PAPER

2353
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Abstract: A series of twelve 5-bromo[5,5-dibromo]-4-methoxy-
1,1,1-trihal o-3-alken-2-ones 5a—d, 6a—d, 7a, 9a, 10a and 6-bromo-
5-methoxy-1,1,1,2,2-pentafluoro-4-hexen-2-one (8a) were synthe-
sized in high purity and good yields (70-95%) by the regiospecific
alylic bromination of 4-methoxy-1,1,1-trihalo-3-alken-2-ones la—
d, 2a—d, 3a or 5-methoxy-1,1,1,2,2-pentafluoro-4-hexen-2-one
(4a), respectively, with bromine followed by addition of pyridine.
The usefulness of compounds 5-10 in heterocyclic synthesisis also
reported.
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Theintroduction of halogens and hal ogenated groupsinto
organic molecules often confers significant and useful
changes in their chemical and physica properties. There-
fore, methods for the synthesis of hal ogenated compounds
have received considerable interest in recent years, in par-
ticular, fluorinated compounds. The most convenient
method to construct halogenated compounds is to use
halogen-containing building blocks as starting reagents.?
In recents years, we have developed the general synthesis
of 1,1,1-trihalo-4-methoxy-3-alken-2-ones,>* an impor-
tant halogen-containing building block, and their useful-
ness in heterocyclic preparations, e.g., isoxazoles>®
pyrazoles,” pyrazolium chlorides? pyrrolidinones,® pyri-
midines,’® pyridines,! thiazines'? and diazepines'® has
been described. Although, most research groups working
with 1,1,1-trihal 0-4-methoxy-3-alken-2-ones have ex-
plored almost exclusively the fluorinated derivatives'* the
possibility of the transformation of the trichloromethyl
group under mild conditions®'>¢ into carboxylic groups
prompted usto devote special attention on these chlorinat-
ed substrates.

Considering that carbonyl compounds are widely used as
synthetic intermediates, it occurred to usthat bromination
of 1,1,1-trihalo-4-alkoxy-3-aken-2-ones should afford
interesting polyhalogenated 1,3,4-trielectrophiles. The
bromination reaction carried out with elemental bromine,
or other reagents that furnish electrophilic bromine, are
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widely known methods to yield brominated organic com-
pounds.®” Also, several studiesinvolving the mechanism
and kinetic aspects of the bromination process with ele-
mental bromine showed that the enol is the reactive form
for the reaction carried out under acid cataysis.’® On the
other hand, tentative mono-bromination of B-diketones,
B-keto adehydes, B-keto esters and B-akoxyvinyl ke-
tones with elemental bromine have furnished mixtures of
mono- and dibrominated products of difficult separation
and with little importance in organic synthesis.'® In a pre-
vious work,® we reported the synthesis of 5-bromo-1,1,1-
trichloro-4-methoxy-3-penten[hexen]-2-one, in high puri-
ty, from thereaction of 1,1,1-trichloro-4-methoxy-3-pent-
en[hexen]-2-one with brominein the presence of pyridine.
The aim of this paper is to report a general and efficient
synthetic approach for the preparation of a series of
twelve  5-bromo[5,5-dibromo]-4-methoxy-1,1,1-trihal o-
3-aken-2-ones and 6-bromo-5-methoxy-1,1,1,2,2-pen-
tafluoro-4-hexen-2-one in high purity and good yields
(Scheme 1). The usefulness of these important 1,3,4-tri-
electrophiles for the synthesis of several heterocyclic sys-
tems, is also reported (Schemes 2 and 3).

The 4-methoxy-1,1,1-trihalo-3-alken-2-ones la—d, 2a—d,
3a and 5-methoxy-1,1,1,2,2-pentafl uoro-4-hexen-2-one
(4a) were synthesized from the reaction of enol ethers or
acetals with the corresponding halocarboxylic anhydride
or haloacyl chloride, according to methodology devel-
oped in our laboratory.34

The synthesis of mono-brominated compounds 5a—d, 6a—
d, 7a and 8a were carried out from the reaction of 1la—d,
2a—d, 3a and 4a, respectively, with brominein amolar ra-
tio of 1:1, in chloroform at 25 °C, under stirring for 1.5
hours, followed by the addition of pyridine at —10 °C and
allowing the reaction to stir for 30 minutes. These condi-
tions allowed us to obtain regiospecifically monobromi-
nated compounds in high purity and good yields (80—
90%). On the other hand, the synthesis of dibrominated
compounds 9a and 10a were carried out on the same con-
ditions used for monobromination, but with twice the
amount of bromine over the substrates (Scheme 1).

Furthermore, tentative bromination of compoundswith R*
other than H led to a mixture of monobrominated and di-
brominated compounds, with alarge predominance of the
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former, and the mixture was not separable by vacuum dis-
tillation.

Previously, our research group reported many heterocy-
clizations using 4-methoxy-1,1,1-trihal o-3-alken-2-ones
as starting materials. 35131516 |n thiswork, the usefulness

of the 1,3,4-trielectrophiles 5-8 for the synthesis of ava
riety of heterocyclic systemsis demonstrated.

The monobrominated compounds 6a,b were used in re-
cent work® to obtain a series of 5-heteroalkyl-1,1,1-
trichloro-4-methoxy-3-penten[hexen]-2-one  intermedi-
ates (Scheme2, reaction i). In a second step, 3-het-
eroalkyl-4,5-dihydroisoxazoles were obtained from the
cyclocondensation of 5-heteroakyl-1,1,1-trichloro-4-
methoxy-3-penten[hexen]-2-ones with hydroxylamine
(Scheme 2, reaction ii).* Compound 1la was promptly
transformed into 12a, by reaction with concentrated
H,SO, at 30 °C under stirring for 8 hours (Scheme 2, re-
action iii). According to methodology developed in our
laboratory to transform the trichloromethyl group in car-
boxyalkyl group,>® we demonstrated the synthesis of the
carboxyalkylisoxazole derivative from the reaction of 3-
heteroalkyl-4,5-dihydroisoxazol e, without the isolation of
the 5-trichloromethylisoxazole intermediate (Scheme 2,
reaction vi).°

The monobrominated compound 6a was used in recent
work to obtain a pyrazolium chloride derivative from the
cyclocondensation reaction with 1,2-dimethylhydrazine
(Scheme 2, reaction vii).8

CHyY
OMe
ii H
CHyY Ref. 6 CI3C (ol
CCl3 .
CHLB Ref. 6} vi
2Br
. CI . CH>-N3
1
Cbﬁ “CH; Ref. 6
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Hs
CHzBr Me
o wo /Y,
Cl;C (od i FC N7
11a work| /K
S
uly This work NHO
CX3 OH
CH,Br CF;
ﬂ -
B
Ch o’ " N)\SMe
12a i
R 13a, b
14a,b

i: (R' =H, Y =N, OPh, SCH,CO,EL, SPh, SCN, I), acetone or benzene, K,CO; or EgN, 25°C,2-16h
i R'=H), NH,O0H-HC1 (1.2 eq.), pyridine (1.2 equiv), MeOH, reflux, 16 h
iii: Coned H,SO,, 30°C, 8h
v: R'=H, Me), NH,C(SMe)=NH, HCI, MeOH, reflux, 48 h
Me

v: R'=H), H%
Fs N
S)\NHZ

vi: Y = Nj, coned H,SO,, EtOH, reflux, 4 h
vii: (R' = H), MeNHNHMe- 2HCI, EtOH/HC, reflux, 4 — 12 h

chloroform, 35 °C, 24 h
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6-Bromoalkyl-2-methylsulfanyl-4-trihalomethylpyrim-
idines 13a,b, 14a,b were obtained from the reaction of
compounds 5a,b, 6a,b with 2-methyl-2-pseudourea sul-
fate carried out in water—methanol solution in the pres-
ence of hydrochloric acid and reflux for 48 hours
(Scheme 2, reaction iv).

The reaction of 5a with 5-hydroxy-3-methyl-5-trifluo-
romethy!-4,5-dihydro-1H-1-pyrazol ethiocarboxyamide™
in chloroform under stirring for 24 hours at 35 °C fur-
nished the 2-(3-methyl-5-hydroxy-5-trifluoromethyl-4,5-
dihydro-1H-pyrazol-1-yl)-4-(1,1,1-trifluoro-2,2-pro-
panediol)thiazole (15a) in good yield (Scheme 2, reaction
V).

The dibrominated compound 10a was reacted with hy-
droxylamine to obtain the 3-(dibromomethyl)-5-hydroxy-
5-trichloromethyl-4,5-dihydroisoxazol e (16a) (Scheme 3,
reaction i). Compound 16a has been promptly trans-
formed into 17a, by stirring with concentrated H,SO, at
30 °Cfor 8 hours (Scheme 3, reactionii). Finally, the syn-
thesis of 3-formyl-5-hydroxy-5-trichloromethyl-4,5-di-
hydroisoxazole (18a) from the reaction of 16a with
sodium acetate in a mixture of ethanol—water as solvent at
60 °C under stirring for 24 hoursis presented (Scheme 3,
reaction iii).

In summary, we have synthesized a number of useful flu-
oro- and chloro-containing building blocks, from the re-
giospecific halogenation of readily available 4-methoxy-
1,1,1-trihal o-3-alken-2-ones or 5-methoxy-1,1,1,2,2-pen-
tafluoro-4-hexen-2-one with elemental bromine. In a sec-
ond step, we showed the synthetic potential of 1,3,4-
trielectrophiles as building blocksin heterocyclic prepara-
tions, where it was demonstrated that is possible to react
independently and regiospecifically each eletrophile cen-
ter.

CHBr2 CHB n
OMe . B
i HO i \
o CHBr; Cly log CLC™ ™o
CCls3 16a 17a

10a

i: NH,OH-HCI (1.2 equiv), pyridine (1.2 equiv), MeOH, reflux, 16 h (see Ref.(’)
ii: Coned HySOy, 30 °C, 8 h (see Ref.?)
iii: NaQAc, MeOH/H>0, 60 °C, 24 h

Scheme 3

Unless otherwise indicated, all common reagents and solvents were
used as obtained from commercia supplies without further purifi-
cations. The mps were taken on a mp microscope Reichert—Ther-
movar and are uncorrected. *H and *3C NMR spectra were recorded
on aBruker DPX 400 (*H at 400.13 MHz and *3C at 100.62 MHz)
in 5 mm sample tubes at 298 K (digital resolution + 0.01 ppm) in
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CDCI~TMS solutions. IR spectra were recorded on a Bruker IFS
FT-IR spectrometer. The CH elemental analyseswere performed on
an Elemental Analysensysteme Vario EL.

5-Bromo-4-methoxy-1,1,1-trifluor o-3-penten-2-one (5a); Typi-

cal Procedurefor Monobrominated Compounds5a—d, 6a—d, 7a,

8a)

Toastirred solution of 1a (3.36 g, 20 mmol) in CHCl; (25 mL) was
added dropwise (1.5 h) bromine solution (3.4 g, 20 mmol) in CHCl,
(25 mL). The red reaction mixture was cooled to —10 °C in ice-bath
and then added pyridine solution (1.7 g, 20 mmol) in CHCI; (25
mL). The mixture was stirred for 30 minutes and then was washed
with H,O (3 x 50 mL) and dried (Na,SO,). The solution was fil-
tered, the solvent evaporated and the product was purified by flash
chromatography [silica (Merck 230—400 mesh); CHCl;-hexane, 4:
2]. Yields, physical constants and selected spectroscopic data are
shown in Table 1.

5,5-Dibr omo-4-methoxy-1,1,1-trifluor o-3-penten-2-one (9a);
Typical Procedurefor Dibrominated Compounds (9a, 10a)
Toastirred solution of 1a (3.36 g, 20 mmol) in CHCl (25 mL) was
added dropwise (3 h) bromine solution (8.5 g, 50 mmol) in CHCl,
(25 mL). The red reaction mixture was cooled to —10 °C in an ice
bath and then pyridine solution (1.7 g, 50 mmal) in CHCI; (25 mL)
was added. The mixture was stirred for 1 h, washed with H,O (3 x
50 ml), and dried (N&,SO,). The solution was filtered, the solvent
evaporated and the product was purified by recrystalization from
hexane. Yields, physical constants and selected spectroscopic data
areshownin Table 1.

6-Bromoalkyl-2-methylsulfanyl-4-trihalomethylpyrimidines
(13a,b, 14a,b); General Procedure

A mixture of 5-bromo-1,1,1-trichloro[trifluoro]-4-methoxy-3-hex-
en[penten]-2-one (10 mmol), 2-methyl-2-pseudourea sulfate (5.69,
20 mmol), aq HCI (36%; 3.5 mL) in H,O (10 mL) and MeOH (25
mL) was heated at 65 °C for 48 h under stirring. After the evapora
tion of the solvent, the residue was dissolved in CHCI; (30 mL),
washed with ag N&,CO; (15%; 2x 20 mL), and dried (N&,SO,). The
solution was filtered, the solvent evaporated and the product was
purified by flash chromatography [silica (Merck 230-400 mesh);
CHCl;—hexane, 1: 2). Yields, physical constants and selected spec-
troscopic data are shown in Table 2.

2-(3-Methyl-5-hydroxy-5-trifluoromethyl-4,5-dihydr o-1H-
pyrazol-1-yl)-4-(1,1,1-trifluor o-2,2-pr opanediol)thiazole (15a)
A mixture of 5-hydroxy-3-methyl-5-trifluoromethyl-4,5-dihydro-
1H-1-pyrazolethiocarboxy amide™ (5 mmol) and 5-bromo-1,1,1-
trifluoromethyl-4-methoxy-3-alken-2-one (5 mmol) in CHCI; (10
mL) was heated at 35 °C for 24 h. The crude product was washed
with hot hexane (2 x 20 mL) and after the evaporation of the sol-
vent, the product was purified by flash chromatography [silica
(Merck 230400 mesh); with EtOAc—hexane, 2:8). Yield, physical
constants and sel ected spectroscopic data are shown in Table 2.

3-Mono-and Dibromomethyl-5-hydr oxy-5-trichlor omethyl-4,5-
dihydroisoxazole (11a, 16a)

A mixture of 5[5,5-di]-bromo-1,1,1-trichloromethyl-4-methoxy-3-
penten-2-one (10 mmol), hydroxylamine hydrochloride (11 mmol),
pyridine (11 mmol) in MeOH (25 mL) was refluxed for 16 h. After
the evaporation of the solvent, the residue was dissolved in CHCI,
(30 mL), and the solution was washed with ag HCl (15%; 20 mL),
H,O (2x 20 mL), and dried (N&,SO,). The solution wasfiltered, the
solvent evaporated and the product was purified by recrystallization
from cyclohexane. Yields, physical constants and selected spectro-
scopic data are shown in Table 2.

ISSN 0039-7881 © Thieme Stuttgart - New Y ork
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Tablel Selected Physical and Spectral Data of Compounds 5-10

Compd MolecularFormula Yield® Bp(°C/mBar) IR (KBr), H NMR(CDCI-TMS) 3, J (H2);
(M. wt.) (%) Mp (°C) (cm™) 13C NMR(CDCl;-TMS) §, Jo+ (H2)
5a CgHeBrF;0, 95 70-72/0.4 1695C=0  5.75(s,1H, H-3),4.45(s, 2H, H-5),3.90 (s, 3H, OMe), 116.2 (C-
247.00 1585C=C  1,292), 178.2 (C-2, 35), 92.2 (C-3), 176.5 (C-4), 25.5 (C-5), 57.2
(OMe)
5b C,;HgBrF;0, 90 80-85/0.4 1695 C=0 5.60 (s, 1 H, H-3),5.90 (9, 1 H, H-5, 6.9), 1.80 (d, 3 H, Mg, 6.9),
261.03 1585C=C  115.6(C-1,292), 177.5(C-2, 36), 89.4 (C-3), 176.5(C-4), 25.5 (C-
5), 57.2 (OMe)
5c C,HqsBIF;0, 85 oilP 1695C=0  5.50(s, 1H, H-3),5.90(t, 1H, H-5, 7.5), 4.00 (s, 3H, OMe), 3.70
361.14 1590C=C  (s,3H,CO,Me), 2.30(t, 2H, H9, 8.0), 2.00 (m, 2 H H6), 1.70 (m,
2H,H7),1.40(m, 2H, H8), 116.0 (C-1, 91), 179.0 (C-2), 91.0 (C-
3), 176.4(C-4), 45.2 (C-5), 33.5 (C-6), 25.0 (C-7), 27.0(C-8), 35.0
(C-9), 173.5(C-10), 56.5 (OMe), 51.5 (CO,Me€)
5d CoH4oBrFO, 90 oil® 1695 C=0 6.10 (s, 2 H, H-3/H-8), 6.50 (s, 2 H, H-5/H-6), 4.10 (s, 6 H, 2
491.99 1590C=C  OMe); 116.6 (C-1/C-10, 292), 179 (C-2/C-9, 35), 93.7 (C-3/C-8),
174.5 (C-4/C-7), 58.6 (C-5/C-6), 58.0 (2 OMe)
6a C¢H¢BrCl;0, 90 100-102/1 1700C=0  6.04(s, 1 H, H-3), 4.45 (s, 2 H, H-5), 4.10 (s, 3H, OM¢)
296.37 1580 C=C
6b C,;HgBrCl;0, 80 oil® 1700C=0  5.86(s,1H,H-3),5.92(q, 1 H, H-5, g, 6.8), 1.7 (d, 3H, H-6, 6.8),
310.39 1580C=C  3.78 (s, 3H, OMeg), 96.8 (C-1), 178.8 (C-2), 88.9 (C-3), 177.0 (C-
4), 39.1 (C-5), 20.9 (C-6), 56.4 (OMe)
6C C,,H:(BrCl;0,4 93 oil® 1700 C=0O 6.00(s, 1H, H-3),5.90(t, 1H, H-5, 7.4), 3.90 (s, 3H, OMe), 3.70
10.50 1580C=C (s, 3H, CO,Me), 2.30 (t, 2 H, H-9, 8.0), 2.00 (m, 2 H, H-6), 1.70
(m,2H, H-7), .40 (m, 2 H, H-8),97.3 (C-1), 179.5 (C-2), 90.5 (C-
3), 176.8 (C-4), 44.8 (C-5), 33.8 (C-6), 24.2 (C-7), 27.0(C-8), 34.5
(C-9), 173.8 (C-10), 57.0 (OMe), 51.5 (CO,Me)
6d C,,H10Br,ClgO, 85 208-211 1700 C=0 6.20 (s, 2 H, H-3/H-8), 6.50 (s, 2 H, H-5/H-6), 3.90 (s, 6 H, 2
590.72 (hexane) 1580 C=C  OCHS,); 96.4 (C-1/C10), 179.5 (C2/C-9), 92.8 (C-3/C-8), 173.0 (C-
4/C-7), 40.8 (C-5/C-6), 57.4 (2 OMe)
7a CeH¢BrCIF,0, 75 oil 1703 C=0 5.67(s,1H, H-3),4.37 (s, 2H, H-5), 3.80 (s, 3H, OMe); 120.0 (C-
263.46 1590 C=C 1, 337), 179.3 (C-2, 28), 91.5 (C-3), 176.2 (C-4) 25.5 (C-5), 57.2
(OMe)
8a C,HgBIFs0, 72 oil 1700C=0  5.21(s,1H, H-4),4.34(s, 2H, H-6), 3.79 (s, 3H, OMe), 118.0 (C-
297.01 1586 C=C 1, 286.1, 34.6), 107.4 (C-2, 267.0, 37.4), 180.4 (C-3, 34.6), 92.8
(C-4), 176.6 (C-5), 25.4 (C-6), 57.2 (OMe)
9a CgHsBr,F;0, 80 112-114/0.4 1695 C=0 5.60(s, 1H, H-3), 7.50 (s, 1 H, H-5),4.00 (s, 3H, OMe¢), 115.5 (C-
325.90 1585C=C  1,291), 179.4 (C-2, 35), 88.2 (C-3), 172.8 (C-4), 31.0 (C-5), 57.3
(OMe)
10a C¢HsBr,Cl0, 75 48-51 1680C=0  5.80(s, 1 H, H-3), 7.50 (s, L H, H-5), 4.20 (s, 3H, OMeg), 96.2 (C-
375.26 (hexane) 1570 C=C 1), 170.7 (C-2), 88.0 (C-3), 178.6 (C-4), 31.5(C-5), 65.7 (OMe)

2Yields of isolated compounds. Satisfactory elemental analyses obtained: C + 0.30, H + 0.20.
b Compound obtained with high purity after solvent evaporation in vacuum.

3-Mono-and Dibromomethyl-5-trichlor omethylisoxazole (12a,
17a)

To the 3-[di]bromomethyl-5-hydroxy-5-trichloromethyl-4,5-dihy-
droisoxazole (10 mmol), concd sulfuric acid (96%; 15 mL) was
added dropwise, under stirring at 30 °C for 16 h. Cold H,O (20 mL)
was added to the reaction mixture and the product was extracted
with EtOAc (2 x 20 mL) and dried (MgSQO,). The solution was fil-
tered, the solvent evaporated and the product was purified by distil-
lation under reduced pressure. Yields, physical constants and
selected spectroscopic data are shown in Table 2.

Synthesis 2002, No. 16, 2353-2358

3-For myl-5-hydr oxy-5-trichloromethyl-4,5-dihydr oisoxazole
(18a)

A mixture of 3-bromomethyl-5-hydroxy-5-trichloromethyl-4,5-di-
hydroisoxazole (2.66 mmol) and sodium acetate (7.35 mmol) in
MeOH-H,0 (1:1; 20 mL) was heated at 60 °C for 24 h. The product
was extracted with CHCI; (2 x 20 mL) and dried (MgSO,). The so-
lution was filtered, the solvent evaporated and the product was pu-
rified by flash chromatography [silica (Merck 230-400 mesh);
CHCI,]. Yield, physical constants and selected spectroscopic data
are shownin Table 2.
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Table2 Selected Physical and Spectral Data of Compounds 11-18

Compd Molecular Formula  Yield® Bp (°C/mBar) 'HNMR (CDCI;-TMS) 8, J (H2);
(M. wt.) (%) Mp (°C) 13C NMR(CDCI;~TMS) 8, Jo_r (H2)
1la C:sHsCIsBrNO, 73 89-91 4.49 (s, 2H, H-6), 3.41 (d, 1 H, 18.2, Ha-4), 3.86 (d, 1 H, 18.2, Hb-4),
297.36 157.3 (C-3), 44.7 (C-4), 112.9 (C-5), 37.9 (C-6), 102.0 (C-7)
12a CsH4CI;BrNO 73 94-96/4 4.94(s,2H, H-6),7.24 (s, 1H, H-4), 162.4 (C-3), 104.3 (C-4), 169.6 (C-
279.34 5), 35.6 (C-6), 85.1 (C-7)
13a C;HgF3BrN,S 60 oil 7.50 (s, 1 H, H-5), 4.62 (s, 2H, H-8), 2.61 (s, 3H, SMe), 174.3 (C-6),
287.10 168.8 (C-2), 156.7 (C-4, 36), 120.3 (C-7, 275), 109.7 (C-5), 44.8 (C-8),
14.2 (SMe)
13b CgHgF3BIrN,S 70 ail 7.40 (s, 1 H, H-5), 4.92 (g, 1 H, H-8), 2.51 (s, 3H, SMe), 1.77 (d, 3 H,
301.13 H-9), 174.2 (C-6), 172.0 (C-2), 156.7 (C-4, 36), 120.2 (C-7, 275), 108.8
(C-5), 56.9 (C-8), 24.1 (C-9), 14.1 (SMe)
14a C,HCI;BrN,S 70 oil 7.80 (s, 1 H, H-5), 452 (s, 2H, H-8), 2.62 (s, 3H, SMe), 173.3 (C-6),
336.46 167.8(C-2), 166.9 (C-4), 108.7 (C-5), 94.5 (C-7), 49.9 (C-8), 14.3 (SMe)
14b CgHgCI3BIrN,S 80 oil 7.80 (s, 1 H, H-5),5.03 (g, 1 H, H-8), 2.63 (s, 3H, SMe), 1.88 (d, 3H,
350.49 H-9),173.2(C-6),171.8 (C-2), 166.9 (C-4), 107.6 (C-5), 95.5(C-7),57.1
(C-8), 24.2(C-9), 14.3 (SMe)
15a C11H11FgN3O5S 90 73-75 7.18(s,1H, OH), 7.15(s, 1 H, OH), 6.86 (s, 1 H, H-4), 2.94 (s, 2 H, H-
379.27 6), 8.09 (s, 1 H, OH"), 3.57 (d, 1 H, 19.1, Ha-4"), 3.18 (d, 1 H, 19.1, Hb-
4),2.05(s, 3H, H-6"), 163.9 (C-2), 142.1 (C-4), 108.8 (C-5), 35.2 (C-6),
92.8 (C-7, 30.7), 123.3 (C-8, 284.4), 154.4 (C-3'), 48.4 (C-4'), 92.0 (C-
5, 32.8), 15.2 (C-6"), 123.7 (C-7’, 288.5)
16a C;H,ClI3Br,NO, 84 85-86 6.94 (s, 1 H, H-6), 3.63 (d, 1 H, 18.8, Ha-4), 4.04 (d, 1 H, 18.2, Hb-4),
376.25 158.6 (C-3), 42.6 (C-4), 113.7 (C-5), 30.8 (C-6), 101.4 (C-7)
17a CsH,CI3Br,NO 87 68-70 7.33(s, 1H, H-6), 7.36 (s, 1 H, H-4), 165.9 (C-3), 104.3 (C-4), 170.4 (C-
358.24 5), 27.4 (C-6), 84.6 (C-7)
18a CsH,CIsNO; 65 oil 10.00 (s, 1 H, H-6), 3.87 (d, 1 H, 20.0, Ha-4), 3.41 (d, 1 H, 20.0, Hb-4),
232.44 159.4 (C-3), 40.4 (C-4), 114.0 (C-5), 184.8 (C-6), 100.4 (C-7)

2Yields of isolated compounds. Satisfactory elemental analyses obtained: C + 0.30, H + 0.20.
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