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Base-controlled selective reactions of o,B-unsaturated trifluoromethyl ketones with dialkyl phosphites
were achieved. In the presence of DABCO, the Pudovik reaction took place readily to give the correspond-
ing a-hydroxy phosphonates in high yields under mild conditions. While using DBU as base, the Phospha-
Brook rearrangement of o-hydroxy phosphonates formed in the reaction occurred to afford phosphates as
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Organic phosphoric compounds are important targets for syn-
thetic organic chemists.! a-Hydroxy phosphonate is an important
structural unit in many biologically active compounds, such as pes-
ticides, antibiotics, anticancer drugs, antiviral agents and enzyme
inhibitors.? In recent years, many methods for the synthesis of
o-hydroxy phosphonates have been developed via the a-hydroxy-
lation of alkyl phosphonates,’ the addition of trialkyl phosphites to
aldehydes” or the reduction of keto phosphonates.® Besides these
pathways, the addition of dialkyl phosphites to aldehydes, known
as the Pudovik reaction,?*® is undoubtedly the most straightfor-
ward and atom-economical one to o-hydroxy phosphonates.
Normally, hydroxyphosphonates are the only isolated products in
the Pudovik reaction of most aldehydes and ketones. However, in
the case of carbonyl compounds containing anion stabilizing
substituents at the o position’ (e.g. a-dicarbonyl compounds, per-
fluoroalkyl aldehydes and ketones), phosphates were obtained as
major products from the base-catalyzed Phospha-Brook rearrange-
ment. For example, Zhu and coworkers have reported the synthesis
of phosphates from fluorinated o,B-unsaturated phenylketones
through the process of a DBU-catalyzed rearrangement.®

In continuation of our study on the application of o,B-unsatu-
rated trifluoromethyl ketones,” we were also interested in explor-
ing the phosphonylation of o,B-unsaturated trifluoromethyl
ketones. Considering simple tertiary amines were much easier to
handle than metallic reagents and might promote the reaction
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under mild conditions, the tertiary amine-catalyzed reactions of
o,B-unsaturated trifluoromethyl ketones with diethyl phosphite
were investigated and the control of reaction selectivity was
achieved. The results are reported in this paper.

In our initial experiments, trifluoromethyl B-phenyl-o,B-unsat-
urated ketone!® (1a) was treated with 2.0 equiv of diethyl phos-
phite in the presence of 0.5 equiv of quinine in diethyl ether at
room temperature. Gratefully, the isomers of 2a and 3a were
isolated in 86% overall yield with a ratio of 6:1 after 6 h (Scheme 1).

On the basis of literatures,”® it is obvious that product 3a was
formed from 2a as shown in Scheme 2. In the presence of base,
o-hydroxy phosphonate 2a produced through the Pudovik reaction
of 1a and diethyl phosphite could transform further to give anion
A, which underwent Phospha-Brook rearrangement to give 3a
through anion intermediate B. The strong electron-withdrawing
trifluoromethyl group could stabilize anion B and thus contribute
to this transformation.

To get better selectivity, the reaction conditions were then scru-
tinized using the reaction of 1a and diethyl phosphite as the model
reaction. Firstly, various tertiary amines were tested and it was
found that 95% of conversion and excellent selectivity for 2a were
obtained in the presence of 1,4-diazabicyclo[2.2.2]octane (DABCO)
at room temperature after 1.6 h (Table 1, entry 2, 2a:3a > 95:5).
Triethyl amine (EtsN), N-methylmorpholine (NMM) and N,N-4-
dimethylaminopyridine (DMAP) could also catalyze the reaction
to give high region-selectivity, albeit the longer reaction time
(6.5-68 h, entries 3-5). Pyridine known as a weak base could not
promote this reaction well and only 5% of conversion was achieved


http://crossmark.crossref.org/dialog/?doi=10.1016/j.tetlet.2017.04.002&domain=pdf
http://dx.doi.org/10.1016/j.tetlet.2017.04.002
mailto:jtliu@sioc.ac.cn
http://dx.doi.org/10.1016/j.tetlet.2017.04.002
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet

1872 F. Zhang et al./Tetrahedron Letters 58 (2017) 1871-1874

OH

P(O)(OEt),
Ph/\KCFs
2a
o}
/\A . Quinine (50 mol%) +
PR X" “CF, * HP(O)(OE), ———————>

1a 2.0 equiv EtO.m 6N o P(O)OEY,

Ph/\)\CF

3a

3

86% total yield, 2a:3a = 6:1

Scheme 1. The reaction of 1a with diethyl phosphite in the presence of quinine.
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Scheme 2. The mechanism for the formation of 3a from 2a.

after 3 days (entry 6). To our surprise, while using strong base 8-
diazabicyclo[5.4.0Jundec-7-ene (DBU) as catalyst, 100% conversion
of 2a was observed in only 5 min, and phosphate 3a was obtained
as major product with a ratio of 2a and 3a less than 5:95 (entry 7).
This might be caused by the strong basicity of DBU (pKa=12),
which is much stronger than other bases tested'' and could pro-
mote the Phospha-Brook rearrangement of 2a easily to afford com-
pound 3a.

Various solvents were next screened to examine the feasibility
of the reaction using DABCO as base. It was found that tetrahydro-
furan (THF), toluene and dimethyl formamide (DMF) could not give
better result although they also afforded 2a as major product
(Table 2, entries 2—4). Several undetermined products were formed

Table 1
The reaction of 1a with diethyl phosphite in the presence of different bases.

in methanol (entry 5). Therefore, ethyl ether was chosen as solvent
for the selective formation of a-hydroxy phosphonate. Further
study showed that the catalyst loading of DABCO could be lowered
down to 10 mol% without any erosion in yield and selectivity
(entries 6-7). In the case of DBU-catalyzed reaction, full conversion
and excellent selectivity were also achieved with 10 mol% of DBU
in very short time (entries 8-10).

Under the optimized conditions, the scope of unsaturated
ketones was investigated in the DABCO-catalyzed reaction. As
shown in Table 3, aromatic unsaturated ketones 1, regardless of
electron-donating and electron-withdrawing substituents in the
phenyl ring, could react with diethyl phosphite to give the corre-
sponding products 2b-2d in high yields with excellent selectivities
(Table 3, entries 1-4). Ketones with naphthyl or furyl substituent
also reacted well under the reaction conditions (entries 5-6). Fur-
thermore, the reaction of diisopropyl phosphite with 1a was also
tested, and the desired product 2g was obtained in 95% yield with
a ratio of more than 95:5 (entry 7). Unfortunately, the reaction of
aliphatic unsaturated ketone 1g failed to give any expected prod-
ucts (entry 8).

Unsaturated ketones 1 were also evaluated in the DBU-cat-
alyzed reaction and the results are summarized in Table 4. As
expected, the reaction showed a wide scope for the structural vari-
ation of 1 and excellent regio-selectivity was achieved with phos-
phate 3 as major product in each reaction. High yields were
obtained not only with phenyl substituted products 3a-3d (Table 3,
entries 1-4), but also with naphthyl and furyl-substituted products
3e-3f (entries 5-6). Good result was also obtained when diiso-
propyl phosphite was used instead of diethyl phosphite (entry 7).
Similarly, the reaction of aliphatic unsaturated ketone 1g was
unsuccessful (entry 8).

In summary, we have developed a base-catalyzed highly regio-
selective reaction of o,B-unsaturated trifluoromethyl ketones and
dialkyl phosphites. Using DABCO as catalyst, the Pudovik reaction
took place under mild conditions to give a-hydroxy phosphonate
as major product. When DBU was used as catalyst, Phospha-Brook
rearrangement of o-hydroxy phosphonate formed from the Pudo-
vik reaction occurred further to afford the corresponding phos-
phate as final product in high yield. We believe that these
fluorinated phosphoric compounds are useful structural motif

OH
A POXOED,
Ph” X

CF3
0 base (50 mol%) 2a
phMCF3 + HP(O)(OEt), oo P2Mo%)
2.0 equiv Et,0, rt +
1a O/P(O)(OEt)z
Ph/\)\CF3
3a
Entry? Base pKa Time (h) Conv. (%)° 2a:3a"
1 Quinine 8.5 6 90 6:1
2 DABCO 8.7 1.6 95 >95:5
3 NEt; 10.8 6.5 91 >95:5
4 DMAP 9.7 26 93 90:10
5 NMM 73 68 92 >95:5
6 Pyridine 5.2 71 5 -
7 DBU 12 5 min 100 <5:95

@ Reaction conditions: 1a (0.2 mmol), diethyl phosphite (0.4 mmol), base (0.1 mmol), Et,0 (2.0 mL), room temperature.

> Determined by '°F NMR using PhCF; as internal standard.



Download English Version:

https://daneshyari.com/en/article/5259720

Download Persian Version:

https://daneshyari.com/article/5259720

Daneshyari.com


https://daneshyari.com/en/article/5259720
https://daneshyari.com/article/5259720
https://daneshyari.com

