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The unsymmetrical diorganomanganeses(Il) (R'R*Mn) and magnesium triorganomanganates(II) (R%RZMnMgX) re-
acted with 2-cyclohexen-1-one to produce the 1,4-addition products in moderate to good yields. The approximate reactivity
order obtained from the product distribution was CH,=CHCH, > PhS > n-Bu > Ph > Me, Me3SiCH,, n-C¢H;3—C=C. In
contrast, the reactivity order for the addition of these reagents to cyclohexanecarbaldehyde was CH,=CHCH, > Ph >Me >

n-Bu > n-C¢H3C=C > Me3SiCH;.

Diorganocuprate(I) reagents are widely used in organic
synthesis.” These compounds are particularly well-suited
for substitution reactions on an extremely wide range of sat-
urated haloalkanes and unsaturated electrophiles (allylic and
propargylic derivatives) as well as for 1,4-addition to a,(-
unsaturated carbonyl compounds. Generally only one of the
two R groups in a cuprate(I) of the stoichiometry R,CuLi
(or R,CuMgX) can be introduced into a substrate; mixed
cuprates(I) of the type R{R;CuLi have been used, in which
R; is an easily transferred ligand and R; is a tightly held,
nontransferable “dummy ligand”. Several groups R; such
as alkynyl- and thiolatocuprate(I) have been used for this
purpose. Only little attention has been paid to the related re-
actions of diorganomanganese(Il) and triorganomanganate-
(I),? and their scope remains to be established.> We became
interested in mixed manganates(I)® in connection with our
work on the allylmanganation of acetylenes.” We report here
the results of a survey of the selectivities exhibited by a
number of mixed organomanganate(Il) reagents in the trans-
fer of their organic moieties to substrates in two reactions:
conjugate addition to 2-cyclohexen-1-one and nucleophilic
addition to cyclohexanecarbaldehyde.

(1) Addition Reaction of Mixed Organomanganese(Il)
Reagents to 2-Cyclohexen-1-one.  Diorganomanganese-
() compounds and triorganomanganates(Il) were prepared
according to the reported procedure.® Diorganomanganese-
(1) reagents were generated in THF at 0 °C by an addi-
tion of R'MgX and R?MgX (1 equimolar amount each) to
a suspension of MnCl,. Triorganomanganates(Il) were pre-
pared in THF at 0°C by an addition of 2 molar amounts
of R'MgX to 1 molar amount of manganese(I) chloride,
followed by an addition of 1 molar amount of a second
Grignard reagent (R?MgX). The resulting homogeneous so-
lutions of organomanganate(Il) reagents will be referred to
for convenience simply as solutions of diorganomanganeses-
() R'R?>Mn and triorganomanganates(Il) RiJR*MnMgX,, al-

though they probably contain mixtures of several different
manganates(Il).” These solutions were treated with 2-cy-
clohexen-1-one at —78 °C and the resulting mixtures were
stirred for 20 min at —78 °C and then quenched with 1 M
HCI (1 M=1 moldm™3). The distribution of the products
was determined by the examination of 'H NMR data of crude
reaction mixtures and isolation of the products. The order in
which the Grignard reagents were added to the suspension
had no influence on the yields and distribution of the prod-
ucts. For instance, triorganomanganate(Il), n-Bu,MeMgBr
generated by two procedures, (A) an addition of 2 molar
amounts of n-BuMgBr to 1 molar amount of MnCl, followed
by an addition of 1 molar amount of MeMgBr, (Entry 5 in
Table 1) and (B) an addition of 1 molar amount of MeMgBr
followed by an addition of 2 molar amounts of n-BuMgBr,
provided the same results to give 3-butylcyclohexanone in
50% yield and a trace amount of 3-methylcyclohexanone
(< 1%) upon treatment with 2-cyclohexen-1-one.

The representative results are summarized in Table 1. It
is worth some brief comments. The yields of 1,4-addition
product were moderate, since bicyclic ketone 4, which re-
sults from the f-reductive dimerization of cyclohexenone,
was produced in 25—35% yields? in all cases examined.
Triorganomanganates(Il) provided slightly better yields of
1,4-addition product compared to diorganomanganeses.
However, the reactivity order was almost the same for both
reagents. The reactivity order was CH,=CHCH, > PhS >
n-Bu > Ph > Me, Me;SiCH,, n-CgH;3C=C. The order is
very similar to that for organocuprates(I), with the excep-
tion of manganate(Il) containing phenylthio moiety. Phen-
ylthio group migrates more easily than butyl group (Entries
3 and 13). This shows sharp contrast to the hetero cuprates-
(I) (RCu(SPh)Li) in which phenylthio moiety is retained on
copper.? Allylic moiety was transferred most easily among
the organic moieties examined. 1,2-Addition of allyl group
competed with ordinary conjugated addition (Entries 2 and
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Table 1.  1,4-Addition of Organomanganese Reagents to
2-Cyclohexen-1-one®

.

(¢}

R',R?MnMgBr
(or R'R?Mn)

1
R R2
I + l I +| || !
0o 2 (0] 3

O O &
Manganese reagent Yield (%) of
Entry R! R? 2 3
RIR*MnMgBr
1 n-Bu n-Bu 59 —
2 n-Bu CH,=CHCH, 1 36”
3 n-Bu PhS 17 27
4 n-Bu Ph 51 8
5 n-Bu Me 50 <1
6 n-Bu i-C3H7 16 <1
7 n-Bu Me;SiCH, 61 <1
8 n-Bu n-CgH13C=C 72 <1
9 n-CeH3C=C n-Bu 1 14
10 Ph n-Bu 10 27
R'R?Mn
11 n-Bu n-Bu 29 —
12 n-Bu CH,=CHCH, <1 229
13 n-Bu PhS 3 60
14 n-Bu Ph 37 2
15 n-Bu Me 43 1
16 n-Bu Me;SiCH, 33 <1
17 n-Bu n-CgHy3C=C 13 <1

a) Bicyclic ketone 4 was obtained in25—35% yields in all experi-
ments. b) Contaminated by 1,2-addition product (19%). «c¢) 1,2-
Addition product was obtained as a main product (49%).

12). The selectivity in alkyl group transfer characterizing
mixed manganese(ll), in which R! is butyl and R? is methyl,
was high (Entries 5 and 15). The use of i-PrMgBr (Entry
6) instead of methyl also provided butylated product selec-
tively, but the yield decreased dramatically. The low yield
might be ascribed to the instability of the manganese reagent
derived from secondary Grignard reagent.®? 1-Octynyl and
trimethylsilylmethy!® clearly resist transfer as well as meth-
yl group (Entries 7, 8, 9, 16, and 17). The transfer ability of
phenyl group is one-third to one-fifth of that of butyl group
(Entries 4, 10, and 14).

(2) Addition of Mixed Organomanganese(Il) Reagents
to Cyclohexanecarbaldehyde. Similar experiments were
carried out to determine the selectivity with which organic
groups are transferred in the reaction with cyclohexanecarb-
aldehyde.” The results are summarized in Table 2.

Several features of these data deserve comment. (1)
The yields of adducts are higher than those for 1,4-addi-
tion products'® described in Section (1). (2) The reactivity
order was CH,=CHCH, > Ph >Me > n-Bu >n-CcH3C=C >
MesSiCH,. The selectivity with which organic groups are
transferred is different from that in the reaction with 2-cy-
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Table 2.  Addition of Organomanganese Reagents to Cy-
clohexanecarbaldehyde

R'sRZMnMgB
Oy« Timen
{or R'R“Mn)
OH OH
5 6
Reagent Yield (%) of
Entry R! R* 5 6
RIR*MnMgBr
1 n-Bu n-Bu 98 —
2 n-Bu CH,=CHCH, <1 89
3 n-Bu Me 35 36
4 n-Bu Ph 44 54
5 n-Bu n—C6H13CEC 70 7
6 n-Bu Mes;SiCH, 97 <1
R'R®Mn
7 n-Bu Me 35 49
8 n-Bu Ph 14 70
9 n-Bu ) I’L—CGH13CEC 58 9
10 n-Bu Me;SiCH, 89 <1

clohexen-1-one. For example, a methyl group, which is
retained in the 1,4-addition reaction, transfers more easily
than butyl group (two times, Entries 3 and 7).!” Phenyl moi-
ety, which is more sluggish than butyl group to migrate in
the conjugate addition reaction, migrates 2.5—5 times more
easily than butyl moiety (Entries 4 and 8). (3) The reaction
of manganese(Il) compounds (n-BusMnMgBr or n-Bu,Mn)
with a ketone such as cyclohexanone did not proceed at —78
°C and ketone was recovered unchanged.'?

The use of benzaldehyde in place of cyclohexanecarbalde-
hyde resulted in formation of pinacol coupling products. For
instance, treatment of benzaldehyde with tributylmanganate-
(ID) provided benzpinacol in 58% yield (mesoldl=1/1) in
addition to butylated product, PhCH(OH)-~n-Bu (27%). Ace-
tophenone also afforded the corresponding pinacol coupling
product (48%) and butylated compound (10%) (Scheme 1).

The difference between the reactivity order in the reac-
tion of 2-cyclohexen-1-one and that in the reaction of cy-
clohexanecarbaldehyde could be attributed to the different
mechanisms between these two reactions. We are tempted
to assume the following mechanisms for the two types

n-BugMnMgBr
ArCHO —— Ar—(I)H—(IZH—Ar + Ar—(I)H-n-Bu
OH OH OH
Ar=Ph 58% 27%
Ar = Mesityl 33% 24%
n-BusMnMgBr CHaGHs CHa.
Ph—-C-CH; ————p Ph—(I)——-(l)—Ph + Ph—Q-—n—Bu
o OH OH OH
48% 10%
Scheme 1.
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of the reactions, based on the findings described above.
Organomanganese(Il) compounds have two characteristic
features and they act either as nucleophilic reagents or
one-electron donating reagents depending on the substrates
employed.'” The reaction with cyclohexanecarbaldehyde
would be explained by a nucleophilic attack of an alkyl group
on manganese, whereas 1,4-addition reaction and pinacol
coupling reaction might be modeled by a radical reaction me-
diated by one-electron donation'* from organomanganese(Il)
reagents to 2-cyclohexen-1-one or aromatic carbonyl com-
pounds (Scheme 2).!%

Experimental

General Procedure for 1,4-Addition of Mixed Manganese
Compounds to 2-Cyclohexen-1-one. The reaction of 2-cy-
clohexen-1-one with dibutylmethylmanganate(Il) is representative.
A suspension of manganese(Il) chloride (151 mg, 1.2 mmol) in
THF (10 ml) was sonicated for 10 min under argon atmosphere.
With stirring, to this suspension at 0 °C were added a solution of
butylmagnesium bromide in THF (2.4 ml, 1.0 M, 2.4 mmol) and
a solution of methylmagnesium bromide in THF (1.2 ml, 1.0 M,
1.2 mmol) at intervals of 3 min. After being stirred for 20 min,
the resulting dibutylmethylmanganate(Il) was cooled to —78 °C
and a solution of 2-cyclohexen-1-one (96 mg, 1.0 mmol) in THF
(3 ml) was dropped into it. After 20 min, the starting material
was consumed completely. Hydrochloric acid (1.0 M) was added
to quench the reaction and the products were extracted with ethyl
acetate (20 mlx3). The combined organic layer was concentrated.
Purification by silica gel column chromatography afforded 3-butyl-
cyclohexanone (77.6 mg, 0.50 mmol) in 50% yield and only a trace
amount of 3-methylcyclohexanone was detected by '"H NMR.

General Procedure for the Reaction of Mixed Manganese-
(II) Reagents with Cyclohexanecarbaldehyde. The reaction of
cyclohexanecarbaldehyde with dibutylphenylmanganate(Il) is rep-
resentative. The manganate(Il) (1.2 mmol) was prepared from
2BuMgBr, PhMgBr, and MnCl, according to the procedure de-
scribed above for the generation of dibutylmethylmanganate(Il).
The resulting dibutylphenylmanganate(Il) was cooled to —78 °C
and a solution of cyclohexanecarbaldehyde (112 mg, 1.0 mmol) in
THF (3 ml) was added. After being stirred for 20 min, the mixture
was poured into 1 M HCl and the products were extracted with ethyl
acetate (20 mlx3). Silica-gel column purification provided 1-cy-
clohexyl-1-pentanol (75 mg, 44%) and cyclohexylphenylmethanol
(103 mg, 54%).

Pinacol Coupling Reaction of Benzaldehyde with Tributyl-
manganate. A suspension of manganese(Il) chloride (151 mg,
1.2 mmol) in THF (10 ml) was sonicated for 10 min under argon
atmosphere. Butylmagnesium bromide (1.0 M THF solution, 3.6
ml, 3.6 mmol) was added to the resulting suspension of MnCl, at O
°C. The mixture was stirred for 20 min and then cooled to —78 °C.
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A THF solution of benzaldehyde (106 mg, 1.0 mmol) was added and
the whole was stirred for 1 h at —78 °C. Extractive work up (1 M
HC], ethyl acetate) followed by silica gel column chromatography
gave benzpinacol (62 mg, 58% yield). Spectral data of pinacol
coupling products derived from 2,4,6-trimethylbenzaldehyde and
acetophenone were identical with those reported in the literature.'®
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