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SYNTHESIS OF ALLYLIC KETONES VIA ACYLATION OF ALLYLIC MERCURIALS

Richard C. Larock* and Yong-de Lu
Department of Chemistry, Iowa State University, Ames, Iowa 50011

Summary. Allylic mercurials, readily available from allylic halides and mercury(0), react
with acy! chlorides and A1C13 under mild reaction conditions to afford high yields of aliylic
ketones.

One valuable approach to allylic ketones involves the reaction of acyl halides and
allylic organometallics of s1'Hcon,1 t1n,2 copper3 or rhodium4 (eq. 1), Since these

ﬂ

H2C=CHCH2M + CICR

M = Si, Sn, Cu, Rh

organometaliics are most commonly prepared from the corresponding alkali metal or magnesium
compounds, 1ittle functionality in the allylic moiety can be accommodated by this process.

On the other hand, allylic mercurials are readily prepared from the appropriate allylic

halide and mercury(0) (eq. 2).5 Since allylic chlorides and bromides are readily available,

i
> H,C=CHCH,CR (1)

RZC=CHCH2

X + Hg > R2C=CHCH2HgX (2)
but the corresponding jodides are relatively unstable and difficult to work with, though
considerably more reactive towards mercury(0), we have modified previous literature procedures
to obtain the desired allylic mercuric iodides. The appropriate allylic halide (10 mmol) was
reacted with Nal (20 mmol) in THF (10 m1) for 2-8 hours (Time 1) and then mercury(0) (4 g) was
added. The reactants were vigorously stirred for 4-24 hours (Time 2) under a nitrogen
atmosphere before filtering through Celite to remove unreacted mercury(0), adding ether,
washing with water and drying over anhydrous MgSQ, (Procedure A). Removal of the solvent
afforded essentially pure allylic mercurial which could be recrystallized from ethanol if need
be. This procedure did not work well with all allylic halides, but a simplified procedure
(Procedure B) which involves mixing all reagents together from the start and stirring the
appropriate period of time at 0°C generally provided good yields (Entries 7-9). Some
representative yields using these procedures are summarized in Table I. Note that a variety
of substituted allylic chlorides, bromides or iodides can be employed successfully in this
process and that ester groups and presumably many other functional groups can be readily
accommodated (Entries 8 and 9).

With a variety of allylic mercurials now in hand, we set out to examine their reaction
with acyl halides. While a1ky1,6'7 ary1,6'8 viny]ic,9 a11en1c,10 propargyliclo and a1kyny111
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TABLE I. SYNTHESIS OF ALLYLIC MERCURIC IODIDES

Reaction Times (hours) Allylic Mercuric % Isolated

Entry Allylic Halide Procedure Time 1 ; Time 2 Iodide Yield
HyC=CHCH,X HyC=CHCH,Hg1

1 X = C1 A 4 3 24 78
2 X = Br A 2 H 8 92
3 X =1 a - 5 4 98
4 H2C=C(CH3)CH2C1 A 8 s 24 H2C=C(CH3)CH2HgI 79
5  E- CH3CH=CHCHyBr A 4 s 24 E- CH3CH=CHCH,HgI 78
6  E- PhCH=CHCH,Br A 4 s 24 E- PhCH=CHCH,HgI 3P
7 (CH3)pC=CHCHaBr B 6 (CH3) C=CHCH,Hg1 44
8  E- Et0,CCH=CHCH,Br B 3 E- Et0,CCH=CHCH,HgI 43
9 HyC=C(CO,Et)CHyBr B 1 HyC=C(CO,Et)CH,HgI 47

aCgmmerciaﬂy available allyl jodide was used directly, omitting the sodium jodide
step. “The corresponding cinnamylmercuric bromide can be prepared in higher yield by shaking
with mercury(0) for 15 minutes in 95% ethanol (see reference 5d).

mercurials undergo facile acylation by acyl halides either directly or preferably in the
presence of aluminum halides or Pd(PPh3)4,12 only the direct reaction of allylmercuric iodide
and acyl halides has previously been examined™ > and none of the anticipated allyl ketone was
observed (eq. 3). Undaunted, we have examined the A1C13—promoted acylation of allylic

Ph,,CHCOC1 RCH,,COCT 0,CCHyR

It
CH,CH=CHCCHPh,, <—2———  H.C=CHCH, Mgl 2> RCH=CCH,CH=CH, (3)

3 2 A
mercurials under conditions very similar to those reported previously by us.g’10 We wish to
report now that this affords a very useful new approach to allylic ketones, one which should
accommodate considerable functionality (eq. 4). Our results are summarized in Table II.

0

R2C=CHCH2HgI + CICR' > R'CCRZCH=CH2 (4)

T,
Several points are noteworthy. First, allylic mercurials bearing a variety of
substituents about the double bond all react readily, even when the double bond is in
conjugation with an aromatic ring (Entry 9) or a carbonyl group (Entry 10). The reactions
proceed in a matter of minutes at room temperature or temperatures as low as -78°C.
Considerable functionality should be accommodated by this reaction. A1l reactions proceed
with allylic rearrangement, even when it means that the double bond is removed from
conjugation. While a11enic10 and vinyHc9 mercurials react under similar conditions with
aliphatic and «,8-unsaturated acyl chlorides, but not aromatic acy? chlorides, and
propargy]iclo mercurials only react well with aliphatic acyl chlorides, allylic mercurials
give excellent yields with all three types of acyl chlorides. This affords a particularly
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TABLE II. SYNTHESIS OF ALLYLIC KETONES
Reaction % Isolated
Entry Allylic Mercurial Acyl Chloride Conditions? Allylic Ketone Yield
1 1l
1 HyC=CHCHHgI n-C3HCC1 0°C, 10 min  n-C3H;CCH,CH=CH, 82
; ;
2 (CH3)oCHCC1  -78°C, 7 min  (CHg),CHCCH,CH=CH, 84
ﬂ ]
3 E- CH3CH=CHCC1 40°C, 4 min E- CH3CH=CHCCH2CH=CH2 97
fl ) fl
; ;
5 E- CH3CH=CHCH2HgI Q—C3H7CC1 0°C, 20 min Q—C3H7CFHCH=CH2 70
CHy
| 0 g
6 (CH3) oC=CHCH,HgI n-C4H,CC1 25°C, 6 min _r]-C3H7C—(II-CH=CH2 86
CHs
0 CH
CH CHEC] 60°C, 15 mi CH CH% é gH H
7 ( 3)2 - . mn ( 3)2 —|— =C 2 93
CHy
l g M
8 (CH3),C=CHCCT  -60°C, 15 min  (CH3),C=CHC-C-CH=CH, 96
Chy
I 1]
9 E- PhCH=CHCH,Hg! CH5CCT -78°C, 10 min CH3CFHCH=CH2 82
Ph
; ﬂ ?.
10 E- EtOCCH=CHCH2HgI Q-C3H7CC1 25°C, 10 min Q-C3H7C$HCH=CH2 89

COpEL

3A11 reactions were run by adding 2 mmol of allylic mercurial dissolved in 10 ml of
CH2C12 to 15 ml of CH2C12 containing 2.2 mmol of A1C13 and 2 mmol of acyl chloride. After the
appropriate reaction time, the reaction was quenched with 5% aq. NaHCO3, washed with 3 M
Na23203 and saturated aq. NaCl, dried, and the solvent removed.

convenient preparation of the naturally occuring moncterpene artemisia ketone (Entry 8).
One can simplify this overall process still further by employing the crude aliylic

mercurial obtained from the first step in the acylation step after a change of solvents.

In

this manner allylmercuric iodide has been converted to l-hepten-4-one in an overall 78% yield

(eq.

5).
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Hg n-C4H,C0CT il
H,C=CHCH,Hg1 THE AT, > n-C3H,CCH,CH=CH, (5)
RT, 4 hr
CH,C1,
0°C, 10 min

Acknowledgment. We gratefully acknowledge the financial support of this research by the

National Institutes of Health (GM 24254).

1.

10.
11.

12.

13.

REFERENCES
(a) Calas, R.; Dunogues, J.; Pillot, J.-P.; Biran, C.; Pisciotti, F. J. Organometal.
Chem. 1975, 85, 149. (b) Pillot, J.-P.; Dunogues, J.; Calas, R. Tetrahedron Lett. 1976,
1871. (c) Ojima, I.; Kumagai, M.; Miyazawa, Y. Tetrahedron Lett. 1977, 1385.
(d) Hosomi, A.; Hashimoto, H.; Sakurai, H. J. Org. Chem. 1978, 43, 2551. (e) Hosomi, A.;
Saito, M.; Sakurai, H. Tetrahedron Lett. 1979, 429. (f) Fleming, I.; Patterson, I.
Synthesis 1979, 446. (g) Pillot, J.-P.; Déléris, G.; Dunogués, J.; Calas, R. J. Org.
Chem. 1979, 44, 3397. (h) Laguerre, M.; Dunogués, J.; Calas, R. Tetrahedron Lett. 1980,
21, 831. (1) Hosomi, A.; Saito, M.; Sakurai, H. Tetrahedron Lett. 1980, 21, 3783.
(j) Ochiai, M.; Fujita, E. Tetrahedron Lett. 1980, 21, 4369. (k) Hiroi, K.; Chen, L.-M.
J. Chem. Soc., Chem. Commun. 1981, 377. (1) Albaugh-Robertson, P.; Katzenellenbogen,
J. A, Tetrahedron Lett. 1982, 23, 723. (m) Naruta, Y.; Uno, H.; Maruyama, K. Chem. Lett.
1982, 961I. (n) Sasaki, T.; Nakanishi, A.; Ohno, M. J. Orq. Chem. 1982, 47, 3219,
(o) Hayashi, T.; Konishi, M.; Ito, H.; Kumada, M. J. Am. Chem. Soc. 1982, 104, 4962.
(p) Sakurai, H.; Hosomi, A.; Saito, M.; Sasaki, K.; Iquchi, H.; Sasaki, J.; Araki, Y.
Tetrahedron 1983, 39, 883.
(a) Kosugi, M.; Shimizu, Y.; Migita, T. J. Organometal. Chem. 1977, 129, C36.
(b) Labadie, J. W.; Tueting, D.; Stille, J. K. J. Org. Chem. 1983, 48, 4634,
Sato, T.; Kawara, T.; Nishizawa, A.; Fujisawa, T. Tetrahedron Lett. 1980, 21, 3377.
Hegedus, L. S.; Kendall, P. M.; Lo, S. M.; Sheats, J. R. J. Am. Chem. Soc. 1975, 97,
5448,
(a) Zinin, N. J. Liebig's Ann. Chem. 1855, 96, 361. (b) Linnemann, E. J. Liebig's Ann.
Chem., Suppl. 3, 1865, 257. (c) Reutov, 0. A.; Besprozvannyi, M. A. Dokl. Akad. Nauk
SSSR 1951, 80, 765. (d) Reutov, 0. A.; Nesmeyanov, A. N. Izv. Akad. Nauk SSSR, Otdel.
Khim. Nauk 1953, 655. (e) Nesmeyanov, A. N.; Freidlina, R. Kh.; Velichko, F. K. Dokl.
Akad. Nauk SSSR 1957, 114, 557. (f) Nesmeyanov, A. N.; Freidlina, R. Kh.; Velichko, F.
K. Izv. Akad. Nauk SSSR, Otdel. Khim. Nauk 1958, 40. (g) Freidlina, R. Kh.; Velichko,
F. K. Izv. Akad. Nauk SSSR, Otdel. Khim. Nauk 1959, 1225. (h) Freidlina, R. Kh.;
Velichko, F. K. Izv. Akad. Nauk SSSR, Otdel. Khim. Nauk 1961, 55.
Kurts, A. L.; Beletskaya, I. P.; Savchenko, I. A.; Reutov, 0. A. J. Organometal. Chem.
1969, 17, P21.
Takagi, K.; Okamoto, T.; Sakakibara, Y.; Ohno, A.; Oka, S.; Hayama, N. Chem. lett. 1975,
951,
(a) Malinovskii, M. S. Trudy Gor'kov Gos. Ped. Inst. 1940, 5, 39; Chem. Abstr. 1943, 37,
3070%. (b) Sko]dinov3 A. P.; Kocheshkov, K. A.; Zh. Obshch. Khim. 1942, 12, 398; Chem.
Abstr. 1943, 37, 3064°, (c) Otto, R. Ber. Dtsch. Chem. Ges., 1870, 3, 197. (d) Calvery,
H. 0. J. Am. Chem. Soc. 1926, 48, 1009. (e) Gilman, H.; Nelson, J. F. J. Am. Chem. Soc.
1939, 61, 743.
(a) Larock, R. C.; Bernhardt, J. C. Tetrahedron Lett. 1976, 3097. (b) Larock, R. C.;
Bernhardt, J. C. J. Orq. Chem. 1978, 43, 710.
Larock, R. C.; Chow, M.-S.; Smith, S. J. J. Org. Chem. 1986, 51, 2623.
Gusev, B. P.; El'perina, E. A.; Kucherov, V. F. Izv. Akad. Nauk SSSR, Ser. Khim. 1980,
600.
For a complete review of the acylation of organomercurials see Larock, R. C.
“Organomercury Compounds in Organic Synthesis," Springer Verlag, New York (1985),
Chpt. 9.
Kuwajima, I.; Narasaka, K.; Mukaiyama, T. Tetrahedron Lett. 1967, 4281.

(Received in USA 14 September 1988)



