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PREPARATION OF a,a~-DIALKYL-B-HALOKETONES

Paul Sulmodt Norbert De Kimpe* and Niceas Schamp

Laboratory of Organic Chemistry
Faculty of Agricultural Sciences
State University of Gent
Coupure Links 653, B-9000 Gent, BELGIUM

B-Haloketones are a class of bifunctional compounds, the
synthesis of which has already been described in a number of

publications.1.24 They can be prepared from B-hydroxyketones 1

by substitution of the hydroxyl group by a halogen atom,1_13 or
from cyclopropanols 6 and allylic alcohols 4 by reaction with
hypochlorites or hypobromites,m_24 For the preparation of
large quantities of B-haloketones 2 with two substituents in

the a-position (R2 = Ry = alkyl) the transformation of f-hydro-
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xyketones 1 to g-haloketones 2 seems to be the most straigth-

forward method. Recently we required substantial amounts of
©1989 by Organic Preparations and Procedures Inc.
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g-halogenated ketones. The synthetic methods described in the
literature raised several problems. This article describes an
alternative method for the preparation of g,q-dialkyl-g-haloke-
tones free of side-reactions. The synthesis of compounds 2 is
divided into two parts, namely the formation of g-hydroxyketo-
nes 1 and the transformation of g-hydroxyketones into the cor-
responding p-haloketones.

The formation of g-hydroxyketones 1 via acid catalyzed reac-
tion of ketones with formaldehyde, according to a literature
method7, was less attractive for large-scale preparations due

to the formation of numerous side-products depending upon the
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SCHEME II
reaction conditions. However, this method was taken as a ba-
sis for further improvements of the preparation of g-hydroxyke-
tones. The first part of this method, namely the reaction of
ketone 7 with paraformaldehyde in trifluoroacetic acid with the
formation of trifluoroacetate 8, was easily performed at reflux

temperature and the transformation could be followed by 1H-NMR.
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It was found that the quantity of the expensive solvent (i.e.
TFA ) used to perform this transformation could be reduced to
two molar equivalents in comparison with the original report.7
The second part of the formation of B-hydroxyketones 1, namely
the transformation of B-trifluoroacetoxyketones 8 to the corres-

ponding B-hydroxyketones 1, gave problems (Table 1, entries 1-

15). The literature procedure7, namely the transformation of
]
| yeno/erscoon i i i
320y o’\o/><\
2/ NaOH /n!o on

i) RT 2u 1 (35-95%) 13 (9-80%)
CH,0

SCHEME III
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SCHEME IV

of 8 to 1 using an aqueous sodium hydroxide solution, gave,
depending upon the reaction conditions and especially the molar
quantities, many side-products. The aqueous workup of the tri-
fluorocacetate derived from the reaction of 3-methyl-2-butanone
7b (R1 =R, = Ry = CH3) with paraformaldehyde in trifluoroacetic
acid afforded, with the expected 4-hydroxy-3,3-dimethyl-2-buta-
none 1b, also variable amounts (up to 60%) of the acetal 13

(Table 1, entry 4). The reaction of isobutyrophenone 7¢
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(R1 = Ph,R2 = R, = Me) with paraformaldehyde in trifluoroacetic

3
acid, followed by workup of the reaction mixture with an aqueous
sodium hydroxide solution afforded three reaction products,
namely the expected ketone 1c, 1-phenyl-2,2-dimethyl-1,3-propa-
nediol 14 and 4-phenyl-5,5-dimethyl-1,3-dioxane 15 (Table 1,
entries 7 and 8). The reaction of diisopropyl ketone 7f

(R, = i-Pr,R, = Ry
tion to f-hydroxyketone 1f, diol 16 in variable amounts (0-35%)

= Me) with the same reagents gave, in addi-

(Table 1 : entry 13). Compounds 14 and 16 were formed during
the workup by the Cannizarro reaction from the excess formal-

dehyde present in the medium through reaction with B-hydroxy-
Q Vcnzo/cr,coon o OH
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SCHEME V

ketones 1¢c and 1f£. Dioxane 15 was formed from formaldehyde

and propanediol 14, while dione 13 resulted from reaction of
formaldehyde with two molecules of B-hydroxyketone 1b. 1In
order to avoid all these side reactions the original literature
procedure7 was modified. Instead of using an aqueous sodium hydroxide
solution, an aqueous sodium bicarbonate or agqueous potassium
carbonate solution was used. When this adapted method was
applied no side products were found and B-hydroxyketones 1
were isolated as the sole compounds in high yields (85-95%).
The reaction conditions and the spectral data of B-hydroxyketo-

nes 1 are compiled in Tables 1, 2 and 3.
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2. TRANSFORMATION OF R-HYDROXYKETONES INTO B-HALOKETONES

The transformation of B-hydroxyketones 1 into f-haloketones 2
was performed according to known principles from the literature.
By reaction of B-hydroxyketones 1 with p-toluenesulfonyl chlo-
ride in pyridine at room temperature, g-tosyloxyketones 11

were formed in nearly quantitative yields (Table 1, entries
16-21). On reaction of compounds 11 with lithium chloride in
dimethylformamide, B-chloroketones 10 were produced while on
reaction of 11 with tithium bromide in 2-butanone (MEK) f-bromo-
ketone 12 was the only product isolated (Table 1, entries 27-34).
An alternative method for the preparation of R-hydroxyketones
consisted of the reaction of B-hydroxyketones 10 with thionyl
chloride in pyridine (Table 1; entries 23 and 24). It was
somehow surprising that, when this reaction was performed at

0°C it was not possible to isolate compound 10 from the reaction
mixture. The isolated compound was a product with an AB-system
(1H;NMR) in the region of 4 ppm and structure 9 was proposed
for the isolated compound. On the other hand, B-chloroketones
10 were the only isolated products when the reaction of B-hydroxy-
ketones 1 was performed with thionyl chloride in pyridine at
higher temperature or when the reaction mixture obtained at 0°C
was warmed up. The latter alternative method was hardly used
for the preparation of B-chloroketones 10, because via this
method the yield of the compound 10 was lower than through
transformation of 1 into ketone 10 via tosylate 11. The spec-
tral data of B-haloketones 10 and 12 and B-tosyloxyketones 11
are given in Tables 2 and 3.

In conclusion it can be stressed that an improved method for
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Table 1. Preparation of B-Hydroxyketones 1, B-Tosyloxyketones 1l and f-Haloketones 10 and 12.

Star-
En- ting Rl R3 RZ Reaction Conditions” YiCIS bp./mp.
try Com- (7)
pound
1 la Me -(CH2)S— CHZO/CF3COOH (1.1E/2E) NaOH/HZO (2N/SE) la 957 bp. 131-133°C/
2 8h RT I10h 10mm Hg
2 7a Me _(CHZ)S_ CHZO/CFBCOOH (1.1E/2E) KZCOJ/HZO (10E/10%) la : 1007 bp. 131-133°C/
A 8h RT 4d 10mm Hg
37 Me Me  Me CH,0/CF,CO0H (1.3E/SE) NaOH/H,0 (2X/2E) 1b : 9225 bp. 85-90°¢/
24h 60°C RT 2h 18mm Hg
4 7b Me Me Me CH,0/CF,COOH (1.SE/2E) NaOH/H,0 (2N/SE) b 357¢ bp. 45-48°C/
4L 20h RT 2h 0.05mm Hg
9 7b Me Me Me CHZO/CFKCOOH (lE/2E) NGHCOB/HZO (10E/107) 1b : 957% bp. 85-90°C/
£ Th RT @ 1d 18mm Hg
6 7b Me Me Me CHZO/CFECOOH (1E/2E) KZCO3/HZO (10E/10%) 1b 927 bp. 85-90°C/
& 7h RT 4d 18mm Hg
7 Tc C6H5 Me Me CHZO/CF3COOH (lE/2E) NaOH/HZO (2N/SE) lc 79Ze'f bp. 100-104°C/
& 12h RT 1d 0.2mm Hg
8 Tc C H. Me Me CHZO/(IFBCOOH (1E/2E) NaOH/HzO (2N/SE) e s oof -
&2 RT 1d
9 Jc C6H5 Me Me CHZO/CFBCOOH (2E/2E) K2C03/H20 (10E/107) lc 907 bp. 100-104°C/
& 22h RT 4d 0.2mm Hg
10 7d _(CHZ)A_ Me CHZO/CFBCOOH (1.1E/2E) NaHCOB/HZO (10E/10%) 1d 907 bp. 95-100°C/
2h RT 3d 8mm Hy or
80°C/0. lmm Hg
11 Je 4=-MeC HQ Me Me CHZO/CF]COOH (1.1E/2E) NaHC03/HZO (10E/10%7) Ie SSZh - i
& 8h RT 3d :
12 7f i-Pr Me Me CHZO/CFECOOH (1E/2E) NaOH/HEO (2N/5E) If BSZi'j bp. 87-90°C/
. 20h RT 2h 13mm Hg
13 7t i-Pr Me Me CHZO/CFBCOOH (2E/2E) NaOH/HZO (10E/2N) 1f 58Zk bp. 87-90°C/
. 20h RT 20h 13mm Hg
14 if i-Pr Me Me CHZO/CF3COOH (2E/2E) NaHCO3/HZO (10E/107) e 927% bp. 87-99°C/
20h RT 2d 13mm Hg
15 f i-Pr Me Me CHZO/CF3COUH (2E/2E) KZCOB/HZO (L0E/10%) 1f 907 bp. 87-90°C/
20h RT 2d 13mm Hg ;
16 la  Me -(CH,) - TsCl/p;;idine (1.1E/10%) RT on lla : 87-927 mp. 46°C :
17 1b Me Me Me TsCl/pyridine (1.2E/10%) RT 20h 1lb ¢ 9]7.,1 mp. 56°C ‘
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[1s *—5 CeHs Me  Me TsCl/pyridine (1.1E/10%) RT 18h llc : 862" mp. 71°C

19 1d _(CHZ)A_ Me TsCl/pyridine (1.1E/10%) RT 2d 11d : 907 mp. 56°C

20 1d A—HeC6HA Me Me TsCl/pyridine (1.1E/10%) RT 4d lle : 837" mp. 59°C

21 1f  i-Pr Me  Me TsCl/pyridine (1.1E/10%) RT 2d 11f @ 927°°P -

22 1ib Me Me Me HC1 (conc.) (10E) RT 20h 10b : 0Z -

23 1b Me Me  Me SOCL,/pyridine (1E/10%) 0° 2h 9 : 837d -

246 1b  Me Me Me SOClz/pyridine (1E/10%) A 1h 10b : 682" bp. 60-65°C/
15mm Hg

25 11b Me Me Me HCl (10E) RT 20h 10b : 0% -

26 1lb Me Me  Me HCI (10E) A 48h 10b : 0% -

27 11b Me Me Me LiC1/MEK (2E/10%) A 48h 10b 0z° -

28 1lb Me Me  Me LiC1/DMF (2E/10%) A 3d 10b : 822" bp. 60-65°C/
15mm Hg

29 1lb Me Me  Me LiBr/acetone (2E/10Z) 4 2d 12 : 85zt -

30 lla Me —(CHZ)S- LiCLl/DMF (2E/10%Z) A 10h 10a = 90% bp. 110-112°C/
10mm Hg

3 e Gl Me  Me LiCI/DMF (2E/10%) A 26h 10c : 852"  bp. 82-86°C/
0.lmm Hg

32 1id -(CHZ)A- Me LiC1/DMF (2E/10%Z) & 8h 10d : 94% bp. 102-109°C/
12mm Hg

33 lle L-Mecéﬂb Me Me LiCl/DMF (1.5E/10%Z) A 1d 10e : 88z’ bp. 105-112°C/
0.1lmm Hg

34 1lf i-Pr Me  Me LiC1/DMF (2E/10%) 4 3d 10f : 902°  bp. 75-78°C/
13mm Hg

a) E = molar equivalents; A = reflux; h = hours; RT = room temperature; N = normal; conc = concen-

trated. b) Compounds la, 1d, 10a, 10d, lla, 1lld, 13, 14, 15 and lé gave correct elemental analyses.

c) Lit.25 bp. 78-79°C/l4mm Hg. d) 60% 5,7-dioxa-3,3,9,9~tetramethyl-2,10-undecanedione 13; bp. 98-

102°C/0.02mm Hg or 115°C/0.8mm Hg; mp. 50°C. e) Lit.9 bp. 152-153°C/12mm Hg. f) 4% l-phenyl-2,2-
dimethyl-l,3-propanediol 14; bp. 120-125°C/0.0lmm Hg; mp. 78°C; 16Z starting material. g) 477 4-

phenyl-5,5-dimethyl-1,3-dioxane 15; 53% starting material. h) This compound was not purified, but
26-27

immediately transformed into the corresponding tosylate (crude yield given). i) Lit, bp. 88°C/
12mm Hg. j) Also 8% starting material. k) 35% 2,2,4-Trimethyl-1,3-pentanediol 16. 1) Lit.6 mp.
55.5-56°C; Lic.28 mp. 55°C. m) Lit.28 mp. 69-70°C; Lit.29 mp. 72°C. n) Lit.30. o) The tosylate

was not isolated, but immediately transformed into the corresponding B-chloroketone. p) Lit.31.

23

q) Decomposition at room temperature.IA r) Lit. bp. 37-40°C/4mm Hg. s) No reaction observed.

t) 4-Hydroxy-4-methyl-2-pentanone was also formed by aldol condensation of acetone. u) Lit.32.

v) Lit.33.
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Table Z. Spectral Data of 3-Hydroxyketones 1, 8-Tosyloxyketones 11 and 3-Haloketones 10 and 12.

Com-— o1 1
pound IR (ecm ") H-NMR
8b - é(CFJCOCH) ;.21 (6H,S,(C§3)2); 2.23 (3H,S,C53C=O); 4.41 (ZH,S,CEZ).
8¢ - §(CF4C00H) 5 1.51 (6H,s,(CHy),); 4.62 (2H,s,CH,); 7.20-7.80 (SH,m,C H).
8d - G(CDCIB) 0 1.23 (JH’S’CE3); 1.00-3.00 (BH'm’(gHZ)A); 4.34 and 4.48 (2H,2xd,AB,
CH,0).
8f - S(CFBCOOH) :1.16 (6H,d,J=6.8Hz,CH(CBJ)2); 1.37 (6H,s,(CBJ)2); 3.30 (lH,sep-~
tet,J=6.8Hz,CH(CH,) )5 4.50 (2H,s,CH,).
la VC=O 1705 S(CCIA) : 1.00-2.40 (lOH,m,(CEZ)S); 2.21 (3H,S,CE3C=O); 3.63 (ZH,S,CEZOH);
vOH 1 3445 3.40-3.80 (lH,s,br,0H).
1b viO ¢ 1710 6(CC14) s 1.08 (6H,s,(C§3)z); 2.09 (3H,s,Cﬂ3C=O); 3.44 (ZH,s,Cﬁz); 2.80 (lH,s,
o P 3450 Dbr,0H).
lc Veog 1676 6(CDC13) : 1.37 (GH'S’(CE3)2); 3.48 (1H,s,br,0H); 3.73 (ZH,S,CEZ); 7.20-8.00
Vo ¢ 3460 (SH.m,CHO).
1d VC‘O : 1702 6(CDC13) : 1.10 (3H,S,CEB); 1.40-2.10 (6H,m,(CEz)3); 2.20-2.60 (ZH,m.CEZC=O);
OH 3450 3.53 (ZH,S,CEZOH); 3.40-3.50 (1H,s,br,0H).
1f UCSO : 1702 5(CDC13) : 1.06 (6H,d,J=6.2Hz,CH(CE3)2); 1.20 (6H,s,(CE3)2); 3.11 (1H,septet,
Vou ¢ 3480 J=6.2Hz,CE(CH3)2); 3.56 (ZH,s,br,Cﬁz); 2.62 (1H,s,br,0R).
13 VC-O : 1718 O(CDCla) : 1.10 (lZH,S,Zx(CEa)Z); 2.11 (6H,S,2xCﬂ3C=0); 3.45 (AH,S,ZXCE2O);
4.55 (2H,5,0-CH,0).
14 Vo 3300 8(CDCL;) i 0.81 (3H,s,CHy); 0.85 (3H,s,CHy); 3.52 (2H,s,CH,); 3.51 (IH,s,br,
OE); 3.89 (lH,d,J=3.2HZ,Oﬂ); 4.61 (lH,d,J=3.2H2.C5—OH); 7.33 (SH,S,Céﬂs).
15 - §(CDCLy) & 0.69 (3H,s,CHy)5 0.95 (3H,5,CHy); 3.49 and 3.67 (2H,2xd,AB,J=11Hz,
CHy); 4.33 (1H,s,CH-0); 4.78 and 5.22 (2H,2xd,AB,J=6Hz,0-CH,-0); 7.27 (5i,s,
C()ﬁs).
\ . 5 . . . - - .o
16 )OH ¢ 3370 W(CDClj), 0.92 (6H,S,(LEB)2), 0.95 and 0.99 (6H,2xd,J G.AHz,LH(CE3)2), 3.27
(2H,5,CH,); 3.20-3.70 (3H,m,OH+CHOR) ; 1.40-2.20 (1H,m,CH(CH,),).
lla VC‘O 1717 d(CDC13) : 1.,20-2.00 (IOH,m,(CEZ)S); 2,10 (3H,S.CE3C=O); 2.45 (BH’S'LEBC6HA);
4.07 (ZH,S,CEZ); 7.38 and 7.80 (4H,Zxd.AB,J=8Hz,CﬁﬂA).
11b vC=0 1715 5(CDC13) s 1,14 (6H,S,(CE3)2); 2.12 (3H,S,CE3C=O); 2.46 (BH'S'CBBCGHA); 4.05
(ZH,S.Cﬁz); 7.40 and 7.82 (bH,Zxd,AB,J=8.2HZ,CbﬂA).
Lle  wo_o ¢ 1691 6(CDCLy) & 1.32 (6H,s,(CHy)p); 2.37 (3H,5,CHyCH )5 4.09 (2H,s,CHy)5 7,00-7.80
(9H,m,C655 and C6§4)'
. , Iy , ; . _ . - 20) -
1id =g 1718 4(CDC13) 1,13 (BH,S,CEB), 1.40-2,00 (GH’m’(CEZ)E)’ 2.00-3.60 (2H,m,CEZL 0);

2.41 <3H,S,C53C6HA); 4.03 (ZH,S,CEZ); 7.33 and 7.73 (AH,Zxd,AH,J=8.AHz.CbEA).
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lle =0 6(CDC1,) & 1.35 (6H,5,(CHy)y)5 2.39 (3H,s,CHIC(H )5 2.45 (3H,s,CHCOHL); 4. 19
(2H,s,CH,); 7.00-7.90 (8H,m,2xCeH,).

s° Veag ¢ 1710 6(CCL) & 1.15 (6H,s,(CHy),); 2.13 (3H,s,CHyC=0); 3.85 and 3.99 (2H,2xd,AB,
J=10.2Hz,CH)) .

12 Veap ¢ 1718 8(CC1,) 1 1.24 (6H,5,(CHy),);5 2.16 (3H,s,CHyC=0); 3.48 (2H,s,CHy).

10a v ¢ 1713 8(CCL,) : 1.00-2.30 (10H,m,(CHy)(); 2.12 (3H,s,CH C=0); 3.57 (2H,s,CH,CL).

b v or 1715 6(CCL,) : 1.22 (6H,s,(CHy),); 2.17 (3H,s,CH,C=0); 3.63 (2H,s,CH)).

10c v i 1683 6(CDCL) & 1.40 (6H,s,(CHy),)5 3.77 (2H,s,CH)); 7.20-7.80 (SH,m,C.Ho).

104 ve_o ¢ 1712 6(CDCLy) @ 1.21 (3H,s,CHy); 1.60-2.10 (6H,m, (CH,)),); 2.10-2.60 (2H,m,CH,C=0);
3.67 (2H,s,CH,).

L0e v ¢ 1675 6(CCL,) : 1.42 (6H,s,(CHy),); 2.39 (3H,s,CH,CeH )5 3.73 (2R,s,CH,); 7.14 and

7.56 (4H,2xd,AB,J=8.2Hz, C(,—l.)

1712 5(CDC13) : 1,09 (6H,d,J=6.6Hz, CH(CH3)2), 1.28 (6H,s,(CH3)2), 3.17 (lH,septet,

—
-
<

J=6.6Hz,CH(CH 3.70 (ZH,S,Cﬂz).

303

a) The substitution pattern is given in Table 1 or in the schemes. b) Rl-Rz-R3-Me.

Table 3. 13C—NMR Spectral Data (6, CDC13) of B-Hydroxyketones 1, B-Tosyloxyketones 11 and B-Haloke-

tones 10 and 12.

Rp=Ry=

Com—a C=0 CH,C=0 CH, CR,Ry CR,R,CH, Co, Cm Cq e SHaCeH,S0, Others

pound® () (@) C(EH), () (©) @ (s (@
(q)
la 2145 26.1 - 539 67.7 - - - - 29.9; 25.9 and 22.4 (3xt,
(CHy) Q).
1b  214.2 25.7 21.6 49.6  69.4 - - - - -
lc  209.4 - 22.8 49.2  70.3 131.1° 138.2 127.7° -
128.1° (d)
d 217.8 - - 50.2  68.9 - - - - 39.0; 35.6; 27.3 and 20.8

(4xt, (EHZ)A) 3 20.2 (q,

CHy).
£ 220.9 - 21.2% 49.8  69.3 - - - - 19.9% (q,CH(CH,),); 34
(d,CH).
13 212.0 25.7 21.9 48.3  74.8 - - - - 95.9 (t,0-CH,-0).
14 - - 22,8 38.9 71.9 127.7° 141.5 127.7° - 82.0 (d,CH).
19.0 127.4¢ (d)
15 - - 22,1 34,7 78.4 127.5% 137.9 127.2° - 94.6 (t,0-CH,-0); 87.2
18.6 127.4¢ @ (d,CH).
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Hg - - 23.3% 39.2 7346 - - - - 83.3 (d,CH); 29.2 (d,CH
(CH3) ) 19.7% and 16.7%
(2xq.,C(CH,),) -
lla  209.9 26.0 - 5l.4 73.5  129.9 145.0 132.6 21.6  22.0; 25.5 and 29.8 (2xt,
127.9 (s) -(CH,) =) -
1lb  210.0 25.3 21.4 47.6  75.0 129.9 145.0 132.6 21.6 -
127.9 (s)
llc  205.3 -  22.8 47.6  75.7 129.8 144.8 132.8 21.5 -
127.8 137.6 131.3°
128.2°¢ (d+s)
127.5°
11d 2119 - - 484 745 129.8 144.8 132.6 21.5  20.0 (q,CHy); 20.5; 26.7;
127.9 (s) 35.4 and 38.4 (4xt,
(CHy) )
lle 204.5 -  23.0 47.5  75.9 129.8 144.8 132.7 21,6 21.4 (q,CH,CH,).
(s)
128.0 142.1 134.6
(s)
128.9
128.0
9°  210.8 25.6 21.8 47.9  67.4 - - - - -
12 209.7 25.2 23.5 48.5 41,0 - - - - -
10a% 208.1 25.9 - 52,8  50.1 - - - - 31.3; 25.3 and 22.5 (3xt,
-(CH,) =) -
10b 210.0 25.4 22.7  49.2  SL.7 - - - - -
10 206.2 - 24.1 49.3 52,5 131.0% 138.4 127.3° - -
128.2°¢ (d)
lod  212.6 - - 49.8  51.3 - - - - 38.8; 36.4; 27.0 and 21.0
(4xt,=(CHy) =)5 21.3 (q,
(cy).
10 205.2 - 24,2 49.1  52.8 128.9 141.7 135.3 - 21,3 (q,CHLCEH,) .
127.8 (s)
10f  216.6 - 22,8 49.9  52.1 - - - - 34.8 (d,CH); 20.2 (q,
CH(CH,) ).

a) The substitution pattern is given in Table | or in the schemes. b) R1=R2=R3=Me. c) Or vice
versa. d) The 13C-NMR spectrum was recorded in C6D6 in order to avoid overlapping of the £H3C=O

and the CH, signals.
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the preparation of large quantities of B-haloketones with two
substituents in the a-position was developed starting from
ketones via acid-catalyzed hydroxymethylation and substitution

of the hydroxyl group by chlorine or bromine.

EXPERIMENTAL SECTION

1H—NMR spectqg were measured with a Varian T-60 NMR spec-
trometer, while C NMR spectra were obtained with a Varian
FT 80 NMR spectrometer. IR spectra were performed with a
Perkin-Elmer model 1310 spectrophotometer and mass spectra were
measured with a Varian-Mat model 112 mass spectrometer. Satis-
factory elemental analyses were performed for all new compounds.
Elemental analyses were performed by the Laboratory of Soil
Physics and the Laboratory of Agrochemistry (University of Gent).

Preparation of B-Hydroxyketones 1. General Procedure.- A mix-

ture of 0.1 mol of ketone 7, 0.2 mol of trifluoroacetic acid

and 0.1-0.2 mol of paraformaldehyde was stirred under reflux
during several hours (Table 1, entries 1-15). When the reaction
was complete (control 1H—NMR), the mixture was poured carefully
into a saturated sodium bicarbonate solution (100 ml). The
mixture was stirred overnight (14-20 hrs) and afterwards ex-
tracted four times with each 100 ml of dichloromethane. The
combined extracts were dried (MgSO4) and, after removal of the
solvent under vacuo, the residual reaction mixture was distilled
in vacuo to give pure B-hydroxyketones 1 in good yields. The
spectral data of B-hydroxyketones 1 are given in Tables 2 and

3.

Preparation of B-Tosyloxyketones 11. General Procedure.- To a

solution of 0.1 mol of B-hydroxyketone 1 in pyridine (10% solu-
tion), 0.11 mol p-toluenesulfonyl chloride was added under vigo-
rous stirring and under cooling with a waterbath. After stir-
ring at room temperature during several hours (Table 1, entries

16-21), the reaction mixture was poured into 1 liter of 10 N

101



10: 46 27 January 2011

Downl oaded At:

SULMON, DE KIMPE AND SCHAMP

hydrochloric acid. The acidic solution was extracted with car-
bon tetrachloride (4 x 150 ml). After drying of the combined
extracts (MgSO4) and after removal of the solvent, the residue
was treated with 100 ml ether. The solution was cooled to -30°C
in the refrigerator during several hours and the solid B-tosyl-
oxyketones 11 were isolated in high yields by filtration. The
spectral data of B-tosyloxyketones 11 are presented in Tables
2 and 3.

Preparation of B-Chloroketones 10. General Procedure.- To a

solution of 0.1 mol of B-tosyloxyketone 11 in dimethylformamide
(DMF) (10 % solution), two equivalents of lithium chloride were
added. After reflux during several hours (Table 1, entries 27,
28,30-34), the reaction mixture was poured into 1 liter of 10 N
hydrochloric acid. The acidic solution was extracted with car-
bon tetrachloride (5 x 150 ml), and the combined extracts were

dried (MgSO4). After evaporation of the solvent, the reaction

mixture was distilled under vacuo to afford B-chloroketones 10.
The spectral data of B-chloroketones 10 are reported in Tables

2 and 3.

Preparation of B-Bromoketone 12. General Procedure.- To a so-

lution of 0.1 mol of R-tosyloxyketone 11b in 100 ml 2-butanone,
two equivalents of lithium bromide were added. After reflux
during several hours (Table 1; entry 29) the reaction mixture
was poured into 1 liter of water. After extraction with dichlo
romethane (4 x 100 ml), the combined extracts were dried (Mgso4)
and the solvent was evaporated. The reaction mixture containing
ketone 12 was not distilled because this compound decomposes

partially during distillation. The compound was of sufficient
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purity (» 97 %; checked by 1H—NMR) for further elaboration.

The spectral data of B-bromoketone 12 are reported in Tables

2 and 3.
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