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The reactions of ketene silyl acetals and silyl enol ethers in a CCl, solution containing no promoter under ambient
temperature, reflux, or photo-irradiation conditions afforded products via the addition of a trichloromethyl group to those
silyl substrates. Polyhalides other than CCl, were subjected to photoreactions in a hexane solution, resulting in the for-
mation of carbonyl derivatives based on the addition of polyhalogenated alkyl groups.

The reactions' of ketene silyl acetals or silyl enol ethers
with a variety of carbon nucleophiles, including carbonyl
compounds, conjugated enones, or organic halides, in the pres-
ence of a Lewis acid or a desilylative reagent, such as a fluo-
ride compound, are known to give a-functionalized carbonyl
compounds. As with organic halides, while monohalogen
compounds, such as tertiary, benzyl, and allyl compounds, af-
ford alkylated products in the presence of a Lewis acid, e.g., ti-
tanium(IV) chloride,? zinc(Il) chloride,? or silver(I) perchlor-
ate,* polyhalides, such as carbon tetrachloride, give B-halo-
o, B-unsaturated carbonyl derivatives in the reaction catalyzed
with copper(I) chloride,’ triethylborane,® or a Ru(Il) complex.’
These reactions of polyhalides are assumed to proceed via the
abstraction of a halogen atom by a metal promoter to generate
polyhaloalkyl radicals. In a preliminary communication,® we
presented that ketene silyl acetals and silyl enol ethers can be
reacted in a CCly solution containing no metal promoter at am-
bient or reflux temperature, or under photo-irradiation, to af-
ford products based on the addition of a trichloromethyl group
to silyl substrates. In this paper, we wish to report on the de-
tails of reactions of silyl substrates in a CCl, solution and an
extension to a reaction with polyhalides other than CCl, in a
hexane solution under photo-irradiation.

Results

Reaction of Ketene Silyl Acetals and Aldehyde-Derived
Silyl Enol Ethers in a CCl, Solution. A CCl; solution of
ketene silyl acetal 1a from N,N-dimethylglycine methyl ester
was stirred at ambient temperature for 3 h; a VPC analysis of
the resulting mixture revealed the consumption of 1a and the
appearance of one product. The product was found to be N,N-
dimethyl-2-trichloromethylglycine methyl ester 2a based on
spectral data after isolation; its yield was 57%. Raising or low-
ering the reaction temperature resulted in a decrease in the
yield of 2a (18% and 27% at 76 °C and 0 °C, respectively).
The ketene silyl acetal 1b from methyl methoxyacetate in a
CCly solution furnished the 2-trichloromethyl ester 2b in an

81% yield under reflux conditions, although no reaction oc-
curred at ambient temperature. The ketene silyl acetal 1¢ from
methyl propionate, which possesses no strongly electron-do-
nating substituent, such as an amino or alkoxy group, afforded
the 2-trichloromethyl ester 2¢ in a good yield (81%) by the re-
action under photo-irradiation conditions, while 2¢ was ob-
tained in low yield (29%) under reflux conditions. The ketene
silyl acetals 1d—g from the linear or branched aliphatic esters
also gave o-trichloromethylation products 2d—g under photo-
irradiation conditions. In the case of 1b, however, a photoreac-
tion diminished the yield of 2b compared with that obtained
from a thermal reaction. These results are given in Table 1.

In turn, aldehyde-derived silyl enol ethers were subjected to
photoreactions in a CCly solution. As shown in Table 2, 3a—c
produed aldehydes 4a—c bearing o-trichloromethyl substitu-
ents in good yields. On the other hand, as shown in Scheme 1,
the silyl enol ether 5 derived from a branched aldehyde afford-
ed the 1:1 adduct 6 based on the addition of a trichloromethyl
group to the carbon bearing a trimethylsilyl group.

Me. Cl  OTMS
Me\c—c _0OTMS e \c|; (|: _H
=0 + lg — > VT U
Me Me CCly
5 6 35%
Scheme 1.
Effects of Solvent. The reaction of ketene silyl acetals 1a

and silyl enol ether 3b with CCly was performed in the pres-
ence of a solvent; the results are given in Table 3. THF proved
to be the best of the examined solvents for the reactions of 1a
at ambient temperature (Table 3, run 6), although the yield of
product 2a was rather low compared to that in a CCl, solution
(cf. Table 1, run 1). On the other hand, in the photoreaction of
3b, the yield of the adduct 4b in a hexane solution was better
than those in polar solvents, such as acetone, acetonitrile, THF,
or diethyl ether (Table 3, runs 8—12), and comparable with that
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Addition of Polyhalides to Silyl Enol Ethers

Table 1. Reaction of Ketene Silyl Acetals in a CCly Solution

CcCly
R OTMS R
2\o=c"’& + CcCl, —» 2>c—coon3
R, OR; Ry
1 2
Run Substrate Conditions ~ Product Yield®/%
R! R? R E/Z
1 Me,N H Me 50/50 1la 3 h/rt 2a 57
2 3 h/76 °C 18
3 20 h/0 °C 27
4 MeO H Me 0/100 1b 3h/76 °C 2b 81
5 4 h/rt 0
6 3 h/hv 65
7 Me H Me 75125 1c 3 h/76 °C 2c 29
8 1 h/hv 81
9 Et H Et 7426  1d 1 h/hv 2d 73
10 Bu H Et 60/40  1le 4 h/hv 2e 62
11 Me Me Me 1f 1 h/hv 2f 50
12 Bu' H Et 68/32 1g 1 h/hv 2g 18
a) Determined by VPC.
Table 2. Reaction of Aldehyde-Derived Silyl Enol Ethers in Table 4. Photoreaction of 3b with Polyhalides in a Hexane
a CCl, Solution Solution
CClg R
H OTMS hv/1 h
R>C=c’{f;H s+  CCl _/_.___» RCHCHO 3b + RX her::ane CHS(CH;)4CHCHO
3 4
Run RX Time/h  Product  Yield /%
Run Substrate Product Yield”/% R X
R E/Z 1 CCI1,CCl, Cl 24 7a 66
1 Et 39/61 3a 4a 85 2 CCLCF; Cl 24 7b 61»
pentyl ~ 40/60  3b 4b 79(65)° 3 CCIFCCIF,  Cl 24 e 489
3 hexyl 42/58 3c 4c 68 4 CCIFCBrF, Br 1 7d 429
a) Determined by VPC. b) Based on TLC isolation. a) Based on TLC isolation. b) Determined by VPC.
Table 3. fReSacltlon t(:)f Silyl Substrates with CCly in the Pres- Photoreaction of Aldehyde-Derived Silyl Enol Ethers in
eriee o1 & SOIVEN a Hexane Solution. Photoreactions of the aldehyde-derived
Run Substrate Solvent Conditions Product Yield” /% silyl enol ethers with polyhalides other than CCl, were per-
1 1a Hexane 4 h/rt 2a ) formed in a hexane solution. At first, 3b was used as a silyl
2 1a acetone 4 h/rt 2a 6 enol ether substrate. Hexachloroethane formed product 7a
3 1a CH,Cl, 4 h/rt 2a 7 based on the addition of a CCL,CCl; group (Table 4, run 1).
4 la CH;CN 4 h/rt 2a 20 1,1,1-Trichloro-2,2,2-trifluoroethane and 1,1,2-trichloro-1,2,2-
5 la Et,O 4 hjrt 2a 23 trifluoroethane afforded products 7b and 7¢, respectively, by
6 la THF 4 h/rt 2a 34 the addition of dechlorinated polyhaloalkyl groups (Table 4,
7 3a Hexane 1 h/hv 4a 80 runs 2 and 3). The structure of 7¢ was assigned by detection of
8 3b Hexane 1 h/hv 4b 77 the ion based on fragmentation of the CCIF,, not the CCL,F,
9 3b Er,O 1 h/hv 4b 69 group in its mass spectra. 1-Chloro-1,2-dibromo-1,2,2-trifluo-
10 3b THF 1 h/hv 4b 68 roethane gave product 7d based on the addition of a
11 3b  CH;CN  Ih/hv 4b 50 CCIFCBIF, group to 3b (Table 4, run 4), the structure of which
12 3b Acetone 1 h/hv 4b 32

a) Silyl substrate (2 mmol), CCl; (4 mmol), and solvent
(5 mL). b) Determined by VPC.

in a CCly solution (cf. Table 2, run 2). The photoreaction of
the aldehyde-derived silyl enol ether 3a with CCl, in a hexane
solution also gave 4a in a good yield (Table 3, run 7).

was inferred by finding that 7d was transformed to a dehydro-
chlorinated compound
(N32C03)

The reaction using 1-iodoperfluorohexane as a polyhalide
did not form a product based on the addition of the perfluoro-
hexyl group, but gave product 8 which is based on an aldol-
condensation reaction of 3b. The use of other monoiodine-

through treatment with a base
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CHS(CHz)s\ /(CH2)4CH3
—_— C—C
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3b + RI
R:CgF43, Me, or Et

Scheme 2.

|
3b  +  CHply — > CHy(CH,),CHCHO

72%
Scheme 3.

containing compounds, such as methyl or ethyl iodide, also
gave 8 as a product (Scheme 2), whereas diiodomethane af-
forded 2-iodoheptanal (Scheme 3).

The products obtained by reactions with CBr, and CHBr;
were the compounds 9a and 9b, respectively, based on the ad-
dition of the tri- and dibromomethyl groups to 3b, followed by
dehydrobromination (Table 5).

Next, aldehyde-derived silyl enol ethers other than 3b were
subjected to photoreactions with CBry in a hexane solution. As
shown in Scheme 4, 3d furnished product 10, which is consis-
tent with the formation of 9a from 3b. 1-Trimethylsilyloxy-
1,3-butadiene 3f gave product 11 based on the consecutive
events involving the addition of a tribromomethyl group onto
terminal sp® carbon,” the migration of a carbon—carbon double
bond, desilylation, and dehydrobromination (Scheme 5).

Photoreaction of Ketone-Derived Silyl Enol Ethers.
Subsequently, the ketone-derived silyl enol ethers were sub-
jected to photoreactions in a CCl, solution and in a hexane so-
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Scheme 5.

lution containing a polyhalide. The reactions of 3-trimethylsil-
oxy-2-pentene 12a and 4-trimethylsiloxy-3-heptene 12b in a
CCl, solution gave products 13a and 13b via the addition of a
trichloromethyl group, followed by migration of the carbon-
carbon double bond with a retention of the silyl group; the re-
actions of 12a, 12¢, and 12d with CCl, in a hexane solution
also gave products of silyl enol-type 13a, 13c, and 13d (Table
6).

On the other hand, 3,3-dimethyl-2-trimethylsiloxy-1-butene
14 derived from a ketone possessing no ¢’-hydrogen gave, by
the reaction in a CCl, solution, the §,f-dichloro-c,S-unsatur-
ated ketone 15 based on the addition of a trichloromethyl

Table 5. Photoreaction of 3b with CBr4 or CHBr; in a Hexane Solution

X CBroX Br. CHO
'V
3b + CXBy —— | CHy(CH,,CcHCHO | > T C
hexane 5(CHa)4 X / (CHg)4CHs
9

Run X Time/h Product Yield /%
1 Br 1 9a 729
2 H 3 9b 70

a) Based on TLC isolation. b) Determined by VPC.

Table 6. Reaction of Ketone-Derived Silyl Enol Ethers with CCl,

2
s cCly LN TMSO\czc“’v "
R "M oHR?R® Clac—CH Mg
1
12 R 13
Run Substrate Solvent  Time/h Product Yield/%
R' R’ R  E/Z E/Z
1 Me Me H  45/55 12a CCly 1 50/50 13a 67
2 Et Et H  42/58 12b CCly 2 50/50 13b 61
3 12a hexane 6 50/50 13a 67
4 H PrCH, H 12¢ hexane 12 50/50 13c 27
5 H Pentyl H 12d hexane 3 50/50 13d 70

a) Determined by VPC.
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group, followed by elimination of the silyl group and dehydro-
chlorination (Scheme 6).

_OTMs hv/1 h .
HC=C{_,  + CCl—> CCl3CH,COBU | —»Cl,C=—=CHCOBU'
Bu

14 15 69%
Scheme 6.

The reactions of 12a and 12d with BrCCl; in a hexane solu-
tion afforded products of ketone-type bearing a trichlorometh-
yl group at the o~position (i.e., 16a and 16b) (Table 7), in con-
trast to the reaction with CCl, (cf. Table 6). In the reaction
with CBry in a hexane solution, 12a, 12e, and 12f gave prod-
ucts 17a, 17b, and 17¢, respectively, through the addition of a
tribromomethyl group, followed by dehydrobromination
(Table 8), similarly to the reaction using aldehyde-derived silyl
enol ethers (cf. Table 5, run 1 and Scheme 4). 1,1,1-Trichloro-
2,2,2-trifluoroethane gave the ketone derivatives 18a and 18b
bearing a CCLL,CF; group at the a-position by reactions with
12a and 12e in a hexane solution, respectively (Table 9).

Discussion

Ketene silyl acetals and silyl enol ethers are known to un-
dergo an attack of electrophiles to give o-functionalized car-
bonyl derivatives. However, the generation of an electrophilic
species carrying a positive charge from the polyhalides may be

Table 7. Photoreaction of Ketone-Derived Silyl Enol Ethers
with BrCCl; in a Hexane Solution

CClg
hv
12 + BrCCly, ————» R'CHCOCHR?R®
hexane
16
Run Substrate Time/h Product Yield”/%
Rl R2 R3
1 12a 6 Me Me H 16a 55
2 12d 3 H penty H 16b 64
a) Determined by VPC.

Table 8. Photo-reaction of Ketone-Derived Silyl Enol Ethers
with CBry in a Hexane Solution

CBi
H\ ,J"OTMS hv/1h ’ 3
c—cC + OCBy —>»
R1/ ’LLCHRZRS hexane R'CHCOCHR?R®
12 /
COCHR?R®
__~~
BrQC—C\R1
17
Run Substrate Product  YieldV/%
R! RZ R> EiZ
1 Me Me H 45/55 12a 17a 73
2 pentyl H H 44/56  12e 17b 79
3 H Me Me 12f 17¢ 70

a) Determined by VPC.

Addition of Polyhalides to Silyl Enol Ethers

Table 9.  Photo-Reaction of Ketone-Derived Silyl Enol
Ethers with CC1;CF; in a Hexane Solution
Cl,CFs
h
12 ,  CClCF, _ . R'CHCOCHR®R®
hexane
18
Run Substrate Time/h Product Yield”/%
R’ R*> R’
1 12a 12 Me Me H 18a 70
2 12e 24 pentyl H H 18b 72
a) Determined by VPC.

difficult under our conditions without a Lewis acid promoter,
although alkyl or vinyl monohalides (particularly iodides) have
been reported to generate ionic species, i.e., carbocations and
halide anions, under photo-irradiation conditions.'® Thus, it
would be reasonable to assume that polyhaloalkyl radicals are
the working intermediates in an attack on the ketene silyl ace-
tals or silyl enol ethers in our reactions using polyhalides. Be-
cause a spontaneous bond scission of CCl, at ambient tempera-
ture, or under reflux conditions, is difficult, the formations of
2a and 2b might be derived from the reactions of trichlorome-
thyl radicals generated through a single electron transfer (SET)
process between CCl, and the ketene silyl acetals, 1a and 1b,
bearing strongly electron-donating substituents (Scheme 7).

2 R OTMS
R ~OTMS Z\Cr_ <~

= — - CCly|*~
R1/C CL’“ORs + CCly SET R1/ ~oR [CCly]

1
CCly
RA| RA_e
, _C—COOR® -&— . ~C—COOR; + CCly + TMSCI
R R
2
Scheme 7.

The finding that the yield of 2a in the reaction of 1a in a polar
solvent (THF) was better than that in a non-polar solvent (hex-
ane) (34 and 2%, respectively; Table 3, runs 1 and 6) would
provide some support for the SET hypothesis. The reaction of
ketene silyl acetals under photo-irradiation conditions might
also include the SET process, as suggested by the result that
the formation of 2¢ from 1c was enhanced by the addition of
LiClO,"" (Table 10, runs 1 and 2).

Table 10. Effects of LiClO,4 on the Reaction of 1¢ or 3b with
CCl, in a THF Solution”

Run  Substrate  Conditions Product  Yield?/%
1 1c 3.5 h/hv/LiClO4 2¢ 32
2 1c 3.5 h/hv 2c 14
3 3b 1 h/hv/LiCLO, 4b 0
4 3b 1 h/hv 4b 68

a) 1c or 3b (2 mmol), CCl; (4 mmol), LiClO, (2 mmol),
and THF (5 mL).
b) Determined by VPC.
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However, the homolytic scission of a carbon—chlorine bond
might preferentially operate in the photoreaction of the alde-
hyde-derived silyl enol ether (Scheme 8), as suggested by the

g zchTMS
~ W, 3
R H CCly
v 5 [ /OTMS
CCly — > CClge + Cle RCHC_ Cle
H

(|30|3 /

RCHCHO + TMSCI

4
Scheme 8.

result that the formation of the trichloromethylated product 4b
from 3b was rather enhanced by the reaction in a non-polar
solvent (hexane) compared with that in a polar solvent (Table
3, runs 8-12) and suppressed by the addition of LiCl1O, (Table
10, runs 3 and 4). Furthermore, the observation that the photo-
reaction of 3b (1 eq.) with CCl, (2 eq.) in a Et,O solution in the
presence of a radical quencher (i.e., hydroquinone, 1 equiv) for
1 h deterred the formation of 4b (5% yield, cf. Table 3 run 9)
may suggest the operation of a radical pathway in our reaction.
Indeed, the photoreaction of polyhaloalkanes, such as carbon
tetrachloride, with olefins to form the 1:1 adducts has been re-
ported to be initiated by the homolytic scission of a carbon—
halogen bond, followed by the addition of the resulting polyha-
loalkyl radicals to olefins.'?

‘While the reaction of 12 with CCl, furnished the ketone-de-
rived silyl enol ether 13 through the addition of a trichlorome-
thyl group, followed by migration of the carbon-carbon double
bond without the elimination of the silyl group, the reaction
with BrCCl; formed the ketone-type product 16 through the
elimination of the silyl group. Based on the hypothesis that the
homolytic scission of a carbon-halogen bond would be a trig-
ger step in photo-reaction of silyl enol ethers with polyhalides,
this difference in the type of product might be explained by the
rationalization that, while a chlorine radical abstracts a hydro-
gen atom from the methylene group « to the radical center of
the intermediate generated by the addition of a trichloromethyl
radical to 12 to afford the silyl enol ether derivative 13 in the
reaction with CCly, the reaction with BrCCl; results in the for-
mation of the ketone-type product 16 via abstraction of the tri-
methylsilyl group, not a hydrogen atom, by a bromine radical
from the same intermediate, which might be ascribed to a low-
er dissociation energy of a H-Br bond compared with a H-CI
bond.”® The reaction of 12 with CBry and 1,1,1-trichloro-
2,2 2-trifluoroethane furnished the ketone-type products 17
and 18, respectively, contrary to formation of the silyl enol
ether derivatives in a reaction with CCl;. The formation of 17
might be due to the diminished ability of a bromine radical to
abstract a hydrogen, as in the reaction using BrCCl;, and the
steric encumbrance of an intermediate generated by the addi-
tion of the 1,1-dichloro-2,2,2-trifluoroethyl radical to 12 might
operate as a driving force for the formation of 18.

Conclusion

The reactions of ketene silyl acetals and sikyl enol ethers
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with polyhaildes were successfully performed without a pro-
moter. Ketene silyl acetals were reacted in a CCl, solution un-
der ambient temperature, reflux or photo-irradiation conditions
to afford esters bearing trichloromethyl substituents at the o-
position. Aldehyde-derived silyl enol ethers were also reacted
with CCly under photo-irradiation conditions to afford o-
trichloromethylated aldehydes and, furthermore, reacted with
polyhalides other than CCly in a hexane solution to give alde-
hydes having polyhaloalkyl substituents at the o-position. The
use of CH,I, as a polyhalide resulted in the formation of an o~
iodo aldehyde, and the use of a monoiodine- containing com-
pound furnished a product of aldol-condensation type. The
photoreactions of ketone-derived silyl enol ethers with CCly
afforded sillyl enol ethers derived upon the addition of addition
of a trichloromethyl group, followed by migration of the car-
bon-carbon double bond, whereas polyhalides other than CCl,
(i.e., BrCCl;, CBry, or CCI;CF;) gave ketones having polyha-
loalkyl substituents at the o-position or conjugated enones
based on their dehydrohalogenation.

Experimental

Instrumental. IR spectra were recorded on a Horiba FT-210
spectrometer. 'H (60 MHz) and *C (15 MHz) NMR spectra were
recorded using a JEOL FX60 spectrometer for CDCI;/CCl, solu-
tions; the chemical shift () is expressed in ppm relative to tetram-
ethylsilane as an internal standard and the coupling constant (/) is
expressed in Hz. Mass spectra were obtained at 70 eV using a
Hitachi M-80b instrument equipped with a 10 m megabore DB-1
column. VPC was carried out in 10% silicon SE-30 on chro-
mosorb using Shimadzu GC-12A. Preparative TLC was per-
formed on Merck 60F254 silica gel.

Preparation of Silyl Substrates.
1b were prepared according to methods of Kita'* and Wissner,
respectively, and ketene silyl acetals 1c—g were prepared accord-
ing to a method of Ainsworth.'® Silyl enol ethers were prepared
according to a method of House."”

Reaction in a CCl, Solution. A solution consisting of a silyl
substrate (2 mmol) and CCl, (10 mL) was stirred at ambient or re-
flux temperature under an N, atmosphere, or irradiated using a
high-pressure Hg lamp (500 W) in a quartz tube under an N, at-
mosphere. The residue after removal of CCl, under reduced pres-
sure was purified by preparative VPC or TLC.

Reaction in a Hexane Solution. A solution of a silyl sub-
strate (2 mmol), a polyhalide (4 mmol) and hexane (5 mL) was ir-
radiated using a high-pressure Hg lamp in a quartz tube under an
N, atmosphere. After the reaction mixture had been concentrated
under reduced pressure, the product was isolated by preparative
VPC or TLC.

Methyl 3,3,3-Trichloro-2-dimethylaminopropionate 2a. A
colorless oil; IR Vya (neat)/em™! 1758; 'H NMR & 3.95 (1H, s,
C(2)H), 3.85 (3H, s, COOMe), 2.75 (6H, s, NMe); '*C NMR §
80.26, 51.17, 44.10; MS (EI) m/z 235 [M(P'CD)*, 13%], 233 (M*,
12), 200 (80), 198 (90), 178 (70), 176 (90), 174 (90), 116 (100).
Found: M* 232.9794: C¢H,,C13NO, requires 232.9776.

Methyl 3,3,3-Trichloro-2-Methoxypropionate 2b. A color-
less oil; IR Vi (neat)/cm™! 1760; 'TH NMR §4.28 (1H, s, C(2)H),
3.85 (3H, s, COOMe), 3.67 (3H, s, OMe); '*C NMR § 89.66,
59.89, 52.38; MS (EI) m/z 165 (17%), 163 (62), 161 (63), 103
(100); MS (CI) m/z 223 [MC'Cl) + 1]*, 221 (M + 1)*. Found:
(M-COOMe)* 160.9331: C;H,Cl;0 requires 160.9328.

Ketene silyl acetals 1a and
15
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Methyl 3,3,3-Trichloro-2-methylpropionate 2c. A colorless
oil; IR Ve (neat)/em™' 1743; '"H NMR § 3.76 (3H, s, COOMe),
3.52 (1H, q,J = 6.9 Hz, C(2)H), 1.66 (3H, d,J = 6.9 Hz, C(3)H);
BC NMR §59.55, 51.95, 15.25; MS (EI) m/z 173 (22%), 171 (43),
169 (61), 145 (30), 112 (40), 110 (60), 59 (100); MS (CI) m/z 207
M &Cl) + 117, 205 [M + 1]*. Found: (M — CI)* 168.9842:
CsH;CL,0, requires 168.9823.

Ethyl 2-(Trichloromethyl)butanoate 2d. A colorless oil; IR
Vimax (neat)/cm™! 1745; '"H NMR § 4.23 (2H, q, J = 6.9 Hz,
COOCH,), 3.49 (1H, t, J = 6.9 Hz, C(2)H), 2.28-1.88 (2H, m,
C(3)H), 1.35 (3H, t, J = 6.9 Hz, COOCH,CH;), 1.05 3H, t,J =
5.2 Hz, C(4)H); 3*C NMR §67.22, 61.06, 23.55, 14.03, 11.41; MS
(EI) m/z 191 (10%), 189 (29), 187 (29), 171 (45), 169 (75), 126
(48), 124 (82), 89 (100); MS (CI) m/z 235 [IMC'Cl) + 117, 233
(M + 1)*. Found: M — OEt* 186.9501: CsH¢CL;0 requires
186.9484.

Ethyl 2-(Trichloromethyl)hexanoate 2e. A colorless oil; IR
Viax (neat)/em™' 1745; '"H NMR § 4.18 (2H, q, J = 6.9 Hz,
COOCH,), 3.46 (1H, t, J = 6.9 Hz, C(2)H), 2.32-1.80 (m, 2H,
C(3)H), 2.68-2.26 (m, 4H, C(4)H, C(5)H), 2.39 (t, 3H, J = 6.9
Hz, COOCH,CH,), 0.98 (t, 3H, J = 5.1 Hz, C(6)H); >*C NMR §
65.44, 60.96, 29.73, 28.90, 22.07, 14.03, 13.64; MS (EI) m/z 219
(6%), 217 (18), 215 (18), 171 (95), 169 (95), 143 (63), 141 (58),
56 (100); MS (CI) m/z 263 [MCCl) + 117,261 (M + 1)*. Found:
(M — OEt)* 214.9804: C;H,,Cl;0 requires 214.9796.

Methyl 3,3,3-Trichloro-2,2-dimethylpropionate 2f. A col-
orless oil; IR Vv, (neat)/cm™! 1743; '"H NMR 6 3.80 (3H, s,
COOMe), 1.70 (6H, s, C(2)-Me); '*C NMR § 52.38, 23.20; MS
(ED) m/z 191 (3%), 189 (12), 187 (12), 126 (52), 124 (85), 101
(90), 59 (100); MS (CI) m/z 221 [MC'CD + 117,219 (M + D*.
Found: (M — OMe)* 186.9470: CsH¢Cl;0 requires 186.9483.

Ethyl 3,3-Dimethyl-2-(trichloromethyl)butanoate 2g. A
colorless oil; IR Vi, (neat)/cm™' 1741; '"H NMR §4.18 (2H, q, J
= 6.9 Hz, COOCH,), 3.47 (1H, s, C(2)H), 1.33 (3H, t,J = 6.9 Hz,
COOCH,CH3), 1.33 (9H, s, C(3)-Me, C(4)H); '*C NMR 6 72.85,
60.82, 30.02, 14.03; MS (EI) m/z 125 (37%), 123 (56), 57 (100);
MS (CI) m/z 263 [MC'CD) + 11%, 261 M + 1)*. Found: (M
— t-Bu — OEt — CI)* 122.9422: C;HCL,O requires 122.9405.

2-(Trichloromethyl)butanal 4a. A colorless oil; IR V.
(neat)/cm™! 1730; 'H NMR 6§ 9.82 (1H, d, / = 3.8 Hz, CHO),
3.40-3.00 (1H, m, C(2)H), 2.42-1.83 (2H, m, C(3)H), 1.10 (3H, t,
J = 6.8 Hz, C(4)H); '*C NMR & 195.08, 71.69, 21.23, 11.29; MS
(EI) m/z 154 (4%), 152 (7), 125 (43), 89 (100); MS (CI) m/z 191
IMA'CD) + 111, 189 (M + 1)". Found: (M — HCD)" 151.9774:
CsH¢CL,O requires 151.9794.

2-(Trichloromethyl)heptanal 4b. A colorless oil; IR V.
(neat)/cm™! 1724; 'H NMR 6 9.82 (1H, d, J = 3.8 Hz, CHO),
3.38-3.09 (1H, m, C(2)H), 2.37-1.80 (2H, m, C(3)H), 1.70-1.14
(6H, m, C(4)H-C(6)H), 0.97 (3H, t,J = 5.1 Hz, C(7)H); '3*C NMR
8 193.57, 65.40, 31.14, 30.16, 26.56, 22.22, 13.84; MS (EI) m/z
159 (6%), 127 (70), 125 (100); MS (CI) m/z 233 [IMC'CI) + 117,
231 (M + 1)*. Found: M — HClI — CI)* 159.0555: CgH,,CIlO
requires 159.0575.

2-(Trichloromethyl)octanal 4c. A colorless oil; IR Vi
(neat)/em™! 1725; '"H NMR § 9.84 (1H, d, / = 3.8 Hz, CHO),
3.37-2.98 (1H, m, C(2)H), 2.30-1.76 (2H, m, C(3)H), 1.60-1.10
(8H, m, C(@)H-C(7)H), 0.97 (3H, t,J = 5.1 Hz, C(8)H); '>*C NMR
6195.57, 69.54, 31.23, 28.67, 27.76, 26.47, 22.33, 13.85; MS (EI)
mfz 175 (6%), 173 (16), 127 (43), 125 (83), 43 (100); MS (CI) m/z
247 IMP'CD + 117,245 M + 1. Found: M — HCI — CD*
173.0755: CyH,4CIO requires 173.0732.
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1,1,1,3-Tetrachloro-3-methyl-2-(trimethylsiloxy)butane 6.
A colorless oil; '"H NMR §4.45 (1H, s, C(2)H), 2.00 (3H, s, C(3)-
MeAMeB), 1.88 (3H, s, C(3)-MeAMeB), 0.20 (9H, s, SiMe); *C
NMR 6 89.24, 31.60, 28.79, 0.43; MS (EI) m/z 221 (45%), 219
47), 143 (75), 93 (100), 73 (85); MS (CI) m/z 299 [M('Cl)
+ 117, 297 M + 1)*. Found: M — CCIMe,)" 218.9686:
CsH,C1508i requires 218.9566.

2-(Pentachloroethyl)heptanal 7a. Mp 96-98 °C; IR Vi
(neat)/em™! 1728; 'TH NMR § 9.92 (1H, d, / = 3.9 Hz, CHO),
3.32-2.97 (1H, m, C(2)H), 2.25-1.78 (2H, m, C(3)H), 1.68-1.12
(6H, m, C(4)H-C(6)H), 0.98 (3H, t,J = 5.1 Hz, C(7)H); 3C NMR
6 194.23, 58.36, 30.96, 29.83, 25.72, 23.64, 13.80; MS (EI) m/z
245 (1%), 243 (7), 241 (7), 129 (30), 127 (100), 125 (100); MS
(CI) m/z 315 [MC'CD) + 117,313 (M + 1)*. Found: (M — HCI —
CD)* 240.9934: CoH;,C130 requires 240.9952.

2-(1,1-Dichloro-2,2,2-trifluoroethyl)heptanal 7b. A color-
less oil; IR Vi (neat)/em ™! 1730; 'TH NMR §9.78 (1H, d, J = 3.8
Hz, CHO), 3.30-2.84 (1H, m, C(2)H), 2.24-1.75 (2H, m, C(3)H),
1.66-1.12 (6H, m, C(4)H-C(6)H), 0.96 (3H, t, / = 5.1 Hz,
C(7H); *C NMR § 194.23, 59.23, 31.11, 25.93, 24.57, 22.08,
13.73; MS (EI) m/z 266 [MC'CD)*, 13%], 264 (M™, 26), 161 (68),
159 (100). Found: M™" 264.0296: CoH,3C1,F;0 requires 264.0294.

2-(1,2-Dichloro-1,2,2-trifluoroethyl)heptanal 7c. A color-
less 0il; IR Vinax (neat)/cm™' 1728; '"H NMR §9.76 (1H, d, J = 3.8
Hz, CHO), 3.35-3.00 (1H, m, C(2)H), 2.28-1.80 (2H, m, C(3)H),
1.69-1.18 (6H, m, C(4)H-C(6)H), 0.95 (3H, t, J = 5.1 Hz,
C(7)H); 3C NMR § 193.26, 58.11, 30.24, 28.78, 25.36, 23.58,
13.81; MS (ED) m/z 266 [MC'CD)*, 8%], 264 (M*, 13), 205 (90),
203 (100), 181 (10), 179 (33), 177 (71), 175 (88), 169 (62), 167
(98). Found: M* 264.0276: CoH,3Cl,F;0 requires 264.0294.

2-(2-Bromo-1-chloro-1,2,2-trifluoroethyl)heptanal 7d. A
colorless 0il; IR Vi (neat)/em™! 1728; 'H NMR 6 9.80 (1H, d, J
= 3.8 Hz, CHO), 3.36-3.00 (1H, m, C(2)H), 2.30-1.80 (2H, m,
C(3)H), 1.65-1.15 (6H, m, C(4)H-C(6)H), 0.98 (3H, t, J = 5.1
Hz, C(7)H); 3*C NMR §195.16, 57.77, 31.23, 26.05, 23.97, 22.08,
13.73; MS (EI) m/z 310 [MC'CD)*, 14%], 308 (M ™, 10), 240 (42),
238 (32), 205 (76), 203 (86), 145 (100). Found: M™ 307.9802:
CyH,3BrCIF;0 requires 307.9790.

2-(Dibromomethylene)heptanal 9a. A colorless oil; IR Vi
(neat)/cm™! 1710; 'H NMR 6 10.07 (1H, s, CHO), 2.35 (2H, t, J
= 6.9 Hz, C(3)H), 1.83-1.15 (6H, m, C(4)H-C(6)H), 0.98 (3H, t,
J = 5.1 Hz, C(7)H); '3C NMR § 188.15, 31.48, 31.09, 26.85,
22.22, 13.84; MS (EI) m/z 230 (27%), 228 (63), 226 (32), 205
(98), 203 (98), 149 (100), 147 (100); MS (CI) m/z 285 [M(*'Cl)
+ 117,283 (M + 1)*. Found: (M — Br)* 203.0045: CgH,,BrO re-
quires 203.0070.

(Z)-2-(Bromomethylene)heptanal 9b. A colorless oil; IR
Vinax (neat)/em™' 3025, 1705; '"H NMR 6 9.90 (1H, s, CHO), 7.34
(1H, s, C(1)H), 2.35 2H, t, J = 6.9 Hz, C(3)H), 1.79-1.13 (6H,
m, C(4)H-C(6)H), 0.96 (3H, t, J = 5.1 Hz, C(7)H); '3C NMR §
189.17, 132.25, 34.52, 31.35, 26.71, 22.20, 13.30; MS (EI) m/z
206 [MC'Br)", 5%], 204 (M™, 5), 150 (33), 148 (34), 125 (100).
Found: M* 204.0173: CgH,3BrO requires 204.0150.

2-(Dibromomethylene)nonanal 10. A colorless o0il; IR Vi
(neat)/em™! 1710; '"H NMR 6§ 10.10 (1H, s, CHO), 2.38 (2H, t, J
= 6.9 Hz, C(3)H), 1.82-1.15 (10H, m, C(4)H-C(8)H), 0.97 (3H, t,
J = 5.1 Hz, C(9H); *C NMR § 189.17, 31.72, 31.29, 29.40,
28.91, 27.33, 22.63, 14.09; MS (EI) m/z 233 (57%), 231 (52), 152
(100); MS (CI) m/z 313 [M('Br) + 117, 311 (M + 1)*. Found:
(M — Br)* 231.0368: C;oH;4BrO requires 231.0384.

5,5-Dibromo-2,4-pentadienal 11. A colorless oil; IR vV,
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(neat)/em™! 1700; '"H NMR & 10.10 (1H, d, J = 6.8 Hz, CHO),
7.22 (3H, br's, C(2)H-C(4)H); *C NMR & 192.77, 145.73, 134.87,
133.29; MS (EI) m/z 240 [M(*'Br)*, 30%], 238 (M, 15), 211
(14), 209 (7), 161 (100), 159 (100). Found: M* 237.8611:
CsHyBr,0 requires 237.8630.
5,5,5-Trichloro-4-methyl-3-trimethylsiloxy-2-pentene (E,Z
mixture) 13a. A colorless oil; IR V., (neat)/em™! 3040, 1668;
"H NMR §5.00—4.48 (1H, m, C(2)H), 3.32-2.90 (1H, m, C(4)H),
1.64 (6H, t, J = 1.76 Hz, C(1)H, C(4)-Me), 0.23 (9H, s, SiMe);
3C NMR 6§ 105.56, 102.92, 60.60, 53.92, 16.18, 14.83, 12.13,
10.78, 0.97; MS (EI) m/z component A 276 [M(*’C1)*, 20%], 274
(M*, 20), 157 (63), 91 (100), 73 (81); component B 276
IM@37CD*, 17%], 274 (M*, 7), 157 (79), 91 (65), 73 (100).
Found: M* 274.0091: CyH,,C150Si requires 274.0112.
5-Trichloromethyl-4-trimethylsiloxy-3-heptene (E,Z mix-
ture) 13b. A colorless oil; IR Vi (neat)/cm™! 3039, 1660; 'H
NMR 6 4.98-4.52 (1H, m, C(3)H), 3.37-3.15 (1H, m, C(5)H),
2.32-1.80 (4H, m, C(2)H, C(6)H), 1.04 (3H, t,J = 6.9, C(1)H or
C(7)H), 1.02 (3H, t,J = 6.9, C(1)H or C(7)H), 0.22 (9H, s, SiMe);
3C NMR 6§ 115.44, 112.91, 68.03, 60.86, 22.27, 21.10, 20.03,
19.00, 14.47, 13.09, 11.94, 11.50, 0.97; MS (EI) m/z component A
304 [MC'CD)™", 64%], 302 (M*, 63), 269 (35), 267 (54), 241 (65),
239 (100), 185 (100), 73 (85); component B 304 [M(’Cl)*, 25%],
302 (M*, 25), 241 (34), 269 (15), 267 (25), 241 (34), 239 (54),
185 (100), 73 (95). Found: M* 302.0404: C;,;H,,Cl;0Si requires
302.0425.
1,1,1-Trichloro-6-Methyl-3-trimethylsiloxy-3-heptene (E,Z
mixture) 13c. A colorless oil; IR Vi, (neat)/em™! 3037, 1660;
'"H NMR 6 4.92-4.51 (1H, m, C(4)H), 3.02 (2H, s, C(2)H), 3.00
(2H, s, C(2)H), 2.28-1.78 (2H, m, C(5)H), 1.00 (6H, d, J = 6.9
Hz, C(7)H, C(6)-Me), 0.21 (9H, s, SiMe); '3*C NMR § 114.52,
112.08, 52.02, 44.94, 36.82, 35.80, 31.04, 29.96, 22.20, 21.17,
0.97; MS (EI) m/z component A 304 [M(*’C1)*, 8%], 302 (M™, 8),
261 (30), 259 (30), 93 (100), 73 (88), 54 (82); component B 304
IMC'CD*, 15%], 302 (M*, 15), 261 (62), 259 (63), 93 (90), 73
(93), 54 (100). Found: M™ 302.0411: C;;H,Cl;0Si requires
302.0425.
1,1,1-Trichloro-3-trimethylsiloxy-3-nonene (E,Z mixture)
13d. A colorless o0il; IR vy, (neat)/cm™! 3036, 1660; 'H NMR &
4.94-4.52 (1H, m, C(4)H), 3.06 (2H, s, C(2)H), 3.02 (2H, s,
C(2)H), 2.32-1.81 (2H, m, C(5)H), 1.70-1.19 (6H, m, C(6)H-
C(8)H), 0.97 (3H, t, J = 5.1 Hz, C(9)H); '3C NMR 6 116.62,
114.37, 50.43, 43.85, 32.82, 32.46, 30.32, 29.27, 28.31, 27.29,
26.77, 13.91, 0.97; MS (EI) m/z component A 303 (21%), 301
(21), 199 (89), 73 (100); component B 303 (17%), 301 (16), 199
(76), 73 (100); MS (CI) m/z component A 319 [M('Cl) + 1]%,
317 M + 1)*; component B 319 [MC'CI) + 1]*,317 M + 1)*.
Found (M — Me)* 301.0371: C;;Hy,Cl;0Si requires 301.0348.
1,1-Dichloro-4,4-dimethyl-1-penten-3-one 15. A colorless
oil; IR Vpax (neat)/cm™! 3056, 1697; '"H NMR 6§ 6.90 (1H, s,
C(2)H), 1.22 (9H, s, C(4)-Me, C(5)H); '*C NMR & 122.25, 25.93;
MS (EI) m/z 182 [M('CD)*, 10%], 180 (M™, 16), 154 (40), 152
(70), 125 (68), 123 (92), 57 (100). Found: M* 180.0135:
C7H,CL,0 requires 180.0108.
1,1,1-Trichloro-2-methyl-3-pentanone 16a. A colorless oil;
IR Vi (neat)/cm™! 1715; '"H NMR § 3.31 (1H, q, J = 6.9 Hz,
C(2)H), 2.40 2H, q,J = 6.9 Hz, C(4)H), 1.55 (3H, d,J = 6.9 Hz,
C(2)-Me), 1.12 (3H, t, J = 6.9 Hz, C(5)H); *C NMR § 63.87,
36.54, 15.87, 7.38; MS (EI) m/z 177 (4%), 175 (10), 173 (10), 149
(7), 147 (20), 145 (20), 114 (10), 112 (95), 110 (100); MS (CI)
mfz 205 [MC'Cl) + 11%, 203 M + 1)*. Found: M — Ept)*
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172.9346: C4H4Cl;0 requires 172.9330.

1,1,1-Trichloro-3-nananone 16b. A colorless oil; IR Vi
(neat)/cm™! 1715; 'TH NMR §3.25 (2H, s, C(2)H), 2.35 2H, t,J =
6.9 Hz, C(4)H), 1.62-1.20 (8H, m, C(5)H-C(8)H), 0.95 (3H, t,
C(9)H); 3C NMR § 66.35, 42.08, 31.54, 28.79, 23.73, 22.45,
13.91; MS (EI) m/z 170 2%), 168 (9), 166 (15), 143 (4), 141 (20),
139 (38), 95 (74), 70 (100); MS (CI) m/z 247 [MC'C]) + 1], 245
(M + 1)*. Found: (M — CI — CH,CH,CH3) 165.9936: C¢HgC1,O
requires 165.9952.

1,1-Dibromo-2-methyl-1-penten-3-one 17a. A colorless oil;
IR Vy (neat)/cm™' 1688; '"H NMR & 2.82 (2H, q, / = 6.9 Hz,
C(4)H), 2.08 (3H, s, C(2)-Me) 1.14 (3H, t, J = 6.9 Hz, C(5)H);
13C NMR §33.6, 12.7, 10.13; MS (EI) m/z 256 [M(*'Br)", 40%],
254 (M*, 19), 229 (50), 227 (100), 225 (50), 201 (28), 199 (60),
197 (50). Found: M™" 253.8923: C4HsBr,O requires 253.8943.

3-(Dibromomethylene)-2-octanone 17b. A colorless oil; IR
Vinax (Neat)/cm ™! 1690, 1570; 'H NMR §2.35 (2H, t, J = 6.9 Hz,
C(3)H), 2.30 (3H, s, COMe), 1.74-1.15 (6H, m, C(4)H-C(6)H),
0.98 (3H, t,J = 5.1 Hz, C(7)H); '*C NMR 6 33.24, 31.82, 26.00,
22.37, 21.16, 13.92; MS (EI) m/z 219 (50%), 217 (50), 138 (73),
95 (60), 39 (100); MS (CI) m/z 299 [M(®'Br) + 11%, 297 M
+ 1*. Found: M — Br)" 217.0213: CyH;4BrO requires
217.0228.

1,1-Dibromo-4-methyl-1-penten-3-one 17c. A colorless oil;
IR Viax (neat)/em™' 3030, 1692; '"H NMR & 7.28 (1H, s, C(2H),
3.11-2.65 (1H, m, C(4)H), 1.18 (6H, d, J = 6.5 Hz, C(4)-Me,
C(5)H); 3*C NMR §137.25, 38.26, 16.93; MS (EI) m/z 215 (38%),
213 (80), 211 (40), 175 (28), 177 (28), 134 (80), 132 (83), 52
(100); MS (CI) m/z 257 [M¢'Br) + 117, 255 M + 1]%.
Found: (M — CHMe,)" 210.8378: C3HBr, Orequires 210.8395.

5,5-Dichloro-6,6,6-trifluoro-4-methyl-3-hexanone 18a. A
colorless oil; IR vy, (neat)/cm™! 1715; '"H NMR §3.45 (1H, q, J
= 6.9 Hz, C4)H), 2.41 (2H, q,J = 6.9 Hz, C(2)H), 1.60 (3H, d, J
= 6.9 Hz, C(4)-Me), 1.12 (3H, t, J = 6.9 Hz, C(1)H); *C NMR §
52.63, 36.74, 13.74, 7.46; MS (EI) m/z 301 (2%), 209 (12), 207
(20), 183 (5), 181 (24), 179 (41), 75 (100); MS (CI) m/z 239
IMA'CD) + 117, 237 M + D*. Found: M — Et)* 206.9574:
CsH4CL,F;0 requires 206.9591.

3-[1,1-Dichloro-2,2,2-trifluoroethyl]-2-octanone 18b. A
colorless oil; IR Vi, (neat)/cm ™' 1715; '"H NMR §3.42 (1H, q, J
= 6.9 Hz, C(3)H), 2.25-1.76 (2H, m, C(4)H), 2.16 (3H, s, C(1)H),
1.64-1.12 (6H, m, C(5)H-C(7)H), 0.96 (3H, t, / = 5.1 Hz,
C(8)H); *C NMR § 64.22, 32.16, 25.89, 23.67, 23.42, 22.95,
13.71; MS (EI) m/z 280 [M('C)*, 5%], 278 (M*, 8), 211 (5), 209
(24), 207 (40), 174 (20), 172 (75), 113 (100). Found: M*
278.0464: C1H;sCLF;0 requires 278.0451.
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