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Insights into the General and Efficient Cross excess or when the products are easily sepafdifie.exception
McMurry Reactions between Ketones to this rule exists when one of the carbonyl partners is a
diarylketone. McMurry found that the cross-coupled products
predominated if a diaryl ketone was coupled with an equimolar

Xin-Fang Duan,* Jing Zeng, Jia-Wei'l.@nd amount of aryl, aliphatic ketones or aldehy@@dcMurry also
Zhan-Bin Zhang described the mechanistic basis for selectivity by postulating
Department of Chemistry, Beijing Normal Uersity, that the diaryl ketone first rapidly formed a dianion quantatively
Beijing, 100875, China and then added to the saturated ketone. This type of cross

coupling has already been used as the key step in the synthesis
of the antitumor agent tamoxifénjts analogue$, and the
antihistamine drug loratadirfe.

The few successful cross McMurry reactions were signifi-
cantly dependent upon the structural differences between the
two reactants, namely, (a) molecular weight allowing for
products to be more separable and (b) reduction potential as
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(R)Ar R ! diaryl ketones formed a dianion rapidly and quantatively.
o ARy TiCWZnPyTHF  (RIAr . Ar(R) Obviously such strict structural requirements have limited the
- v+ o< i ] —  ArR) scope of the cross McMurry couplings. For this reason, other
N\ & Ar(R)  Mole Ratio = 1: 1.2 / ; i i i
Y \ Xy types of cross couplings such as diaryl ketones with diaryl
Y = OH, OCHg, OCH,CHZ0H . i . ketones, aryl ketones with aryl ketones, and aryl ketones with
NHy, NRy, CHoNR, etc. isolated yield up to 94%

aliphatic ketones remain a challenge. In this paper we report
The selective cross McMurry couplings of diaryl or aryl the results of our study on these cross couplings.

ketones with various substituted ketones were achieved in Our research is based on the premise that the coupling
53—-94% isolated yields. It is believed that the strong affinity reaction occurs on the surface of the titanium and the difference
of the substituents to the low-valent titanium surface plays of the affinity of reactants to the titanium surface should affect

an important role in regards to moderating selectivity. the outcome. To test this premise, we first chose two homo-
Through the introduction of such substituents followed by couplings and two mixed couplings: homocoupling of ben-

their removal post McMurry coupling, structurally similar ZophenoneX(@); homocoupling of 4, 4dimorpholinylbenzophe-

ketones can be effectively cross-coupled. none (Lb); cross coupling ofia with 1c and cross coupling of
lawith 1b (Table 1, entries 44). The reactions were carried

out using the TiC}J—Zn—Py systenT. For the cross couplings,
The reductive coupling of carbonyl compounds to produce the two carbonyl compounds were charged in equimolar
olefins through low valent titanium, known as the McMurry ~amounts. It was observed that in the presence of the morpholinyl
reaction! has acquired great importance in organic synthesis. groups, both the homo- and cross couplings were remarkably
The broad interest in the reaction is expressed by a number ofretarded. Their cross reaction (entry 6) resulted in a selective
reviews outlining the synthetic applications and mechartism. cross coupling with an isolated yield of 56%. On the contrary,
The couplings are particularly prominent in (a) preparations of the coupling oflaandlc (entry 3) resulted in a nearly statistical
sterically hindered alkenes through homocouplings and (b) mixture of the possible products. These results indicate that the
construction of cycloalkenes with ring sizes ranging from 3 to  morpholinyl group significantly influences the reductive cou-

72 via intramolecular couplingsThe utility of this coupling pling and enhances the selective cross coupling over homocou-
reaction is highlighted as the key step in numerous synthesespling. In light of the more rapid consumption & during the
of natural products. reaction, the mole ratio dfato 1b was raised from 1:1 to 1.2:

There are, however, remarkably few recorded examples of 1. As a result, the isolated yield of the cross-coupling product
the cross McMurry couplings between two different carbonyl increased to 73% (Table 1, entry 7). Encouraged by these results,
compounds. It is generally believed that this kind of cross We carried out a variety of cross couplings betwéaand1b—
coupling will generate a roughly statistical mixture of the

possible coupling products. For synthetic purposes, such mixed (5) (a) Reddy, S. M.; Duraisamy, M.; Walborsky, H. M.Org. Chem.
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TABLE 1. Cross McMurry Reactions between Benzophenone and Diaryl Ketones

X X X X
TiCly / Zn O Q \_// @
+ — + — + -y
O Py/THF %
O YO0 00 g0
Y ¥

Y
1a 1b-1q 2aa 2ab-2aq 2bb-2qq
Ti Time® Yield (%)
Entry Ketones (E) (h)  2aa__ 2ab~2aq 2bb~2qq
1 1a 1la 5 6  92(2aa) - -
2 1b N o 5 34 - - 90(2bb)
Ib:X=Y= \_/

3  1a 1c: X=H; Y=CH; 5 6 28°  44°(2ac) 28°
4 l1a 1dX=H;Y=Br 5° 5 30° 39° 30°
5 1a leX=Y=CH; 5 6 32°¢ 35° 33°
6 1a 1b 5 36 17°  56°(2ab) 17°
7 1a 1b 2 40 16 64(2ab) 11

la 1b 4 34 14 70(2ab) 8

la 1b 5 34 13 73(2ab) 8

la 1b 8 30 15 72(2ab) 9

la 1b - 15 5 28 36(2ab) 27
8 la jrx_py- N(_f)o 5 16 16 62(2af) 13
9 18 gox-my- Nf} 5 36 20 53(2ag) 16
10 18 qpx-my- o N )5 38 21 52(2ah) 15
11 1a qux-y= NC> 5 36 15 65(2ai) 11
12 1a 1j:X=H;Y=0H 5 32 14 66(2aj) 10
13 1la 1kX=Y=OH 5 36 14 69(2ak) 10
14 1a 1L X=H;Y=0CH; 16 62(2al) 12
15 1a 1m:X=Y=OCH; 5 34 17 59(2am) 13
16 1a 1n:X=H;Y= OCH,CH,0OH 5 30 17 60(2an) 14

lo: X = Y = OCH,CH,O

17 12 _cpenon 5 38 4 89(2a0) 3
18 1a 1p:X=H;Y=NH, 5 13 10 80(2ap) 7
19 1a 1q: X=H; Y= CH,NHPh 5 15 12 68(2aq) 9

aThe cross couplings were determined to be complete vihemas consumed, the hours were the whole reaction time after the homocoupliblys @f
were completed? In these cases, the mole ratiosl@fto 1b—e were 1:1; in other cases the ratioslafto 1b, 1f—q were 1.2:1° The yields were obtained
by GC analysis.

p. The generality with respect to the substituents was also reaction through their strong affinity to the surface of the

established. The results are summarized in Table 1. titanium, rather than through altering the reduction potential or
It was observed that a series of nitrogen or oxygen-containing electronic density of the carbonyl moiety. This is exemplified
substituents such asOH, —OMe, —OCH,CH,OH, —OCH,- by comparing entries 9 with 10 and 18 with 19 (Table 1).

CH,OCH,CH,OH, —NH,, —NR,, CHoNHPh, and CHENR> Experiments on the influence of the amount of low-valent
decelerated the reaction and enhanced the selectivity of the crossitanium (Table 1, entry 7) indicated that-8 equiv of titanium

coupling over the homocoupling reaction. In contrasGHs were sufficient for the reaction to occur effectively. However,
or —Br substituents did not display such effects (Table 1, entries when the equivalents of titanium fdo were raised to 15:1, the
3-5). Polar substitutents such as\H,, —OH, —OCH,CH,- mixed coupling proceeded rapidly and gave a roughly statistical

OCH,CH,0OH, and morpholinyl were more effective in this mixture of three products. In view of the above-mentioned result,
regard (Table 1, entries 7, 8, 12, 13,-11@). The presence of it is hypothesized that the selectivity of the cross couplings is
two such substituents somewhat improved the cross couplinginfluenced by the strong affinity of the substituents to the surface
relative to one group as shown by comparing entry 7 with 8, of titanium. We postulate that this interaction deactivates the
12 with 13, and 9 with 11 (Table 1). titanium and decelerates the reaction. The homocouplirigof

It appears that these substituents affect the outcome of thisis thus slowed. With the higher concentration db—q,
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TABLE 2. Cross McMurry Reactions between Diary Ketones and
Aryl Ketones or Aliphatic Ketones?
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TABLE 3. Cross McMurry Reactions between Aryl Ketones and
Aryl Ketones or Aliphatic Ketones @

Ph R TiCly / Zn R R TiClg / Zn
0+ 0= 0+ 0= >
Ph% ArR)  Py/THF Ar>: Ar(R) Py /THF
1a 1r-1y 1r-1u 1z-1w
Ph  Ph Ph, R (R)Ar R R Ar R R (R)A! R'
: o : + > . ( + >_j — 4 + *7/2 + —
PH Ph PH AR R ArR) A AR) AT AR) R ArR)
2aa 2ar-2ay 22y 2rr-2uu 2rz-2uw 2zz-2ww
E Ketone leld (%) 2 yield (%)
n ar- IT- .
try (Ir-1y) 2aa Ti
5 2ay 2yy entry ketones equiv  2rr—2uu  2rz—2uw  2zz-2ww
1 ©_< 12 65 13 1 ir 12 50 28 41 2%
1r: o 2 ir 1s 50 18 58 prs)e 15
71 3 r 1t 50 12 62.2 2rt)d 125
2 s H°©"< 13 a9 7 4 Ir v 50 16 6022rv)¢ 13
* o 5 r 1u 5.0 9 76.7 2ru)d 6
3 o©—< 4 92 6 I 1w 50 27 3 20
1t: / (2at) 7 1s 1w 5.0 26 30 2sw) 31
1u: 1s 1w 20 8 70 @sw) 13
4 - ) 3 94 14 8 it 1w 20 9 69 tw) 14
o N (2au) ’ 9 u 1w 20 14 60 Ruw) 17

aThe mole ratios of.r, 1s 1t, or 1uto 1z—w were 1.2:1° 1z 4-methyl
acetophonet The yields were obtained by GC analysi§.he products were
isolated and charaterized as a mixture Of &nd €) isomers.

0 80
> v H2N©_< 12 (2au) >

6 <:>:o 2 78 10
. b b b
1w: (19) (9728)5 (6) SCHEME 1. Preparation of 2ac via Cross McMurry
7 Ph*NC>:O 5 : 0.5 Coupling
1x: (2ax) HoN
Ol T
o -
8 1y: A¢ 4 (2ay) 2 o] . O  TiCly/2Zn
o o
aThe mole ratios ofla to 1r—y were 1.2:1° The yields in the
parentheses were reported by J. E. McMurry in ref 6. 1c 1p

NH;,
presumably on the titanium surface, the selectivity of the cross

coupling was enhanced accordingly. When the amount of O
titanium was substantially excessive, this effect was minimized, _

NaNOz-NaH803

and the couplings proceeded statistically. EtOH-H,0
We performed an additional series of cross couplings between O @ O O
diaryl ketones and aryl and aliphatic ketones. The results are .
2cp 76% 2ac 81.3%

presented in Table 2. As reported by McMufrthis type of
coupling predominantly generated the cross-coupling products
even without the above-mentioned cross- coupling-enhancing couplings were achieved using 2 equiv of low-valent titanium.
substituents (Table 2, entries 1 and 6). However, the introduction At present, the cross couplings between two aliphatic ketones
of these groups such agOH, —OMe, —NH,, and morpholinyl require further investigation. Our attempts to achieve the
substantially improved the yields of cross couplings (up to 94%, selective cross couplings betwegw and1x and betweeriw
Table 2). This in turn, facilitated the isolation of the products. andly were unsuccessful.

The cross couplings of aryl ketones with aryl and aliphatic ~ Under standard conditions, structurally similar ketones such
ketones were also investigated (Table 3). Not surprisingly, the as 1a and 1c cannot be selectively cross coupled and their
reactions resulted in inseparable and nearly statistical mixturesproducts are often difficult to purify. In light of the above results
of the possible products in the absence of the aforementioneddescribed in this paper, such ketones can be effectively cross
substituents (Table 3, entries 1 and 6). The effect of substituentscoupled by utilizing the effects of substituents. Removal of the
such as OH, OMe, Np and morpholinyl was examined for  directing group would then provide the desired product (e.g.,
the cross couplings of aryl ketonds with 1s—u (Table 3, amino group as outlined Scheme 1). This provides a convenient
entries 2-5) and aryl ketoneg¢s—u with cyclohexanonelw) and effective synthetic strategy for alkenes that were previously
(Table 3, entries 79). The desired cross-coupling products were difficult to synthesize or inaccessible through McMurry cou-
obtained in 58-76.6% isolated yields. It should be noted that Plings.
the couplings between aryl and aliphatic ketones occurred In conclusion, we have developed a novel general methodol-
without selectivity when they were conducted with 5 equiv of ogy to accomplish efficient cross McMurry reactions between
low-valent titanium (Table 3, entry 7). The selective cross two different ketones. This procedure significantly extends the
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scope of the McMurry reaction and enhances its utility as a consumed (monitored by TLC). The reaction was quenched with

powerful tool for C-C bond formation. 10% K,CO; aqueous solution and taken up with &Hb. The
organic layer was collected and concentrated. The crude material
Experimental Section was purified by flash chromatography to give the desired products.
General Procedure for Cross McMurry Reactions.Under an Acknowledgment. We gratefully acknowledged the National
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was charged with zinc powder (1.6 g, 24 mmol) and 40 mL THF. generous support from Beijing Synth. Sky Chem. Tech. Ltd.
The mixture was cooled te-5 to 0 °C, and TiCh (1.3 mL, 12 We are also grateful to Dr. Noriyuki Kawahata, Yao Ma, and

mmol) was slowly added by a syringe with the temperature kept shyang Liu for their revision of this manuscript and for their
under 10°C. The suspending mixture was warmed to room pejnfy| advice.

temperature and stirred for 0.5 h, then heated at reflux for 2.5 h.
The mixture was again cooled teb to 0°C, charged with pyridine
(0.5 mL, 6 mmol) and stirred for 10 min. The solution of two
carbonyl compounds [in 1:1 to 1:1.2 mole ratio (as illustrated in
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