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Synthetic organic chemistry is a base of medicinal chemistry and the exploitation of new methods for carbon-car-
bon bond formation is of most importance in synthetic organic chemistry. Carbenes and carbenoids have long been
known to be highly reactive carbon species that show a variety of unique reactivity. However, those reactive species are
not fully used in organic synthesis. The reasons are as follows: one is the precursors for the generation of carbenes and
carbenoids are quite limited and the other is that the reactivity of the species is too high to control. In order to solve the
problem mentioned above, we used a-haloalkyl (or alkenyl) aryl sulfoxides as the precursors and used sulfoxide-mag-
nesium exchange reaction for generation of much mild magnesium carbenoids. e-Haloalkyl (or alkenyl) aryl sulfoxides
are quite easily synthesized in high overall yields. Magnesium carbenoids, cyclopropylmagnesium carbenoids, cy-
clobutylmagnesium carbenoids, magnesium $-oxido carbenoids, and magnesium alkylidene carbenoids are generated at
low temperature from the corresponding sulfoxides with a Grignard reagent in quantitative yields. They were found to
be stable usually at below —60°C for at least 30 min. The each magnesium carbenoids have their own unique reactivities
and we could find many unprecedented reactions from these reactive species. Recent results for the developments of new
synthetic methods based on the chemistry of magnesium carbenoids are described.

Key words——magnesium carbenoid; organomagnesium compound; magnesium alkylidene carbenoid; magnesium cy-
clopropylidene; magnesium f-oxido carbenoid
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Generation of Magnesium Carbenoid 6 and Reactions with Nucleophiles Followed by Electrophiles
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Scheme 3. 1,3-CH Insertion of Magnesium Carbenoids
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Scheme 4. Synthesis of Bicyclo [n.1.0] alkanes by 1,3-CH In-
sertion as the Key Reaction

MPAFE S 7z (Scheme 4). T72b B, xR
TFhOMHBELLSERTES 1-700EZ)L b
UNWZINEKRFR22QLIZCIZATINDOY FILIL )
L—hZEMmags&, 1FEAETEMITHME
2 F/FsN. TSR M -PrMgCl O T— 7
IWERZEMA D> <D ERNREZ ERFIE TN
EERLET R LNIVNR A K230 1,3-CH
ARG ETL, GNEBTIATIEEZET S
bicyclo [n.1.0] alkane %8 24 2315 5 72,3132 Z D&
IETIE, TATIVOEMNTTY X REBRRICHEH
TE5.? £, RIS E W RN Z > TilEfT
TH5ZEHOLMD TS, W Scheme 4 [T/ R LT
EL, FEMHT NS Q- ronFt ) EREF
W7 O0O0AF ) p-b U ZIVEF T Rh6H
Fk U7z 25 2RI T % EJCAIG s Ak 26 Z ke H
L T, Ye% 1% M7z bicyclo [4.1.0] heptene 27 (99 %
ee) &EHINETHRTE /. 31

3. 2070 ELRTRLTLALR/AFD
AR EMEEN OIS RIEH

2o TONEEDHINNDHIINN A D
RAFRFEN NG TH 5. Gardner 51327

Vol. 129 (2009)
C>><Br Mg O><Br
—_— 3 »
Br ether MgBr
59%

28 29 30

Scheme 5. Doering-LaFlamme Allene Synthesis

OA7 T2 EPTOENINRCNSEERLZY T 0
EyroJoNC 28 EI—TFIHEEY T R
LEFD E—RBEILR LT L2 30 BERT S
ZEEHEL TWD (Scheme 5). 3 Z DD i
1% Doering—LaFlamme 7 L > & &L TELTH
5. ZORIBE, FEREL Ty oo s
XL NR) A R2 2B L THEITTSEE
ZA6NDN, 2913 HIR A REERESE DRI
RETTRECZY L > 30 NI T 5720 29 DHE
IREWFAHTH - -,

EHESIX, AL T a0 2 OSAREEOHER o
roosro7oe) 7t Z)VZIVEFT R 31 %
AL, ZhzKE FICi-PrMgCl ST 5 &
7oV TR T LTI A R 32 PER
THIERZRWHLEZD ZOHIVXR /A REZEA
5 )—=)VTOIT>FL, EKRESINZ7O0O02 Y
0708 33 DALZEINERRL KR E & D LN S
AR AR OEEESLTECEE ZRD .
ZDREE, IV A R 3213—60°C LLFTHIUL 3
Bl EBZEIWCHEET 2 Z &> 7= (Scheme
6). £z, NINXJA R 32OVNAKEBIINZ DR
ETIEHZN, —60CLLEDRETIIOP-<D &
IETHZEHHHL .

>oa7aelVI TR I LIV A REFIH
TDRABHINE RWH L2, #l 20 o f-FfE
MIZAF)I3 700 AF)V 7 Z)V A JVERF
SROIVNZF P EERSE S E—RQUCT 0T
OB ZINEFT RI[BPNRLLESNEZ. T
ZE7TL7INVI—-)36 EL7-DE, 0°C Ti-
PrMgCl EMBG 2 E AN XA K3TEFRHBLT
-7 LZw 7N A=) MMERTE. Z0H
RiEE, TATFNMNEDLIMIZATy TEET
BThD, 2NEHEHFTHS (Scheme 7). 30

X7z, SO ATIEERITLLTINTER3 &
L7005, @BEEDY ) ZVv—)lif#Ez2 LI E5
ETNTE READHIMEAINX I A ROAERDNFE



No. 9 1017
Cl 0
= Ar/\“‘)dws(o)Ph SPh Cl. SPh  i-PrMgCl Cl. MgCl
HsCO - X T
31 THF, -78 °C
41 42
. | 1p2
-PrMgCl \dc CD50D RIRGSOPh RT R2
- | A MgCl | —————> [ eC

THF, -78 °C 78% - . Pho@ - Mg —
5 min 32 -78 ~-50 °C

Cl
‘\Q‘J\'dnlllD
H;CO : (D content 93%)
33

Scheme 6. Generation of Cyclopropylmagnesium Carbenoid
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Scheme 8. Reactions of Cyclopropylmagnesium Carbenoid
with Nucleophiles
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Scheme 11. Generation of Magnesium Alkylidene Carbenoid
59 from 58 and Reaction with PhMgBr Follwed by Elec-
trophiles
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Scheme 12. Reaction of Magnesium Alkylidene Carbenoid 59
with 2-Lithiothiophene Follwed by Electrophiles
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ZIVEFT R 67568 25T 5 &AM 2HED
BAEMEAKRELTHESOND., NS ZESEEL THIA
12 i-PrMgCl S L 7206, N-UFA+FT7FILY
SERINEIEBE, E6TNBIT Z-69 3, F7z,

N(Li)H

[o C __ gl HyCO i
O MgCl toluene, -
59

-78 ~-10 °C, 43%

>_%;

CH;
66

65:66=230:13

Scheme 14. Reaction of Magnesium Alkylidene Carbenoid 59
with meta-Substituted N-Lithio Arylamines.

§ HNH,

+
H,CO
65

Table 1. Reaction of the Magnesium Alkylidene Carbenoids
Derived from E- and Z-1-chlorovinyl p-tolyl Sulfoxides with
N-lithio 1-aminonaphthalene

1-Chlorovinyl
p-tolyl sulfoxide

Cl Q H NH,
- 5(0)Tol - 3:97 65
(E-67)

S(0)Tol H NH
2 C>=<CI _ Q 95:5 71

(2-67) (E-69)

Entry Product E:Z Yield%

s

Z-67 0513 E-69 ME W R E R > THERKRL 2.
FIERIC 68 70 513 70 DS E L ARK BINICH S5 N7z
(Table 1). ZOIHIE, N-UFFFTFINT I >
s, HERUET R IATIVFEIFT AR A
ROWHED/INY 714 RS RISL, sp? kRFEDAL
RECED KER L THEF L TWA, —fRIC sp? ik #E L
DS EBRKISIZETLRBRWEEZLSNTWVS
n, AR A RO, TOWHEET. O 2
DR IEZBIES BIRT 21201 T X2 TLT I
FUF AN A EOMHE ZFHREFITR D fFEHA
LTW2, FFEl3EER TS 2> TEL W,
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6. YURZTILBIAFLRNIR/ A REFIA
L7cALAR=Z L EYDERRR G

B-FAFT RN A ROEALISZEFIHT S0
WARZIUEEYOREOS = 3 >0 r—
ar e HsenTnwS, EFSIFIITRITA
B-FAFRIIR) A BEFNZORIEZERELSE
BAL 7z.5D —ffi| 2 Table 2 \Z/r9. 1-700TLF)L
p-NUINZOVERF T ROAIINZA &7 b HEIC
fHmE€ % &ERMITHMEK 7L E SN, A
RO ROFIEEZITRITLTIOFT REL
72 i-PtMgCl T 5 & T R T L B-AF
RANXRIARR2PERLZ. 2RISR L T—

RBBRIERK LT R TLL ) L—KT3 &
5. WZIC, ROBRICEE 2 I RETFRIZMA S &,

Table 2. Synthesis of 2-methyl-2- (substituted) cyclohepta-
nones 74 from Cyclohexanone Derivative, 1-chloroethyl p-

tolyl Sulfoxide, and Electrophiles
Oc
A

I
[2)@:0 TolSC(Li)CH3 § OH
:><(|)(CH3)S(O)T0|

1) t-BuMgCl (1.2 eq) " c

2) i-PrMgCl (2 eq) § OMgCI
- —
THF, :>§C(CH3)MgCI

-45°C ~r.t.
72 C
|: >Q[OMQCI Electrophile E >CE
74

Electrophile

E Yield/ %
CD;0D D 759
CH;CH,CHO CH;CH,CHOH 71
PhCHO PhCHOH 64
PhCOCI1 PhCO 63
CH;l CH; 739
PhCH,Br PhCH, 759
CH,=CHCH,I CH,=CHCH, 599

CICOOEt

OCOOEt
[XC:I 74
CHj;
Et;SiCl [0@ 750
CH,

a) Deuterium content 95%. b) HMPA was added as an additive.

MR N >he —RFBBRILAL 72 a,0-Y Tﬁ‘ﬁ‘
FBHBVNET =V AINER— N ENNEREI
(E15¥ QWANELEEY

L2 DR A B B-FFTRANNI AR
HEZVWEFRT XL TLP-FFL RN A RD
RIS EFAT 2 VR IUEEo Rty —
2a eI T =3 IZDWTIRRITESENE
WAL FHRGEICRA 2 RE L =D Tk D 5
IEBEZIC L TER L W, 5D

1. &HYIC

Pk, e-7 0O Z)ViRF> REZIIILN ) A RAE
FROFTSAE UTHIHL, fEkOY F 7 LIV )
A REDT > ERMBIEEZERT T R T LT
IR A REERS A RBTCERRET HEH
5 D I DRFFERR & ff i & & THW/Z, 2006 4
ETOZ DB OMFERER Z Mk U 72 fefh 2 BT HE
ZLTWHOTHKD S HIIBEICLTHESEL
Wy, 3439 Grignard WA 7 % LMEEY, 7V
Zv )Lk, %%%bfﬂ%lw&’@%ﬁth
TWa, 77UV —)LitI3BETHHEEARIC
KTK@WEE%%@IDT%%.H%iZ@Iw
FEOMICIHIET 2 Z L3I RTLREINZEEDN
METH5. Lnl, T, FRFICEELZLD
ICEBS 7 %20 L OALFEH L WL 55 O B
MUJRERIARE 7O T4 7 2B L TNWSEEST
W%, T XL mb@éﬁi—ﬁﬁﬁz
T, £ DJEIC8FZBHIC ZDZElE, Zo
FROEID 2% 7&?77/@A7b>£&bfa‘o© iz &
W EBERGRICHEEL TNWS EE 2 TS TIEARWN,
TR TLRRMTHY, BEFICHEEZ RS
W, BT TR LAOIFHITHIERIRBEOMEIC S
RELFHETEZ2 21 L OEFEICEA SN D(LF
D1 DTN A D H.
ARHICHRH L ZEETES O Z2 KK LUATHE
WK FEFTEE OERIES BILHE L LT 5.
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