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ABSTRACT

R3;MgLi or R3Me,MgLi

(1.0-1.2 equiv.)

HO R®

R'” "R?

THF, - 78 °C,

1-5h R'” “R?

Highly alkyl-selective addition

A highly efficient alkyl-selective addition to ketones with magnesium ate complexes derived from Grignard reagents and alkyllithiums is

described. The nucleophilicity of R in R
R3MgLi is decreased. Furthermore, a highly

sMgLi is remarkably increased compared to that of the original RLi or RMgX, while the basicity of
R-selective addition to ketones is demonstrated using RMe

,MgLi in place of R sMgLi.

While Grignard and organolithium reagents continue to
remain popular choices for-6@C bond formation in organic
chemistry?~3 their reactions with ketones can, on occasion,
give rise to reduction products or aldol addition adducts/
starting ketone due to competing enolization problérnrs.

First,n-Bu-addition to acetophenorievas examined with
various common lithium and/or magnesium reagents (1.0
equiv inn-hexane on-heptane solution) in THF at78°C
for 5 h (Table 1)n-BuLi gave the corresponding alcohl
in 62% vyield along with 7% of an undesired aldol product

light of this, we decided to examine the reactions of a range 3, since it is sufficiently basic to generate enolate frbm

of “typical” ketones with various metal “ate” complexes,
formed from Grignard reagents and organolithifmso
see if this rise to improved results; we report here our
findings.
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(entry 1). Grignard reagent-BuMgCl was similarly in-
effective and gave in 50% vyield, 3 in 9% vyield, and the
reduced product in 8% yield (entry 2)n-Bu,Mg gave rise

to a better conversion than traditiomaBuLi andn-BuMgCl,
although the selectivity d decreased, along with an increase
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Table 1. Addition to Acetophenoné with Li- or Mg-alkyl Table 2. Addition to Ketoness with n-BusMgLi2P
Reagents , O OH
o o o n-BuLi (1.0 or 3.0 equiv.) HO><BU
. HO "B > +
AN I il THF,-78°C.5h R R’ F“%F“
Ph THF,—78°C,5h PN Ph vl Ph RIZNR2 6 R’
1 2 3 4 5 n-BusMgLi (1.0 equiv.) 7
THF,-78°C,5h
yield (%)
entry n-BuMX* 2 3 4 yield (%) of 6 and 7
1 n-Buli 62 7 0 entr ketone (5) - i - i
9 n-BuMgCl 50 9 5 y n-BuLi n-Bu;MgLi/Bpy
3 n-BusMg 48 27 20 6 7 6 7
4b n-BusMgLi 82 0 0 e} 62 7 9 0
an-Bu,MgX (1.0 equiv) was used n-BusMgLi was prepared in situ 1 ph)J\ G (ON [991° [0y
from 1 equiv each of-BuLi andn-Bu;Mg. o
90 0 97 0
2 Ph)J\/
in byproducts3 and4. These results indicate that the careful 0
o . 3 P 53 0 80 0
control of alkyl reagents between the minimum basicity and Ph Nipr
maximum nucleophilicity is necessary to achieve the desired o
addition to a keton& When we examined the ate complex 4 )J\ 45 . Oc 71 0
n-BusMgLi, which is easily generated in situ from a 1:1 o-Nap ©3)° (0
mixture of n-BuLi andn-Bw,Mg, we found that it exhibited o
hi L LMY o : : 5 M el 4 93 0
igh reactivity and gave?2 in 82% yield, with no side B-Nap
reactions. o
Encouraged by these results withBusMgLi, we next 6 P 58 — 80 —
examined the scope of its reaction with ketones of general Ph gh
structure5 with n-BuMgLi in comparison withn-BuLi 39 0
(Table 2). However, even 3.0 equivieBuLi could not bring 7 (52)(. (0)° 77 0
about a full conversion to produétin several cases (see
data in parentheses in entries 1, 4, and 7). Interestingly, we o
found that the addition of equimolar 2;Ripyridy! (Bpy) to 8 )J\ 9 0 95 0
n-BusMgLi was quite effective at accelerating the butylation Cy” "y

of acetophenone; this giving the corresponding alcohol in  aReactions were carried out in THF a8 °C for 5 h with ketone and
96% yield as the sole product without a self-aldol reaction n-BuLi (1.0 equiv) om-BusMgLi (1.0 equiv)/Bpy (1.1 equiv)n-BusMgLi
(entry 1)? The other alkylphenyl ketones reacted readily with /3 Preparedin s rom L equis cacvofulandn Bug exceptior
n-BusMgLi/Bpy, as evidenced by the reaction of propio- cIsolated yield when 3.0 equiv ofBuLi were usedd n-BusMgLi prepared
phenone which proceeded readily to give the alcohol prOdUCtWith n-BuLi (2.0 equiv) andh-BuMgClI (1.0 equiv) was used without Bpy.
6in 97% vyield (entry 2); isobutyrophenone also showed an
enhancement in yield with-BusMgLi as did acetophenone
(entry 3 vs entry 1)n-BusMgLi/Bpy was suitable for other
aromatic ketones such as and -acetonaphthone which
gave the corresponding alcohols in improved respective
yields of 7194° and 93% compared to-BuLi (entries 4 and

5). For the cyclic ketoneg-tetralone, the corresponding
alcohol was again formed in higher (77%) yield with
n-BusMgLi/Bpy (entry 7). Whenn-BusMgLi/Bpy was re-
acted with dicyclohexyl ketone, no significant advantages
were noted and the products were obtained in almost the

same yield (95%) as with-BuLi (entry 8). Significantly, a
troublesome aldol and/or reduction reaction did not occur
under any of the conditions tested iRBuMgLi systems.
Thus, then-BusMgLi reagent rather tham-BuLi or n-
BuMgCl has an ideal nucleophilicity and a negligible basicity
that makes it ideal for addition to ketones.

With regard to the effect of Bpy)-BusMgLi prepared with
n-BuLi (2.0 equiv) andh-BuMgClI (1.0 equiv) was found to
be useful for this butylatiomithoutadditives and gavé in
99% vyield (data in brackets in entry 1, Table 12)A

(8) (a) Sassian, M.; Panov, D.; Tuulmets, Appl. Organomet. Chem. magnesium ate complex with Bomo component [e.g.,
2002,16, 525—529. (b) Tuulmets, A.; Panov, D.; Sassian;Tetrahedron RsMgLi, prepared from RLi (2.0 equiv) and RMgX (1.0

IéggézggSég_g;g 3945. (c) Sussian, M.; Tuulmets, Helv. Chim. Acta aqujy)] was examined in its reaction with benzophen8ne
(9) 12-Crown-4 instead of Bpy was also an effective activator, 2nd
was obtained in 99% vyield under the same reaction conditions. (11) These additives, such as Bpy and 12-crown-4, generally did not
(10) Interestingly, witt-acetonaphthone, 2x{naphthyl)-2-butanol (Et- have any effects with othersRigLi prepared from RLi and RMgX, and
adduct) was obtained in 16% yield in entry 4. The ethyl-moiety in the butyl- such effects were only observed wittBu,Mg. These additives may affect
unit may migrate to the carbonyl, with carbeocarbon bond cleavage and  the effective ate complexation ofBusMgLi from n-Bu,Mg as a magnesium
the release of ethylene. Detailed mechanistic studies are now underway.source, although the details are still unclear.
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and gave the desired product in high yield without reduction ||| |l || |  IIIEINENGEIEGGgGEE

products (Table 3).

Table 3. Addition to Benzophenonb with RsMgLi

j\ RsMgLi (1.0 equiv) HAR
P Ph "I _7g-c 2n PhTPh
8 9
entry RsMgLi yield (%) of 9
10 n-BusMgLi 95
25 PhsMgLi 87
3¢ MesMgLi >99
4d Et;MgLi 64

an-BugMgLi: 2 equiv of n-BuLi and 1 equiv oin-BuMgCl. b PhsMgLi:
2 equiv of PhLi and 1 equiv of PhMgBf.MesMgLi: 2 equiv of MeLi
and 1 equiv of MeMgBrd EtsMgLi: 2 equiv of EtLi and 1 equiv of
EtMgBr.

n-BusMgLi, PhsMgLi, and MeMgLi gave9 in respective
yields of 95%, 87%, and>99% (entries 1, 2, and 3). A
dramatic enhancement in reactivity was observed with
Et;MgLi to afford 9 in 64% vyield, since ethylation with 1.2
equiv of EtLi showed 37% yield while that with 1.2 equiv
of EtMgBr showed 14% yield (entry 4).

Next, we turned our attention teteromagnesium ate
complexes, i.e., BR»MgLi (R! = R?), instead ofhomo
magnesium ate complexes such aMBLi. Considering the
atom economy of alkylation, the alkyl source (R) in
magnesium ate complexes ofsMgLi is not consumed
completely during the reaction and the remaining R source
would be sacrificed. This prompted us to examitBRMgLi
in the alkylation to ketones. The key to success here is likely
the choice of a second alkyl source?Rn R!R%MgLi
complexes, which can be replaced as an unreactive “dummy”.
Me and Ph were found to be good inactive components in
n-Bu,RMgLi-type complexes and gave the Me-adduct (8%)
and Ph-adduct (8%) as minor produd®in the alkylation
of acetophenont (entries 1 and 2, Table 4). In both cases,
then-Bu-adduct2 were the major products (#78% yield)

Table 4. Addition to Acetophenoné with n-Bu,Rz—MgLi2P°

O n-Bu,Rs.,MgLi (1.0 equiv.) HO "Bu HO R
+
Ph THF,-78°C,5h Ph Ph
1 2 10
yield (%)
entry n-Bup,Rs-,MgLi 2 10
1 n-BugMeMgLi 78 8
2 n-BugPhMgLi 77 8
3 n-BuMe,MgLi 72 26
4 n-BuPhaeMgLi 57 41
5 n-Bu(¢-Bu);MgLi 61 23

aReactions ofl with n-Bu,Rs-:MgLi (1.0 equiv) were carried out in
THF at— 78°C for 5 h.? No aldol and/or reduced products were obtained
in any of the runs.
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Table 5. Ethylation to Ketone$ with EtMe;MgLi Reagent&®

EtMgBr (1.2 equiv.) ~ HQ FEt j)\l—l
> +
Q THF,-78°C,5h R SR2  R1TOR2
R1JJ\R2 11 12
5 EtMe,MglLi (1.2 equiv.) . HO Me
> +
THF,-78°C,5h R “R?
13

yield (%) with yield (%) with

entry  ketone (§) EtMgBr EtMe,MgLi
11 12 11 13
O
71 0 93 6
LN
0]
77 0 93 7
2 Phk/
0O
36 11 92 8
3 Ph)J\i—Pr
O
4 0 50 89 11
Ph)kt—Bu
O
35 9 94 4
3 a—Nap)J\
¢]
66 9 95 5
6 B-Nap)k
O
7 14 68 >99 <1
Ph)]\Ph
O
8 @ij 36 9 89 7
O
¢ ~ 56 39 96 4
L~
N
O
10¢ [ = 41 48 97 3
N

a Reactions of5 with EtMgBr (1.2 equiv) or EtMeMgLi (1.2 equiv)
were carried out in THF at78°C for 5 h.? No reduced products2 were
obtained in any of the runs under EtplégLi conditions.¢ Reaction time
was 1 h.

(cf. entry 4, Table 1). In sharp contrast to the results with
n-BwRMgLi, a clear difference was observed between Me
and Ph components in the-BuR:MgLi-type complexes,
although it is not clear why a Me-moiety is more favorable
than other “dummies”. Despite the decrease in Bu groups
present, then-Bu-adduct2 could be obtained in 72% yield
as the major product (entry 3), whireBuPhMgLi did not
lead to good alkyl selectivity (entry 4). While the yield of
the n-Bu-adduc® with n-BuMe,MgLi was the same as that
with n-BuuMeMgLi, the efficiency ofn-Bu addition with
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BUMeMgLi (72%) was superiorto that vt BuvenoLi

(39% based on totai-Bu). Furthermore, the sterically more 1,0 6 Addition to Benzophenon8 with RMeMgLi
demandingt-Bu was inferior to Me as an inactive moiety Reagens?
(entry 5 vs entry 3).

Using RMeMgLi systems, we examined the ethylation RMgBr (1.2 equiv) H%E + )O\H
to ketones. Due to the instability and difficulty of preparing o / THF, -78°C, 2h Ph™ "Ph  Ph™ "Ph
and handling EtL#? there are still limitations with traditional pr” ph 9 14
methods, such as with the use of a common Grignard reagent 8 RMe,MglLi (1.2 equiv.) HQ Me
(EtMgX). In fact, ethylations to ketones with Grignard THE —78°C 21 >~ 9 T e Nph
reagent (EtMgBr) either failed or gave only a moderate yield ' ’ 15
(Table 5). In particular, the reaction of 2,2-dimethylpro-
piophenone_ with EtMgBr failed to give any of thr—_: des_ired vield (%) with vield (%) with
produc_tll; instead the reduced produ@ was ob_tamed in RMgBr RMesMgLi
50% yield. By way of contrast, the corresponding reaction
proceeded quite smoothly with the EtplégLi ate complex entry R 9 14 9 15
and gave the desired Et-adduct in 89% yield (entry 4). 1 Et 14 68 >99 <1
For other low-yield examples (2436%) with EtMgBr such 2 i-Pr 48 36 87 0
as isobutyrophenone-acetonaphthone, benzophenone and 3 n-Pr 15 56 88 12
a-tetralone, EtMgMgLi showed high selectivities for the Et- # n-Bu 0 56 92 8
adductll as opposed to the Me-addua@, giving the desired 2 Reactions o8 with RMgBr (1.2 equiv) or RMgMgLi (1.2 equiv) were

; ; ; 0 ; carried out in THF at=78 °C for 2 h.”No reduced product44 were
prOdUCt In extremely hlgh y'eld (89>99 /0) (em“es 3,5, obtained in any of the runs under RpgLi conditions.¢ n-BuMgCl was

7, and 8). Although EtMgBr gave fair results with aceto- used.
phenone, propiophenone afichcetonaphthone (6677%),
further improvements were observed with EgMigLi; with In summary, we have developed a highly efficient alkyl-
Et-adductsl1 were obtained in 9395% yield (entries 1, 2 selective additions to ketones using magnesium ate com-
and 6). With a heterocyclic compound such as pyridine, plexes derived from Grignard reagents and alkyllithiums.
EtMe;MgLi gave the corresponding products in-987% Remarkable improvements were observed with thiddr.i
yield (entries 9 and 10). Undesired Me-addut3xould be ate complex systems. Furthermore, we have demonstrated
easily separated by SjOflash column chromatography, that RMeMgLi as a RR%MgLi ate complex system can be
although the selectivities betwedrl and 13 were in fact used for highly selective alkylmetal addition to ketones.
high or perfect. These reactions are currently still under investigation in an
Finally, alkylations with other RMgMgLi systems were  effort to further expand the scope of this process, in
performed with benzophenorgeat —78 °C for 2 h (Table  particular, to aldehydes, esters, amides, imines, @jfd
6). As expected, alkylations withPrMe;MgLi, n-PrMe- unsaturated carbonyl compounds.
MgLi, and n-BuMeMgLi with high selectivities for the
corresponding R-adduc®& in high yields of the products
were also apparent. Comparable Grignard reagents wer
totally ineffective and gave significant amounts of the
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