 6 = 1.25 (s, 2 H, CH,C=), 1.27
(s, 3 H, CH3), 1.75 (s, 3 H, CH;C=), 2.10-2.65 (m, 5 H, 2 X CH,,
CH), 6.73 (br. s, 1 H, CH=) ppm. C;,H,4CLO (233.13): caled. C
56.67, H 6.05, C1 30.41; found C 56.81, H 5.98, CI 30.30.

7a: Colorless crystals; m.p. 39-40 °C (ref.?? 41 °C). '"H NMR: 6 =
2.82,3.07(2t,J=7.8Hz 2 H, CH,) ppm.

7b: Oil; np?® = 1.4660 (ref.®] np?> = 1.4648 for Me ester). 'H
NMR: 6 = 1.28 (t, J/ = 7.8 Hz, 3 H, CH3), 2.80, 3.05 2 t, J =
80Hz, 2 H, CH,), 418 (g, J = 78Hz, 2 H, OCH,) ppm.
C¢HyCl30, (219.49): caled. C 32.83, H 4.13, Cl 48.46; found C
33.01, H 3.98, Cl 48.29.

7e: Oil; np?° = 1.4540 (ref.?®1 1.4574). '"H NMR: 6 = 1.62 (d, J =
6.6 Hz, 3 H, CHs;), 2.30 [s, 3 H, C(O)CH3], 5.50 (q, J/ = 6.6 Hz, 1
H, CH) ppm.

8a: Oil; np?° = 1.5670 (ref.?°?1 1.5650). '"H NMR: ¢ = 3.70 (br. s, 1
H, OH), 5.23 (s, | H, CH), 7.42 (m, 3 H, Ph), 7.66 (d, J = 8.5 Hz,
2 H, Ph) ppm.

8b: Colorless crystals; m.p. 62-63 °C (ref.3¢ 65-66 °C). 'H NMR:
5=2.98(d, J=5.9 Hz, 1 H, OH), 4.80 (t, J = 5.9 Hz, | H, CHOH),
6.4 (dd, J = 59, 17.4Hz, CH=), 692 (d, J = 17.4Hz, 1 H,
PhCH=), 7.25-7.50 (m, 5 H, Ph) ppm.

8c: Oil; np?® = 1.5100 (ref.27 1.5095). 'H NMR: § = 1.60 1.68, 1.80
(35,3 H, CH3), 2.15 (br. s, 4 H, 2 X CH,), 2.78 (br. s, 1 H, OH),
4.80 (br. s, 1 H, CHOH), 5.09 (br. s, 1 H, CH=), 5.38 (d, J =
8.4 Hz, 1 H,=CH) ppm.

9a: Colorless crystals; m.p. 88-89 °C (ref.?”1 87.5 °C). 'H NMR: §
=225 (s, 3 H, CHj), 6.40 (s, 1 H, CH), 7.40 (m, 3 H, Ph), 7.63
(br. s, 2 H, Ph).

9b: Oil; np>° = 1.4690 (ref.>¥ 1.4705). '"H NMR: 6 = 1.78 (d, J =
7.5Hz, 3 H, CH;), 2.15 [s, 3 H, C(O)CH;], 5.60 (dd, J = 7.5,
158 Hz, 1 H, CH=), 5.77 (d, J = 7.5 Hz, 1 H, CHOAC), 6.03 (dq,
J=17.5,158Hz, | H, CH=) ppm.

Regeneration of nBuyNPFs: Water (5 mL) was added to the solid
left after extractions of compounds 2, 3, and 7-9 with Et,O, the
precipitate was filtered, washed successively with water (3 X2 mL)
and Et,0 (2X2mL), and then dried in air to afford nBuyNPF
(33 mg, 85%); m.p. 242-246 °C (ref.l'%d 243-246 °C). '"H NMR
([D]DMSO): 6 = 1.00 (t, J = 7.5 Hz, 12 H, 4 X CH3), 1.35, 1.60 (2
m, 8 H, 4XCH,), 3.15 (t, J = 7.5Hz, 8 H, 4 X CH,) ppm. '3C
NMR ([Dg]DMSO): 6 = 13.4 (CH3), 19.2, 23.0, 57.5 (3 X CH,)
ppm. F NMR ([Dg]DMSO): 6 = -70.7 (d, Jpr = 708 Hz) ppm.
C6H36FgNP (387.43): caled. C 49.60, H 9.37, F 29.42, N 3.62;
found C 49.35, H 9.54, F 29.18, N 3.71.

nBuyNOH-Promoted Reaction between Cinnamaldehyde (5b) and
CHCl;: A solution of aldehyde 5b (0.66 g, 5.0 mmol) in CHCl,
(0.8 mL) was added to a solution of freshly prepared nBu,NOH
(1.30 g, 5.0 mmol) in PhH (8 mL). The reaction mixture was stirred
at 20 °C for 6 h, diluted with Et,O (20 mL) and poured into water
(20 mL). The organic phase was separated, washed with water
(3X 10 mL) and dried with anhydrous MgSO,. The solvents were
evaporated (40 °C, 40 Torr) to afford a mixture of compounds Sb
and 8b in a 53:47 ratio ("H NMR).
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