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Halovinyl Sulfoxides with G urignaru neagéms and Studies on
Their Property, Mechanism, and Some Synthetic Uses

Tsuyoshi Satoh,”* Koji Takano,” Hiroyuki Ota,” Hideaki Someya,” Kenji Matsuda,” and Mai Koyama®
“Department of Chemistry, Faculty of Science, Science University of Tokyo, Kagurazaka, Shinjuku-

"’Facul;y of Pharmaceutical Sciences, Science Universi ty of Tokyo; Ichi

Received 13 February 1998; accepted 13 March 1998

Magnesium alkylidene carbenoids were generated from 1-halovinyl sulfoxides, derived
from ketones and aryl halomethy! sulfoxide, through the ligand exchange reaction of
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were found to be stable at -78 °C for over 30 min. The carbencids reacted with
aldehydes to give the adducts in moderate yields; however, they were found to be
relatively unreactive to usual electrophiles. The generated magnesium alkylidene
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alkylidene carbene-magnesium halide complex. Halogen exchange and geometrical
isomerization of the alkylidene carbenoids were observed. 1-Chlorovinyl sulfoxides
reacted with excess aryl Grignard reagents to give alkenyl Grignard reagents having an

‘n-yl oroun. These Grionard reagents reacted with several electrophiles to sive tetra-
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substituted olefins in moderate to good yields. © 1998 Elsevier Science Ltd. Al rights reserved.

It has been known that on treatment of alkyl aryl sulfoxide 1 with alkylmetal (alkyllithium or Grignard
reagent) sulfur-aryl (path a) or sulfur-alkyl (path b) bond-cleavage takes place to give arylmetal 2 or alkylmectal 3.
This reaction is commonly called ligand exchange reaction of sulfoxides.! In the reaction, which path
predominantly takes place is dependent on the structure of the sulfoxide 1.> However, this dependence between

the structure and the reaction path is somewhat obscure at present.’
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Recently, the author’s group extensively studied application of the ligand exchange reaction of sulfoxides in
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6 via lithium aikylidene carbenoid §.° In continuation of this chemisiry we studied the ligand exchange reaction
of 1-halovinyl sulfoxides 7, derived from ketones, with alkylmetals and found that the Grignard reagent reacted
well with 7 to afford relatively stable magnesium alkylidene carbenoid 8 (Scheme 1).°
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Carbenes and carbenoids are a highly reactive carbon species and frequently used as practical intermediates in

aroanice synthacie 7
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reactive carbon species.” Moreover, magnesium alkylidene carbenoid has rarely been reported.” We decided to
continue to study the chemistry of the magnesium alkylidene carbenoids. In this paper, we report in detail the
generation of magnesium alkylidene carbenoids and their property, mechanism, and application to new synthetic

methods.®

Results and Discussion
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IFirst, a general method for synthesis of 1-halovinyl sulfoxides 7 from ketones was investigated (Scheme 2).

Lithium carbanion of chloromethyl p-tolyl suifoxide 9a was reacted with cyclopentadecanonc al -78

*Cto give
the adduct 10 in 97% yield. In an attempt to climinate the hydroxyl group, 10 was acetylated with acetic
anhydride in pyridine in the presence of DMAP'® to afford acetate 11 in 94% yield. Elimination of the acetate
was investigated with several kinds of bases and it was found that sodium hydride in THF in the presence of
DBU at room temperature was the conditions of choice. [t is interesting to note that in the absence of DBU this

elimination of acetate totally failed. The elimination of acetic acid from 11 under the above-mentioned conditions

instead a complex mixture was obtained. Next, 12 was treated with EtMgBr at - Thus
reaction cleanly gave a single product, detected on silica gel plate, in 91% yield. Surprisingly, this product was

an inseparable mixture of vinylchloride 14 and vinylbromide 15 (see in Table 1) in a ratio of 1:1.5. This very



interesting result and the mechanism of this reaction are discussed later.  Finally, the ligand exchange reaction
of 12 was carried out with 1.5 equivalents of EtMgCl at -78 °C for 5 min to give purc vinylchloride 14 in 98%
vield. Needless to say, this reaction also gave cthyl p-tolyl sulfoxide in quantitative yield.
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It appeared obvious that the intermediate of this reaction was magnesium alkylidene carbenoid 13. To
ascertain that the intermediate was the magnesium alkylidene carbenoid, the reaction of 12 with EtMgCl at -78 °C
for I min was quenched with deuterated methanol to give deuterated vinylchloride 16 in 83% yicld with 80%

deuterium incorporation. Delaying quenching the reaction for 30 min gave 16 in 83% yield with 75% deulerium

min. The slightly lowered deuterium incorporation was thought to be an experimental error.
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The magnesium alkylidene carbenoid 13 was found to be reactive with aldehydes. For example, 13 reacted

with benzaldchyde and propionaldehyde to give the adducts 17 and 18 in moderate yields, respectively.
However, 13 did not react at all with ketone carbonyl group, such as acctone and cyclohexanone. 1-Chlorovinyl

sulfoxide 12 did not react with rert-BuMgCl in THF at -78 °C; however, gradually warming the reaction mixture
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i oom iemperature gave cyciohexadecyne 19 in 23% yield. This result also indicated that the intermediate of
the reaction of 12 with the Grignard reagent is a magnesium alkylidene carbenoid.

In order to know the properties of the magnesium alkylidene carbenoids, some other 1-halovinyl sulfoxides
having chlorine, fluorine, and bromine 20-24 were synthesized from 9a, fluoromethyl phenyl sulfoxide 9b'!

and bromomethyl phenyl sulfoxide 9¢'* with ketones and treated with Grignard reagent. The results are
summarized in Table 1.

Tabie i. Generation of Magnesium Aikylidene Carbenoid from i-Halovinyi
Sulfoxides and Reaction with Electrophiles

u 1 — . o s — _

rﬁ X R'MgX _ i-( R/ I t:{ecrztf?gmle /‘R X
\r"  “s(0)ar [NRT “mex| " E
20-24 25-37
- 1-Halovinyl sulfoxide o e Product
cniry Ar R'MgX Femp.(C) ciectropniie
R X Yield/%®

1 Tol CH3(CHy4 Cl  EtMgCl 78 H,0 25 78 (E=H)
2 20 -78 CD;0D 26 80 (E=D; 80%")
3 78 PhCHO 27 50 (E=CH(OH)Ph)
4 278 - -50 CH3;CH,CHO 28 54 (E=CH(OH)E)
5  Tol Ph Cl  EtMgCl 78 H,0 29 96 (E=H)
6 21 -78 CD;0D 30 99 (E=D; 12%")
7 -78 - -50 PhCHO 31 59(69)(E=CH(OH)Ph)
8 78 - -50 CH3;CH,CHO 32 44 (E=CH(OH)Et)
9 0(30min) H,0 __q
10 Ph (CHy)1s- F  EtMgCl  -100 H,0 )
11 22 -BuMgCl 78 -r.t. H;O —1
12 Ph Ph F  EMgCl -100 H,0 33 91 (E=H)
13 23 -100 CD;0D 34 88 (E=D; 71%")
14 Ph -(CHy)14- Br EMgBr _100 H,0 15 86 (E=H)
15 24 -100 CD;0D 35 84 (E=D; 90%")®
16 78 CD;0D 3582 (E=D; 62%"%)
17 78 (30 min) CD;0D 35 85 (E=D: 52%")
18 90 PhCHO 36 68 (E=CH(OH)Ph)®

a) Unless otherwise noted, Grignard reagent (1.5 equivalents) was added to a solution of 1-halovinyl
sulfoxide at the temperature and the reaction mixture was stirred for 5 min, then the electrophile was
added. Isolated yield after silica gel column chromatography. b) The deuterium incorporation was
measured from 'HNMR. c¢) Conversion yield. d) A mixture of diphenylacetylene and 1,1-diphenyl-
1-butene was obtained in good yield. e) Seetext. f) At low temperature this 1-fluorovinyl sulfoxide
did not react with --BuMgCl. At 0°C to room temperature this compound slowly decomposed to give a
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of EtMgBr in THF (inverse addition) and after 5 min, the electrophile was added to the reaction mixture



inyl sulfoxide 20 and 21 with EtMgCl is quite similar to that
ol 12. In the case of 21, the magnesium alkylidene carbenoid rearranged to diphenylacetylene at around 0 °C
(entry 9). Entries 14-18 show the reaction of 1-bromovinyl sulfoxide 24 with EtMgBr. The results are similar
to those of the 1-chlorovinyl sulfoxides 12, 20, and 21. [tis important to note that the deuterium incorporation
of the experiment in entries 6, 13, 16, and 17 was somewhat lower than expected. The reason is thought to be
the presence of a trace of water in the solvent THF.? In this case inverse addition (a solution of the sulfoxide is
added into a solution of the Gnignard reagent) was found to be quite effective (entries 15 and 18). As shown in

entries 16 and 17, the magnestum alkylidene carbenoid having bromine is also stable at -78 °C over 30 min
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results compared to those from the chlorides and bromides.  Reaction of 22 with EtMgCl at -78 °C gave a
complex mixture. The rcaction was carried out at -100 °C {eniry 10); however, this again gave a mixture of a
ifuorovinyl compound, chlorovinyl compound, and propylidenecyclopentadecanone (observed on '"H NMR).

[n contrast to 22, I-fluorovinyl sulfoxide 23 gave the magnesium alkylidene carbenoid having
fluonine at-100 °C (entries 12 and 13). Though the carbenoids werc detected as above, this carbenoid did not

react with aldehyde carbonyl group.

Structure and Property of the Magnesium Alkylidene Carbenoid.

As mentioned above, 1-chlorovinyl sulfoxide 12 reacted with EtMgBr to give a mixture of chloride 14 and
1 1 o~ 3 Mrvdidana marboansid io
bromide 1§ (Scheme 2). This strange result implies that the structure of the magnesium alkylidene carbenoid is

not a simple vinylmagnesium compound such as 13 but in equilibrium between the alkylidene carbene-
magnesium complex 37 and 13 (Scheme 3)."* The above-mentioned resuit is deduced from the presence of an

cquilibrium between 13 and 38 through the magnesium complex 37.
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. Mg(Brn)Cl _——* r—/ \ﬁ—
R N

14:15=1:1.5

Further evidence for the alkylidene carbene-magnesium compiex and the presence of the equiiibrium was

obtained by an experiment as follows (Scheme 4).  1-Chlorovinyl sulfoxide 12 was added to a solution of
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Scheme 4. Plausible Mechanism of the Halogen Exchange
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Scheme 5. Geometrical Isomerization of Chlorine in the Carbenoid Reaction

o 1) LDA / THF / -70 °C
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2) Ac,0-Py-DMAP H,C ci B (U)ol
%a 6%
3) NaH (1.5 eq) / DMSO 8 232 6 261
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- EtMgCl Ph H
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EtMgCi in THF at -80 °C and after 3 min a solution of MgBr,-etherate in ether was added to the reaction mixture.
The reaction mixture was stirred for 15 min and quenched to give a mixture of 14 and 1§ in a ratio of 1:2 in
good yield. The result also suggested that there is an equilibrium between the complex of alkylidene carbene
with magnesium chloride and magnesium bromide (to give 39) as shown in Scheme 4.'*

If the above-mentioned equilibrium is present in these reactions, geometrical isomerization would be present

when unsymmetrical halovinyl sulfoxides were reacted with the Grignard reagent.  This presumption was

venfied as follows (Scheme 5).  (E)-1-Chlorovinyl sulfoxide 40 and (Z)-isomer 41 were synthesized from
oot yers 70 o 1y Antarea: A ha chaminal chifs AF tha aatlad
acetophenone. The geometry of the two products was casily determined {rom the chemical shift of the methyl
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group.'””  First, 1-chlorovinyl suifoxide 40 was treated with EtMgCl in THF at -78 °C for 5 min to give (E
vinvichionde 42 as a single product in quantitative yield. Prolonging this reaction to 60 min gave the same
result. In contrast to this result, the treatment of (Z)-1-chlorovinyl sulfoxide 41 for 5 min gave a mixture of (Z)-
vinylchlonde 43 and the isomer 42 in a ratio of 1.8:1. In this case, prolonging the reaction to 60 min gave a

mixture of 43 and 42 in a ratio of 1:1.1.  These results clearly indicated that the intermediate of this reaction,

ne carbenoid 44 was about 7.5 Kcal

.

Appiication of the Aikyiidene Carbenoids to a Synthesis of Methyiene Compound Having
Aryl Group.

Further studices for the elucidation of reactivity of the magnesium alkylidenc carbenoid were carried out using
1-chlorovinyl sulfoxide 46 and the results are summanzed in Table 2. Entries 1-4 show that the reactivity of 46
with EtMgCl and the so-generated magnesium alkylidene carbenoid with methanol and aldehyde is almost the

same as those of 12, 20, and 21. In order to trap the magnesium alkylidenc carbenoid generated from 46

ethyl chloroformate was added (entry 5).  However, this reaction did not give the desired carboxylic ester but
117 & Zn . ieylahl i ] 18 Entiv & <h th anteannt F tha smangoaciiims ollooll Ao
1,2,3-lriene SU as an 1s0iabie main proauct catry 6 snows (ne treatment of the magnesium aikylidgen

carbenoid with chlorotrimethylsilane.  This reaction again did not give the expected silylated compound but
propvlidene compound 51 as the main product. Treatment of the carbenoid with olefin did not give any adduct
but 1.2 3-triene 50 as the main product (entry 7).

The result in entry 6 shows that the magnesium alkylidene carbenoid 54 reacts with the Grignard reagent to
give alkenyl Grignard reagent §5 (Scheme 6).'? In fact, treatment of 46 with large excess EtMgCl gave 51 in

moderate vield (entry 8). At this stage we investigated thc above-mentioned reaction with PhMgBr and it was

found that the reactivity of PhMgBr to 46 was lower than that of EtMgCl; however, the yield of the benzylidene
- . 3 ~ o ' v A inld AF tha
compound 52 was much higher (entry 9). In this reaction the conditions in entry 10 gave 80% yield of the

henzylidene compound 53 with perfect deuteration.
—0 — Cl RMgX —Q —\ Cl RMoX —O —\ R
X = — | X > — | A =
Lo\~ sTol Lo~ mMgx -Mexa Lo MgX
46 54 55

Scheme 6 (
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Table 2. Reaction of Chlorovinyi Suifoxide 46 with Alkylmetal Followed by Some
Electrophiles
(o) Cl
X )= %
—0 “— s0)Tol
Alkylmetal® A Product”
Entry - Temp./°C  Electrophile
(equivalents) (Yield/%)
0 Cl
1 EtMgCl 80 H,0 i— x =
47 (84)
2 t-BulLi -85 CD;0D Complex mixture
(3) —0 M/ __C
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3 50 (19)
I 0O /.  CHxCH;
®  EtmMgCi 80~30  Me;SiCl | X <
3) 2 h) Lo ¥
rA‘| 51 (24)
7 EtMgcl '80""10 ! 56 l‘t\ﬁ\
3) (3 b ~o” o
8 EtMgClI -85 ~h42°’ H,0 51 (63)
{ Y
(10) \& ary " .
U n
9  PhMgBr 78~-53Y  H,0 )/_\=<
(10) (1h) H ANV

<
~Z
2 a
(1]
-~
o
—~ n
N
=
N
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[
[e]
(w]
[
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o

53 (80; D=99%)

a) Unless otherwise noted, the reaction was carried out as follows: A solution of 46 in THF was added

to a solution of alkylmetal and after 5 min excess amount of the electrophile was added. b) Isolated
ield after silica gel column chromatography. Deuterium content was measured by HNMR. ¢)A

solution of 46 in THF was added to a solution of the Grignard reagent and the temperature of the

I 0 e was gradually allowed to warm to the temperature in this tabie. Water or deuterated

methanol was then added to the reaction mixture.



T. Satoh et al. / Tetrahedron 54 (1998) 5557-5574

£t b ik
i

tctrasubstituted olefinic compounds having an
oup from 1-chlorovinyi sulfoxides, we tried to trap the intermediate alkenyl Grignard reagent §§ with
several electrophiles and the results are summarized in Table 3.

Table 3. Reaction of Chlorovinyl Sulfoxide 46 with PhMgBr Followed by Some

Electrophiles
o/ _F~ PeMgBr® [/ \_ P Electrophite® O ,/—\ __FPh
—_— —
L_n&_ S IMT ] 5 e’q Ln \____/ (Y Py - 7 eq Ln&__ -
v 46 NV A4 Wiy v [
55
Conditions X Product®
Entry o Electrophile
temp./"C (Yield/%)

i B —rO —/—  Ph

1 -80 ~-50 ( 100 min )* CH3CH,CHO |_ —
.50 ~ 45 (30 min )" Ow

56 (8i) OH

2 -80 ~r1t ( 2.5h)a) CH;COCH, [ o\/ \ /Ph
57 (21) 7 OH
60~1t (2h)¥ —C /™ __Ph
3 60~rt (2h) CICOOEt Y'Y=
1t (70 mm) / _o, \ / \cozEt
58 (65)
80~1t (3 ' —0  //\ _ph
it TS l )—(
59 (53)
a) o —0 —/ phoH
5 ERNC hb) Ph/w >( H A
t (60h)” Lo/ ‘z)vv oh
60 (4
—0 Ph
2O et D l-.\a') MLAIAA \ 4 (W}
=OU ~ L {411y FANVU n
6 b | A /=N,
it (4Uh) Uﬁl P IT ¥h

a) A solution of 46 in THF was added to a solution of PhMgBr. The conditions for the reaction of 46
with PhMgBr to give the alkenyl Grignard reagent. b) The conditions for the reaction of electrophiles
with the generated alkenyl Grignard reagent. c) Isolated yield after silica gel column chromatography.
Deuterium content was measured by 'H NMR.

The reaction of propionaldehyde with the alkenyl Grignard rcagent 55 gave good yield of the adduct 56
1. ~ A e oo Y N ~ A oy A tlea T I I SO e ) [ < e 11 ™1 : 1 : N .Y
NOWCVCET, NE reacion win acCione gave ine aesirea aaduct 37 1 only 10w yieid.  1he main product was the

protonated product S2.  Entrics 3-5 show that §§ reacts with ethyl chloroformate, iodine, and epoxide to give
the corresponding products §8-60 in moderate yields. The best result was obtained with phenyl isocyanate to



Ta Reaction of Chloroviny] Su e 46 with RM Some
Electrophiles
46 RMgBr? [‘0><_>:<R Electrophile® I"Omﬂ
EEE— . —
Entry RMgBr Conditions Electrophile Product”
temp./°C (Yield/%)
I\'ﬂgBr
. N I 70~1t (2.5h)% H,0 No reaction
NGNS Qc-“rs
S S ,‘__‘(
¢
F—\ O —_—
2 HiCO MgBr 70 ~1t (3h) H,O _
TN 2 62 (78)
—0 H
=\ J0~1t (3h)? CD,0D O/ \ _ CeHiOCH,
63 (78; D=91%)
=\ y O/ \ fFsHiOCH,
e MgB -70~1t (3h)? —
4 Haco-\\_//-mgar i (1h P PhCHO Lowph
64(87) HO
—\ a e C 2. OI\H
s HCo< pmeer B0 (250 geoope [ Y N
N_7 it (1h)? [_0/\_/ COLE
65 (67)
R —0 — GaﬂiOcHS
6 u_nnﬂ MaBr “70~1 (3h )a) DIhAMN l X H H
A RYSON\ // TTev rt (44[‘1 )b) [ 111" LO \ / h’N‘Ph
66 (87) o
——0\ — f—
7 - ‘\M aBr 78~1t (100min)®  H0 A =
= —0 “— H
67 (16)
— o W
) o —
—-\__ -70 ~ 1! ( 3h )a mLAIAA V — H
s ‘MgBr i (20n)»  FEY Lo —/ N-pp
68 (23) 6

a) A solution of 46 in THF was added to a solution of RMgBr. The conditions for the reaction of 46
with RMgBr to give the alkenyl Grignard reagent. b) The conditions for the reaction of electrophiles
with the generated alkenyl Grignard reagent. c) Isolated yield after silica gel column chromatography.

Deuterium content was measured by 'H NMR.
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alford the desired amide 61 in high yield. We also tricd the reaction of §5 with chlorotrimethylsilane, diethyl
chlorophosphate, and diethylcarbamoyl chloride; however, these electrophiles did not react at all with §8 and
only gave the protonatcd 52 in 73-86% yield.

Table 4 shows the results for the reaction of 46 with a-naphthylmagnesium bromide, p-methoxymagnesium
bromide, and vinylmagnesium bromide followed by some electrophiles.  As shown in entry 1, a-naphthyl-

magnesium bromide did not react at all with 46 and after the workup the starting material 46 was recovered

¢SHRLE LWaR Ry LE ) Ldael 4t 4l arild R NE MGG -

almost quantitatively. The reaction of 46 with p-methoxymagnesium bromide showed almost equal reactivity as
phenylmagnesium bromide (entries 2-6: compare the results in Table 2, entries 9 and 10, and Table 3, entries 1,
3, and 6).

The reaction of 46 with vinylmagnesium bromide was found to be problematical. Vinylmagnesium bromide
showed similar reactivity with 46 as phenylmagnesium bromide; however, the reaction gave many unknown
products and the desired product (67 and 68) could be obtained only in low yields (entries 7 and 8).

In concluston, we found that reaction of 1-halovinyl sulfoxides derived from ketones with Grignard reagents
afforded magnesium alkylidene carbenoids.  We studied the property of the generated magnesium alkylidene
carbenoids. The magnesium alkylidene carbenoids are thought to have many interesting properties. We are

now investigating uses of the magnesium alkylidene carbenoids in developing new synthetic methods.

Experimental Section

Mps were meusured with a Yanagimoto micro melting point apparatus and are uncorrccted. 'H NMR spectra
were measured in a CDCl, solution with JEOL GX-270 spectrometer. Electron-impact mass spectra (MS) were
obtained at 70 eV by directinsertion.  Silica gel BW-127 ZH (Fuji-Silicia) containing 0.5% fluorescence reagent
254 and a quartz column were used for column chromatography and the products having UV absorption were
detected by UV 1rradiation. In expenments requirine a drv solvent. THF was distilled from dlnhpn\nrpnrl

;;;;;;;; vy N [ R RS IT4R5 L0 S PR S LYY SV CRAY, VWS WUiSuialie 11Vl 1yiniyi,

DMSO was disulled from CaH,.

[Chlore-(p-tolylsulfinyl)methylidenejcyclopentadecane (12). A solution of 9a (944 mg; 5
mmol) in dry THF (2 ml) was added dropwise to a solution of LDA (6.5 mmol) in 10 ml of THF at -78 °C.
The solution was stirred at -78 °C for 10 min, then a solution of cyclopentadecanone (1.24 g; 5.5 mmol) in 3 ml
of THF was added. The reaction mixture was stirred for 10 min and the reaction was quenched by sat. aq.
NH,Cl. The whole was extracted with CHCI,. The organic layer was washed once with sat. aq. NH,Cl and
dried over MgSO,. The solvent was evaporated to leave colorless crystals. The crystals were washed with a
mixture of hexane-AcOEt (10:1) to give pure chloro-alcohol 10 (2.01 g; 97%). Recystallization of the crystals
f] om CHCI,-hexane gave colorless ncedles, mp 162-164 °C. IR (KBr) 3350 (OH), 1043 (SO) cm™; 'H NMR 5

).8-1. 6(74H m), 1.7-1.8 (2H, m), 1.9-2.2 (2H, m), 2.43 (3H, s), 4.32 (1H, 8), 7.36, 7.47 (each 2H, d, J=8
H/) Anal. Caled for C,;H,,ClO,S: C, 6688 H, 9.03; Cl 8.58; S, 7.76. Found: C, 66.22; H, 9.08; ClI, 9.02;
S, 7.42.

4-Dimethylaminopyridine (43 mg; 0.3 mmol) was added to a suspension of 10 (290 mg; 0.7 mmol) in a
mmure of acetic anhydnde (’7 ml) and pyridine (3 m]) The suspension was stirred at room temperaturc for 16
h. The squ&i‘lGiGﬁ gi'&uuauy turned (o a clear solution. The acetic auuyuudc and pyndmc were cvaPOi"diCu
under vacuum and the residue was purified by silica gel column chromatography to give acetate 11 (299 m%
94%) as colorless prisms; mp 103-105 °C (hexane). IR (KBr) 1724 (CO) 1238 (COC), 1093, 1063 (SO) cm
'"H NMR § 1.2-1.4 (24H, m), 1.5-1.7 (2H, m), 2.0-2.2 (2H, m), 2.13 (3H, s), 2.41 (3H, s), 5.46 (1H, s)
7.32, 7.46 (each 2H, d, /=8 Hz). Anal. Calcd for C,(H,,CIO,S: C, 65.98; H, 8.64; Cl, 7.79; S, 7.04. Found:
C,66.08:H, 871;Cl, 7.85; S, 7.09.

1,8-Diazabicyclo[5.4.0]undec-7-ene (1.1 ml, 7.2 mmol) and NaH (60% o1l suspension; 360 mg; 9 mmol)
were added to a solution of the acetate 11 (812 mg; 1.8 mmol) in THF (36 ml). The reaction mixture was
stirred at room temperature for 3.5 h.  The reaction was quenched by adding sat. aq. NH,Cl and the whole was
extracicd with ether-benzene.  The organic layer was washed with sat. aq. NH,Cl and the solvent was
evaporated.  The residue was purified on silica gel column chromatography to afford 12 (590 mg; 83%) as



colorless needles; mp 70-72 °C (hexane). IR (KBr) 1053 (SO) cm™; 'H NMR 8 1.2-1.8 (24H, m), 2.32 (2H, t,
| L[:\ ’3 Al (AT Y 270 /O ¢ =7 W1\ 727 T AY (nach ’)U A I-Q LIs\. 13/ NIMAD s 21 AN 70LT
g [ ¥4 L \SLL, O], L iU \&LXL, L, J—7 X1L), 10L&, [.7ta \Valdl LI, U, O 11L), L NIVAIN O L1V \\,l13},

25.01, ”’609 26.21, 26.25, 26.29, 26.34, 26.43, 26.56, 27.51, 27.63, 33.62, 34.21, 124.70, 129.70,
133.54, 138.63, 141.34, 153.00. Anal. CdlodforC23H35CIOS C, 69.95; H, 8.93; Cl, 8.97; S, 8.12. Found:
C, 69.99; H, 8.89; Cl, 0. 16; S, 8.16.

Reaction of 12 with EtMgBr. A solution of EtMgBr in ether (0.6 mmol) was added to a solution of 12
(79 mg; 0.2 mmol) in 4 ml of dry THF under Ar atmosphere at -70 °C. The reaction mixture was stirred for 10
min, then the reaction was quenched with sat. aq. NH,Cl. The usual workup followed by silica gel column
chromatography gave 40 mg of a colorless oil.  This pmduct was found to be a mixture of chloride 14 and

bromide 15 in aratio of 1:1.5 by "H NMR and mass spectrum.

(Chloromethylidene opentadecane (14). A solution of EtMgCl (0.21 mmol) was added dropwise

ejeyel
to a solution of 12 (66 mg; 0.17 mmol) in 17 ml of dry THF at -78 °C with stirring.  The solution was stirred
for 5 min, then the reaction was quen(,hed by adding sat. aq. NH,Cl.  The whole was extracted with ether-
hexane. The product was purified by silica gel column chromatography to afford 14 (42 mg; 98%) as a colorless

il TR (maatt 1621 1AAN cmcls lu NMBR 51 9.1 £00AT Y 2708 (MW ¢+ I=T7T LI DN MY ¢+ -7l § 70
AR, LIN (Heav) 1uo g, i uin INIVIIN @ 1. &0 (L7l 1), &0 VUV Lo, by J— i llL}, e o s NS \Ll i, i, J—lllL}, [ Ny

(1H, 8); MS m/z (%) 256 (M*, 57), 221 (18), 109 (50), 95 (86), 82 (100). Calcd for C,(H,,Cl: M, 256.1955.
Found: m/z 256.1947.

y

[Chloro-(deuterio)methylidene]cyclopentadecane (16). A solution of EtMgCl (0.21 mmol) was
added dropwise to a solution of 12 (54 mg; 0.14 mmol) in 14 ml of dry THF at -78 °C. The solution was
stirred at -78 °C tor 1 min, then CDSOD (0.2 ml) was added. After 10 min, the reaction was quenched with sat.
aq. NH,CI. The workup described above gave 16 (29 mg; 83%) as a colorless oil. IR (neat) 1616, 1460 Cm",

Y ]\”\/ﬂ? only the sienal of the viny! hvdroeen was reduced The deuterium content was calculated by usine
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this signal. MS m/z (%) 257 (M", 53), 222 (14), 109 (47), 96 (86), 83 (100). Caled for C, H, DCl M
257.2()18. Found: m/z 257.2014.

| Chloro- {n-hvdrgxybngyh hvlide__glgyc|nnpntadponnp (17\ A solution of EtMeCl (0.24

LA Vs asaliftiasilt L=

mm()l) was added dropwise to a solution of 12 (62 mg; 0.16 mmol) in 16 ml of dry THF at -78 sC. The
reaction mixture was stirred for 5 min, then benzaldehyde (0.24 mmol) was added. The solution was stirred for
30 min. The reaction was quenched with sat. ag. NH,Cl. After the usual workup, the product was purified by
silica gel column chromatography to give 39 mg (ﬁg%\ of the adduct 17 as a colorless viscous oil. IR (neat)
33‘)()(0H)cm' 'HNMR 5 1.2-1.6 (24H, m), 2 29 (4[1 t, /=7 Hz), 2.46 (1H, d, J=8 Hz, OH), 5.81 (lH d
J=8 Hz), 7.2-7.5 (5H, m). MS m/z (%) 362 (M", 5), 344 (100). Calcd for C23H35CIO M, 362.2374. Found:

s VLN NV L L
/2 5022500,

(Chloro(1-hydroxypropyl)methylidene)cyclopentadecane (18). This compound was synthesized
from 12 and propionaldehyde as desuibed above. Colorless viscous oil; IR (neat) ’3370 (OH) ecm™'; '"H NMR §

N Qo r2 J_77 LI\ ‘l’)lO("’A D2 ALY ALY 1 AAQ 214 I\AY ")\ 51079 Sar AY
U.00 \.)11 i, J=7 riZy, 1..-1.0 \‘..uu ul}, 2.1-23 \'-ux, mj, 4.52 \ul 111}, MS m/z \/v) D14 vl , L), 470 11/,

285 (100). Caled for C,,H,ClO: M, 314.2374. Found: m/z 314.2386.

Cyclohexadecyne (19). tert-BuMgCl (0.72 mmol) was added dropwise to a solution of 12 (71 mg; 0.18

im THE 7/1Q mI) ot 7R © The temneratnire wag allawad ta warm tn roanm tamneratnra  The reactinn wag
‘lllllk’l} HI 11 (1o un)yat=/,0o \4 1w l\/lllt}\tlulul\v YY QD AIIVUYYLU W YWwallil W ivoian '-\-vllll—'\"la‘-w\-‘ 1 LG TuaLLull vwad

quenched with sat. aq. NH,Cl and after the usual workup followed by silica gel column chromatography to give
cyclohexadecyne 19 (9 mg; 23%) as a colorless oil.**

1-Halovinyl Sulfoxide (20-24).
I-Chloro-2-pentyl-1-(p-tolylsulfinyl)-1-heptene (20). This compound was synthesized from
chloromethyl p- tolyl sulfoxide and 6-undecanone as described for 12. Chloro alcohol: 93% yield; colorless

Ll)s[dl‘; mp 87-89 °C (CHCl,-hexane). IR (KBr) 3367 (OH), 1043 (SO) cm™; 'H NMR & 0.89, 0.92 (each 3H,
L J=7Hz 13-1.5(12H m\ 1.7-2.1 (4H, m), 2.42 (3H, 5), 435 (1H, ), 72< 74521Mh7n d, J=8 Hz)

i, I—'I 11i.}, Aot \ 1Lk, 111y Til, 2ii), & Vi \ P11, SO (WG v=0 114y,

Anal. Caled for C, H, ClOS C, 63 57 H 8.70; Cl, 988 S 893 Found C, 63. 53; H 8.73; Cl 9.81: S,
8.92. Acetate: &7% yleld colorless oil; IR (neat) 1732 (CO) 1236 (COQC), 1093, 1066 (SO) cm1 'H NMR 5
(.88, 0.91 (each 3H, t, J=7 Hz), 1.2-1.6 (12, m), 1.9-2.2 (4H, m), 2.12 (3" s, COCH;), 2.41 (3H, S),
5.33 (1H, s), 7.30, 7.48 (each 2H, d, J=8Hz). 20:.62% mpld colorless oil; IR (1 e“t) 1087, 1061 (SQ\ em?

'H NIVIR 6 U 88 0. 90 (ed(,h 3H, t, J“7 Hz), 1.2-1.8 (12H, m) 2.32 (2H, t, J=8 Hz), 2.40 (3H s), 2.69 ('7H
t, /=7 Hz), 7. 30, 7.46 (each 2H, d, /=8 Hz). MS m/z (%) 340 (M", 20), 323 (100). Calcd for C,,H,,Cl10S: M,

340.1625. Found: m/z 340.1622.

/\w
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ene (21) Thic o thesized fromi
HNCHe (&1, 11 uuulyuuuu Was Syninesizea irom

hloro alcohol: 93% yield; colorless crystals, IR (KBr)
P_{ s), 5.34 (IH, s), 7.2-7.7 (14H, m). Acetate: 89%
COC), 1093, 1020 (SO) cm™; '"H NMR 6 2.32 (3H, s),

21 IRA iold- pnlt\r‘aon naadla 12Q_1AN o /A NIT
b X TOTU YIVIU, ULULICOY u!:«cux»a, luP 1237 19RJ o \AU\JDL‘

cm’; '"H NMR & 2.42 (3H, s), 7.2-7.6 (14H, m). Anal. Calcd for
©'S, 9.09. Found: C, 71.35: H, 4.78: CI, 10.03: S. 9.10.
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Lhk)mmeth p-tolyl su

vieid; colorles ryslais; IR (
241 (3H, s), 6.15 (1

[}
213, 55, 02 (i3, 5,

hc\ane) IR (KBr) 1084,
C, H,,CIOS: C, 71.48; H

(Fluora{nhenviculfinvlhim hvlldnnnﬂnvnlnnnntoﬂnnnnn (22 1 comnonnd wag gunthagizad
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from fluoromethyl phenyl sulfoxide and cyclopentadecanone. Fluoro alcohol: 90% yield; colorless crystals.
IR (KBr) 3331 (OH), 1070, 1022 (SO) cm™; 'H NMRb 1.3-1.7 (24H, m), 1.7-2.1 (4H, m), 4.68 (1H, d, J=46
Hz), 7.5-7.7 (5H, m). Acetate: 99% yield; coloriess viscous oil. IR (neat) 1732 (CO), 1244 (COC), 1093,
1049, 1022 (SOy em™; 'HNMR 5 1.2-1.6 (24H, m), 2.0-2.2 (4H, m), 2.12 (3H, s), 57J (1H, d, J=47 Hz),
7.5-7.7 (5H, m). 22: 64% yield; colorless viscous oil. IR (neat) 1086, 1047 (SO) cm’; '"H NMR & 1.2-1.7
(24H, m), 2.19 (2H, m), 2.50 (2H, m), 7.4-7.7 (5H, m). MS m/z (%) 364 (M", 1) 347 (100). Caled for
C,,H,;FOS: M, 364.2235. Found: m/z 364.2254.

1-Fluoro-2,2-diphenyl-1-phenylsulfinylethene (23). This compound was synthesized from
ﬂunmmethyl phenyl sulfoxide and benzophcnone Fluoro alcohol: 96% yleld colorless uysldlq IR (KBr)

1 ey o lnn

456, 3232 (OH), 1086, 1026 (80) cm™ '"H NMR 5 5.64 {iH, d, j=46 Hz), 7.1-7.9 (15H, m). Acelate less
nolar acetate: 19% vield:; colorless visc ng otl, IR {(neat) 1751 {(’ﬁ\’ 1228 (COC), 1053 (8O) cmy : 'H NMR §

Jahah, LULLIRSS LNIVIIN

gt”;l (3H, s), 6.52 (1H, d, /=47 Hz), 7.2-7. 8 (15H, m). More polar acctate; 76% yield; co]orless crystals. IR
(KBr) 1736 (CO), 1236 (COC), 1099, 1051, 1018 (SO) C 23: 77% yield colorless needles; mp 113-114

l.u

°C (AcOEt-hexane). IR (KBr) 1082, 1047 (SO) ecm™; 'H N} 'LR 6 7.2-7.8 (m). Anal. Calcd for C,,H,;FOS: C,
7451 H,4.69:F, 5.89: 8, 995, Found: C, 74.29; H, 467 F, 5.87 S, 9.87.

[Bromo(phenylsulfinyl)methylidene]cyclopentadecane (24). This compound was synthesized
tfrom bromomethyl phenyl suifoxide and cyclopentadecanone. bromo alcohoi: 90% yield; colorless crystals;
mp 161-162 °C (CHCl,-hexane). IR (KBr) 3351 (OH), 1041 (SO) em™; '"H NMR % 1.2-1.6 (24H, m), 177-1.9
(2H, m), 1.9-2.3 (2H, m), 4.56 (1H, s), 7.5-7.6 (5H, m). Andl Calcd for C,,H,BrQ,S: C 59. 58; H 7.96;
Br, 18.02; S, 7.23. Found: C, 59.60; H, 7.96; Br, 18.07; S, 7.28. Acetate: 98% },Ield colorlc:,s crystals; mp

(CO), 1234 (COC), 1090, 1055 (SO) em™; '*H NMR & 1.2-1.5
(24H, m), 1.5-1.7 (2H, m), 2.0-2.4 (2H, m), 2.13 (3H, s), 5.66 (1H, s) 74_76(<u m). Anal. Caled for

\=Fii, i11j, 1. i \‘_xx, Lu;, L AT AT i d, dax GOAFaL, 3y, 7

C,,HnBrOS (‘ 5937 H, 7.68; Br, 16.46; S, 6.60. Found C, 59.42; H, 7.71; Br, 16.45; S 6.60. 24:83%
18(74H m) 2.35(2H, dd, J=9, 7

v oAt

1.2
24 (M', 14), 409, 407 (100). Calcd for
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131-132 °C (AcOEt-hexane). IR (KBr) 1724
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l-Chloro-z-pentyl-l-heptene (25). Colorless 011 IR (nmt) 1632, 1460 1265, 739 m; ‘H NMR 6
(.88, U 90 (each 3H, t, /=7 Hz), 1.2-1.5 (12H, m), 2.04 (2H, dd, J=7.6, 6
(14 MS m/z (%) 200 (M* 46) 10), 110 (25), 97 (64), 56 (100).

N1k, );, Y3 T L A \iV3 s L AN Vi A\ 2

Found: m/z 202. 1487.

-

i-Chloro-1-de ut rio-2-pentyi-i-heptene (26). Coioriess oii; IR (neat
sional n & 5.76) was marke dl\ reduced; MS m/z (‘%\ 203 (T\/l+ 48), 1
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Caled for C,H,,D O M 2091550, Pound: miz 2051554

Ty s

2

é
-
ey
o

I 111}, AVl

33 (100). Caléd for C,H,,ClIO: M, ’03.1906. Found: m/z

, 84, 31 88, 3” 40 33 86,
2 (10), 231 (1()U). Calcd for C(H,,CiO: M, 260.1

2-Chlor -1,1 -di henylethene (29) Colorless oil; IR (neat) 1593, 1495, 1443 cm™; '"H NMR &

lOH, m); MS m/z (%) 214 (M*, 100), 179(69), 178 (73). Calcd for C H,,Cl M, 214
560).
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2-Chloro-2-deuterio-1,1-diphenylethene (30). Colorless oil; IR (neat) 1551, 1495, 1443 cm™: 'H
NMR : the signal of vinyl-H (8 6.58) was markedly reduced; MS m/z (%) 215 (M", 90), 179 (100). Calcd for
C,,H,,DCI: M, 215.0611. Found: m/z 215.0611

2-Chlore-1,3,3-triphenyl-2-propen-1-ol {(31). Colorless viscous oil; IR (neat) 3367, 3313 (OH),
1598, 1493 cm™”; '"H NMR 8 5.75 (1H, d, J=8 Hz), 7.2-7.5 (15H, m). MS m/z (OZ) 320 (M°*, 32), 285 (100).
Caled for C, H,CIO: M, 320.0967. Found: m/z 320.0972.

2-Chlere-1,1-diphenyl-1-penten-3-0l (32). Colorless viscous oil; IR (neat) 3390 (OH), 1599, 1491
cm’; 'H NMR 5 0. 0 (3H, t, /=7 Hz), 1.77 (2H, quintet, /=7 Hz), 4.42 (1H, bt, J=7 Hz), 7.1-7.4 (10H, m).
MS m/z (%) 272 (M*, 19), 243 (100). Caled for C,H,,CIO: M, 272.0966. Found: m/z 272.0958.

PF_EBlunara.l 1 _AdAinhanviathana /22 Calarlaca il TR fmant) 1427 1AQA 1444 ~m-cle LI NIMD &2 £ OK
LU EUMUL Uy ISUIPHCIRYICULIRCIT (JJ . LULULICOD ULL, 1IN (Al 1Vo f, 1979, 19994t Cill , 'l INIVIIN 0 Q.7
(1H, d, /=83 Hz), 7.2-7.4 (10H, m). MS m/z (%) 198 (M', 100), 196 (37), 178 (11), 165 (25). Calcd for
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.17
of tlrnng to a solution of EtMgBr (0.45 mmol) in 3 ml of THF
at -90 °C. AfterS min, benzaldehyd (0. mol) was added and the reaction mixture was stirred for h. The
reaction was quenched by adding sat. ag. NH,Cl and the whole was extracted with ether-benzene. The organic

laver was dried over P\A..Qr‘\ and the on\\rnnf /e at rnnnruiprl Ac ﬂ»\p qﬂd11nf QK nnrl ]—mnvqlr{okudo have tha g
i<d \\/l YWADd WLIVG UYLl Qv E CALINE LRIN OLrFL ¥ LddL ‘VuJ wy uy Fan NS NS ¥ A «“i WAL LA ¥ i

R value on silica gel, the residue was dissolved in MeOH (5 ml), cooled in an ice bath, and NaBH, (19 mg) was
added with stirring to reduce the benzaldehyde.  After 10 min, the MeOH was evaporated and the residue was
extracted and washed. The product was purified by silica gel column chromatography to give 36 (42 mg; 68%)

nd 10me (229 of 15, 36 Colorless oilr IR (neat) 3408 (OH). 1603, 1493 1448 ¢ e ILT NIMBR 8 1 D21 77
u.uu Ly l“t‘ \._._. } UL AV IVAD ULL, 1IN \uw [ U0 \\) } -y A0 blll Py 1L INIVIIN U L.,/
(24H, m), 2.2-2.4 (4H, m), 5.69 (1H, d, /=9 Hz), 7.2-7.4 (5H, m). MS m/z (%) 408, 406 (M*, 3), 390, 388

(66), 338 (51) 105(1()0) Calcd for Cst BrO: M, 408.1850. Found: m/z 408.1850.

5

mmol) in 3 ml of THF at -80 °C. The reaction m1xtu1c was stirred for 3 min, tHén lutlon of MgBr, “etherate

(0.4 mmol)in 0.1 mlof dry ether was added. The solution was stirred at -80 °C for 13 min. The reaction was

anenchad by addine gt an NH 1 and the whnle wag evtracted with ether.henzene The nrodinet wae nurfied
L.iuLu\.uLu Oy aGding sat. u\.i INFL L G miC Wiior$ was extractead wiin etner-oenzene. 108 ProGul was puiinica

by silica gel column chromatography to give a colorless oil (33 mg; 86% yield). 'H NMR showed that the
product was a mixture of chloride 14 and bromide 15 in a ratio of 1:2.

(Nt OChla Aenmhanvi 1 n_talylenlfinvl_ 1l _nraneana (40) and (7)) icamar (A1) Tha _

\l_/[ = \/lllulu o~ PIICIIJI ) \l.l lUl‘leUlllllJl} A yl UPLIIC \‘UI aliu \Ld} lﬂ\:’lll‘-l \'Il}‘ 1uv x
chlorovinyl sulfoxide 40 and were synthesized from chloromethyl p-tolyl sulfoxide and acelophenone as
described above.  40: Colorless crystals; mp64 67 °C (AcOEt-hexane). IR (KBr) 1489, 086, 1053 (SO) em™;
'"H NMR 6 2.32 (3H, s, vinyl-CH,), 2.40 (3H, s), 7.26-7.48 (9H, m). Anal. Calcd for C 6HHCIOS: C, 66.19;
t, 521, Cl, 12.05; S, 11 04. Fuuud' C, 6635 H, 5. 14 Cl, 12.01; S, 11.07. 41: Culu less crystals; mp 88-
90 °C(Ac0Et-hexa_ne) IR (KBr) 1491, 1088, 1057 (SO) cm’ '"H NMR & 2 2.43 (3H, s), 2.61 (3H, s, vinyl-
CH,), 7.23-7.58 (9H, m). Anal. Calcd for C,H,sClOS: C, 66.19: H, 5.21; Cl, 12.05; S, 11.04. Found: C,

66.28; H, 5.14; Cl, 12.00; S, 10.98.

(E)-1-Chloro-2-methyl-2-phenyl-1-propene (42) and (Z)-isomer (43). On treatment of 40 with
3 cqundlems of EtMgCl in THF at -78 °C for 5 min gave 42 as colorless oil (yleld 95%). IR (neat) 1626, 1601,



149 443 cm n NMR 6 2.19 (3H, d, /=1.3 Hz), 6.31 (iH, q, /=1.3 Hz), 7.32 (5H, m). MS m/z (%) 252
(1 )0\ l 17 (54), (73) Caled for C;HyCL: M, 152.0393. Found: m/z 152‘0304
Treatment of 4 with EtMgCl gave an nsepamble mixture of 42 and 43 (‘"H NMR 3 2.09 (d, J=1.7 Hz),

6.10 (q, J=1.7 Hz)).

{Chloro-(p-tolylsulfinyl)methylidene]-4,4-ethylenedioxycyclohexane (46). This compound
was sxnthemzed from chloromelhyl p- tolyl sulfoxide and 1. 4- cyclohexanedlone mono- ethylene ketal in a similar
way as described above. Chioro alcohol 95% yield; colorless crystals; mp 216-218 °C (CHCl,-hexane). IR
(KBr) 3367 (OH), 1037 (SO) cm’. Anal. Caled for C,(H,,ClO,S: C, 55.73; H, 6.14; CI, 10. ’?8 S, 9.30.
Found: 55.45; H, 6.05; Cl, 10.38; S 9.39. Acetate: 94% V1eld colorless prisms; mp 148-150 °C (AcOEt-
hexane). IR (KBr) 1728 (CO), 1228 (COC), 1060 (SO) cm™; 'H NMR & 1.6-2.5 (8H, m), 2.18 (3H, s), 2.42
(3H, s), 3.97 (4H, m), 5.42 (1H, s), 7.32, 7.45 (each 2H, d, J=8 Hz). Anal. caled for C,,H,,CIOS: C, 55.88;
H, 5.99: Cl, 9.16; S, 8.29. Found: C, 56.12; H, 5.97; Cl, o1< S 87372,

The acetate (387 mg 1 mmol) was dlssolved in 7 ml of DMSO To this was added NaH (1.15 mmol) and
the sus;pension was stirred at room tempcxature for 3 h. The solution was diluted with ether (10 ml) and cooled
in an ice bath. The reaction was quenched by adding a solution of acetic acid (1 mi) in 10 mi of ether. The
whole was extracted with ether-benzene, washed once with half-saturated aq. NH, Cl. The product was isolated

CAIAQLICL Y 21 QLI ILLS Q30 LU Y A il Taalliialine &y ALt

by [lash chromatography to give 235 mg (72%) of 46 as colorless cryslals Mp 124-126 °C (AcOEt-hexane);
IR (KBr) 1088, 1051 (SO) cm™; '"H NMR & 1.7-2.0 (4H, m), 2.41 (3H, s), 2.5-2.8 (2H, m), 2.90 (1H, m),
3.10 (1H, m), 4.00 (4H, s), 7.30, 7.46 (each 2H, d, /=8 Hz). Anal. Calcd for C,;H ,CIO,S: C, 58.80; H,
5.86; Cl, 10.85; S, 9.81. Found: C, 58.88; H, 5.81; ("l 11.10; §, 9.97.

D, D, T O, Il

(Chloromethylldene)-4 4- ethylenedioxycyclohexane (47) Col()rlcqs 011; IR (neat) 1635, 1122,
6Lml; H NMR 6 1.70 (4H, t, /=6.5 Hz), 2.31 (2H, t, /=6.5 Hz), 2.49 (2H, t, J=6.5 Hz), 3.97 (4H, s),

10
5.83 (1H, 8). MS m/z (%) 188 (M, 23), 153 (100). Caled for C ,H,5ClO,: M, 188.0603. Found: m/z 188.0608.

1YQ

lChloro(deuterlo)methylldene] -4 4-ethylened|0xycyclohexane (48) Colorleiq oll; IR (nedt)

TEZY 1174 10RQ Al 11T NINMR: tha cional /s & Q7 wr wem Ay FOLN
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(M, 31), 154 (100). Caled for C;H,,DCIO,: M, 189.0666. Found: m/z 189.0683.

| Chloro- (a-hydroxybenzyl)methylidene]-4 4-ethylenedioxycyclohexane (49). Colorless

Ao my 120,122 ° (A nNOEt_havanal 1R (KR 2404 (O 1199 1NRN ~mcls 1T NINAR 8 1 72 (ALY aad
L,l\buub HIP 10U-100 U (AL AANIU), LN (WD) D509 (UL, 1144, 1UOV Cifi ', 1 INMIN O 1./0 \SHr1, L),

2.63 (4H, m), 3.99 (4H, s), 5.91 (1H, d, J=7 Hz), 7.2-7.4 (5H, m). MS m/z (%) 294 (M, 5), 276 (34), 258
(32), 215 (100). Caled for C, ;H,,ClO;: M, 294.1023. Found: m/z 294.1017.

1,2,3-Triene (50). Colorless uy%ta!s, mp 128-130 °C (AcOEt-hexane). IR (KBr) 1117, 1082 em™; 'H
NMR & 1.79 (8H, t, J=7 Hz), 2.45 (8H, t, J=6 Hz), 3.98 (8H, s). MS m/z (%) 304 (M', 100), 259 (22). Calcd
for C,H,,0;: M, 3()4 1674. Found: m/z 304.1686.

Propylidene-4,4-ethylenedioxycyclohexane (51). Colorless oil; IR (neat) 1122, 1103 c¢m™; 'H
NMR 5 0.94 (3H, t, J=7.6 Hz), 1.65 (4H, m), 2.00 (2H, quintet, J=7.6 Hz), 2.23 (4H, m), 3.96 (4H, s), 5.15
(IH, 1, J=7.3 Hz). MS m/z (%) 182 (M, 20), 153 (19), 86 (100). Calcd for C, H,,0,: M, 182.1305. Found:
m/z 182.1310.

Benzylidene-4,4-ethylenedioxycyclohexane (52). Colorless oil; IR (neat) 1120, 1084, 908 cm™:
'"H NMR & 1.68 (2H t, J=6.6 Hz), 1.79 (2H, t, J=6.6 Hz), 2.43 (2H, t, J/=5.6 Hz), 2.52 (2H, t, J=5.6 Hz),
3.98 (4H, s), 6.31 (iH, s), 7.16-7.34 (5H, m). MS m/z (%) 230 (M*, 100), 201 (70), 129 (43). Calcd for
C H..O.: M. 230.1306. Found: m/z230.1314.

Mpsr gy AV e i

[Deuterio(phenyl)methylidene]-4,4-ethylenedioxycyclohexane (§3). A solution of 46 (60 mg;
0.18 mmol) in 0.5 m! of THF was added with stirring to a solution of PhMgBr (0.9 mmol) in 1 ml of THF at -85
°C. The temperature of the reaction mixturc was gradually allowed to warm to -50 °Cfor 2 h.  CD,OD (0.4 ml)
was added to the reaction mixture and then, the reaction was quenched by adding aq. sat. NH,Cl. The whole
was extracted with clhcr benzene and the pr()duct was purified by silica gel column chromdu)graph\ 1o gi\ e 53

QNOTN PR, PO 1TACC 1NIA sl 11T AINAD. PRGN, |
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dndppedred MS m/z (%) 231 (M", 100), 202 (80), 130 (45). Calced for C, H,,DO,: M, 231.1368. Found: m/z
231.1371.

{Phenyl-(1-hydroxypropyl)methylidene]-4,4-ethylenedioxycyclohexane (56). Col tess ail;
IR (neat) 3450 (OH), 1124, 1088, 1033 cm™; 'H NMR & 0.92 (3H, t, J=7.6 Hz), 1.3-2.1 (8H, m), 2.52 (2H,
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t, J/=6.3 Hz), 3.94 (4H, m), 4.68 (1H, t, /=6.9 Hz), 7.2-7.8 (5H, m). MS m/z (%) 288 (M’, 3), 270 (59), 259
(10 Caled far C H n ?\ﬁ 28R 1724, Found: - IRR 17728
(100). Caled for C H,,0O;: 1. Found: m/z 288.1728

[Phenyl -(1-hydroxy-1-methylethyl)methylidenec]-4,4-et ylencdloxycyclohexane (57). 0-
forless crystals; mp 107-109 °C (AcOEt-hexane); IR (KBr) 3425 (”' 1), 1120, 1087 cm™; "H NMR & 1.33 (6H,
s), 1.55,71.80, 1.87, 2.85 (e cach 2 2H, t, J=6.5 Hz), 3.95 (4H, m), 974(5H, m). MS m/x (%) 288 (M, 3),

270 (100), 169 (100), 101 (97). Anal. Caled for C,H,,0,: C. 75.00; H, 8.39. Found: C, 74.81; H, 8.22.

{Carboethoxy(phenyl)methylidene]- 44-eth?'lenedioxycyclohexane (58). Colorless oil; IR
(neat) 1745, 1713 (CO), 1254, 1185, 1090, 1036 cm™; "H NMR & 1.22 (3H, t, J=7.1 Hz), 1.67 (2H, t, J=6.2
Hz), 184(”H t, J/=6.3 Hz), 2.26 (2H m), 2.71 (7H t, /=6.6 Hz), 3. 96 (4H, m), 4.16 (2H, q, J=7.1 Hz),
7.1-7.4 (5H, m). MS m/z (%) 302 (M", 7), 273 (21), 256 (100). Calcd for C,zH,,0,: M, 302.1516. Found: m/z

2 I\") e ]
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do(phenyl)methylidene]-4,4- ethylenedloxycyclohexane (59). Colorless crystals; mp 88-90

Io
CHCI,-MeOH); IR (KBr) 1119, 1086, 747, 699 cm™; *"H NMR & 1.57, 1.81, 2.30, 2.70 (each 2H, t,
307 (4aH. m). 7.2-7.4 (SH. m). MS m/z (%) 356 (M, 2D), 209 (100). 143 (38). Anal. Calc

I's
AN S 7 9 PN £ 3 5 PO P N/l 1, RLLJ. IV TTW \(7C)] IOV VAUV, AT \JT). TGRS

H,,0,I: C, 50.58; H, 4.81. Found: C, 50.33; H, 4.70.

-Hydroxy-1,5-diphenylpentylidene)-4,4-ethylenedioxycyclohexane (60). Colorless oil; IR
3444 (OH) 1ﬂQ<r‘-ml 'H NMR § 1.6-1 szmH m), 2.14 (2H, m), 2.4-2.8 (6H, m), 3.51 (1H, m), 3.96

WV AN R, AT SANELD A G0 L | i, 111,

(
(4H m), 7.0-7.4 (10H, m). MS m/z (%) 378 (M”, ,) 44 (1()0) 91 58) Cal(,d for C25H30Q M 378 7193
Found: m/z 378.2203.

<

[N-Phenylcarbamoyl(phenyl)methylidene]-4,4-ethylenedioxycyclohexane (61).  Colorless
crystals; mp 187-189 °C (CHCl,-hexane); IR (KBr) 3421 (NH), 1649 (CO), 1439 cm™; '"H NMR 6 1.71 (2H, t,
J=6 Hz), 1.86 (2H, t, J=6.3 Hz), 2.31 (2H, t, J=6.5 Hz), 2.84 (2H t, J/=6.5 Hz), 3.96 (4H m), 7.0-7.5

(W 1a) AANN N AF OVAN ANA AN 1/ Q DA T 7"1

(10H, m). MS m/z (%) 349 (M", 92), 304 (100). Calcd for C,,H,,O;N: M, 345.1678. Found: m/z 345.1677

(4-Methoxybenzylidene)-4,4-

-ethy dioxycyclohexane (62). Colorless oil; IR (neat) 1510,
1247, 1119, 1082, 1035 cm™; 'H NMRél
.24
d f

ene
68 (2H, 1, J=6.5 Hz), 1.78 (2H, t, J=6.5 Hz), 2.41 (2H, m), 2.51
T N O"l fATLT —O) I Y. T 12 ALY 1 759 H ) 1\/10 "“(, (/C)

2 QM /YT N 3 O)

{2H, m), 3.80 (3H, s), 3.98
260 (M*, 100), 231 (36), , 15

8), 6.8 \nd,nynL),llD\’I‘l,U,J
16H 2605 M 260.1412. Found: m/z 260.1418.

[Deuterio-(4- methoxyphenyl)methylldene] 4-ethylenedioxycyclohexane (63).  Colorless
oil: TR (neat) 1509, 1244, 1121, 1084, 1035 cm™; 'H NMR the signal of vinyl-H (8 6.24) was markedly
reduced. MS m/z (%) 261 (M, 100), 232 (41), 160 (22). Caled for C,(H,;DO,: M, 261.1473. Found: miz
261.1471.

{2-Hydroxy-1-(4-methoxyphenyl)-2-phe 'ayleth"lidene}=4,4=ethy!enedicx"c"clahexane
(64). Colorless oil; IR (neat) 3412 (OH), 1509, 1244, 1033 cm™; 'H NMR % 1.70, 1.79, 2.29, 2.50 (each
oM, 1. J=6.5 Hz), 3.76 (3H, s), 3.95 (4H, m), 4.69 ( H 5), 6.8-8.0 (5H, m). MS m/z (%) 364 ([M-H,]",

100), 319 (38). Calcd for C,;H,,0, (M-H,): M, 364.1674. Found m/z 364.1679.

[Carboethoxy(4-methoxyphenyl)methylidene]-4,4-ethylenedioxycyclohexane (65). Co-
lorless oil; IR(ncat) 1713 (CO), 1511 1244, 1186, 1089, 1034 cm™; '"H NMR & 1.23 (3H, t, J=7.1 Hz), 1.67,
1.83, 2. 28, 2.67 (each 2H, t, J/=6.5 Hz), 3.81 (3H, s), 3.97 (4H, m) 4.17 (2H, q, J=7.1 Hz), 6.9-7.5 (4H,
1) MS mi/z (%) 332 (M*, 23), 286 (100}, 259 (40). Caled for C H - M. 332.1624, Found: m/z 332.1627.

- )
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{4-Methoxyphenyl- (N-phenylcarbamoyl)methyhdene] -4,4- ethylenedloxycyclohexane (66)
Colorless crystals; mp 108-111 °C (CHCI 3~hexane) IR (KBr) i704 (CQO), 1423 cm™ 'H NMR 8 1.70 (2H, t,
J=6.5 Hz), 1.85 (2H, t, J=6.5 Hz), 2.32 (2H, t, J=6.4 Hz), 2.85 (2H, 1, J=6.7 Hz), '3.83 (3H, s), 3.97 (4H,
m), 6.9-7.5 (9H, m). MS m/z (%) 379 (M*, 66), 334 (58), 259 (57), 119 (100). Calcd for C,;H,,NO: M,
379.1782. Found: m/z379.1791.

Vinylmethylidene-4,4-ethylenedioxycyclohexane (67). Colorless oil; IR eat) 1674, 1085, 1034,
'"H NMR (90 Mhz) & 1.5-1.9 (4H, m), 2.2-2.6 (4H, m), 3.97 (4I—I m), 4.9-5.3 ( ), 5.85 (1H, d, J=11
Hz), 6.3-6.8 (1H, m). MS m/z (%) 180 (M", 41), 167 (30), 149 (75), 99 (83), 86 (100). Caled for C, HmO
M, 180.1151. Found: m/z 180.1156
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crystals; mp 171-174 °C (CHCI;-hexane); 3291 (NH), 1657 (COy, lfmt 12 1439 ¢
NMR & 1.77 (4H, m), 2.50 0 (4H, m), 3.97 (4 q) S"’X(lH d, /=11 Hz), 5.33 (1H 17 Hz), 6.70 (1H,

z( :

dd, J.u, 17 Hz) 7 I- 76(5H ). MS m/z (%) 299 (M, 100), 254 (74), 207 (64).
’5{\

Q
é”
0
I
Z
<

This work was supported by a Grant-in-Aid for Scientific Research No. 05671771, 08672451 {rom the
Ministry of Education, Science and Culture, and the Fugaku Foundation for Drug Discovery, which are

gratefully acknowledged.

Oue, S. “Review on Heteroatom Chemistry” 1991, 4, 195: MY U, Tokyo.

Satoh, T. J. Syn. Org. Chem. Jpn. 1996, 54, 481.

Satoh, T.; Takano, K. Tetrahedron 1996, 52, 2349.

Some recent papers from our laboratory: a) Satoh, T.; Oohara, T.; Ueda, Y.; Yamakawa, K. J. Or:
8

19

W

Itoh, N.: O‘nda, K.; Kitoh, Y.; Yamakawa, K. Tetrahedron Leii. 1992, 33, 1483. e) Satoh, T.; Itoh, N.;
Onda, K.; Kitoh, Y.; Yamakawa, K. Bull. Chem. Soc. Jpn. 1992, 65, 2800. {) Satoh, T.; Itoh, N.;
Gengyo, K.; Yamakawa, K. Tetrahedron Letr. 1992, 33, 7543. g) Satoh, T.; Kitoh, Y.; Onda, K.
Yamakawa, K. Tetrahedron Lett. 1993, 34, 2331. h) Satoh, T.; Mizu, Y.; Hayashi, Y.; Yamakawa, K.
Tetrahedron Lett. 1994, 35, 133. 1) Satoh, T.; Kitoh, Y.; Onda, K.; Takano, K; Yamakawa, K.

Tetrahedron 1994 .50, 4957. j) Satoh, T.; Itoh, N.; Gengyo, K.; Takada, S.; Asakawa, N.; Yamani, Y.;

Yamakawa, K. Tetrahedron 1994 50, 11839, k) Satoh, T.; Itoh, N.; Watanabe, S.: Koike, H
Matsuno, H.; Matsuda, K.; Yamakawa, K. Tetrahedron 1995, 51, 9327. 1) Satoh, T.; Horiguchi, K.
r P O

Tetrahedron Leit. 1995, 36, 8235.

5. Satoh, T.; Hayashi, Y.; Yamakawa, K. Bull. Chem. Soc. Jpn. 1993, 66, 1866.
Preliminary results of this study were reported as a communication: Satoh, T.; Takano, K.; Someya, H.;
Matsuda, K. Tetrahedron Lett. 1995, 36, 7097.

7. Some reviews and a monograph concerning carbene and carbenoids: Parham, W. E.; Schweizer, E. E.
Org. React. 1963, 13, 55, Kirmse, W. “Carbene Chemistry” Academic Press, New York (1971).

@

Kobrich, G. Angew. Chem. Int. Ed. Engl. 1972, 11, 473. Burke, S. D.; Grieco, P. Org. React. 1979,
26, 361. Schaefer, IlI, H. F. Acc. Chem. Res. 19792, 12, 288. Wynberg, H.; Meijer, E. W. Org. Reaci

1982, 28, 1. Oku, A.; Harada, T. J. Syn. Org. Chem. Jpn. 1986, 44, 736. Oku, A. J. Syn. Org.
Chem. Jpn. 1990, 48, 710. Padwa, A.; Krumpe, K. E. Tetrahedron 1992, 48, 5385.

8. Generation of alkylidene carbenoids is usually carried out by elimination of hydrogen or halogen from 1-
halo- or 1,1-dihaloolefins. A review and some recent papers arc as follows. Stand, P. J. Chem. Rev.
1978, 78, 383. Harada, T.; Katsuhira, T.; Oku, A. J, Org. Chem. 1992, 57, 5805. Topolski, T.;

, M.; Rachon, I.; Gawronski, J.; Gawronsky, K.; Goedken, V.; Walborsky, H. M. J. Org.
3 58 546. To

[OL0 P o, (N



5574

10.

11

15.

16.

17.

T. Satoh et al. / Tetrahedron 54 (1998) 5557-5574

K.; Oku, A. Tetrahedron 1994, 50, 7987.

Park, J. D.; Abramo, J.; Hein, M.; Gray, D. N.; Lacher, J. R. J. Org. Chem. 1958, 23, 1661. Moreau,
P.; Dalverny, G.; Commeyras, A. J. Chem. Soc., Chem, Commun. 1976, 174.

Hofle, G.; Steglich, W.; Vorbruggen, H. Angew. Chem. Int. Ed. Engl. 1978, 17, 569, Scriven, E. F.
V. Chem. Soc. Rev. 1983, 12, 129.

Wnuk, S. F.; Robins, M. J. J. Org. Chem. 1990, 55, 4757. Robins, M. I.; Wnuk, S. F. J. Org. Chem.
1993, 58, 3800.

Iriuchijima, S.; Tsuchihashi, G. Synthesis 1970, 588.

Structure of lithium alkylidene carbenoid: Pelfer, A.; Kvicala, J.; Parry, D. E. J. Chem. Soc. Perkin-I
1995, 2681.

Similar kind of halogen exchange reaction was reported in the reaction of a-chloro B-methy! styryllithium
with LiBr. Kobrich, G.; Ansari, F. Chem. Ber. 1967, 100, 2011.

The hydrogens on methyl group cis to a sulfoxide group always show lower § value in '"H NMR
compared to thosc of thetrans to a sulfoxide group: Satoh, T.; Kaneko, Y.; Yamakawa, K. Bull. Chem.
Soc. Jpn. 1986, 59, 2463.

Geometrical isomerization of (Z)-a-chloro g-mcthyl styryllithium to (E)-isomer was also observed. See
ref. 13.

We thank Dr. Miyuki Ishizaki, Faculty of Pharmaceutical Sciences, Science University of Tokyo, for
MM2 measurment.

An example of 1,2,3-triene, a dimer of alkylidene carbenoid: Paul, G. C.; Gajewski, J. 1. Synthesis
1997, 524.

Closs, G. L. J. Am. Chem. Soc. 1962, 84, 809. Kobrich, G.; Merkle, H. R. Chem. Ber. 1966, 99,
1782.



