Russian Journal of Organic Chemistriol. 37, No. 1,2001, pp. 5661. Translated from Zhurnal Organicheskoi Khimii, Vol. 37, No.2D01,
pp. 6771.
Original Russian Text Copyrigh® 2001 by Danilin, Purygin, Makarova, Zemtsova, Moiseev.

C- and O-Alkylation with o-Haloketones
of the Adamantane Series

A. A. Danilin, P. P. Purygin, N. V. Makarova, M. N. Zemtsova, and |. K. Moiseev

Samara State University, Samara, Russia

Samara State Technical University, ul. Galaktionovskaya 141, Samara, 443010 Russia
Received November 11, 1999

Abstract—Reactions of 1l-adamantyl bromomethyl ketone and 1-(1-adamantyl)-3-bromo-2-propanone with
acetylacetone and ethyl acetoacetate in a mixture of dry diethyl ether with anhydrous methanol in the presence
of sodium methoxide afforded 3-(1-adamantylcarbonylmethyl)-2,4-pentanedione, ethyl 2-(1-adamantylcar-
bonylmethyl)-3-oxobutanoate, 4-acetyl-1-(1-adamantyl)-2,5-hexanedione, and ethyl 2-acetyl-5-(1-adamantyl)-
4-oxopentanoate. The Knoevenagébpe reactions of 1-adamantyl bromomethyl ketone and 1-(1-adamantyl)-
3-bromo-2-propanone with diethyl malonate yielded, respectively, diethyl 1-(1-adamantyl)-2-bromoethylidene-
malonate and diethyl 1-(1-adamantylmethyl)-2-bromoethylidenemalonate. O-Alkylation of ethyl acetoacetate
with 1-adamantyl bromomethyl ketone gave ethyl 3-(1-adamantylcarbonylmethoxy)-2-butenoate. Carboxylic
acids reacted with 1-adamantyl bromomethyl ketone to form the corresponding 2-(1-adamantyl)-2-oxoethyl
carboxylates.

a-Haloketones are widely used in organic synthesiand in dry diethyl ether in the presence of metallic
as N-, C-, and O-alkylating agents for preparation osodium (Scheme 1).
acyclic and heterocyclic compounds. We previously
described [1] N-alkylation of amines with 1-adamantyl Scheme 1.
bromomethyl ketonel}, which resulted in formation o o o
of a-aminoketones of the adamantane series. The )I\/U\
latter were then used for synthesis of a number of mm T e R
heterocyclic compounds {B]. C-Alkylation with the

same reagent was reported only for ethoxymagnesium
diethyl malonate [7]; as a result (after hydrolysis),

IL1II
e . . 0 COR
B-(1-adamantylcarbonyl)propionic acid was obtained. "
O-Alkylation was studied in reactions with sodium or A ¢
potassium methoxide, ethoxide, isopropoxide, and o

tert-butoxide as examples [8]. Here, according to GLC

. . IIla, ITIb, IVa,IVb
data, a mixture of products was isolated: 1-adamantyl

hydroxymethyl ketone, its dimethyl acetal, 1-ada- R =Me @), OEt ®); I, I, n=0; 1, IV, n=1.
mantyl methoxymethyl ketone, 1-adamantyl methyl
ketone, and 1-adamantanecarboxylic acid. The products were C-alkylated compounds: 3-(1-

In the present work we performed a more detaileéadamantylcarbonylmethyl)-2,4-pentanediorida),
study of C- and O-alkylation of acetylacetone, ethylethyl 2-(1-adamantylcarbonylmethyl)-3-oxobutanoate
acetoacetate, diethyl malonate, and carboxylic aciddVa), 4-acetyl-1-(1-adamantyl)-2,5-hexanedione
with 1-adamantyl bromomethyl ketong) @nd homo- (lllb ), and ethyl 2-acetyl-5-(1-adamantyl)-4-oxo-
logous 1-(1-adamantyl)-3-bromo-2-propanoné).( Pentanoate 1¥b). The reaction times and yields,
The reactions of haloketonds and Il with acetyl- Mmelting points, and analytical and spectral data of the
acetone and ethyl acetoacetate were carried out Rfoducts are collected in Table 1.

a mixture of dry diethyl ether with anhydrous For the sake of comparison, haloketorieand Il
methanol using sodium methoxide as base catalystere brought into Knoevenagel reaction with diethyl

1070-4280/01/3701-0056 $25.@2001 MAIK “Nauka/Interperiodica



C- AND O-ALKYLATION WITH o-HALOKETONES 57

Scheme 2.
CH,COONH, CH;COO™ + NHJ
NHf =——= NH; + H"

Br + H" + H,0

0 NH
Br + NH] —=
n n
NH, COOEt
v — D
(CH,),—C———C—COOEt
[\

~CH(COOE),

NI CH,Br H
H+
—NHj (CHz)n—C|=C(COOEt)2
CH,Br
V, VI

V,n=0; Vl, n =1

malonate. According to the data of Lehnert [9], thenamely formic acid, acetic acid, furan-2-carboxylic
R substituent strongly affects the direction of thisacid, 1-adamantanecarboxylic acid, and 1-adamantyl-
process and even the possibility for the Knoevenagelcetic acid. According to published data, reactions of
reaction to occur withu-haloketones. It was reported o-haloketones with O-nucleophiles follow a conven-
that the condensation af-haloketones with diethyl tional bimolecular nucleophilic substitution scheme.
malonate leads to formation of,3-unsaturated dicar- From the preparative viewpoint, these reactions are
boxylic acid esters containing an allylic halogen atomvery important; they underlie synthesis of a number
in the y-position. On the other hand, testosteronef heterocyclic structures, e.g., furan, benzofuran,
failed to react under the same conditions, the reactiognd their hydrogenated analogs {1%]. By reactions
with camphor was difficult, and the reactions withgof | with the above carboxylic acids we obtained
1,2,3,4-tetrahydronaphthalen-1-one and acetophenofigs corresponding 2-(1-adamantyl)-2-oxoethyl carbox-
followed a different path. Taking into account struc-ylates Vlla-Vlle (Scheme 3). The reactions were

tural similarity between haloketonels and Il and  carried out in acetone in the presence of triethylamine
those described in [10], we tried to effect C-alkylation

according to Cope. The procedure is based on the use Scheme 3.
of catalytic amounts of acetic acid and ammonium

acetate. In a number of cases it was found that in

the Knoevenagel reactions amines act not only as @\’(\ + RCOOH
base catalysts but directly react with carbonyl com- Br

pounds in the initial stage of the process. Scheme 2 0

shows a possible mechanism of such reactions. I

Table 2 contains yields, melting points, analytical
data, and IR andH NMR spectra of the resulting
unsaturated diesters having an adamantane moiety: di- OCOR
ethyl and 1-(1-adamantyl)-2-bromoethylidenemalonate 0
(V) and diethyl 1-(1-adamantylmethyl)-2-bromo-

ethylidenemalonate ().

VIla—VlIle

As a next step, we examined reactionsxelbromo-
ketonel with such O-nucleophiles as carboxylic acids,

R = H (@), Me (b), 2-furyl (c), 1-adamantyl q),
1-adamantylmethyl €).
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Table 1. Yields, melting points, and analytical and spectral data of C-alkylated derivdtlaedllb , IVa, andIVb

. . Found, % Calculated, %

C(;g"np. Ylg/:ld, I;ziemaectlzn mp, °C RA Formula
. 0 , C H C H

llla 80 3.5 110-112 (from alcohol) [ 0.74 | 74.22| 8.52 CyH405 | 73.91| 8.70
IVa 69 7.5 61-63 (from alcohol) | 0.69 | 71.00| 8.49 | C;gH,c0, | 70.59| 8.50
liib 90 2.5 96-98 (from alcohol) | 0.65 | 74.62| 9.14 | C;gH,O5 | 74.48| 8.97
IVb 73 5 84-87 (from alcohol) | 0.46 | 70.95| 9.10 | C;gH.gO, | 71.25| 8.75
C(;g”np. IR spectrum,v, cnr?t IH NMR spectrum,3, ppm

llla 1695, 1710, 1725 (€0); 2800, 292(01.75 d (12H, CH, adamantane), 1.95 s (3H, CH adamantane), 2.45 s
(CH, adamantane) (6H, CHy), 2.85 d (2H, CH), 4.40 t (1H, CH)

IVa 1245 (G-0); 1700 (G=0); 1730/1.15t (3H, CHCH3), 1.80 d (12H, CH, adamantane), 2.00 s (3H,
(C=0, ester); 2870, 3000 (CH| CH, adamantane), 2.40 s (3H, ©H2.90 d (2H, CH), 3.80 m

adamantane) (2H, CH,CHy), 4.35 t (1H, CH)
b 1690, 1700, 1715 (€0); 2800, 2900,1.70 d (12H, CH, adamantane), 1.95 s (3H, CH, adamantane), 2.45 s
2910 (CH, adamantane) (6H, CHy), 2.80 s (2H, AdEl,), 2.90 d (2H, CH), 4.35 t

IVb 1250 (G-0); 1710 (G=0); 17351.10 t (3H, Gi5CH,), 1.70 d (12H, CH, adamantane), 1.95 s (3H,
(C=0, ester); 2830, 2900 (CH| CH, adamantane), 2.35 s (3H, ©H2.60 s (2H, Ad®l,), 2.75 d
adamantane) (2H, CH,), 3.85 m (2H, ®&1,CHy), 4.10 t (1H, CH)

& Hexanechloroform, 1:2.

as a base. Both triethylamine and the acid were takemainly at the carbonyl group and-@ bond rather
in a large excess (6- and 9-fold, respectively). Excesthan at the GBr bond. As a result, complex mixtures
acid was then removed by treatment with a 10%f products were formed (see above). On the other
aqueous solution of sodium hydroxide. Compoundand, carboxylate ions reacted at the-Er bond
Vilb was synthesized previously [15] in 84% yield following mainly bimolecular nucleophilic substitu-
by reaction of 1-diazo-2-(1-adamantyl)ethanone wittion pattern, and the corresponding O-alkylation prod-
acetic acid. Table 3 contains the yields, meltingicts were formed in fairly high yields.
points, and analytical and spectral data of compounds O-Alkylation of ethyl acetoacetate with bromo-
Vila-Vlle. methyl ketonel was performed in hexamethylphos-
Our attempts to replace the bromine atom irphoramidg in the presence of metallic potassium. We
1-adamantyl bromomethyl ketoné) (8] by hydroxy thus obtained ethyl 3-(1-ada_mantylcarbonylmethyl)-2-
or alkoxy group using hydroxide or alkoxide ion werebutenoate VIl ) in ~50% vyield (Scheme 4).
unsuccessful. Presumably, these nucleophiles reactedMetallic potassium reacts with ethyl acetoacetate
to give a chelate-like complex in which the metal ion
Scheme 4. coordinates to oxygen atoms of the enolate ion. Hexa-
methylphosphoramide is capable of strongly solvating
0 o0 potassium cations, whereas solvation of the enolate
Br + Me)I\/U\OEt ﬁlr]ggo;)s,hill?slgnlflcant, and the latter remains highly
0
We can conclude that reactions athaloketones
I and Il with acetylacetone and ethyl acetoacetate in

I
Me O diethyl ethermethanol in the presence of sodium
K, HMPA )\/U\ methoxide lead to formation of C-alkylation products,
07 " 0g
0

triketonesllla andIVa and ethyl diketocarboxylates
llIb and IVb. The KnoevenageCope reaction of
VIII diethyl malonate with ketones$ and Il yields
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Table 2. Yields, melting points, and analytical and spectral data of Knoevenagel condensation pkoduncty|

. . Found, % Calculated, %
C(;(r)np. Yloe;ld, I;Qiemaectu;n mp, °C RA Formula
. 0 ' C H Cc H
\% 82 5 125-127 (from alcohol)| 0.75 | 57.82| 7.07 | C;gH,,BrO, | 57.14| 6.77
VI 66 7 117-119 (from alcohol)| 0.67 | 58.61| 6.80 | C,oH,gBrO, | 58.11| 7.02
C(;g”np. IR spectrum,v, cnr?t IH NMR spectrum,3, ppm

\ 650 (C-Br); 1300 (G-0O); 16451.15t (6H, G45CH,), 1.70 d (12H, CH, adamantane), 1.90 s (3H,
(C=C); 1720 (G=0); 2800, 2900, CH, adamantane), 3.80 s (2H, GBf), 4.00 m (4H, G,CH,)

2950 (CH, adamantane)
Vi 600 (C-Br); 1280 (G-0O); 16451.15t (6H, G45CH,), 1.65 d (12H, CH, adamantane), 1.85 s (3H,
(C=C); 1725 (G=0); 2850, 2900, CH, adamantane), 2.35 s (2H, AdGH 3.85 s (2H, CHBI),
2930 (CH,, adamantane) 3.95 m (4H, ®,CH,)

& Hexanechloroform, 1:2.

Table 3. Yields, melting points, and analytical and spectral data of compouritis—Vile and VI

Comp. vield Found, % Calculated, %
no % ’ mp, °C R Formula
' C H C H

Vila 76 159-161 0.46 70.30 8.25 Ci3H1503 70.24 8.16

Vilb 98 56-57° 0.28° 71.22 8.44 Ci14H5003 71.16 8.53

Vilc 63 112-113 0.58 70.94 7.00 Ci1H5004 70.81 6.99

Vild 65 154-156 0.74 77.61 8.85 Cy3H3,05 77.49 9.05

Vile 35 89-90 0.6& 77.80 9.36 Cy4H3403 77.80 9.25

VI 50 80-83 0.372 70.03 8.48 C1gH2604 70.59 8.50

C(;g”np. IR spectrum,v, cni?t IH NMR spectrum,s, ppm

Vila 1720 (COO); 2850, 2900 (CHada-
mantane)

Vilb 1710 (COO); 2850, 2900 (CHada-
mantane)

Viic 1730 (COO); 2850, 2900 (CHada-{1.70-1.75 d (12H, CH, adamantane), 1.90 s (3H, CH, adamantane),
mantane) 5.10 s (CHO), 6.55 s (1H, 5-H, furan), 7.25 d (1H, 4-H, furan),

7.85 s (1H, 3-H, furan)

Vild 1740 (COO); 2850, 2900 (CHada-{1.65-1.75 m (24H, CH, adamantane), 1.85 s and 1.90 s (6H, CH,
mantane) adamantane), 4.85 s (G8)

Vile 1730 (COO); 2850, 2900 (CHada-{1.65-1.75 m (24H, CH, adamantane), 1.95 s and 2.05 s (6H, CH,
mantane) adamantane), 2.1 s (2H, GH 4.80 s (CHO)

VI 1200, 1270 (€0O); 1630 (G=C);|1.13t (3H, Gi5CH,), 1.75 d (12H, CH, adamantane), 1.95 s (3H,
1730, 1765 (GO); 2850, 2900 CH, adamantane), 2.10 s (3H, ©H3.70 m (2H, ¢1,CH,), 4.30 s
(CH, adamantane) (2H, CH,), 4.80 s (1H, CH)

3 Acetone-CCl,, 1:6. " Published data [9]: mp 5BYC. ¢ AcetoneCCl,, 1:4. ¢ Acetone-CCl,, 1:8.
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unsaturated diesterg and VI. O-Alkylation of car- of glacial acetic acid in 150 ml of benzene was re-
boxylic acids witha-haloketond results in formation fluxed in a flask equipped with a DeaS8tark trap.
of 2-(1-adamantyl)-2-oxoethyl carboxylat®dl, and When water no longer separated (after-&.91), the
ethyl acetoacetate reacts with ketohein HMPA  mixture was cooled to room temperature, and the
in the presence of metallic potassium to give ethybenzene layer was washed with four small portions of

3-(1-adamantylcarbonylmethoxy)-2-butenoatdi(). a semisaturated solution of sodium chloride, dried
over sodium sulfate, and evaporated. The residue was
EXPERIMENTAL recrystallized from ethanetliethyl ether (5:1).

1 2-(1-Adamanyl)-2-oxoethyl carboxylates Vlla-
The "H NMR spectra were recorded on a Brukery|je, A mixture of 0.5 g (1.9 mmol) of bromoketone
AC-300 instrument (300.13 MHz) in DMS@; with | 18 mmol of carboxylic acid, and 11 mmol of tri-

HMDS as internal reference. The IR spectra werethylamine in 10 ml of acetone was refluxed for
measured on a Specord M-80 spectrometer in KBig_12 h. A colorless solid (triethylamine hydro-
The purity of the products was checked by TLC onpromide) separated during the process. The mixture
Silufol UV-254 plates; the chromatograms werewas poured into water, and the precipitate was filtered

developed with iodine vapor. off, washed with a 10% solution of sodium hydroxide,
_3-(1-Adamanty|carbony|methyl)-2,4-pentane- and recrystallized from hexane.
dione (Illa) and 4-acetyl-1-(1-adamantyl)-2,5- Ethyl 3-(1-adamantylcarbonylmethoxy)-2-buten-

hexanedione (IVa).Metallic sodium, 3.9 mmol, was oate (VIIl). Metallic potassium, 1.15 g (3.9 mmol),
added in small pieces to a mixture of 15 ml of drywas added with stirring to 20 ml of hexamethylphos-
diethyl ether and. 15 ml of anhydrous methanql, Stlrl'e(bhoramide_ Ethyl acetoacetate was then added drop-
at 20C. The mixture was stirred for 15 min, and wise at 20C. The mixture was stirred for 10 min at

3.9 mmol of acetylacetone was added dropwise Withoom temperature and for 10 h at about 00 It
stirring over a period of 1Al5 min. The mixture was \as then cooled to 2€, and a solution of 1 g

stirred for 30 min at 20C and for 2 h under reflux. 3.89 mm0|) of bromoketoné in 10 ml of HMPA

It was then cooled to room temperature, a solution ojyas added with stirring over a period of 20 min. The
3.89 mmol of haloketond or Il in 20 ml of dry  mixture was stirred for 30 min at 2@ and for 5 h
diethyl ether was added, and the mixture was stirregt 100°C, diluted with a tenfold amount of water, and
for 30 min at 20C and for 30 min under reflux. The extracted with ether (8100 ml). The extracts were
solvent was distilled off, the product was extractedyashed with water and dried over sodium sulfate. The
into ether, the extract was washed with a smalkplvent was distilled off to leave a yellow oily sub-
amount of water, dried over sodium sulfate, andstance which crystallized on treatment with methanol.
evaporated, and the residue was recrystallized from
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