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The birth of the Wittig reaction in 1953 marked the
entry of ylides into the arsenal of important synthetic
tools.! Since then, the Wittig olefination has engen-
dered continuous synthetic and mechanistic interest.?
Variants of the Wittig reaction have advantages over
the use of phosphoranes.?* The Wittig-type reaction
has been extended with elements other than phospho-
rus. Our interest was to explore the versatility of the
reactions carried out with arsenic reagents and anti-
mony reagents.

As for arsenic reagents, especially arsonium ylides,
we have written a review article covering the literature
up to 1982,%2 and Lloyd et al. have written a review
article covering the literature up to 1986.5 A review
mainly covering our own work! concerning the facile
synthesis of unsaturated aldehydes, ketones, amides,
and related natural products via arsonium salts has
been published.®

R(CH=CH),,CHO + Ph,As*CH,(CH=CH),X Br-
K;COj3, mixed solvent R R(CH=CH)m+n+1X

-PhyAs0, room temperature
m=0,1;n=01,X=
CHO, COCHj;, CONR!IR?, etc.

Of particular interest is the catalytic Wittig-type re-
action: the tri-n-butylarsine-catalyzed olefination in the
presence of triphenyl phosphite. Its simplicity, mod-
erate reaction conditions, high E stereoselectivity, and
good yields make it a practical alternative for large-scale
synthesis.®

Research on the synthetic applications of organo-
antimony compounds has been done sporadically. As
early as 1960, Henry and Wittig claimed that the tri-
phenylstibonium methylide prepared from Ph;ShMel
with PhLi reacted with benzophenone to form di-
phenylacetaldehyde.’® However, the results could not
be confirmed.!! On the other hand, Wittig and Laib
claimed that Me,Sb(CH,Ph),Br reacted with PhLi to
yield Me,SbCH(CH,Ph)Ph, a product hypothesized to
result from the rearrangement of an antimony ylide.!
Lloyd et al. prepared a number of stable stibonium
ylides with strong a-electron-withdrawing groups in the
alkylidene moiety by a diazo compound method and
found that all of them were inert, even toward 2,4-di-
nitrobenzaldehyde.’®* The only successful Wittig-type
reaction which occurs with a stibonium ylide is the
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interaction between triphenylstibonium tetraphenyl-
cycloaentadienylide and aryl aldehydes to form fulv-
enes.

In contrast to triphenylstibine, which formed stibo-
nium salts with halogeno compounds only with diffi-
culty, trialkylstibine reacted readily with halogeno
compounds, especially with a-halogeno carbozxylic de-
rivatives, at room temperature to form the substituted
halides. A change in the substituent on antimony from
phenyl to alkyl causes an acute change in the formation
of the stibonium salts and in the reactivities thereof.

Three review articles have been written by Freedman
et al.lﬁa-c

Trialkylstibine-Mediated Reactions of Active
Bromo Compounds without the Use of Any
Added Base (Ion-Pair Pathway)

In a preliminary communication,!® we reported that
tri-n-butylstibine can mediate in the olefination of
carbonyl compounds with bromoacetic esters. On
continuing the study of organoantimony compounds in
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(2) For a recent general review, see: Maryanoff, B. E.; Reitz, A. B.
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Jr. Organic Reactions; John Wiley and Sons, Inc.: New York, 1977; Vol.
25, pp 73-253.
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nophosphorus Reagents in Organic Synthesis; Academic Press: New
York, 1979.
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115-157 and references cited therein. (b) Huang, Y. Z.; Xu, Y,; Li, Z. Org.
Prep. Proced. Int. 1982, 14, 373. (c) Shao, M. C,; Jin, X. L.; Tang, Y. Q;
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organic synthesis, we have found that trialkylstibines
are effective reagents for the formation of a carbon—
carbon double bond between a-halogeno carboxylic
derivatives, including esters, amides, and nitriles, and
carbonyl compounds. «,8-Unsaturated esters, amides,
and nitriles were obtained.!’? In the reactions, qua-
ternary stibonium salts are found to be active inter-
mediates which can be trapped and undergo further
reactions.

This is of interest, because the reaction proceeded by
nucleophilic attack involving the single antimony-
carbon bond in the stibonium salt. No similar example
has been found in the literature.

R!R2CO + XCHRE + n-Bu,;Sb — RIR2C—CRE +
n-Bu,SbX (OH) — ¥%Bu,SbBr; + ¥%Bu,Sh(OH),

R = Me, Et; E = CO,Et, CONEt,, CN; X =
Cl, Br,BPh,

Hoffmann reported that the organic compounds
containing a positively polarized halogen atom reacted
with tertiary phosphines either by reductive elimination
of the halogen or by formation of phosphonium salts
or quasiphosphonium salts. The reaction can be ac-
celerated by both electron donors and electron accep-
tors.!® Accordingly tertiary stibine may behave simi-
larly.

Tributylstibine reacts with an a-halogeno carboxylic
derivative to afford the corresponding quaternary sti-
bonium bromide 1. Halophilic attack of antimony can
afford pentacovalent stiborane 2, which dissociates to
give ion pair 3. The latter adds nucleophilically to a
carbonyl substrate R'R2CO. The addition intermediate
that results fragments to form olefin R!'R2CO on
heating.

Br
+ -
BuaébCHRE Br~ Bu;SbCHRE Bu;SbBr CHRE
1 2 3

When R! = alkyl, R2=H,R = H, and E = CO,R (or
CONE,), the products are highly E stereoselective.
When R! = alkyl, R2=H,R = H, and E = CN, the E:Z
ratio of products amounts to approximately 3:2.1°

Anion exchange of [(ethoxycarbonyl)methyl]tri-
butylstibonium bromide (1, R = H, E = COOEt) with
sodium tetraphenylborate gave the corresponding tet-
raphenylborate, which reacted with aldehydes on
heating to afford olefin products.

a-Enones are important intermediates in organic
synthesis. Generally they can be synthesized from aldol
condensation, but unsymmetric mixtures are produced.
We found a new method for the synthesis of a-enones
by the reaction of aldehydes and a-bromo ketones with
tri-n-butylstibine.’® Thus, on treatment of aldehydes
and bromoacetone with tri-n-butylstibine at room tem-
perature, an exothermic reaction takes place, giving the
olefin products in good to excellent yields.

RCHO + 2BrCH;COCH; + 2n-Bu,Sb
room temperature to 50 °C
trans-RCH=CHCOCH; +

1-16 h

n-BugSbhBr, + n-BugSbO + CH;COCH,

(17) (a) Huang, Y. Z.; Chen, C.; Shen, Y. J. Organomet. Chem. 1989,
366, 87. (b) Huang, Y. Z.; Shen, Y.; Chen, C. Synth. Commun. 1989, 83.

(18) Hoffmann, H.; Diehr, H. J. Angew. Chem., Int. Ed. Engl. 1964,
3, 737.

(19) Huang, Y. Z.; Chen, C.; Shen, Y. Synth. Commun. 1989, 501.
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In this reaction, 2 equiv of tri-n-butylstibine and
bromoacetone had to be used to convert the aldehyde
completely, and the debrominated ketone was always
formed as byproduct. Products with an E double bond
were formed exclusively.

Aldol condensation is one of the most important
methods of carbon—-carbon bond formation but usually
results in mixtures of products arising from self-con-
densation, mixed condensations, and retro-aldol reac-
tion. Numerous efforts have been made to improve the
procedure, of which the transition-metal-catalyzed re-
action of silyl enol ethers with carbonyl compounds®
and the reaction of halogeno ketones with carbonyl
compounds promoted by Cel;—Nal?! seem to be the
most promising.

In our studies of the synthesis of a-enones by the
reaction of aldehydes and bromo ketones with tri-n-
butylstibine, when 3-bromobutan-2-one was heated with
2-furaldehyde in the presence of tributylstibine at 90
°C for 6 h, 4-(2-furyl)-3-methylbuten-2-one was ob-
tained (47%), accompanied by 4-(2-furyl)-4-hydroxy-
2-methylbutan-2-one (39%). At room temperature, no
reaction between these compounds took place, sug-
gesting that a catalyst was necessary if the 8-hydroxy
ketone was to be obtained as the main product.

On the basis of this consideration, a catalytic amount
of iodine (2-4 mol %) was added to a mixture of
equivalent amounts of 3-bromobutan-2-one, aldehyde,
and tributylstibine and the mixture was stirred at room
temperature until the aldehyde completely disappeared.
After treatment with a protic solvent, the reaction
mixture was chromatographed to give 8-hydroxy ketone
in excellent yield.

A mechanism of our I,-catalyzed reaction of a-bromo
ketones with aldehydes mediated by trialkylstibine has
been proposed. The diastereoisomers of the reactions
of 12 aldehydes with 3-bromobutanone were estimated
by proton NMR showing that the erythro:threo ratio
is approximately 1:1 in each case.?

Cyclopropane derivatives activated by two electron-
withdrawing substituents at a geminal position, the
so-called electrophilic cyclopropanes, have been recog-
nized as useful intermediates in organic synthesis.
Their inter- and intramolecular ring opening reactions
by various nucleophiles have been studied intensively
and applied to the synthesis of several natural prod-
ucts.? Cyclopropanes with three electron-withdrawing
substituents, two on C-1 and one on C-2, have been
synthesized by the reaction of a-chloroacrylate and
a-chloroacrylonitrile with methylene compounds by
means of cuprous oxide—isocyanide complex. Alter-
natively, they can be obtained from the reaction of ethyl
dibromomalonate and olefins in DMSO promoted by
copper.?®

Our approach to the cyclopropanes is by the reaction
of dibromomalonic ester and its analogues with elec-

(20) (a) Yamamoto, Y.; Maruyama, K. Tetrahedron Lett. 1980, 21,
4607. (b) Siegel, C.; Thornton, E. R. Tetrahedron Lett. 1986, 27, 457. (c)
Reetz, M. T.; Vougioukas, A. E. Tetrahedron Lett. 1987, 28, 793.

(21) Fukuzawa, S.; Tsuruta, T.; Fujinami, T.; Sakai, S. J. Chem. Soc.,
Perkin Trans. 1 1987, 1473.

(22) Huang, Y. Z.; Chen, C.; Shen, Y. J. Chem. Soc., Perkin Trans. 1
1988, 28565.

(23) Danishefsky, S. Acc. Chem. Res. 1979, 12, 66 and references cited
therein,

(24) Saegusa, T.; et al. J. Org. Chem. 1978, 38, 2319.

(25) Kawabata, N.; Tanimoto, M. Tetrahedron 1980, 36, 3517.
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tron-deficient olefins mediated by organoantimony
compounds.?® The reaction takes place easily under
mild conditions and gives the cyclopropane derivatives
in high yields. We found that, besides the terminal
olefins such as acrolein, acrylonitrile, methyl vinyl ke-
tone, and acrylic esters, cyclic «,8-unsaturated ketones
such as 2-cyclopentenone and 2-cyclohexenone can also
react with dibromomalonate to give bicyclic compounds.
X

/
CH;=CHE + Bfgc\ + R JSb i &
COOR CO,R
E = CHO, CN, COCHj, CO,EL; X = CO,R, CN, CgHs; R” = Et, n-Bu

o}
n-BusSb

o)
-+
(M7 BraC(COzR); room termperature to 40 °C (Y7 CO,R

The stereochemistry of all the products has been
thoroughly investigated. The proposed reaction
mechanism is that the ion pair (4) is the active inter-
mediate.

+ R”;SbBr;

+ _ ‘CH=
R”,Sb + BrCXCO,R —= [R",SbBr carxcozm RCH=CHE_

. XQ CO:R
R”,SbBr CHf-c — /A( + R’,SbBrp
CO,R

E CHR’

In order to prove that our reaction pathway is not
through the carbene intermediate, we ran the following
reaction. Dimethyl dibromomalonate reacted with 1-
dicyclopentadienone promoted by tributylstibine to give
tetracyclo[4.4.035,1710]-4 4-bis(methoxycarbonyl)un-
dec-8-en-2-one exclusively. No addition product such
as 5 was observed.

o)

BusSb
+ Br,C(COMe); ——»
40°C

Q

) MeO,C
" Meo,C

5

Allylation of carbonyl compounds to yield homoallylic
alcohols is an important synthetic operation. Many
metals have been used to promote this Barbier-type
reaction with allyl halides. However, no report ap-
peared in the literature using organometallics. A first
example of the Barbier-type reaction by means of or-
ganometallics has been achieved.?’

1. A

RCHO + CH,~CHCH,X + R’;Sb S BonEo
RCH(OH)CH,CH=CH, + }%(R’;SbX),0

CO,Me
CO,Me

Crotyl chloride reacted with p-bromobenzaldehyde
mediated by tri-n-butylstibine, but a catalytic amount
of iodine was needed to promote the reaction. The
result is depicted below:

(26) (a) Chen, C.; Huang, Y. Z; Shen, Y. Tetrahedron Lett. 1988, 29,
1033. (b) Chen, C.; Liao, Y.; Huang, Y. Z. Tetrahedron 1989, 45, 3011.
(27) Chen, C.; Shen, Y.; Huang Y. Z. Tetrahedron Lett. 1988, 29, 1395.

Huang

n-BuzSb, I, (cat.)

RCHO + €I\ cH, oo

R= p-BrCsH4 75:25

5-(4-Bromophenyl)-2-penten-5-ol, the isomer resulting
from the addition of terminal carbon in crotyl to car-
bonyl compounds, was not found.
a,a-Dichloro-8-hydroxy nitriles are rather inaccessi-
ble.22 Burton and co-workers reported that phospho-
nium ylide from trichloroacetonitrile and triphenyl-
phosphine reacted with benzaldehyde to form 2-
chloro-3-phenylacrylonitrile and triphenylphosphine
oxide.?? We found that trichloroacetonitrile reacted
with aldehydes mediated with tri-n-butylstibine to give
a,a-dichloro-8-hydroxy nitriles in excellent yields.%0
1. room temperature to 60 °C

RCHO + CCLCN + n-Bu,Sh hs

2, Hy,0
RCH(OH)CCLCN + %(BugShCl),0

We postulate that the reaction is initiated by halo-
philic attack of tri-n-butylstibine to trichloroacetonitrile
resulting in an ion pair, n-BuzSbhCl* and “CCl,CN.3!
The ion-pair formation was supported by detection of
dichloroacetonitrile from the reaction of tri-n-butyl-
stibine with trichloroacetonitrile in protic solvent.

Reaction of Quaternary Stibonium Salts with
Carbonyl Compounds by the Aid of Strong
Nucleophiles RLi or RMgBr
(Pentaorganylstiborane Pathway)

Although pentaorganylstiboranes have long been
known,*?2d their applications in organic synthesis have
not been exploited. We have noticed that antimony has
a greater tendency to form pentaalkyl derivatives than
do phosphorus and arsenic. Qur aim was thus to ex-
plore the scope of the reactivities of pentaorganyl-
stiboranes (\%-stibane®?),

It has been found that the quaternary stibonium salts
[n-Bus;ShCH,E]*X- (E = Ph, CH=CH,, CH=
CHCO,Et, CO,Et, CN; X = Br, I, BPh,) on treatment
with RLi (R = n-Bu, ¢t-Bu, Ph) afford pentaorganyl-
stiboranes, n-BusSb(R)CH,E, which react with aromatic
aldehydes, to give, after subsequent hydrolysis, homo-
benzylic alcohol, homoallylic alcohols, ethyl 5-aryl-5-
hydroxypent-2-enoate, ethyl 8-hydroxypropionates, and
B-aryl-B-hydroxypropionitriles, respectively, in good to
excellent yields. The reaction is chemoselective for
aldehydes,? but not cyclic ketones.?2 However, in the
presence of AlCl;, pentaorganylstiborane can react with
ketones to give tertiary alcohols in good yields.35®

(28) Coutrot, P.; et al. Bull. Soc. Chim. Fr. 1974, 1965, 1971.

(29) Burton, D. J.; Greenwald, J. R. Tetrahedron Lett. 1967, 1535.

(30) Huang, Y. Z.; Chen, C.; Shen, Y. Tetrahedron Lett. 1988, 29, 5275.

(31) Cf.: Speziale, A. J.; Taylor, L. J. J. Org. Chem. 1966, 31, 2450.

(32) (a) Takashi, Y. J. Organomet. Chem. 1967, 8, 225. (b) Nesmey-
anov, A, N.; Borisov, A. E.; Kizim, N. G. Izv. Akad. Nauk SSSR, Ser.
Khim. 1974, 1672; Chem. Abstr. 1974, 81, 1056529. (c) Nesmeyanov, A.
N.; Borisov, A. E.; Novikova, N. V. Tetrahedron Lett. 1960, 23, (d)
Cowley, J. H.; Mills, J. L.; Loehr, T. M;; Long, T. V., I. J. Am. Chem.
Soc. 1971, 93, 2150.

(33) Hellwinkel, D. Top. Curr. Chem. 1983, 109, 1-63.

(34) Huang, Y. Z; Liao, Y. J. Org. Chem. 1991, 56, 1381.

(35) (a) Huang, Y. Z; Liao, Y.; Chen, C. J. Chem. Soc., Chem. Com-
mun. 1990, 85. (b) Zhang, L. J.; Huang, Y. Z.; Jiang, H. X.; Duan-Muy,
dJ.; Liao, Y. J. Org. Chem. 1992, 57, 774.
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1. R'Li
2. RCHO

{n-BugSbCH,E]" X~ RCH(OH)CH,E + n-BusSbR’X

- H2
E = Ph, CH=CH,, CH=CHCO;Et, CO,R”, CN;
X =Br, I, BPhy; R’ = n-Bu, +-Bu, Ph

An alkyllithium is not only a strong base but also a
strong nucleophile. The antimony atom of the stibo-
nium salt is an electrophile with a large atom radius,
so the alkyllithium can attack the antimony atom
preferentially and displace the anion X, instead of
abstracting a proton and forming an antimony ylide,
as occurs in the case of phosphonium or arsonium
analogues. A pentaorganylstiborane (6) thus may be
formed as shown below. This species may become po-
larized in the presence of Li* to form 6/, which by nu-
cleophilic addition to the aldehydes can afford, after
hydrolysis, homobenzylic alcohols.

Ph

+ _ n-Buli 8 8-/  _
n-BusSbCH,Ph Br T n-BugSbCH,Ph === [n-Bu,Sbe+*CH; |Br
~-LiBr .
6 Lt

&

In fact, when benzyltri-n-butylstibonium bromide was
treated with n-BuLi, we did isolate an intermediate
n-Bu,SbCH,Ph (6) which was stable only under nitro-
gen but which could be characterized by mass spec-
trometry.® If the reaction was stopped at this stage
(=78 °C) and allowed to reach room temperature, ad-
dition of benzaldehyde still gave the product alcohol.
Thus, it appears that pentaorganylstiborane 6 is most
likely the intermediate.

The pentaorganylstiborane R”;SbR’; or R”,SbR’ re-
acts with acyl chlorides RCOCI to give ketones RCOR’
in good yields. Selective transfer of crotyl, phenyl,
benzyl, or methyl] takes place, resulting in a single ke-
tone product when R” is butyl, which serves as an an-
choring group and does not transfer. The order of
transfer is CH,CH=CHCH, > Ph > PhCH, > Me >
Et > n-Bu.3%®

Selective propargylation and allenylation of carbonyl
compounds are interesting since the products can
readily undergo functional interconversion and are re-
quired as intermediates for the synthesis of compounds
related to numerous biologically active natural products.
Generally, the propargylic anions are employed in the
reaction. However, their applicability in organic syn-
thesis has been limited because of difficulty in con-
trolling the regioselectivity of the reaction. It has been
pointed out that the propargylic anion is generally in
equilibrium with allenic anions, and a troublesome
mixture of acetylenic and allenic alcohol is obtained in
the condensation with carbonyl compounds.

We found that the reaction of tri-n-butylstibine and
propargyl bromide (7a, R = H) gave, instead of pro-
pargyltributylstibonium bromide, allenyltributyl-
stibonium bromide (8), which is stable and cannot react
with aldehydes even under heating to 120 °C, but can
be readily converted into allenyltetrabutylstiborane (9)
by reaction with n-butylmagnesium bromide in THF
at low temperature. The pentaorganylstiborane 9 re-
acted smoothly with various aldehydes R’"CHO to give
homopropargylic alcohols 10 exclusively in excellent
yields.?”

(36) Yu, L,; Fu, G. X,; Liao, Y.; Xu, C. W.; Huang, Y. Z. Org. Mass
Spectrom. 1990, 25, 645.
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OH
Br ZZ
R—==—CH,Br Bu,St| Bu,Sb —==+ = R'/K//
- E L— ] 10
7a,R=H
b, R =CH, 8
CH,
/Br /
Bu,Sh Bu,Sb
\—=—cH, 12
11
OH OH CH
F /K/ s
R’ R
14
13

The reaction of tributylstibine and bromo-2-butyne
(7b, R = CH;) gave butynylstibonium bromide 11,
which reacted with n-butylmagnesium bromide to af-
ford pentaorganylstiborane 12. The latter reacted with
aromatic aldehydes to give almost exclusively the allenic
alcohols 13, and with aliphatic aldehydes to give pref-
erentially allenic derivatives 13 accompanied by buty-
nylic derivatives 14 (13:14 = 2:1 to 4:1).

Reactions of Quaternary Stibonium Salts with
Carbonyl Compounds by the Aid of LDA or
t-BuOK (Stibonium Ylide Pathway)

We mentioned above that, by the aid of strong nu-
cleophiles RLi or PhLi, the reactions of quaternary
stibonium salts with carbonyl compounds gave, after
hydrolysis, the secondary alcohols. The intermediates
were found to be pentaorganylstiborane. On the ¢on-
trary, by the aid of less nucleophilic strong base, LDA
or t-BuOK, from the butyl ligand-stibonium salts we
obtained stibonium ylides, which reacted with carbonyl
compounds to give olefins as shown below.

1-BUOK-THF R'COR?

o+ - + -
BuaSbCH,E Br Bu;SbCHE

192 H0
R'R°C=CHE + BusSbO ——— Bu;Sb{OH},
E = CO,Me, CO,E, CN, CONEL,, CON )

The ylide intermediate has been evidenced by tan-
dem reaction.

Lloyd et al.?® prepared a number of stable stibonium
ylides with strong electron-withdrawing groups in the
alkylidene moiety by a diazo compound method, but
found that all of them were inert, even toward 2,4-di-
nitrobenzaldehyde. The only successful Wittig reaction
which occurs with a stibonium ylide is the interaction
between triphenylstibonium tetraphenylcyclo-
pentadienylide and aryl aldehydes to form fulvenes.!4
Some stibonium ylides have been suggested as possible
intermediates in some reactions.04!

We found a novel olefination of diazo compounds
including dimethyl diazomalonate, ethyl diazoacetate,
and diazoacetylacetone with carbonyl compounds me-
diated by tributylstibine and a catalytic amount of
CuX (X =1, Br, Cl).22

(37) Zhang, L. J.; Huang, Y. Z.; Huang, Z. H. Tetrahedron Lett. 1991,
32’(33;’%&30, Y.; Huang, Y. Z,; Zhang, L. J.; Chen, C. J. Chem. Res.,
Synop. 1990, 388.

(39) Ferguson, G.; Glidewell, C.; Gosney, L; Lioyd, D.; Metcalife, S.;
Lumbroso, H. J. Chem. Soc., Perkin Trans. 2 1988, 1829.

19 8(;10)2 6Ak31;)1ai K.; Shimizu, H.; Ohnari, H.; Ohkata, K. Tetrahedron Lett.

(41) Chen, C.; Huang, Y. Z; Shen, Y. C.; Liao, Y. Heteroat. Chem.
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Bu,Sh + N,CYZ + RIRZC=0 —%»
RIR2C=CYZ + N, + “Bu;Sb0”

Y=Z2=COMe;Y=H,Z=CO,Et;Y=Z =
COMe; X =1, Br, Cl

The reaction is proposed to occur through a tri-
butylstibonium methylide bearing strong electron-
withdrawing groups. In the absence of tributylstibine
or CuX catalyst, olefination did not occur at all.

Selective Acetalization of Aldehyde with
Trialkoxystibine Using Allyl Bromides

Usually, acetalization is accomplished with alcohols
or orthoformic esters in an acidic medium.** We have
found a new aldehyde-selective acetalization method by
means of trialkoxystibine with the aid of allyl bromides.
This method should be applicable to acid-sensitive or
protic-solvent-sensitive aldehydes.*

H,C=CHCH,Br
R!CHO + Sb(OR%)y ———
RICH(OR?), + R?0Sb(0)BrCH,CH=CH,

R! = alkyl, aryl; R? = Et, i-Pr

The reaction proceeded conveniently in high yields.
This procedure constitutes a new method for selective
protection of aldehyde groups, especially suitable to
acid-sensitive or protic-solvent-sensitive compounds.

An Efficient SbCl,-Metal System Allylation,
Reduction, and Acetalization of Aldehydes

The allylation of aldehydes to homoallylic alcohols
is of synthetic importance, and a number of metals have
been used to promote Barbier-type allylation of alde-
hydes with allyl halides. Recently, metallic antimony-*
and trialkylstibine-mediated?’ Barbier-type reaction at
60-80 °C has appeared in the literature. We found that
the active zero-valent antimony generated from Sb-
Cl;—Fe or —-Al could induce allylation of aldehydes with
allylic halides at room temperature to give high yields
of the corresponding homoallylic alcohols with high
regio- and chemoselectivity.*

The less reactive allyl bromide reacted with the same
aldehydes to give homoallylic alcohols (80-90%) at 60
°C (4.5-7 h). However, addition of sodium iodide al-
lowed the reaction temperature to be reduced to am-
bient. Metallic aluminum, when it replaced metallic
iron, was also effective in a DMF-H,0 (3:1) medium.

SbCls-Fe, DMF, OH

room temperature )\/\
R =

or SoCl—Al, DMF—H0,
room terrpelaure

A variety of aldehydes reacted smoothly to give the
homoallylic alcohols in good yields. «,8-Unsaturated
aldehydes afforded only 1,2-addition products. Aldeh-
ydes containing a hydroxy group such as p-hydroxy- or
o-hydroxybenzaldehyde gave the corresponding prod-
ucts leaving the OH group intact. Since acetophenone
present in benzaldehyde was recovered, the reaction is
chemoselective.

RCHO + B0 & Nal

(42) Liao, Y.; Huang, Y. Z. Tetrahedron Lett. 1990, 31, 5897.

(43) For a review, see: Menskens, F. A, J. Synthesis 1981, 501.

(44) Liao, Y.; Huang, Y. Z,; Zhu, F. H. J. Chem. Soc., Chem. Commun.
1990, 493.

(45) Butsugen, Y.; Ito, H.; Arakt, S. Tetrahedron Lett. 1987, 28, 3707.

(46) Wang, W. B.; Shi, L. L.; Xu, R. H.; Huang, Y. Z. J. Chem. Soc.,
Perkin Trans. 1 1990, 424.
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Reaction of crotyl bromide with p-chlorobenz-
aldehyde under similar reaction conditions provided the
homoallylic alcohol with the erythro isomer predomi-
nately.

The reaction mechanism suggested is that an allyl-
antimony reagent is formed through the oxidative ad-
dition of an allyl halide to zero-valent antimony gen-
erated in situ by reduction of antimony(III) chloride
with metallic iron or aluminum. Because of the erythro
selectivity, the reaction with an aldehyde seems to
proceed via a noncyclic transition state.*’

Concerning the reduction of aldehydes to alcohols,
we have reported that, in the presence of Lewis acids,
diphenylstibine reacted with carbonyl compounds to
afford, after hydrolysis, alcohols in excellent yields.*?
Recently, an indirect electroreduction of acetophenone
to 1-phenylethanol in the presence of SbCl; was re-
ported by Ikeda.®® We found that SbCly-Al/DMF-
H,0 (system A) and SbCl;-Zn/DMF-H,0 (system B)
were effective reducing systems for conversion of al-
dehydes to alcohols in excellent yields. When the re-
duction was carried out in DMF-D,0, the aldehydes
were converted to deuterium-labeled alcohols
(RCHDOH) conveniently.5

SbClg-Al or 8bCly-Zn R
RCHO — = RCH,0H (or RCHDOH)

A variety of aldehydes were reduced smoothly with
either reduction system. In system A (SbhCl;-Al/
DMF-H,0), the reaction proceeded faster than in
system B (SbCl;-Zn/DMF-H,0). With «,8-unsatu-
rated aldehydes, reduction occurred only at the C-O
position, leaving the carbon-carbon double bonds in-
tact. Neither unconjugated double bonds nor cyclic
ketones were attacked. When a mixture of benz-
aldehyde and acetophenone was allowed to react with
system A or B, the former was reduced preferentially.

In the above SbCl;-Al/DMF-H,0 or SbCl;~Zn/
DMF-H,0 system, when methyl or ethyl alcohol was
used as solvent instead of DMF-H,0, the acetalization
product was obtained in almost quantitative yield. A
catalytic amount of SbCly was effective for this pur-
pose;®! in the absence of Fe or Al, the reaction did not
occur.,

R!R’CO + M + R?0H
room temperature

M = Fe, Al
This method could also be applied to diols (ethylene
glycol and propylene glycol). The operation is the same
as that for monoalcohols. This acetalization method
could be applied to ketones.

SbhCl; (cat.)

R'R2C(OR3),

O

/7 \
R'R2C]  (CHy),

\o} 2)

42 SbClg {cat.)
R'R°CO + M + HO(CH,),OH
room temperature

Me=Fe Al;n=2,3

Because of the ready access to reagents, mild reaction
conditions, easy workup, and good yields, the SbCl;-

(47) Yamamoto, Y.; Yatagai, H.; Naruta, Y.; Maruyama, K. J. Am.
Chem. Soc. 1980, 102, 7107.
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(49) Tkeda, Y.; Manda, E. Chem. Lett. 1989, 839.

(50) Wang, W. B.; Shi, L. L.; Huang, Y. Z. Tetrahedron Lett. 1990, 31,
1185.

(51) Wang, W. B.; Shi, L. L.; Yang, Y. Z. Tetrahedron 1990, 46, 3315.
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Synthetic Applications of Organoantimony Compounds

metal system was a facile system for allylation, reduc-
tion, and acetalization of aldehydes.

Oxidation and Reduction

The low-valent organometallic reagent bromodi-
phenylstibine has been found to mediate the oxidation
of benzyl alcohols by bromine to give benzaldehydes or
ketones in moderate to good yields.52

X

X
R 1. Ph,SbBI/E1,NH
I 2. Brz
CHOH COR
—~PhSbBrp, —EtaNHeHBr

Numerous metal hydrides and organometallic hy-
drides are able to reduce carbonyl compounds. Every
hydride has its own characteristic feature. However,
no report is given in the literature concerning the re-
activity of organoantimony hydrides toward carbonyl
compounds. We found that, in the absence of Lewis
acid, diphenylstibine did not react with carbonyl com-
pounds, but in the presence of Lewis acid, it did react
at room temperature to afford, after hydrolysis, alcohols
in excellent yields.®

RICOR? Ph,SbH/AICl3 H,0

R!CH(OH)R?

THF, room temperature

Concluding Remarks

Research on the synthetic application of organo-
antimony compounds has been done only sporadically.
As early as 1960, Wittig et al. claimed that the tri-
phenylstibonium methylide prepared from Phy;SbMel
with PhLi reacted with benzophenone to form di-
phenylacetaldehyde. However, this result could not be
confirmed. For many years, there was some confusion
as well as contradictions. We found that, in contrast
to triphenylstibine, trialkylstibines react with a-halo-
geno carboxylic derivatives or a-halogeno ketones
readily to form quaternary stibonium salts, the reactions
of which can be classified into three categories: (1)
Reactions of quaternary stibonium salts with substrates
without the use of added base. Thus, the trialkylstibine

(52) Huang, Y. Z.; Shen, Y. C.; Chen, C. Synthesis 1985, 651.
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promotes reactions of halogeno carboxylic derivatives
and carbonyl compounds to give o,8-unsaturated esters,
amides, and nitriles; aldehydes and a-bromo ketones
to give a-enones; aldehydes and a-bromo ketones in the
presence of catalytic amounts of iodine to give 8-hy-
droxy ketones; and aldehydes and trichloroacetonitriles
to give a,a-dichloro-8-hydroxy nitriles. In these reac-
tions, quaternary stibonium salts are the active inter-
mediates, which in some cases can be trapped and then
undergo further reaction with substrates. The tri-
alkylstibine-promoted cyclopropanation of dibromo-
malonic ester and its analogues with electron-deficient
olefins occurs readily at 40-50 °C. All the above-men-
tioned reactions are most likely to be through the ion-
pair pathway. (2) Reactions of the quaternary stibo-
nium salts on treatment with strong nucleophiles such
as RLi or Grignard reagents afford pentaorganyl-
stiboranes (\5-stibanes), which react with aldehydes to
give, after hydrolysis, secondary alcohols. (3) Reactions
of the quaternary stibonium salts with less nucleophilic
strong bases such as LDA or potassium tert-butoxide
afford stibonium ylides, which react with carbonyl
compounds to produce olefins or epoxides. The ylide
pathway is evidenced by tandem reaction and by a
one-pot reaction of tributylstibine, diazo compounds,
carbonyl compounds, and a catalytic amount of Cull.

In this Account, a novel selective acetalization of
aldehydes with trialkoxystibine using allyl bromide, an
efficient SbCl;—metal system for allylation, reduction,
and acetalization of aldehydes, bromodiphenylstibine-
mediated oxidation of benzyl alcohols by bromine, and
reduction of some organic compounds by organo-
antimony hydride are also reported.
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