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Conjugate Michael Additions with Mixed Diorganozincs
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Abstract: Functionalised mixed alkyl(trimethylsilylmethyl)zinc reagents add efficiently to a
wide variaty nf Michasl annantnre in hich visld and writh avnhigiva 1 A saginaalantivize sprith s
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the need for transition meial catalysis. The trimethylsilylmethyl group behaves as a non-
transferable gr up, and in no cases was transfer of this group observed.
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In the nursuit of ever more efficient and economic means of synthesisine elahgrate nolvfunctional compounds
PYiovit Vi v Vvl LUIVIV VILIWIVIIE Gl VUVLIVILLIV 1vaLES Vi OJ lnuluoxalxls wviQAuulalv lJUl. iTuiivuviial UUIIIPUUIIUD,

strategies are required for the coupling of functionalised carbon electrophiles with equally complex carbon
nucieophiles. Whilst most carbon nucieophiies are organometaiiic reagents, the extreme reactivity of the
carbon-metal bond prevents the inclusion of sensitive functional groups on either of the coupling partners; this
problem necessitates the use of a costly and time consuming protection-deprotection sequence. Even selective
organometallic reagents, such as organocuprates, are themselves obtained from the corresponding lithium or
magnesium compounds, and most methods for preparing these later organometallics are incompatible with
sensitive groups. Organozinc chemistry with high functional group tolerance yet sufficient reactivity for a
whole range of coupling reactions offers one solution to this problem.! However, both dialkylzincs (RpZn)

and alkvlzine halides (RZnX) are not without their own limitations. The dialkvlzincs are hiehlv reactive. but in
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efficient, however, the use of this class o
to dialkylzincs.!

Recently, we have developed a new class of mixed zinc reagents, FG-R-ZnCH3SiMes 1, which offer high
reactivity together with efficiency.? These reagents bear one transferable functionalised group (FG-R-) and
one non-transferable group, the trimethylsilylmethyl- group.3

FG-R-Znl + Me;SiCH,Li —  FG-R-ZnCH,SiMe;,

2 3 1

FG-R-Li or FG-R-MgX + Me;SiCH,Znl —~  FG-R-ZnCH,SiMe;
A -4 1
4 =] 1

(FG-R),Zn  +  (Me;SiCHp),Zn ——  FG-R-ZnCH,SiMe;
7

1
G-R = Alkvl Arvl

a

0040-4020/98/$19.00 © 1998 Elsevier Science Ltd. All rights reserved.
PII: S0040-4020(97)10382-9



1472 P. Jones et al. / Tetrahedron 54 (1998) 1471-1490

This class of reagents is easily prepared (Scheme 1) by one of three routes, either i) addition of commercially
available trimethylsilylmethyllithium 3 to an organozinc halide 2; ii) addition of an Grignard- or

organolithium reagent 4 to trimethylsilylmethylzinc iodide §; or iii) by mixing a dialkylzinc reagent 6 with
bis-(trimethyisilyimethyl)zinc 7. The later method has been proven to give rise to the mixed zinc reagent as
supported by extensive NMR studies.4

These mixed organo(trimethylsilylmethyl)zinc reagents have found use in the asymmetric addition to

aldehydes,2-5 and herein, we wish to describe the addition of there mixed organometallic reagents to a variety
of Michael acceptors.

Results and Discussion
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fransiormation” and numerous proceaures have been documented mvolving stoichiometric copper reagen[5,6’7

or the copper catalysed addition of magnesium,”-82 zinc8b or aluminium8¢ compounds. Recently, we have
described a protocol whereby dialkylzinc reagents can be added to Michael acceptors without the need for
transition metal catalysis.® Using a modification of this procedure, we have been able to add mixed
alkyl(trimethylsilylmethyl)zinc reagents 1 to Michael acceptors 8 to give 1,4-adducts 9 in good yield (Scheme
2). The reaction is carried out in THF with addition of NMP as cosolvent, in the presence of trimethylsilyl
bromide.10

o FG-R 0
FG-R-ZnCH;SMey & W NN
. o t

1 t X Me;SiBr, THF/NMP X
e e e
FG-R = Alkyl, Aryl 30°CtoRT, 12 h A
X = Alkyl, H, OR 8 9
Scheme 2

Thus, the reaction of 2-lithiofuran with trimethylsilylmethylzinc iodide at -40 °C gave rise to the mixed
(trimethylsilylmethyl)(2-furyl)zinc 10a, treatment of this reagent with 2-cyclohexenone (0.7 equiv.) in the
presence of trimethylsilyl bromide in a THF/NMP mixture (ca. 6:1) afforded the Michael adduct 11a in 73%

(Scheme 3). The reaction of 2-lithiothiophene and 2-lithio N-methylpyrrole in this manner, also gave the
mixed zinc reagents 10b and 10c¢ respectively. These compounds reacted with 2-cyclohexenone to give the 3-

SV 11000 OUlids 1C

substituted cyclohexanones 11b and 11c¢ in 58% and 54% yields. The efficiency of the trlmethylsnlylmethy]
group as a non-transferable group is clear
group exciusively, especially as this species has itseif found a crucial role as a non-transfer:
organocapper chem15try.° Similarly, lithiation of benzo[b]furan and transmetailation to trimethylsilyimethyl-
zinc iodide 5, gave the mixed zinc reagent 12a. Again, we were able to perform a Michael addition reaction
with this reagent to give the substituted cyclohexanone 13a, in an excellent 84% yield. The sulfur and nitrogen
analogues 12b and 12¢, also reacted to give only the products of 1,4-addition 13b and 13c in 59% and 78%

yields.
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X 2-Cyclohexenone I/ j

\\_//'— ZnCH;SiMes > X
TMSBr, NMP/THF (\ ) 11a X=0, 73%

o 30°CtoRT, 12h  \_/ 11b X=S, 58%
10b X=5 ’ 11c X=N-CHg, 54%

X
N 77— ZnCH,SiMe; 2-Cyclohexenone HJ\‘
\\ /)_1/ o A TMSRr, NMP/THF X, )\ )
~N ~

12a X=0 2 aVaASIDL, ANAVAXT 7 A XA

S~
17h Y= AN sA DT 19k g /
AR LA=) U O lU NL, L 11 \ I 13 X O 84%
12¢ X=N-CH; a X=0,
% 13b X=S, 59%
13¢ X=N-CH;, 78%
Calhnsean 2
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The reaction is applicable to a wide range of zinc reagents. Secondary zinc species, such as cyclo-
hexyl(trimethylsilylmethyl)zinc, can be added to both 2-cyclopentenone 18 and 2-cyclohexenone 20 (Table 1,
entries 1 and 8) in good yields, 84% and 83% respectively. Likewise, mixed aryl(trimethylsilyl methyl)zinc
reagents add efficiently. In these cases the mixed zinc reagent is best prepared from the corresponding
aryllithium species and trimethylsilylmethylzinc iodide. For instance, the phenyl group can be added in good
yield (entries 2 and 5), as can the 4-methoxyphenyl- group (entries 3 and 6). These conjugate addition
reactions are not adversely effected by steric bulk, as the 2-methoxyphenyl- group can be transferred equally

well when compared to its para- isomer (entries 6 and 7). Functionalised zinc reagents can also be used, and
the Michael reaction is able to withstand the inclusion of esters (entries 10 and 11), unprotected terminal
Allec i o (it 1TAAY D L 12 2 Focanban: 100 ottt nemnr Voo AL s ald
alKynes (eniry 1Z) ana naiiaes (eniry ioj, witnout any 10Ss Or yi€id

0]

N Me Ml
EtO,C(CHy)3ZnCH,SiMes EtOgC\/\/\)L
TMSBr, NMP/THF M

14 -30°CtoRT, 12 h 15, 85%
0

(0]
\)’L
CI(CH2)4ZnCH;SiMe3 Me m/\/\/\/u\ M

TMSBr, NMP/THF

-30°CtoRT, 12 h '
Scheme 4

The mild conditions developed in this reaction allow additions to sensitive methylvinylketone in good yield,

1€
iu

and the functionalised mixed zinc reagents 14 and 16 add to methylvinylketone to give the functionalised
ket

15 and 17 (Scheme 4). Likewise the secondary zinc reagent (cyclohexyl) (trimethylsilylmethyl)zinc

nes
and (2 -furyl group)(trimethylsilylmethyl)zinc can be added (Table 1, entries 14 and 15). [B-Substituted

Loatnmno ~an alen ha nead fantriagc 16 17 and 1R) the intraductiaon of a methvl oraun in (F)-hex-4_en-3_one 26
KELOIIES Caii a1SO 0€ USeq (&Nics 10, 1/ and 10, uiC irGGUCUUn OF d MiCuly: gIUUp 1 (L)~ HCA=S-Li-2-Vuc 49

PP RIS T T TR SRS I g 1 L PR Y M nnuin o AALAhanl Addiaat Al i A
resuits in no loss of yieid, NOWEVEr réaclions witn Dcnayuucucm.cu)uc «a ZaVE d ViICNacl aaQuct oy ii poor

yield (entry 13).
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Table 1: Michael addition reactions of mixed organo(trimethylsilylmethyl)zinc reagents to unsaturated
katanee laadine tn nrodnete 10a-.d 21ah 22 28a.h and 27a.e
WAL Ewo L\/“ulll& o PL\I\JHVIJ RGBTy NAME ARy BNy BT R RALINA AT S e
Entry FG-R- Michael Acceptor Method! Products Yield?
(%)
PN PN
1 c-Hex W B \_L(j 84
18 -
~ 19a
PN
2 Ph 18 A 78
\
A
~ 19b
N
3 p-MeOPh 18 A “ 87
| P
~~ OMe 19¢
0
4 PivO(CHp)s C é\ e ~_OPIV 60

82

wn
)
=
9 —
E: C}() s
>

6 p-MeOPh 20 A \\*@ 87
7 0-MeOPh 20 A 1\)\{@ 86
(o]

21c
8 c-Hex 20 B % 83
21d
o)
9 Bu 20 B i‘j\/\/ 69
21e

EN
10 Et0,C(CH2)3 20 B LA~ coutt o 49
o

11 PivO(CH3)s 20

Q)
o
3
<
N
=1
{-]
~1
S
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Table 1: Michael addition reactions of mixed organo(trimethylsilylmethyl)zinc reagents to unsaturated
ketones leading to products 19a-d, 21a-h, 23, 25a-b and 27a-c
Entry FG-R- Michael Acceptor Method! Products Yield?
(%)
PN
12 HCC(CH,)3 20 B W 58
21h

Ph. ~_ - Ph. o~ -

T 1T
13 c-Hex - B - 38

22 @
23
o}

0 [e) 0. AVJL\

14 - <A,y A wr 25a 55

(o]
15 c-Hex 24 B O/\)\ 81
25b
(o]

16 aY A L) e o5
S
. ¢Hex 26 B J B 87
~ 27b
/\/\UK/
18 CI(CHp)4 26 B G 2% |

1 Method A: Mixed zinc reagent prepared from trimethylsilylmethylzinc jodide and an organolithium reagent. Method B: from

trimethylsilylmethyl lithium and organozinc halide. Method C: from bis-(trimethylsilylmethyl)zinc and a diorganozinc. 2 Yields

The reaction is not just applicable to ketones, unsaturated aldehydes can be used equally effectively. Whereas
the addition of cuprates to unsaturated aldehydes often requires the use of a highly polar co-solvent like

AxVal Iy L 1 11ietll 1 UG LIy

~.

HMPA, 10 the addition of (trimethylsilylmethyl)(4-carbethoxybutyl)zinc 14 to 2-butylacrolein proceeds

smoothly to give the aldehyde 28 as the exclusive product in 68% yield (Scheme 5). 2-Methylbutenal 37 can
also undergo 1,4-addition equally well (Table 2, entries 8 and 9), to give functionalised aldehydes 38a and
38b in good yield
Bu
A CHO
Me
. -~ ~CHO
EtO,C(CHp)3ZnCH,SiMes . EOC. -
TMSBr, NMP/THF NN
14 -30°Cto RT, 12 h 28, 68%
Scheme 5

Conjugated esters, like butyl acrylate 35, produce the expected Michael adducts in excellent yields, (4-
pival —)xybmyl)(t*iﬂethy}sily1)21'1c 29 undergoes 1,4-addition to give the diester 30 in 68% (Scheme 6), whilst
N . v M . < Lo imziem e mam alom ko fennofasead Makla R nn
4-chlorobutyl-, 4-carbethoxybutyl-, and cyclohexyl- groups can also be transferred (Table 2, entries 5, 6 and
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7). Finally, addition to nitroolefins, like 1-nitrobutene 33, leads to nitroalkanes 34a, 34b and 34c¢ in 64-76%
b

(Table 2, entries 2, 3 and 4). In no cases was transfer of the trimethylsilyl group observed.
2™ Co,Bu a
PivO(CH4Z nCH,SiMe3 - o~ o~
TMSBr, NMP/THE ~ Pivo” 7 7 ™7 “opy
29 -30°CtoRT, 12 h 30, 68%
Scheme 6

Table 2: Michael addition reactions of mixed organo(trimethylsilylmethyl)zinc reagents to unsaturated
aldehydes, esters and nitro-compounds leading to products 32, 34a-c, 36a-c, 38a-b and 40.

Entry FG-R- Michael Acceptor Method Products Yield
(%)
B CHO _ /\/\\(CHO i
1 c-Hex I B L~ 68
31 L -
P
2 /\Cj— R S A s§°7rj\1 64
33 NO: 34a
~
- - - PP
3 c-Hex 33 B J '10 76
~ % 34b
4 i-Pr 33 B Y 64
bONO 34¢
o) o
~’\\')J\C)Bu OBu
5 c-Hex e B 99
) ~ 36a
o)
c:/\/\/\)\oau 36h
6 CI(CHj)4 35 B 76
0
7 Et0,C(CHa)s 35 B 0,0~ ~Hoogy 16c | 86
CHO
8 EtO,C(CH>)3 /ﬁ/ B EthC\/\/erHO 51
37 ' 38a
CHO
9 c-Hex 37 B o 91
J0D
Ph. COEt Ph  CO,Et
_ = 82
10 c-Hex \_(COZE( B ; ( co,Et
R

! Method A: Mixed zinc reagent prepared from trimethylsilylmethylzinc iodide and an organolithium reagent. Method B: from

trimethylsilylmethyl lithium and organozinc halide. 2 Yields refer to isolated yields of analytically pure products.
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In summary, we have

ha deve TANOZINC & ayiching
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dialkvlzinc and oreanozinc alide reacantse We havae chawn that thaca naw mived
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organo(trimethylsilylmethyl)zinc reagents can undergo conjugate addition reactions to a wide range of
conjugate oiefins in good to excelient yieids. Work is currentiy underway to develop an enantioselective
version of this reaction using other chiral non-transferable groups.
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Reactions were monitored by gas-chromatography (GC) analysis of reaction aliquots. Fourier Transform infra-
red spectra (FT-IR) were recorded on a Nicolet 5 DXB spectrometer. Proton and carbon nuclear magnetic
resonance spectra (!H and !3C-NMR) were recorded on a Bruker AC-300 (300 MHz, proton and 75.5 MHz,
carbon) or a Bruker AX-200 (200 MHz, proton and 50 MHz, carbon). Mass spectra (MS) and exact mass
calculations were recorded on a VG-70-250 S mass spectrometer. The ionization methods used were

desorption chemical ionisation (CI) and electron impact ionisation (EI).

(trimethylsilylmethyl)zinc, ! bis-(S-pivaloxypentyl)zinc,!2 (E)-1-nitrobut-1-ene!3 and trimeth
\VissraWvies J AR J 7 ? \ r o 4 =/ ? \ s

Py W JHE I, S, TNNONEY WA \ JUrTSURpIPS NI DU JE NEGIY T T S Y ) [ R P U | e
ANA4dra rroccuure A~ 1 llllclllyl llyuuculyu,ult IVUIUC allU all Ul galUlcidailig icdgcis

3.(2-Methoxyphenyl)-1-cyclohexanone (21c¢): 1,2-Dibromoethane (0.2 mL) was added dropwise to a stirred
mixture of zinc dust (1.57 g, 24.0 mmol) in THF (6 mL) at RT under argon, whilst heating with a heat gun to
gently boil the solvent. Upon complete addition the mixture was cooled to RT and then trimethylsilyl chloride
(0.2 mL) was added dropwise over Smin, again with gentle heating of the solvent. After complete addition the
mixture was stirred at RT for a further 5 min. Trimethylsilylmethyl iodide (1.28 g, 6.0 mmol) was then added
dropwise over 5 min and the reaction mixture was then heated at 50 °C for 3 h, and the zinc insertion reaction
monitored by GC analysis.

o4
n the reactinn wac comnlete the reaction mixture wacg cooled to RT and the excess zinc dust allowed
Vikw CiNS Y L0 W AN -t s el Wt B AR X ALRW - ¥ WA AW W A& a e vAAW WA ALTD AAN e ~

Wha

Y¥ LlWwilk wix Avaw i1 \Jll.lkl » AR i S ARA/ALWEA ¥ o -~ eaa 2 aaand = ol
4o nndtla £ 1& cniee Tha :mnla meaxr cnliitinn vane than trancfarrad tA a ~rlaan flama Ariad flack and ~ranlad tna
10 S€C 101 10 IIifl. 16C Pait ZITy SUIULIUIL Wad UITIE UAlidITIicy tU a Livail, 1ialliv Ulivl 11ash diid LUUILU v
-30oC.

s A T

Meanwhile, a solution of butyliithium (6.0 mmol) in pentane (1.27 mol L-1, 4.72 mL) was added
dropwise over 2 min to a stirred solution of 2-iodoanisol (1.40 g, 6.0 mmol) in THF (10 mL) at -90 °C under
argon. The resulting pale yellow solution was stirred at -90 °C for 1 h and then added to a
trimethylsilylmethylzinc iodide (6 mmol) solution at -30 °C. The reaction mixture was then stirred at -30 °C
for 1 h.
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MP (1 mI athyulcilul heamida (1 08 mI 2 ) mmal) and than Y curleahevannng T AN
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1iN01) WEIC atdded 1o i€ reaciion mixiure at -5u Y and stirrea at -5u I0r 2 n, berore Demg warmed 1o K1

and stirred overnigh.

The reaction mixture was poured into saturated ammonium chloride solution (40 mL) and conc. HCI (10
drops) added and the mixture was then stirred at RT for 10 min. The resulting solution was extracted with
diethyl ether (3x70 mL), and the combined organic extracts were washed with brine (50 mL), dried and finally
concentrated under reduced pressure. The crude residue was then purified by column chromatography on
silica using 20% diethyl ether-light petroleum as eluent to give the ketone (700 mg, 86%) as a colourless oil.
Vmax (film) / cm-! 1710, 1600, 1494, 1463, 755; 8y (200 MHz, CDCl3) 7.46-7.33 (2H, m, Ar), 7.18-7.02 (2H,
m, Ar), 4.01 (3H, s, CHzs), 3.70-3.51 (1H, m, CH), 2.85-1.30 (8H, m, CH); 8¢ (50 MHz, CDCl3) 212.0 (s),

184, 114, L.il1), £.00 e 2 L7 8. Y AVasad, Lalld bt B e N

157.1 (s), 132.9 (s), 127.9 (d), 126.9 (d), 121.1 (d), 110.9 (d), 55.6 (), 48.0 (¢), 41.8 (1), 38.4 (d), 31.4 (1), 26.0

/IITIN ANA ANNOT ANAN 1/1 /f\r\ | .4—1 /|l\nn1\ L7 4V VIR -y

(v); m/z (EI) 204 (M*, 42%, C13H 607 requires 204), 161 (26), 147 (100%); Found: C, 76.44; H, 7.63%.

Calculated for C13H607; C, 76.44; H, 7.89%.

Standard Procedure B:- Alkylzinc iodide and trimethylsilylmethyllithiom
Ethyl 2-(carbethoxy)-3-(cyclohexyl)-3-(phenyl)propanoate (40): 1,2-Dibromoethane (0.2 mL) was added
dropwise to a stirred mixture of zinc dust (1.57 g, 24.0 mmol) in THF (6 mL) at RT under argon, whilst

heating with a heat gun to gently boil the solvent. Upon complete addition the mixture was cooled to RT and

then trimethylsilyl chloride (0.2 mL) was added dropwise over 5 min, again with gentle heating of the solvent.
Aftor namnlate additinn the miviure wae ctirred at RT for a furthar § min Cvelohevvyl 1iadide (176 ¢ 80
Fpugivay \lulllyl\/t\l “uul‘.lull, Liftew RIAAALULW YYQOD Otiliwiul AL AV 1IVLI @ Luiviiwl o/ 111131 \/J\rl\’“\l“]‘ AV W \L-"U 6, V.
PUSKEUISRN,, | R SN I P | & trntn anAd tham tha wanAtism et virzes Ao hantad 4t EN O 400 2 L ¢h o
Nnmol} wds LUicn auduca d pwlbc OVer o I, 4llU WUICI] HIC 1Cal iVl HHIALUIC wWad HICdiCu dil OV YU 11Ul O 11, UIC

zinc insertion reaction monitored by GC analysis.

When the insertion reaction was complete the reaction mixture was cooled to RT and the excess zinc
dust allowed to settle for 15 min. The pale grey solution was then transferred to a flame dried flask and cooled
to -40 °C.

A solution of trimethylsilylmethyllithium (6.0 mmol) in pentane (1.0 mol L-!, 6.0 mL) was added
dropwise over 3 min to the stirred solution of cyclohexyl zinc iodide at -40 °C and then stirred at -40 °C for 1
h. NMP (1 mL), trimethylsilyl chloride (1.01 mL, 8.0 mmol) and then a solution of diethyl
benzylidenemalona 099 g, 4.0 mmol) in THF (5 mL) were added to this reaction mixture at -60 °C. The

The reaction mixture was worked up as usual and the crude residue was further purified by column
chromatography on silica using 30% diethyi ether-light petroleum as eluent to give the malonate (1.09 g, 82%)

as a colourless oil. vimax (film) / em-1 1758, 1733, 1631, 1603; 8y (200 MHz, CDCIl3) 7.32-6.95 (5H, m, Ar),
4.24-3.92 (3H, m, ArCH and CO;CH>), 3.83 (1H, d, J = 11.3 Hz, CO,CHCO3), 3.70 (2H, q, J = 7.3 Hz,
CO,CH»), 3.36-3.17 (1H, m, CH), 1.62-0.90 (10H, m, CH), 1.14 (3H, t, J = 7.3 Hz, CH,CH3), 0.76 (3H, t, J =
7.3 Hz, CH,CH3); 8¢ (50 MHz, CDCl3) 168.7 (s), 167.9 (s), 138.9 (s), 129.4 (d), 127.6 (d), 126.5 (d), 61.3 (V).
60.9 (1), 55.2 (d), 50.9 (d), 40.7 (d), 31.9 (1), 28.2 (1), 26.5 (t), 26.3 (1), 26.1 (t), 14.0 (q), 13.5 (q); m/z (EI) 332

(M*, 1%, CagHo304 requires 332), 250 (23), 203 (28), 172 (100%); Found: C, 71.90; H, 8.52%. Calculated
Fre O I__N.- ™ T NA T Q AAOL
10T UpQ1128VU4; v, /14.20; 11, 8.54570
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Standard Procedure C:- Dialkylzinc and bis-(trimethylsilylmethyl)zinc

5-(3-Oxocyclopentyl)pentyl pivolate (19d): Bis-(trimethylsilylmethyl)zinc (1.3

olate (19d) trimeth th o 6 mmol) was added slowlv

vl nc g, 0 mMmoi) was adgeq siowly

over 5 min to a stirred solution of bis-(5-pivaloxypentyl)zinc (5 mmol) in THF (6 mL) at -30 °C under argon.
TToman saamnlata additian tha ranntian mivtines wao allaarad o A bm DT 1 Ll Lt 1 £

v POl COMPICiC aGaition ui€ r€4aCilion MmiXiur€ was aniowea 10 warim to0 K1, anda inen Siirrea 1or a rmer JU

The grey solution was then cooled to -30 °C and NMP (2 mL) was added, followed by trimethylsilyl
bromide (2.4 g, 16 mmol) and finally 2-cyclopentenone (0.66 g, 8 mmol). The reaction mixture was allowed to
warm slowly to RT and was then stirred for 12 h. The reaction mixture was worked up as described above and
the crude residue was subjected to further purification by column chromatography on silica using 10% diethyl
ether-light petroleum as eluent to give the ketone (1.3 g, 60%) as a colourless o0il. Vmay (film) / cm-1 2960,
2933, 1729, 1159; &y (300 MHz, CDCl3) 3.98 (2H, t, J = 6.5 Hz, CH;0), 2.32-2.06 (5H, m, CH), 1.77-1.29
(10H, m, CH), 1.12 (9H, s, CH1); &c (75 MHz, CDCl3) 219.5, 178.6, 64.3, 45.3, 38.8, 38.5, 37.2, 35.6, 29.5,

il g Tily Teleds SR SR

12K 278 ’)"I ") 16 1 miz m\ 284 M+ 10N . cHANa reaaniree 284 Q5 (80 §7 (R10.) Fannd-
LI Ty Lty L\J. 2y LIV L \R A7) L..J-r \iVE y TUU /U, 0N 3 IVWYULIWD 4J%T ), OJ \J& )y J \O170), 1'UULIU, .
70.72; H, 10.27%. Calculated for C|5H7603; C, 70.82; H, 10.30%.

3-(2-Furyl)-1-cyclohexanone (11a)15: The reaction was carried out according to a modified Standard
Procedure A. Furan (0.44 mL, 6.0 mmol) was added in one portion to a stirred solution of butyllithium (6.0
mmol) in pentane (1.5 mol L-1, 4.0 mL) and THF (5 mL) at RT under argon. The resulting solution was stirred
at RT for 30 min, and then cooled to -40 °C. A trimethylsilylmethylzinc iodide solution (6 mmol) was then
added over 2 min and the mixture stirred at -40 °C for 1 h. The reaction was then carried out as described
above using NMP (1 mL), trimethylsilyl bromide (1.05 mL, 8.0 mmol) and 2-cyclohexenone (0.39 mL, 4.0

mmol), to yield a crude residue was purified by column chromatography on silica using 15% diethy! ether-
Light netraleanm ac alnent ta aive the ketone (AR0 mo. 73%) ag a calourlece ail v . ilmY / em-! 1713 1501

HEHL PULUVIVUIL G5 CIUTIIL U S1V0 UiV RVUe \TOV dilgy 7170 G5 G VUIURIIUSS Vil VMax \Liiiid) 7 i 1i 1y LI 71,
1506, 1449; dy (200 MHz, CDCl3) 7.29 (1H, dd, J = 1.8, 0.8 Hz, OCHCH), 6.26 (1H, dd, J = 3.3, 1.8 Hz,

)

-~ o~ o~ oTT Pl sV i bt e Yo N ate L oreawT

OCHCH), 6.01 (1H, dt, J = 3.3, 0.8 Hz, OCRCH), 3.25-3.09 (1H, m, CHAr), 2.66 (1H, m, ddt, J = 14.3, 4.8,
1.3 Hz, COCH»), 2.49 (1H, ddd, J = 14.3, 10.3, 0.8 Hz, COCH}>), 2.41-2.29 (2H, m, COCH»), 2.19-1.70 (4H,
m, CH); 8¢ (50 MHz, CDCl3) 210.0 (s), 157.0 (s), 141.2 (d), 109.9 (d), 104.4 (d), 45.5 (1), 41.1 (1), 37.5 (d),
29.8 (1), 24.3 (1); m/z (EI) 164 (M*, 61%, C1oH 120 requires 164), 107 (100%); Found: C, 72.94; H, 7.48%.
Calculated for C1gH120; C, 73.15; H, 7.37%.

A N ot
JRitEESviy ) aL
3.1 _ sl

-

i
or 1 h. It was then added to a trimethylsilylmethylzinc iodide
solution (6 mmol) at -30 °C, and the mixture stirred at -30 °C for 1 h. The reaction was then carried out as
described above using NMP (1 mL), trimethylsilyl bromide (1.05 mL, 8.0 mmol) and 2-cyclohexenone (0.39
mL, 4.0 mmol), to yield a residue which was subjected to further purification by column chromatography on
silica using 20% diethyl ether-light petroleum as eluent to give the ketone (420 mg, 58%) as a colourless oil.
Vmax (film) / cm-! 1714, 1447, 1420, 1317, 1263, 1223; & (200 MHz, CDCl3) 7.16 (1H, dd, J = 5.0, 1.0 Hz,

6.93 (1H, dd, J = 5.3, 3.5 Hz, SCHCH), 6.83 (1H, dt, J = 3.5, 1.0 Hz, SCRCH), 3.40-3.22 (1H, m,

( J=14.0,5.5,1.7 Hz, COCH»), 2.39 (1H, ddd, J = 14.0, 11.5, 1.0 Hz, COCH>), 2.30-1.72

Wy wfandy ke L)y & \ A2l
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(6H, m, CH2); 8¢ (50 MHz, CDCl3) 209.7 (s), 148.2 (s), 126.6 (d), 123.1 (d), 122.7 (d), 49.2 (1), 40.9 (1), 39.5
(AY A2 AL (¢ DA T () onl> (BIY 12N (NM+ K80 (. 13..NC ra~iiracg 19M 172 71NN 11N (ARSI Enann d. M
\Uj, JIJ.U (L), &59.7 \\j, 1IVL \LXl) 10V \Uvi , JJ /0, b]ULllon Lct.luucb 10V), 1240 (1VUV), 11V (#U70), COULIU. U
66.61; H, 7.01%. Calculated for C;gH120S; C, 66.63; H, 6.71%.

3-(1-Methyl-1H-2-pyrrolyl)-1-cyclohexanone (11c¢): The reaction was carried out according to a modified
Standard Procedure A. N-Methylpyrrole (1.77 mL, 20.0 mmol) was added in one portion to a stirred
solution of butyllithium (10.0 mmol) in pentane (1.5mol L-1, 6.7 mL) and THF (10 mL) at RT under argon.
The resulting pale yellow solution was then heated at 40 °C for 2 h and then cooled to RT. The solution of 2-
lithiopyrrole was then added dropwise over 5 min to a stirred solution of trimethylsilylzinc iodide (6 mmol) at

-40 °C and the mixture stirred at -40 °C for 45 min. NMP (1 mL), trimethylsilyl bromide (1.76 mL., 13.3

mmanll and then =n‘lr‘|r\ avannne (N A4 mT A 7T mmnl were added and the reartinn wac ctirred nvarniaht
lljlllull [ZORLV W S gLV § ) \a]\ul\lll\nn\lll\lll\( \J T L1lAdg T/ llllll\lll YV Wl uuu\.u CLLENA LINW RO A LIVZil VY QD Julliwid UVUllllsllL,
gradually warming to RT. The mixture was poure into saturated ammoniuim chlori ion (50 mL) and

| P ~ o - | N, PR Ry r&
nc IUIALUIC Wwdd puulcu ifito saturs tcu uuuuumuul cnloriae soiution 2
Y

o

- r \ ™ =n

extracted with diethyl ether (3x70 mL}. The combined organic exiracts were washed with brine (50 mL), dried
and then concentrated under reduced pressure. The crude residue was taken up in THF (50 mlL) and then
cooled to 0 °C. A solution of TBAF (20 mmol) in THF (1.0 mol L-1, 20 mL) was added dropwise over 5 min
to the crude reaction mixture and then stirred at 0 °C for 30 min. The mixture worked up as usual and the
brown residue was further purified by column chromatography on silica using 15% diethyl ether-light
petroleum as eluent to yield the substituted pyrrole (670 mg, 57%) as a pale yellow oil. vimax (film) / cm!
1711, 1491, 1449, 1420, 1298; 8y (200 MHz, CDCl3) 6.47 (1H, dd, J = 2.5, 1.8 Hz, NCRCH), 6.00 (1H, app.
t J =3 Hz, NCHCH), 5.85 (1H, dd, J = 3.8, 1.8 Hz, NCH), 3.49 (3H, s, CH3), 3.05-2.95 (1H, m, CH), 2.71-

[ = O Aaduy aSNcddNcdag, .00 (122 Ble, W 2.0 a2y ANRaz/y

~ T Yy M2 e S 3 NLzagyy =
2.58 (1H, m, COCHjy), 2.56-2.38 (3H, m, COCH3), 2.19-2.06 (2H, m, CH), 1.90-1.68 (2H, m, CH); oc (50
MHz, CDCl3) 210.5 (s), 135.4 (s), 121.6 (d), 106.7 (d), 104.3 (d), 47.8 (1), 41.1 (1), 35.9 (g), 33.4 (d), 31.5 (1),
24.8 (t); m/z (El) 177 (M*, 74%, C11H 50N requires 177), 134 (49), 120 (100%); Found: C, 74.43; H, 8.52;

N, 8.05%. Calculated for Cy H50N; C, 74.53; H, 8.52; N, 7.90%.

3-(Benzo[b]furan-2-yl)-1-cyclohexanone (13a): The reaction was carried out according to a modified
Standard Procedure A using trimethylsilylmethyl iodide (2.57 g, 12 mmol), 2-lithiobenzofuran (12 mmol)
(prepared by deprotonation of benzo[b]furan (1.8 g, 15 mmol) at -30 °C by n-BuLi (12 mmol) in pentane (1.0
mol L-1, 12 mL) and subsequent warming to RT for 30 min). The solution of trimethylsilylmethylzinc iodide

1) quen a
wac than addad ta the enlution of 2-lithinhenzofura -50 9C and then warmed slowlv to -30°C over | h. The
YW AD LLIVII GUULLL LU LW JVIULIVEL Vi b MMMV UV VIR i ki NAANAaAR A RAiNNe FANS J

PRSP ac than mavreiad ~if ao Aacarilhad alhAava ngcing A _rurlnhavanana MN7TA& o  mmaly NIMD /2 mT Y and
1€dCiion wads LUICIE C4illICU DUt ad utilivcu avuyve uaxus L= b]bl\)llbi\buuuv .70 g, O 11U J, INIVAX \& [l aliu

trimethylsilyl bromide (2.4 g, 16 mmol) to yield a crude residue. The crude residue was subjected to further
purification by column chromatography on silica using 10% diethyl ether-light petroleum as eluent to give the
ketone (1.45 g, 84%) as a colourless oil. vmay (film) / cm™! 3059, 2941, 2865, 1711, 1584, 1454, 751; on (300
MHz, CDCl3) 7.48-7.38 (2H, m, Ar), 7.23-7.16 (2H, m, Ar), 6.39 (1H, s, OCRCH), 3.33-3.28 (1H, m, ArCH),
2.73-1.80 (8H, m, CH); 8¢ (75 MHz, CDCl3) 210.2, 160.4, 154.9, 128.8, 124.1, 123.1, 121.1, 111.3, 102.2,
45.7,41.7, 38.3, 30.0, 24.8; m/z (EI) 214 (M*, 68%, C14H 40 requires 214), 171 (27), 157 (100%); Found:
C, 78.46; H, 6.75%. Calculated for C14H;407; C, 78.43; H, 6.58%.

2 M lhlthicnhan Y v 1_svslahavannana (11h): The reactiaon wag carried ont accordine to a modified
I=\DENZO U JUIIOPICTI~&4~Y1j=1 Uy CIGHICAQIIUIIT (AT, 11U 104ALLIVI Was Laiiibh VUL alL il U & VAR

O 3 A Wenind o A A anhiitinn ~F hatollithinm (& N mmal) in nanfans (1 S mal T-1 40 mT ) wae added
>{anaara rroceaure A. A SOIUoN O DUy uiuliuinl (U.u U1y 1 PUIIaiie (1.0 iho & 7, 5.0 LG Was daulicd
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dropwise over 2 min to a stirred solution of benzolblthionhene (0.7 mL. 6.0 mmol) in THE (10 ml )\ at .78 o
i ~3 bl of - AiRdy NSens RA4ANSL ) AR A ALAR \A\J LI.AI AL 1w e
under aragon I1Tnon comnlete additinn the nale vallaw enlintinn wae warmard ta N O and than commnlad 60 AN
14 i &Y PV WU IV QULLIVLIL Ui pPAiC yOLIU W JUIUUULL Zwad walliiGll (U U o 1 LLCIT ICCUUITU LL -
O bnfren addie: o ~F TS T P [N PGPS R PSR e ™
~, OCI0IC aadilion O1 a rmenyiSuyimeumyIizimnc dide solution (6 mmol) over 2 min. The resulllng solution

was then stirred at -40 °C for 1 h. The reaction was then carried out as described above using NMP (1 mL),
trimethylsilyl bromide (1.05 mL, 8.0 mmol) and 2-cyclohexenone (0.39 mL, 4.0 mmol). The crude residue
was subjected to purification by column chromatography on silica using 15% diethyl ether-light petroleum as
eluent to give the substituted benzothiophene (540 mg, 59%) as a colourless 0il. vipax (film) / cm-1 1711,
1458, 1448; 8y (200 MHz, CDCl3) 7.76-7.67 (1H, m, Ar), 7.64-7.53 (1H, m, Ar), 7.29-7.13 (2H, m, Ar), 6.96
(IH, s, SCRCH), 3.39-3.24 (1H, m, ArCH), 2.71-2.58 (1H, m, COCH»), 2.52-2.22 (3H, m, COCHjy), 2.19-
1.65 (4H, m, CH); d¢ (50 MHz, CDCl3) 210.6 (s), 140.5 (s), 139.1 (s), 137.7 (s), 124.3 (d), 123.9 (d), 123.C

(d), 121.4 (d), 120.5 (d), 47.5 (1), 41.3 (1), 38.0 (d), 31.1 (t), 24.9 (t); m/z (EI) 230 (M*, 100%, C14H40S

nnnnnnnnn N 172 /02 1477 s Doassead. £ T QA t8 PN

M0y 118 /IQOLN\ &~ ,;_.r* r MQ. £ 12 N,
n:qulu,a 230), 173 (93), 147 (£0), 117 (£070), COUNG: L, /2.04, H, 6.20%. Calculated for L 4111405, L, /O.UlL;

H, 6.13%.

3-(1-Methyl-1H-2-indolyl)-1-cyclohexanone (13c): The reaction was carried out according to a modified
Standard Procedure A. N-methylindole (1.57 mL, 12.0 mmol) was added over 1 min to a stirred solution of
butyllithium (6.0 mmol) in pentane (1.5 mol L-1, 4.0 mL) and THF (10 mL) at RT under argon. The resulting
solution was stirred at RT for 1 h, and then cooled to -40 °C. Trimethylsilylmethylzinc iodide solution (6
mmol) was added over 2 min to this solution and then stirred at -40 °C for 1 h. The reaction was then carried

ot as described above usine NMP (1 ml). trimet h 1si lvl bromide (1.05 mL, 8.0 mmnl\ and 2-cvclohexenone
out as described above using [ (1 mlL.), trimethyls: mide (1.0> ml, cyclohexenone
N A0 ] AN Al Tha raostinn mivtirs ng wnrlkad 11m ac nenal ta lasava a rrmida racidns hirh wae fiirthas
\U D7 1k, TV llullUll- LG [CAVUIULT [THALULLY WAD wuinwu HP A LUOUAL LV iVvavy A Viuuy 1vortuue vilivil wad 1uitiivig

purified by column chromatography on silica using 25% diethyl ether-light petroleum as eluent to give the
substituted indole (670 mg, 78%) as a colourless 0il. Vpax (film) / cm-! 1709, 1615, 1551, 1484, 1474; 8y
(200 MHz, CDCl3) 7.48 (1H, m, dt, J = 8.0, 1.0 Hz, Ar), 7.19-6.93 (3H, m, Ar), 6.68 (1H, d, J = 0.5 Hz,
NCRCH), 3.56 (3H, s, CH3), 3.37-3.20 (1H, m, CH), 2.64 (1H, ddt, J = 14.0, 4.7, 1.5 Hz, COCH>), 2.45 (1H,
ddd, J = 13.8, 10.2, 1.0 Hz, COCH)y), 2.35-1.60 (6H, m, CH); 8¢ (50 MHz, CDCl3) 211.5 (s), 136.9 (s), 126.3
(s), 125.0 (d), 121.5 (d), 118.8 (d), 118.6 (d), 117.9 (s), 109.2 (d), 48.0 (1), 41.3 (1), 35.6 (q), 32.4 (d), 31.7 (1),
24.6 (t); m/z (EI) 227.3054 (M*, 100%, C15H17NO requires 227.3053), 184 (87), 170 (70), 157 (86%).

Lthul T.avoactanaate (18)17: The reaction was carried out accordine to Standard Procedure R using ethvl

AULELYR [ SUAUULLALIUALL \17) ¢ LIV IVAVHIVIT VTAS VALIAVU Vur QULULBILEG LU A MWRIIIARA A & A VWV RAR Y A5 woiiig W g3

A el canmnnbn 1 AL = £ s A1) tnlasadlhgloilel Ahlavida 1 N) a1 QN mmaly NNMMD /1 T )Y anA

4-10a0puianodi€ (i1.45 g, U ININO1), tiilculyisSiiyl CilOIuc (1.Vs 1L, 0.V 11iU1), INIE (1 1) aild
~A ™ 3 1 i I . g

methyivinyiketone (0.33 mL, 4.0 mmol) to give a crude residue which was then purified further by column
chromatography on silica using 20% diethyl ether-light petroleum as eluent to give the ketoester (630 mg,
85%) as a colourless oil. vpax (film) / cm-1 1735, 1718, 1421, 1371, 1179, 1034; & (200 MHz, CDClI3) 4.07
(2H, q, J = 7.0 Hz, OCH»CH3), 2.42 (2H, t, J = 7.0 Hz, COCHy), 2.27 (2H, t, J = 7.2 Hz, COCH»), 2.08 (3H
s, COCH3), 1.68-1.48 (4H, m, CHp), 1.38-1.12 (5H, m, CH and CHz3); 8¢ (50 MHz, CDCl3) 208.7 (s), 173.5
(s), 60.1 (1), 43.3 (1), 34.0 (1), 29.7 (q), 28.4 (1), 24.6 (t), 23.2 (1), 14.1 (q); m/z (EI) 186 (M*, 1%, CyoH 303
equires 186), 141 (14), 129 (61), 101 (43), 43 (100%); Found: C, 64.33; H, 9.56%. Calculated for C1oH303:
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n was carried out accordine to Standar racednre R ncino A4_

N mma —— LY VRAT WisALAWLE wus & & PV O AJLESRAWGESA W A A VLVLWUWI WY A uallla -
rhlarahityl indida 1 21 o A& mmal)l teimathuyloilyl Alhlaecida 71 NY T QN ernrinall ATRAD /1 T\
LINUIUUULY1 1UUIUC \(1.J1 &, U 1UHUL), udiiicudiyidiyi Liuiiuc (1.v<s 1., o,V 11unvy), NI (1 I 4nda

methylvinylketone (0.33 mL, 4.0 mmol) to give a crude residue, which was then purified further by column
chromatography on silica using 7% diethyl ether-light petroleum as eluent to give the chloroketone (450 mg,
74%) as a colourless 0il. Viax (film) / cm-1 1717, 1447, 1432, 1360, 1170; &y (200 MHz, CDCl3) 3.50 (2H, t,
J =7.0 Hz, CH2Cl), 2.41 (2H, t, J = 7.3 Hz, CH,CO), 2.11 (3H, s, CH3CO), 1.75 (2H, app. quin., J = 7 Hz,
CH,CH,Cl), 1.65-1.20 (6H, m, CHy); 8¢ (50 MHz, CDCl3) 208.9 (s), 44.9 (1), 43.4 (1), 32.3 (1), 29.8 (q), 28.3
(1), 26.5 (1), 23.5 (v); m/z (EI) 162 (M*, 1%, CgH50Cl requires 162), 147 (2), 126 (2), 83 (26), 58 (94), 43
(100%}); Found: C, 58.82; H, 9.26%. Calculated for CgH50CI; C, 59.08; H, 9.30%.

a

e
mmoi), NMP (2 mL) and trimethyisilyl bromide (1.2 g, 8 mmoi). The crude residue was subjected to
purification by column chromatography on silica using 10% diethyl ether-light petroleum as eluent to give the
ketone (560 mg, 84%) as a colourless oil. Viyax (film) / cm-1 2925, 2852, 1745, 1449, 1159; 8y (300 MHz,
CDCl3) 2.28-2.19 (2H, m, CH), 2.09-2.04 (2H, m, CH), 1.80-1.59 (7H, m, CH), 1.18-1.09 (5H, m, CH), 0.90-
0.86 (2H, m, CH); &c (75 MHz, CDCl3) 219.4, 43.5, 43.4, 43.3, 38.9, 31.8, 30.8, 26.5, 26.4, 26.2, 26.1; m/z
(EI) 166 (M*, 24%, C11H 80 requires 166), 137 (14), 122 (12), 83 (100%); Found: C, 79.40; H, 11.09%.
Calculated for C11H120; C, 79.46; H, 10.91%.

3-Phenyl-1-cyclopentanone (19b)20: The reaction was carried out according to Standard Procedure A using
trimethylsilylmethyl iodide (2.57 g, 12 mmol), phenyllithium (12 mmol), 2-cyclopentenone (0.66 g, 8 mmol),
NMP (2 mL) and trimethylsilyl bromide (2.4 g, 16 mmol). The crude residue obtained subjected to
purification by column chromatography on silica using 10% diethyl ether-light petroleum as eluent to give the
ketone (1.0 g, 78%) as a colourless oil. Viax (film) / cm-1 3085, 3062, 2897, 1742, 1603, 1495, 1151, 764,
701; 8y (300 MHz, CDCl3) 7.35-7.29 (2H, m, Ar), 7.24-7.19 (3H, m, Ar), 3.43-3.33 (1H, CHAr), 2.61 (1H,
dd, J = 18.3, 7.5 Hz, COCH3), 2.43-2.24 (4H, m, CH), 1.97-1.93 (1H, m, CH); 8¢ (75 MHz, CDCI3) 218.1,
143.2, 128.7, 126.8, 126.7, 45.8, 42.2, 38.9, 31.2; m/z (EI) 160 (M*, 93%, C11H120 requires 160), 131 (13),
117 (50), 104 (100%}); Found: C, 82.41; H, 7.71%. Calculated for C11H170; C, 82.46; H, 7.54%.

2 A A PR Sy— | U, PR e vme 11(\4\20. MTha ranntine ag rarmiad Ant assarding ta ndifiaAd
I- (Q-NIEIHOX)’pl’lCﬂyl)- =CyClopenmainone (1>7) 1€ reaction was Cairied Out accoraing 0 a modaiiiea
Standard Procedure A using tnmethylsﬂylmethyl iodide (2.57 g, 12 mmol), 4-methoxyphenyllithium (12

mmol) (prepared by the iodine-lithium exchange from 4-methoxyiodobenzene (2.8 g, 12 mmol) and n-BuLi
(12 mmol) in pentane (1.0 mol L1, 12 mL) at -90 0C and stirred for 30 min). The solution of
trimethylsilylmethylzinc iodide was added to the solution of 4-methoxyphenyllithium at -90 °C and then
warmed to -30 °C slowly over 1 h. The reaction was then carried out as described above with 2-
cyclopentenone (0.66 g, 8 mmol), NMP (2 mL) and trimethylsilyl bromide (2.4 g, 16 mmol) to yield a crude
residue, which was subjected to further purification by column chromatography on silica using 10% diethyl

eluent to give the ketone (1.32 g, 87%) as a colourless 0il. Vipax (film) / cm-1 3033,
1515, 1249, 1034, 832; 8y (300 MHz, CDCI3) 7.15 (2H, d, J = 8.6 Hz, Ar),

LT T, AUTTy Uy VL AAliy SoASNRD) T ieaa 134

ether-light petroleu
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(in, m, ArlQ), <55 (151, GG, J = 10.1,
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COCHjy), 2.40-2.12 (4H, m, CH), 1.92-1.78 (1H, m, CH); 8¢ (75 MHz, CDCl3) 218.0, 158.3, 135.1, 127.6,
1136 551 458 412 287 M 2 miz (EN 1QN M+ Q20 (. -LT. .- ramiicag 10M 1£1 700V 147 /90 1724
B12.Vy Jedy TI0, Thody JUGTy JL.J, MVL\LL) 17V UVL ', JJ70, U20114\U2 TCQUITES 17U), 101 (LY), 14/ (LU), 154

3-Phenyl-1-cyclohexanone (21a)16, 20; The reaction was carried out according to Standard Procedure A
using trimethylsilylmethyl iodide (2.57 g, 12 mmol), phenyllithium (12 mmol), 2-cyclohexenone (0.76 g, 8
mmol), NMP (2 mL) and trimethylsilyl bromide (2.4 g, 16 mmol). The crude residue was subjected to
purification by column chromatography on silica using 10% diethyl ether-light petroleum as eluent to give the
ketone (1.15 g, 82%) as a colourless oil. vmax (film) / cm-1 3028, 2938, 2866, 1711, 1603, 756, 701; & (300

MHz, CDCl3) 7.30-7.25 (2H, m, Ar), 7.20-7.15 (3H, m, Ar), 2.97-2.93 (1H, m, ArCH), 2.53-2.30 (4H, m,
CH), 2.09-1.99 (2H, m, CH), 1.82-1.64 (2H, m, CH); 8¢ (75 MHz, CDCl3) 210.8, 144.4, 128.7, 126.7, 126.6

2 &1L, i, S22/ \&aly 22iy Sezay AVAZ ALy NrAPN L] iSO L&rr. iy 1L&Ndui\dy

[
~J

AQ Q AA T A1 D 27 Q DK &r el BTN 17A (AMA+ QOO £, TT . AN oy mzsiaana 177AN 17233 77773\ 1 FIONNLT N, Tmasan 3. £
840.7,94%4.1, F1.L, DL.0, 2.0, HVL L) L /4 \iVl', 0070, \,12r114u rcquuca 1/949), 121 (/3), 1 (1uUu70), I"ouna: .
on &N, TY O L'r\gi ~ 1 1 1 L ~ T I\' N O M XYy o I\I\{,rt
8.2.0U5 H, 83.0U%. Laiculal€a 1or U2 1405 U, 84./1; 1, 5.U9%

3-(4-Methoxyphenyl)-1-cyclohexanone (21b)20: The reaction was carried out according to a modified
Standard Procedure A using trimethylsilylmethyl iodide (2.57 g, 12 mmol), 4-methoxyphenyllithium (12
mmol) (prepared by the iodine-lithium exchange from 4-methoxyiodobenzene (2.8 g, 12 mmol) and n#-BuLi
(12 mmol) in pentane (1.0 mol L-1, 12 mL) at -90 °C stirred for 30 min). The solution of
trimethylsilylmethylzinc iodide was added to the solution of 4—methoxvnhenyllithium at -90 °C and then

warmed to -30 oC qlnwlv over | h., The reaction was then carried ou

22088 RS i alaV AW rried

a SC ve U
cyclohexenone (0.76 g, 8 mmol), NMP (2 mL) and trimethylsilyl bromide (2 4 g, 16 mmol) to yield a crude

residue. This yellow oil was subjected to further purification by column chromatography on silica using 10%
p
f

diethyl ether-light petroleum as eluent to give the ketone (1.42 g

(o]
‘ 1

3031, 2937, 2865, 1711, 1612, 1515, 1256, 1034, 829; 8y (300 MHz , CDCl3) 7.12 (2H, d, J = 8.6 Hz, Ar).
6.83 (2H, m, J = 6.8 Hz, Ar), 3.76 (3H, s, OCH3), 2.95-2.90 (1H, m, ArCH), 2.53-2.35 (4H, m, CH), 2.12-2.08
(2H, m, CH), 1.81-1.73 (2H, m, CH); 8¢ (75 MHz, CDCl3) 210.9, 158.3, 136.6, 127.5, 114.0, 55.2,49.2, 43.9,
41.1, 33.0, 25.5; m/z (EI) 204 (M*, 44%, C13H 607 requires 204), 161 (19), 147 (100%); Found: C, 76.28; H,
7.91%. Calculated for C13H1603; C, 76.44; H, 7.89%.

A Cyvolohavvl.l.cvelahavanane (21d4)2]1: The reaction was carried out accordine to Standard Praocedure B
-7 \IJ\rlUu\rAJl A !-J CAUVEACARINURAL: & asy . A W L WiAW LAV ER VRS wWiltliiaWae Vel BVRULINSILIE VY RSSSSIANSSA RS R S RSRSSSS Y &5

i Aavinalabhave]l (AadiAdA D E & 17 mmaly trivmathulcilylmathuellithinnm (19 mmmald NNMD ) mIy 90
using CyCioncxyi 104idc (4.0 g, 14 IiULj, UHICLTY ISHYHHICUL Yy LHUNUIL (14 HNVLy, INVID (4 i), £

cyclohexenone (0.76 g, 8 mmol) and trimethylsilyl bromide (2.4 g, 16 mmol). The crude residue was
subjected to purification by column chromatography on silica using 10% diethyl ether-light petroieum as

eluent to give the ketone (1.2 g, 83%) as a colourless oil. Vipax (film) / cm-i 2925, 2853, 1714, 1449, 1094; 8y

(300 MHz, CDCl3) 2.28-2.16 (2H, m, CH), 2.06-1.97 (2H, m, CH), 1.69-1.50 (8H, m, CH), 1.33-0.78 (8H, m,
CH); & (75 MHz, CDCl3) 212.4, 45.6,44.7, 42.7, 41.6, 30.0, 29.9, 28.5, 26.6, 26.5, 26.4, 25.6; m/z (EI) 180

(M+, 2%, C12Hp00 requires 180), 162 (2), 137 (8), 97 (100%); Found: C, 79.78; H, 11.12%. Calculated for

C12H20; C, 79.94; H, 11.18%.

htl PP

o pr— nwnlahavamnana (1121160 Tha reantinn wae earriod ant acenrdineg tn Standard Proacadnre ngino
J-Dul._yl “CYLIVIICAAIIVLIC \41T) LT [CATUULL wad Laliitlu Uul allUlGiig W DWGIIUGL 1 & X ULLAUL L ia Wailig
-3 A4 A ST o 1A s AT T 2 1 mmna A1) Son sammbnma 1 & mnl T-1 Q (T Y NINMD (9
mmetnylsuy melnyl iodide (£.57 g, 12 mmol), n-buLd (1< mMinoi) in peniane (1.0 Mot L.7°, 6 1), INIVIE (£
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ml). 2-cvclohexenone (0.76 ¢. 8 mmol) and trimethvisilvl bromide (2.4 o 16 mmaol) Tha crmide recidne wae
FRESJy & M MAVEIMALIIVIAIV AV TV By O 2RIV R0 WAL YIS 1 UL VLIRUL (4T gy 1U MUUVE). 110 CIUULT IUNUUL wad
cnhiantad tn fiirthar murifircatinn hu rnlitmn crheamatnoranhs, An ciling 110imae TN Aiashier] asbiae 12-La ..-‘A,_IA -
SUUJLLIVU WU 1ul Uil pulilivauvil Uy VUi LiiiUnilawgiapily Ul sidd Usiilg 1u7e Gicuiyl €uner-1gnt peroieum

as eluent to give the ketone (0.85 g, 69%) as a colourless oil. Vimax (film) / cmr1 2959, 2929, 1715, 1448; &y
( ‘ ) 2.32-2.17 (3H, m, CH), 1.97-1.58 (5H, m, CH), 1.28-1.21 (7H, m, CH), 0.83-0.79 (3H, m,
11.5,47.9,41.3, 38.8, 36.0, 31.1, 28.6, 25.0, 22.4, 13.7; m/z (EI) 154 M+, 7%.

C1oH 80 requires 154), 111 (23), 97 (100%); Found: C, 77.65; H, 11.83%. Calculated for CgH,30; C, 77.86;
H, 11.76%.

Ethyl 4-(3-oxocyclohexyl)butanoate (21f)7C' The reaction was carried out according to Standard Procedure
B using ethyl 4-iodobutanoate (2.9 g, 12 mmol), trimethylsilylmethyllithium (12 mmol), NMP (2 mL), 2-

cvclohexenone (076 oo 8 mmol) and trimethvlcilyl hraomide (24 ¢ 16 mmall The ~mde racidine wac
vy vaivise AVIIVIY \Ve /W s U 1HIUVE) GUU MILUCUL YIS Y1 V1VLLuLC (4.7 5, LV auaviy ALV LIUUL 103IUUT Wwad

himrtad t~ Fasthae rareifinatinm ey anlisiam alhoanentmacwnealie: nen oI1ian toniome 1NO7 Aisblc.l _ab o T2 Lo o T__.__
JUDJTLICU WU LUIUICT puiiiiealuln Uy cutullill Linvliatvgiaplly o Suic usmg 170 mcmyi i r'ugﬂ[ roieuin
no alizaad d~ ~icrm dlan lombmamn 7N OA - AN o o b 1 LY N 1l mANZ AOr™ 1mAA sma a4 tmoam
ad CIUCHT LO ZIVC UHIC LONC (V.04 g,4770) ds d LUlOUrleb O11. Vmax M) /7 CII * L9230, 400/, 1735, 1714, 144/,
du (300 MHz, CDCl3) 4.05 (2H, q, J = 7.1 Hz, OCH3), 2.36-2.17 (4H, m, CH), 2.21 (2H, t, J = 6.5 Hz,

COCHy), 1.98-1.58 (6H, m, CH), 1.33-1.20 (3H, m, CH), 1.17 (3H, t, J = 7.1 Hz, OCHCH3); 8¢ (75 MHz,
CDCl3) 211.3, 173.2, 60.1, 47.9, 41.3, 38.7, 35.8, 34.1, 30.9, 25.1, 21.9, 14.1; m/z (EI) 212 (M, 1%,
C12H7003 requires 212), 167 (3), 121 (9), 97 (100%); Found: C, 67.80; H, 9.61%. Calculated for C13H»003
C, 67.89;H,9.49%.

§-(3-oxocvelohexvhnentvl nivalat
(J-0xocyclohexyl)penty! pivalat

ATR AT /A T Y A Vb o e

Procedure C using bts-(S-plvaloxypentyl)zi ¢ (5 mmol), bis ( rlmethylsﬂylmethyl)zm (1 3 g, 6 mmol),
NMP (2 mL), -Cyuoncxcnonc {0.76 g, 8 mmol) i )

residue was subjected to further purification by column chromatography on silica using 10% diethyl ether-
light petroleum as eluent to give the ketone (1.5 g, 70%) as a colourless oil. Vpax (film) / cm- 12933, 2862,
1726, 1286, 1157, 8y (300 MHz, CDCl3) 3.80 (2H, t, J = 6.6 Hz, CH»0), 2.15-1.00 (17H, m, CH), 0.95 (9H,
s, CH3); 6¢c (75 MHz, CDCl3) 210.9, 177.9, 63.8, 47.7, 41.1, 38.6, 38.3, 36.1, 30.9, 28.2, 26.8, 25.9, 25.6.
24.9; m/z (EI) 268 (M*, 1%, C16H2303 requires 268), 166 (6), 123 (17), 110 (10), 97 (100%); Found: C.

71.61; H, 10.65%. Calculated for C1¢H7803; C, 71.60; H, 10.51%.
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(1.32 mL, 10 mmol), NMP (1 mL) and 2-cyclohexenone (0.

residue was purified further by column chromatography on silica using 20% diethyl ether-light petroleum as
eluent to give the ketone (480 mg, 58%) as a colourless o0il. Vimayx (film) / cml 3290, 2116, 1711, 1457, 1448,

1346, 1227; 6y (300 MHz, CDCl3) 2.46-2.15 (6H, m, CH), 2.10-1.88 (4H, m, CH), 1.84-1.70 (1H, m, CH),
1.68-1.30 (5H, m, CH); 8¢ (75 MHz, CDCl3) 211.4 (s), 84.0 (s), 68.5 (d), 47.9 (1), 41.3 (1), 38.5 (d), 35.5 (1),
31.1 (1), 25.5 (1), 25.1 (v), 18.4 (t); m/z (EI) 164.1204 (M+, 9%, C11H160 requires 164.1204), 149 (11), 136

(16), 123 (30), 121 (84), 97 (100%).

A el nwrerl hanul P histanana (Y2122 Tho reantinn wae rarriad ant ancrarding ta Standard Pracadnra
4=LU YUIULICA Y i- ‘l‘plltll]l L= UULALIVIIC (&J) 1HIC 1ALVl Wwad Laliltl Uul atuUlUliig U Sualiual v 1 1uttiauil ©
- 1 A 1 AL TN et e T T b2 d o 1 NE T Q) e A Y NIRADY 21 T )
b using cyc 10nexy1 iodide (1.20 g, © mmoi), trimetnyIsilyl oromiae (1.vo mi, 6.U mifol), NV (1 1) dng
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s
as a white crystalline solid, thi
1709, 1447, 1420, 1372, 748, 699; dy (200 MHz, CDCl3) 7.52-7.29 (5H, m, Ar), 3.22-3.08 (1H, m,
ArCHRR"), 3.04-2.91 (2H, m, CH,CO), 2.18 (3H, s, CH3), 2.08-0.94 (11H, m, CH); 8¢ (50 MHz, CDCl3
208.2 (s), 143.3 (s), 128.1 (d), 128.0 (d), 126.0 (d), 47.3 (1), 47.1 (d), 42.9 (q), 32.9 (1), 31.0 (1), 30.4 (d), 26.4
(t); m/z (EI) 230 M*, 6%, C16H220 requires 230), 172 (100), 148 (56), 105 (39%); Found: C, 83.10; H,

9.77%. Calculated for C16H270; C, 83.43; H, 9.63%.

4-(2-Furyl)-3-butanone (25a)23: The reaction was carried out according to Standard Procedure A as

Y1 Agala havnanAana 1a) niging Hrvran N AA T £ stz Ahlacids 71 N9

Aacrrilhad -2 (N .1 ~I 3 21 s
UCHLIIVCU UL O-\&~ u yl} l‘byblUlchallUllC \1 1a) umug u.uau WA L, U Mo 1), trllll U.ylbllyl cnioriage \1.Vs

iy
mL, 8.0 mmol), NMP (1 mL) and methylvinylketone (0.33 mL, 4.0 mmol) to give a crude residue, which was
purified by column chromatography on silica using 15% diethyl ether-light petroleum as eluent to give the
ketone (510 mg, 92%) as a colourless 0il. Vipax (film) / cm-! 1718, 1508, 1413, 1364, 1165, 1008; 8y (200
MHz, CDCl3) 7.14 (1H, dd, J = 2.0, 0.8 Hz, OCRCH), 6.12 (1H, dd, J = 3.3, 2.0 Hz, OCHCH), 5.84 (1H, dd,
J =3.3,0.8 Hz, OCHCH), 2.82-2.58 (4H, m, CHj), 2.02 (3H, s, COCH3); d¢c (50 MHz, CDCl3) 207.2 (s),
154.4 (s), 141.0 (d), 110.1 (d), 105.1 (d), 41.6 (1), 29.8 (q), 22.1 (t); m/z (EI) 138 (M*, 66%, CgH 002 requires
138), 95 (56), 81 (100%); Found: C, 69.31; H, 7.33%. Calculated for CgH1902; C, 69.54; H, 7.29%.

cyclohexyl iodide (1.26 g, 6 mrnol), trimethylsilyl chloride (1.02 mL, 8.0 mmol), NMP (1 mL) and
methylvinylketone (0.33 mL, 4.0 mmol) to give a crude residue, which was then purified further by column
chromatography on silica using 5% diethyl ether-light petroleum as eluent to give the ketone (500 mg, 81%)
as a colourless oil. Vpax (film) / cmr! 1719, 1449, 1357, 1162; & (200 MHz, CDCl3) 2.38 (2H, t, J = 7.5 Hz,
CH,CO0), 2.09 (3H, s, CH3CO), 1.70-1.55 (5H, m, CH), 1.45-1.38 (2H, m, CH»), 1.20-1.05 (4H, m, CH),
0.95-0.80 (2H, m, CH); 8¢ (50 MHz, CDCl3) 209.5 (s), 41.3 (t), 37.2 (d), 33.0 (1), 31.2 (1), 29.8 (g), 26.5 (1),
26.2 (1); m/z (EI) 154 (M*, 5%, C1oH ;g0 requires 154), 136 (8), 121 (16), 96 (64), 43 (100%); Found: C.
77.47: H, 11.88%. Calculated for CyoH130; C, 77.87; H, 11.76%.

E-(Z-r ury) 1) 3-h
described for 3-(2-furyl)-1-cyclohexanone (11a) using furan (0.
mL, 8.0 mmol), NMP (1 mL) and (E)-hex-4-en-3-one (0.46 mL, 4. O mmol) to give a crude residue. This
residue was further purified by column chromatography on silica using 10% diethyl ether-light petroleum as
eluent to give the ketone (630 mg, 95%) as a colourless oil. Vmax (film) / cmrl 1714, 1508, 1459, 1413, 1148,
1011; 8y (200 MHz, CDCl3) 7.23 (1H, dd, J = 1.8, 0.8 Hz, OCRCH), 6.20 (1H, dd, J = 3.3, 1.8 Hz, OCHCH),
5.92 (1H, dd, J = 3.3, 0.8 Hz, OCHCH), 3.47-3.26 (1H, m, ArCH), 2.76 (1H, dd, J = 16.3, 6.0 Hz, CHCH)),
2.48 (1H, dd, J = 16.3, 7.8 Hz, CHCH»), 2.32 (2H, t, J = 7.5 Hz, CH»CH3), 1.18 (3H, d, J = 7.0 Hz, CHCH3),
0.97 (3H, t, J = 7.5 Hz, CH,CH3); 8¢ (50 MHz, CDCl3) 209.9 (s), 159.0 (s), 140.9 (d), 110.0 (d), 103.7 (d),

Ly Yy ¥ 2L AL; L

48.0 (1), 36.4 (1), 28.9 (d), 18.9 (q), 7.6 (q); m/z (EI) 166.0993 (M*, 30%, C1oH 1402 requires 166.0993), 137

VaYerd
g

(20), 109 (47), 95 (100%).
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cvelohexvl i0di 26 o 6 mmol) trimethvlci A NMDP /1 enT Y ond N _has A
L YLAVLUAY D IUURG LU gy VU LLIIIVLJ, WARLIVUHLY 151k RV IS Je 8 O VL), INIVAE (1 1)) alll (2 )-HUCA~4-
am A ana MNAL 12T AN smasma TtV $4 siva o mmsds maoidics Mha ~mada <21 oo L P

Cii-5-0MC (V.40 1ML, 4.V 1MoL ) 0 give a Crude resigue. 1ne€ ciruge oil was inen purmea further Dy column

chromatography on silica using 2% diethyl ether-light petroleum as eluent to give the ketone (630 mg, 87%)
as colourless oil. Vimax (film) / cm-t 1714, 1449, 1413, 1377, 1114; 8y (200 MHz, CDCl3) 2.51-2.32 (3H, m.
CH), 2.16 (1H, dd, J = 15.8, 9.1 Hz, CHCH3), 2.00-1.82 (1H, m, CH), 1.80-1.53 (5H, m, CH), 1.32-0.90 (6H,
m, CH), 1.03 (3H, t, J = 7.3 Hz, CH2CH3), 0.80 (3H, d, J = 15.8 Hz, CHCH3); 8¢ (50 MHz, CDCl3) 212.0 (s).
47.1 (1), 42.7 (d), 36.3 (1), 34.2 (d), 30.3 (1), 29.0 (1), 26.7 (1), 26.6 (1), 26.6 (1), 16.6 (q), 7.8 (q); m/z (EI) 182
(M*, 1%, C12H270 requires 182), 153 (16), 135 (40), 110 (100%); Found: C, 78.96; H, 12.38%. Calculated
for C12H270; C, 79.06; H, 12.16%.

O_MNhlara_ S maothulnoanan_2ana V75) Tho rannt ag no ad ~ it annnrdine o Qe dad Do d... D
FE AU USOTHEICUL Y IHMUVIGINSOSUIILC \&/v). 11T ] i was C4aiTi€a Ol AaLLUIULLE LU olalludiu rrotcuure o
st A ALY L e o1 S 311 1 1 L TN et al I_.‘J 1 nr\ o N 1N RTR AT T

using 4-Criorooutyl 1odiac (1.21 g, 0 mmol}, ir lIIlClﬂYlbll)’l chlo € (1.UZ mi,, 3.V mmoi), NV1F (1 mL) and
(F)-hex-4-en-3-one (0.46 mL, 4.0 mmol) to give a crude residue. This residue was treated with TBAF as

described for 3-(1—Methy1-1H -2-pyrrolyl)-1-cyclohexanone (11c)and then purified further by column
chromatography on silica using 2% diethyl ether-light petroleum as eluent to give the chloroketone (540 mg,
71%) as a colourless 0il. vpax (film) / cm-1 1714, 1459, 1377, 1114; 8y (200 MHz, CDCl3) 3.53 (2H, t, J =
6.5 Hz, CH,Cl), 2.46-2.17 (4H, m, CH>CO), 2.02 (1H, m, CH), 1.76 (2H, app. quin., J =7 Hz, CH,CH;Cl),
1.53-1.10 (4H, m, CHy), 1.04 (3H, t, J = 7.3 Hz, CH3CH3), 0.89 (3H, d, J = 6.5 Hz, CHCH3); 8¢ (50 MHz,

CDCl3) 211.4 (s), 49.7 (1), 45.0 (t), 36.5 (1), 36.0 (1), 32.5 (1), 29.0 (d), 24.2 (1), 19.7 (@), 7.7 (q); m/z (EI) 190
(M*, 4 OCI requires 190), 163 (8), 161 (23), 97 (27), 72 (100%); Found: C, 62.89; H, 10.18%.

Ethyl 6-(formyl)decanoate (28): The reaction was carried out according to Standard Procedure B using
ethyl 4-iodobutanoate (1.45 g, 6 mmol), trimethylsilyl chloride (1.02 mL, 8.0 mmol), NMP (1 mL) and 2-butyl
acrolein (0.53 mL, 4.0 mmol). The reaction mixture was poured into a saturated aqueous ammonium chloride
solution (50 mL) and extracted with diethyl ether (3x50 mL). The combined ethereal extracts were washed
with brine (50 mL) and dried. Silica (10g) was added and the resulting mixture stirred for 1 h to hydrolyze the
silyl enol ether. After filtration and evaporation of the solvent under reduced pressure, the residue was further

purified by column chromatography on silica using 15% diethyl ether-light petroleum as eluent to give the
aldehyde (650 mg, 71%) as a colourless oil. Vipax (film) / cm-! 1736, 1706, 1465, 1375, 1184; & (200 MHz,
CDCl3) 9.54 (1H, d, J = 3.0 Hz, CHO), 4.05 (2H, t, J = 7.2 Hz, OCH,CH3), 2.20 (1H, t, / = 7.4 Hz, CHCHO).
2.25-2.10 (1H, m, CH), 1.70-1.18 (13H, m, CH), 1.23 (3H, t, J = 7.2 Hz, OCH,CH3), 0.82 (3H, t, J = 6.8 Hz

CH,CH3); 8¢ (75 MHz, CDCl3) 205.3 (s), 173.5 (d), 60.2 (1), 51.7 (d), 34.0 (t), 29.1 (1), 28.5 (1), 28.4 (1), 26.5
(1), 25.0 (1), 22.7 (1), 14.2 (q), 13.8 (q); m/z (EI) 200.1769 (M-CO*, 9%, C12H2407 requires 200.1768), 171
(14), 152 (24), 128 (66), 101 (100%).

Butyl 7-(tert-butylcarbonyloxy)heptanoate (30): The reaction was carried out according to Standard
Procedure B using 4-iodobutyl pivalate (1.70 g, 6 mmol), trimethylsilyl bromide (1.06 mL, 8.0 mmol), NMP
b

(1 mL) and butyl acrylate (0.57 mL, 4.0 mmol) to give a crude residue after 48 h, which was then purxﬁcd
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diester (780 mg, 68%) as a colourless 0il. vo<(film) {em-l 1732 1480 1462 1285 1159 & (2 Ho
_____ ARipy MR, 83 8 DRI ANOS s VTIAX\A2ssis) aii A7 They LVOV, ATVLy 140UV, LU T, VI \WUV iVALRL,

Oy A N2 QQ ALY CLI_ON YN M« T 77 LA NTINAM1ESIT . MIIY 1 N0 /01

L3 ) 4.UL-0.00 \'-rn, I, VL9V ), 4.4V (&0, L = /., LU-U. /U (1o, I, L), 1.U¥ (711, §,

CH3); 8¢ (50 MHz, CDCl3) 178.5 (s), 173.7 (s), 64.2 (1), 64.
26.9 (q), 25.6 (1), 24.8 (v), 19.1 (1), 13.6 (q); m/z (ED)
213.1489), 184 (5), 173 (13), 159 (15), 85 (31), 57 (100%).
2-Cyclohexylmethylhexanal (32)25: The reaction was carried out according to Standard Procedure B using
cyclohexyl iodide (1.26 g, 6 mmol), trimethylsilyl chloride (1.02 mL, 8.0 mmol), NMP (1 mL) and 2-
butylacrolein (0.53 mL, 4.0 mmol) and worked up with TBAF as described for 3-(1-Methyl-1H-2-pyrrolyl)-1-
cyclohexanone (11c), to give a crude residue which was purified further by column chromatography on silica
using 2% diethy] ether-light petroleum as eluent to give the aldehyde (530 mg, 68%) as a colourless oil. Vimax

(film) / cm1 1706, 1449, 1292, 1274, 1187; 8y (200 MHz, CDCl3) 9.52 (1H, d, J = 3.5 Hz, CHO), 2.42-2.24
(1H, m, CHCHO), 1.78-1.46 (7TH, m, CH), 1.42-1.12 (10H, m, CH), 0.96-0.82 (5H, m, Cﬂ), d¢ (50 MHz,
CDCl3) 205.7 (s), 49.4 (d), 36.8 (d), 35.6 (1), 33.7 (1), 33.2 (1), 29.2 (t), 26.5 (1), 26.2 (t), 22.7 (1), 13.8 (q); m/z
(EI) 166.1721 (M-CH20*, 14%, C12H»3 requires 166.1721), 109 (41), 96 (46), 82 (100%).

2-(1-Nitromethylpropyl)furan (34a)25: The reaction was carried out according to Standard Procedure A as
described for 3-(2-furyl)-1-cyclohexanone (11a) using trimethylsilylmethyl iodide (1.67 g, 7.8 mmol), furan
(0.53 g, 7.8 mmol), trimethylsilyl chloride (1.32 mL, 10.4 mmol), NMP (2 mL) and 1-nitrobutene (520 mg,

1) for 48h, to give a crude residue which was purified by column chromatography on silica using 2%

ral LOIOUIICA U max (41213

,J = 1.8, 0.7 Hz, OCHCH), 6.24 (1H, dd, J

3 )
diethyl ether-light petroleum as eluent to g ve the nitroalkane (430 mg, 64%) as a colourless 0il. vipax (film) /
1

(s) 142.1 (d) 110.2 (d), 107.2 (d), 78.2 (1), 39.4 (d), 24.1 (1), 11.2 (q); m/z (EI) 169.0737 (M*, 5%,
CgH11NO3 requires 169.0737), 122 (100%), 94 (60).

1-(1-Nitromethylpropyl)cyclohexane (34b): The reaction was carried out according to Standard Procedure
B using cyclohexyl iodide (1.26 g, 6 mmol), trimethylsilyl chloride (1.02 mL, 8.0 mmol), NMP (1 mL) and 1-

nitrobutene (404 mg, 4.0 mmol) to give a crude residue, which was then purified further by column
Ahemsmantagranhy An cilica naing 204 disthyl athar_licht netraleiim ac elient to oive the nitroalkane (560 mo
L»luUlucu,UslalJuJ Ull S1liva USLIEE & /U Wiyl CVUIVITHIANIL PR VIVHLILL G0 Wikl U gl Ve Wiy MU VRIRGUY \SVY M5,
76%) as a colourless oil. vmax (film) / cm! 1552, 1449, 1384, 1250, 1098; 8y (300 MHz, CDCl3) 4.38 (1H,
dd, J = 12.0, 6.5 Hz, CH;NO»), 4.25 (1H, dd, J = 12.0, 7.5 Hz, CH,NO»), 2.04-0.98 (14H, m, CH), 0.92 (3H,
t, J = 7.4 Hz, CH3);3c (75 MHz, CDCI3) 77.7 (t), 44.5 (d), 38.6 (d), 29.8 (t), 29.4 (1), 26.6 (1), 26.5 (1), 21.5
(t), 11.4 (q); m/z (EI) 169.1468 (M-O*, 7%, C1oH19NO requires 169.1469), 95 (18), 83 (69), 55 (100%).

2-Methyl-3-nitromethylpentane (34c): The reaction was carried out according to Standard Procedure B
using iso-propyl iodide (1.52 g, 9 mmol), trimethylsilylmethyllithium (9 mmol), trimethylsilyl chloride (1.15
mL, 9.0 mmol), NMP (1 mL) and 1-nitrobutene (455 mg, 4.5 mmol), for 36 h, to give a crude residue, which

oA 2122RIVL 5, AN2VAD alliul LI UUULLIIG <J s

as then purified further by column chromatography on silica using 1% diethyl ether-light petroleum as eluent

i aiva tha nitrmallana A0 me BAGY ac a onlonrlece ail v (film) / em-1 1586 'Aﬁﬁ 1"‘24 ]?ﬁ] 100'7
o glvc Ui€ NiOAIRaliC \(“4v 1, UT/0) ad a LVUIUUIILSS VIL VMAX \ddiiia) 7 vidd 1J20, 1900, 1004, 1401, N

Ama AN A STT MTNT N AT F1IT A1 T 1NN £ & LI, NI NN AL 1T A3 T — 190 779 He
10225 OH (£LVU z, CDCl3) 4.537 (1, a4, v = 120, 0.0 nZ, CAajiNvjgj, 4.0 i, G4, v = 149, 7.2 Hz,
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CHoNO3), 2.12-1.95 (1H, m, CHCH;NO,), 1.90-1.70 (1H, m, CH(CH3)3), 1.60-1.19 (2H, m, CH,CH3), 0.94

L ~l? tl t F 8l AN t] i BE\ AR LSy AT LR T \dwd Ry kil ARSI AR Y Jy VT
(3H, d, J =74 Hz CHCH2), 091 (3H d J=74 Hz CHCH.) 000 (3H t J =68 Hz CH,CH:} &~ (S0
L oy v i LAy NAENCEASjy Vel R \TARy Wy W 7TV ARk WRANCER Y]y VSN \Tidy Ly b — U.U K14, AV

. .  (
MHz, CDCl3) 77.5 (1), 44.9 (d), 28.0 (d), 21.2 (1), 18.9 (q), 18.6 (q), 11.2 (q); m/z (EI) 98 (M -HNO», 3%,
C7H14 requires 98), 84 (8), 69 (21), 57 (i00%); Found: 7 | “alculated for
C7H5NO3; C, 57.90; H, 10.41; N, 9.65%.

(‘)
U
o
b
o
W
\C'l
2!
O
\ll
(‘l

Butyl 3-cyclohexylpropanoate (36a): The reaction was carried out according to Standard Procedure B
using cyclohexyl iodide (1.26 g, 6 mmol), trimethylsilyl chloride (1.02 mL, 8.0 mmol), NMP (1 mL) and butyl
acrylate (0.57 mL, 4.0 mmol) to give a crude residue, which was then purified further by column

chromatography on silica using 2.5% diethyl ether-light petroleum as eluent to give the ester (0.86 g, 99%) as
a colourless oil. viax (film) / cm- 11738, 1450, 1310, 1166: Su (200 MHz. CDCl12Y4.05 (2

vvvvvvvvvvvvvv iiia s = >3 My s - = At ’ bt e ¥ 4 W\ Ry vy 4 )
OCHA 298 (9 t T=70Hz CH-CON 17811017 m CHY N04 (2H ¢+ T =70 Ha LI\ & (&N
NIV AL ) Jy badtiD \wd Ky Ly T I\ LRy NcALJNUNTJy LM IT R I UL T ALy MRy NoLRJy V7T UL, Ly J — J.U KL, 1LY ), U(_ v
MHz, CDCl3) 174.2 (s), 64.0 (1), 37.2 (d), 32.9 (1), 32.4 (1), 31.9 (1), 30.7 (1), 26.5 (1), 26.2 (1), 19.1 (v), 13.7
(q); m/z (EI) 212.1779 (M*, 3%, Cj3H240, requires 212.1779), 183 (6), 157 (28), 139 (34) 129 (51), 97 (62).

56 (100%).

Butyl 7-chlorohexanoate (36b): The reaction was carried out according to Standard Procedure B using 4-
chlorobutyl iodide (1.31 g, 6 mmol), trimethylsilyl chloride (1.02 mL, 8.0 mmol), NMP (1 mL) and butyl
acrylate (0.57 mL, 4.0 mmol) to give a crude residue which was then purified further by column

chromatography on silica using 2% diethyl ether-light petroleum as eluent to give the chloroester (670 mg,
x (film) /cem-1 1737, 1463, 1306, 1250, 1180; ﬁu (200 MHz. CDCIY4.00 (2H . t

T6%) ag a color
107 a Ccolo

0] Qs - 1ia EUVILLY AR S8 ) TS, 12V, 2408, 2100, VAUV VATRL, LIRSS \E1R, 1
T o £ LTI, NOIT. N 2 AL MY ¢+ T £7T W0, MM D9 ALY ¢ T — T ALY, ALY 104 110 71917 e
J = 0.0 I, ULI1)), 2.40 (411, |, J = U,/ 114, VELVL), 40D \&1D, L, J — /.9 114, 119\ \J), 1.,094-1.10 {14151, 11,
MITIN N OL /AYT o 4 7oA I Y N, © FEN NATT . TN N 17T 7T 7N £A 1 ray AA D8y DA 1 72\ DN 7D 7ey AN L 7
b_), U.B0 (DI, I, J = 7.4 114, UE13), OC (DU VIILZ, LJLL3) 1/D2.7 (), O4.1 (L), 44.7 (L), 29.1 (1), 24.0 (1), JV.O (L),

28.3 (1), 26.4 (1), 24.7 (1), 19.1 (), 13.7 (q); m/z (EI) 165 (M-C4Hgt, 24%, C7H130,Cl requires 165), 149 (11).
147 (41), 83 (32), 56 (100%); Found: C, 59.75; H, 9.59%. Calculated for C11H2102Cl; C, 59.85; H, 9.59%.

1-Butyl 7-ethyl pimelate (36¢): The reaction was carried out according to Standard Procedure B using ethyl
4-jodobutanoate (1.45 g, 6 mmol), trimethylsilyl chloride (1.02 mL, 8.0 mmol), NMP (1 mL) and butyl
acrylate (0.57 mL, 4.0 mmol) to give a crude residue. The crude oil was then purified further by column

o v o s eluent to give the diester (840 mg, 86%)
tography on stica usin g 15% g
5 Ol

o
=N
o
=
jal
]
w
w
;
<
g
5]
”
~~~
24
g
g
)
3
w
N
L
N
N
o
—
W
]

284 (t) 24.5 (1), 24.4 (1), 19.0 (1), 14.1 (q), 13.5 (q); m/z (EI) 244 (M*, 1%, C13H24O4 requires 244), 199
(31), 171 (100%); Found: C, 63.61; H, 10.04%. Calculated for C13H2404; C, 63.90; H, 9.90%.

Ethyl 6-formyl-5-methylheptanoate (38a): The reaction was carried out according to Standard Procedure
B using ethyl 4-iodobutanoate (1.45 g, 6 mmol), trimethylsilyl chloride (1.02 mL, 8.0 mmol), NMP (1 mL)

and (E)-2-methylbutenal (0.39 mL, 4.0 mmol) to give a crude residue. This residue was then purified further
ky rnliimn chramataoranhy an cilica neing 2 diethvl ether-licht netroleum as elnent to give the ester (Alﬂ
Uy Lululiul viuiliatugiapii UL DHHIVA USHILE &V /U WiV Y L VHIVITAISUL PVHVIVULLL G0 biubiir 12 pi vy iy Yol

mg, 51%) as a colourless oil, as a mixture of diastereomers (3:2). Vax (film) / cm™* 1732, 1461, 1375, 1246,

S—r
—~~
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1179. Major diastereomer: 8y (200 MHz, CDCl1) 9.61 (1H, d, J = 2.0 Hz, CHO), 4.09 (2H, q,J=72Hz,
r*nn(*nqx 224220 (RH m CHOCO and ACOAENDY 218192 /ST i LI 199 /2L ¢+ J _ 71 LI
NARNKRY [y e T \Cii; M1y, WAANNS QUG VALJNANS I )y &Ll J7 000 \JIly Uy, A1), 1.ki \OI1, L, J = /.4 L
OCH;CH3), 1.02 (3H, d, / = 7.0 Hz, CHCH3 ) .96 (3H, d, J = 7.0 Hz, CHCH3); 8¢ (50 MHz, CDCl3) 205.4
(d), 173.4 (s), 60.2 (1), 51.3 (d), 34.2 (1), 33.5 (d), 32..5 (1), 22.5 (v), 17.2 (q), 14.2 (q), 9.8 (q). Minor

diastereomer: 8y (200 MHz, CDCl3) 9.58 (1H, d, J = 1.3 Hz, CHO), 4.10 (2H, q, J = 7.2 Hz, OCH,CH3),
2.34-2.20 (3H, m, CHCO and CH2CO2EY), 2.15-1.28 (5H, m, CH), 1.23 (3H, t, J = 7.2 Hz, OCH,;CH3), 0.97
(3H, d, 7= 7.0 Hz, CHCH3), 0.81 (3H, d, J = 6.7 Hz, CHCHa); 8¢ (50 MHz, CDCl3) 205.3 (d), 173.4 (s), 60.2
(6, 50.3 (d), 34.2 (1), 34.0 (1), 33.3 (d), 22.7 (1), 17.2 (q), 15.3 (q), 8.0 (q). m/z (EI) 172.1456 (M-CO*, 11%,
C10H700 requires 172.1456), 155 (19), 143 (62), 109 (54), 55 (100%).

3-Cvclohexvl-2-methvlbutanal (38bh): The reaction was carried out accordine to Standard Pracoedura R
SN T VAV AR Ry R T AR SARY ARS LA CERARSSE (\WFRSF. 4 a1V wiAwLivs iR QO vQiiiwve: UL uvy\lluxlls LU JVERLIVAL R & T ULNLUuULYLY U
cing rurlahavul indida /11 26 o A& mmal)l trimathulgilul chlasida 71 N T QO N ez ]Y ATAAD 1 nT Y o d /I
USiE LYLIUNLILA YL TUUILUL (1.4U g, U IHHHULJ, UHNCUTY D1 Y1 CHnonac (1.us 1, o0.U Iinoi ), NI (1 T1L) aio)-

Al Tla o N A0 T AN 1N o g 1 1.
Z-mmewnyiouiendt (U.5¥ ML, 4.U Minoi) o glVC a cruae resmuc, W[llCﬂ was then purmea further Dy column

chromatography on silica using 3% diethyl ether-light petroleum as eluent to give the aldehyde (610 mg, 91%)
as a colourless oil, as a mixture of diastereomers (3:2). Vmax (film) / cm1 1726, 1449, 1285, 1267, 1188.
Major diastereomer: 8y (200 MHz, CDCl3) 9.64 (1H, d, J = 2.8 Hz, CHO), 2.42-2.26 (1H, m, CHCHO), 1.85-
1.10 (12H, m, CH), 1.05 (3H, d, J = 6.8 Hz, CH3), 0.89 (3H, d, J = 7.0 Hz, CH3); 8¢ (50 MHz, CDCl3) 206.1
(d), 49.6 (d), 39.7 (d), 39.3 (d), 31.8 (1), 28.4 (1), 26.7 (1), 26.5 (1), 26.5 (), 14.0 (q), 11.6 (gq). Minor
diastereomer: 8y (200 MHz, CDCl3) 9.59 (1H, d, J = 1.5 Hz, CHO), 2.57-2.42 (1H, m, CHCHO), 1.85-1.10
(12H, m, CH), 0.96 (3H, d, J = 7.0 Hz, CHz3), 0.76 (3H, d, J = 7.0 Hz, CH3); dc (50 MHz, CDCl3) 206.1 (d).

48.2 (d), 40.3 (d), 37.6 (d), 31.3 (1), 29.6 (1), 26.5 (1), 26.4 (1), 26.4 (1), 12.5 (q), 8.2 (q). m/z (EI) 138.1402 (M-
MI N+ 1704 M. LY. camsrivag 12 1AN2Y 197 /12 111 /1NNOZN

v, 1a7o, \/lU 1i8 1cquuca 130.14UD ), 1L/ \1J), 111 {1UU70).
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