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Abstract: A novel alkylating ring cleavage reaction of enantiomerically pure B-trichloromethyl-B-
propiolactone as a chiral building block with organoaluminum compounds provided ring-opcned products
with a chiral trichioromethyi carbinol moiety. A product was demonstrated to be uscd as an effective chiral
synthon for the synthesis of chiral bioactive derivatives such as ipsdienol and sodium cilastatin.
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Optically active B-methyl-B-propiolactone (1) can serve as an excellent chiral synthon
for natural product synthesis because the lactone is cleaved completely with cuprate in an
Sn2-type fashion by the cxygen-alkyl bo*‘.d fission [1]. Further, enantiomerically pure B-
trichloromethyl-f3-propiolactone (2) has been reported to be easily prepared from chloral and

ketene in the presence of quinidine {2]. Since a trichloromethyl group is easily transformed
into another functional group, the lactone 2 is a very interesting compound as a chiral synthon
for natural product synthesis; however, reports on the carbon-carbon bond formation reaction
using lactone 2 are limited to only two from our laboratory [3,4]. In this paper we wish to
report some novel findings that reveal a reactive affinity of (R)-2 with organoaluminum
compounds to afford convenient ring-opened products. Although the lactone 2 does not react
with organocuprates, and organolithium compounds and Grignard reagents gave acylated
products in low yields, a Friedel-Craft type reaction of 2 with aromatic compounds in the
presence of Lewis acids gave aromatic ketones with a chiral trichloromethylcarbinol moiety
[3]. This cleavage occurs regioselectively between the acyl carbon and oxygen, in spite of the
fact that 3-methyl-B-propiolactone opens by the bond cleavage between an oxygen-alkyl bond.
The acyl carbon is a rather hard base compared with the alkyl carbon in the lactone 2 [S5].
Accordingly, next we aimed for a hard acid [6] of organoaluminum reagents as a nucleophile
on the regioselective ring cleavage of B-trichloromethyl-B-propiolactone. This means that an
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easy oxygen-acyl bond fission would occur rather than the oxygen-alkyl counterpart in the
ring cleavage of B-lactone 2 by the hard acid of organoaluminum compounds, and that chiral
B-trichloromethyl-B-propiolactone 2 would serve as an excellent chiral precursor of
biologically active derivatives such as ipsdienol 3 [7], an aggregation pheromone of the bark
beetle, and sodium cilastatin 4 [8], an inhibitor of dehydropeptidase.

Thus, the reaction of (R)-2 with organoaluminum compounds was investigated A
typical procedure is described as follows: To a solution of (R)-2 (8.0 mmol) in CH2CI2 (8
ml) was added a hexane solution (0.9M) of trimethylaluminum (24 mmol) at 0 °C. The
reaction mixture was allowed to stand at room temperature and stirred for 10 h at the same
temperature, and then quenched with 2N HCl. After usual work-up, the crude product was
purified on silica gel TLC to afford (R)-4-methyl-1,1,1-trichloro-2,4-pentanediol 6 in 94%
yield as white crystals (mp 95~8°C). Table 1 shows the results using some organoaluminum
compounds. Although the use of an equimolar amount of trimethylaluminum afforded the
monoalkylated product § in small quantity (Entry 1), the use of 3 equivalents of
trimethylaluminum gave exclusively the dialkylated adduct 6 in high yield (Entry 2). On the
other hand, the reaction of (R)-2 with triethylaluminum gave mainly keto compound (R)-5§
along with the reduced product (2R,45)-7 [9] in low yield (Entry 5). The reduced product
(2R,45)-T may be obtained by first attack of hydride from ethyl aluminum reagents, then the
ethyl group was incorporated by the attack to aldehyde group initially formed.

o OH OH OH OH OH
RO~ CCly ﬁ/é\v/(ccg R CCls
(R)-5 (R)-6 (2R,4S)-7
Table 1. Reaction of (R)-2 with some organoaluminum reagentsd)
Entry Reagent e Temp (°C) Yicld 5, 6 and 7 (%)b)

1 Me3Al (1.0) 0-~1t 9 13 0

2 Me3Al 3.0 O~n1 0 94 0

3 MeAICly (3.0) O~rt 13 72 0

4 Me)AlICI (3.0) O-rt 15 68 0

5 Et3Al 3.0) O~rt 63 0 21

6 EAICI (3.0) O~rt 65 0 17

7 EnAICI (5.0) O-rt 71 0 0

8 EtAICI) 3.0) reflux 63 0 16

a) The reaction was carried out according to the typical experimental procedure. b) Isolated yicld.
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(R)-'B :R=H (m-10 :R= n-C11H23 (R)-12
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Dilmbuty}alu'n‘ﬁum hydride also reacted with (R)-2 at 0 °C to give diol (R)-8 in a
yield of 96%. In the same way, aluminum acetylide compounds containing tridecyne and
phenyl-acetylene reacted with (R)-2 at 0 °C to afford diacetylenated compounds (R)-10 and
(R)-11 in yields of 31 and 74%, respectively. Further, sp2 carbon nucleophile of
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hexenylaluminum compounds gave (R)-12 in a yield of 34%, which may be obtained by the
Michael addition of the second nucleophile toward o,p-unsaturated ketone initially formed.
Since the present alkylation proceeded by the oxygen-acyl bond fission of 2, the
stereochemical integrity of the hydroxy carbon in the alkylated products 6 (R = Me) [a]D23
+5.7 (c 0.28, CHCI3), 5 (R = Et) [a]D23 +22.4 (¢ 0.25, CHCI3), and 7 (R = Et) [a]p23
+35.6 (¢ 0.55, CHCI3) should be retained, which was confirmed as a single product by GLC

analysis using a chiral column (Daicel OJ) The ratios of enantiomers in (S)-8 [a]D23 +23.8

+ t
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3.1 (c 0.12, CHCI3), (§)-11 [a]Dp<> +7.5 (c 0.93, CHCI3), and (5)-12 [a]D23 +34.7 (c 0.15,
""Cl3) were also confirmed by GLC as single for the carbon at the hydroxy group. The
absolute configuration of the carbinols was assigned by comparison of the optical rotation
value of the allylic alcohol derivative 16 with that in literature (vide infra) [10].

Owing to the electron-withdrawing nature of a trichloromethyl group, the
trichloromethyl carbinol moiety is very stable. In addition, the trichloromethyl group can be
transformed into another functional group [11]. Thus, to explore the utility of the present
method for a chiral synthon of physiologically active compounds, a further reaction using an
addition product was next examined. The reduction of diol (R)-13 with dibutyltin hydride

gave monochlorinated derivative 14 [a]D23 -123 (¢ 0.25, CHCI3) in a yield of 91%, which

)

was easily converted into the known precursor 15 [7] [o]p23 +24.1 (c 0.52, CHCI3) lit.
~123 091 0/ 101 OUIMIAY AF T dia 1 2 PRSI Pt TSR LI ot . €QO7
[alp4? +21.9 (c 1.91, CHCI3) of ipsdienol 3 by treatment with sodium hydroxide in 59%
yield

Furthermore, the reaction of (R)-13 in the presence of CuSO4 on SiO2 [12] in refluxing
toluene gave dehydrated product 16 [a]p23 +12.5 (¢ 0.68, CHCI3) in 53% yield, whereas low

temperature in the same solvent provided 16 along with isomer 17 in 42% and 32% yields,
respectively. Although the ratio of the regioisomers varied by the reaction conditions, the
same treatment of 17 with CuSO4 on Si02 in refluxing toluene afforded 16 in 58% yield.
The product 16 (mp 106~108°C) known as a precursor of dichlorochrysanthemic acid [10,13]
was confirmed to be a single product by HPLC analysis with a chiral column (Daicel OJ),
which shows that the retention of the stereochemical integrity during the transformations as
judged by the reported optical rotation data, lit. [8] foﬂﬁz5 +12.0 (¢ 2, CHC13).

m
J
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(R) 14 : R = CH,CI

ke & 1 .~1

Chiral cycmpropanecarooxync acid derivatives are known as lmpunam Uuuulug blocks
for many biologically active compounds. Among them, (§)-3,3-dimethylcyclopropane-
carboxylic amide 20 is an important precursor {8] for the synthesis of an inhibitor for
hydorase, e.g., sodium cilastatin 4 which has attracted major therapeutic interest in the
antibiotic field. The dehydroxylated chiral allylic aicohol 16 obtained in the present study
could be easily converted into the precursor 18 [a]D23 +25.7 (¢ 0.62, CHCI3) of cilastatin in
74% yield by the diastereoselective Simmons-Smith reaction [14]. Oxidation of the hydroxy
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oronn of 18 with NanCr(Q7 - HSO4 in AcOH 1151 oave ¢o-trichloromethvl ketone 19
SiVup Vi a0 Waui aNGlNA LN LALWNSG Al AL (1J] gGYE ATuavaaUiViabui i Al a g
T1m23 AN N 7 DDA OLTIMTAY 2 19 el d Tha ciihoariiant hodendoote € 10 1 1L 10
(ajp+? +40.0 (c 0.04, CHCI3) in 72% yield. The subsequent hydrolysis of 19 under alkaline

conditions like haloform reaction 116] failed to obtain the correspondmg carboxyhc acxd
however, the corresponding amide 20 mp 135-8°C, [a]p23 +78.3 (¢ 0.7, CH30H) (lit.[17]
mp 135-8°C), and 21 mp 76-9°C [a]D23 +39.3 (c 0.78, CHCI3) were easily obtained in 72%

and 94% yields, respectively, by aminolysis and confirmed to be enantiomerically pure by
HPLC analysis using a chiral column (Daicel OJ). These absolute configurations were

determined by comparison with the corresponding commercially available sample 20, mp
135- g v,{ n20 +82 (c 1, CH30H) [18].
OH { (@) ] 0
CCly /bj\cm3 MNHR
(R,S)-18 (S5)-19 (S)-20 R=zH

£ =~

{S)-21 : R=Bn

In surnmary, a novel alkylating reaction using the hard acid of organoaluminum
compounds is demonstrated where chiral [3-trichloromethyl-B-propiolactone 2 is used as a
convenient chiral synthon of bioactive cyclopropanecarboxylic acid derivatives via the some
transformation. The easy availability of chiral B-trichloromethyl--propiolactone makes the

present reaction of high value. The alkylated products retain completely the stereochemical
integrity of the starting B-trichloromethyl-f3-propiolactone. Accordingly, chiral B-trichloro-
o 7 o J rr ) of o~ J 77 ~
methyl-B-propiolactone 2 can be used as an effective chiral synthon for the synthesis of chiral
bioactive compounds as demonstrated in the synthesis of an important precursor of ipsdienol
and sodium cilastatin.
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