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Abstract: The conditions of the practical selective monabiysis of symmetric diesters we
previously reported have been modified and appgbesklective monohydrolysis of bulky symmetric
diesters. While ultrasound is generally consideféective for two-phase reactions, its effect atiju
turned out to be rather marginal. Instead, uselafger proportion of a polar aprotic co-solvent,
DMSO, and aqueous KOH helped enhance the reaetiea and improve the yields of the half-esters.

The reactions are simple, mild and practical witrspecial devices.
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1. Introduction

Half-esters have been important building blocksskarthesis of various classes of compounds
such as polymers, natural products, and pharmaeésiti Among the most typical methods for their
preparation is monohydrolysis of one of the twaniiteal ester groups in symmetric diesters. The
challenge in this method, however, is to distingugo identical groups. Consequently, classical
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saponification typically leads to complex mixtugghe starting diester, the corresponding diacid,
and a small amount of half-estérs.

Previously we reported selective monohydrolysisyshmetric diesters. This reaction allows
selective monohydrolysis of symmetric diestersightyields under practical conditions (Schemé 1).

Scheme 1l Selective monohydrolysisof symmetric diesters

aqueous base C

<: O2R co-solvent/ H,0 HsO* <C OzH
O,R 0°C O2R
symmetric diester half-ester

However, in this reaction, monohydrolysis of relaty bulky symmetric diesters typically
takes a long time, or needs greater amounts o$@ibaorder to consume the starting diesters.
Scheme 2 shows some examples for diesters witbaiime norbornadiene skeletbrihe
monohydrolysis of dimethyl ester, needs approxitgaire hour with about 2 equivalents of the base.

As the size of the ester groups increase, theioggiitne and the amount of the base also incréases.

Scheme?2 Some examples of selective monohydrolysis
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This trend is reflective of our previous observatihat the monohydrolysis occurs at the
interface between the aqueous phase and the diegtieh means that bulky alkyl groups reduce the
contact with the aqueous phase. The problem isttieaextended reaction time tends to reduce the
yields of the half-esters. Therefore, we attemptdmprove the selectivity of the reactions by
adjusting the reaction conditions.

Regarding the mechanisms of this selectivity, wpadthesize that after one of the two
identical ester groups is monohydrolyzed, the taatilintermediary carboxylates form micellar
aggregates in which the remaining hydrophobic pares directed inside with the hydrophilic
carboxylate groups being outside. Such aggregataspotentially prohibit further hydrolysis with
the remaining ester groups intact. In fact, insmrant with this hypothesis, we observed that @mwat
miscible polar aprotic co-solvent such as THF,3CN, and DMSO increases the reaction rate and

selectivity, while a protic co-solvent such as &olaol decreases the selectivity. This decrease of

the reaction rate is likely to be attributed tosdisation of the micellar aggregates. In additie,
reported that KOH often improves selectivities canmsol to NaOH, perhaps due to stronger affinity of
the K™ cation with carbonyl oxygen, leading to the enkahelectrophilicity of the starting ester
group/ We demonstrated that improvement of the seldigviis possible for various symmetric
diesters including dialkyl malonat&s.

Therefore, based on this hypothesis and suppodbsgrvations, we tried to improve the

selectivities of various bulky symmetric diesters.

2. Resultsand discussion
We first applied ultrasound to the monohydrolysis,ultrasound-assisted reactions are known
to increase reaction rates of heterogeneous readtizluding two-phase reactiotfs.The results are

summarized in Table 1.



Table 1. Effects of ultrasoundsin selective monohydrolysis of dialkyl bicyclg[2.2.1]hept-2,5-

diene-2,3-dicarboxylates

1) aqueous base

co-solvent (7%)
oo 2 flycor
CO,R CO5R

1or3 2) HSO+ laor3a

Run R co-solvent aqueous base equivalent of base ultrasound reactiontime yield (%)2

1 1:Me THF NaOH 1.7 no 1h 99

2 THF NaOH 1.7 yes 15 min 98

3 3:iPr THF NaOH 1.7 no 19h 96 (3)
4 THF NaOH 1.7 yes 1.5h trace P
5 DMSO KOH 1.7 yes 8h 19 (64)
6 DMSO KOH 3.0 yes 7h 53 (24)
7 DMSO KOH 4.5 yes 4h 57 (20)
8 DMSO KOH 6.0 yes 3h 60 (12)

a: Isolated yields of the half-ester except for run 4. Yields of the recovered diester is shown in the parentheses.
b: Monitored by thin layer chromatography. Diester 3 remained mostly intact.

We first tried to monohydrolyze diestdr Indeed the acceleration of the reaction was
observed with a comparable yield (Run 2), as thetren time for the monohydrolysis was shortened
from 1 hour to 15 minutes by sonication. The amaiio-solvent is 7% as we reported previodsly.
However, in the case of the corresponding diisogragster, the situation was different.  The
monohydrolysis was completed in about 19 hours authultrasound (Run 3). With the same
equivalent of the base, KOH, using DMSO as a cuesud] which was previously observed to enhance
the reaction ratespnly 19% of the half-ester was obtained after Sohication (Run 5). Runs 6-8
show that greater yields of the half-ester can b&ined with the increased base within shorter
reaction times with DMSO. However, no significamprovement in the yields was achieved beyond
the addition of 3.0 equivalents of the base. Tioeee it is questionable whether the reaction veas
accelerated by ultrasound or by increased amodrkedoase.

Somewhat interesting results were selective monaiysis of dipropyl phenyl malonatd,

We had reported that this monohydrolysis reactmok t33 hours with 0.8 equivalents of aqueous
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KOH, vielding about 77% of half-esteda.® We attempted to improve the results by applying
ultrasound with DMSO and aqueous KOH. The resuksshown in Table 2.

Table2 Effects of ultrasoundsin selective monohydrolysis of dipropyl phenyl malonate

1) aqueous KOH

6o 0 DMSO (7%)H,0 O O
(o)
PrOMOPr 0 °C, ultrasound PrOMOH
Ph 2) H;0* Ph
4 4a

equivalent reaction
Run ultrasound of KOH time yield (%)?

1 yes 0.8 10h 6 (76)
2 yes 1.5 3h 36 (52)
3 yes 3.0 2.5h 77 (1)
4 yes 3.0 2h 83 (4)
5 no 3.0 2.5h 10 (82)

a: Isolated yields of the half-ester. Yields of the
recovered diester is shown in the parentheses.

As can be seen from this table, when ultrasound apgdied to the conditions we reported
before® only 6% of the half-ester was obtained even dftehours, which is the maximum amount of
the processing time of the sonicator with recowdry6% of the starting diester (Run 1), which means
that ultrasound did not help accelerate the reactids the amount of the base increases, the gield
half-esterda also increases with shorter sonication time. WB8eguivalents of the base were used
with ultrasound, 83% of the half-ester was obtaingth only 2 hours (Run 4). In order to confirm
that this acceleration was due to ultrasound idlstgfathe greater amount of the base, the same
reaction condition was performed without ultrasaurithe yield of the half-ester was only 10% with
recovery of 81% diester after 2.5 hours (Run 5heré&fore, it appears that the ultrasound helped
accelerate the selective monohydrolysis of dipr@innyl malonate.

From these results, we conclude that it may bsiplesby ultrasound to increase the reaction
rate of some small-sized diesters such as a dime#tgr without decreasing the selectivity. Some

bulkier diesters may need additional amounts okebas a trigger of the ultrasonic effect in the



monohydrolysis. It is noteworthy that long duratiprocessing by ultrasound tends to overheat the
reaction vessel, requiring special precaution @wling.

We next tried to modify the reaction conditionsdi on our proposed mechanistic hypothesis
without relying on a special deviée. We first screened the selective monohydrolysigiafkyl
bicycle[2.2.1]hept-2,5-diene-2,3-dicarboxylates, ichhwere synthesized in high yields by simple
Diels-Alder reactions of cyclopentadiene and theresponding acetylene dicarboxylatés.The

results are summarized in Table 3.

Table3 Selective monohydrolysis of dialkyl bicycle[2.2.1]hept-2,5-diene-2,3-dicar boxylates



1) co-solvent, H,O
aqueous base, 0 °C
AjCOZR q K Aj couH
CO=NR 2) HyO* CO,R
symmetric diester

; half-ester
—_ 1 n n
R=Me, Et, 'Pr, "Pr, "Bu 1a, 2a, 3a, 5a, 6a

1,2,3,56
(1.2 mmol)

Run R co-solvent Co-solvent (viv): H,O (mL)  aqueous base reaction time ~ Yield (%)?
1 1:Me THF 2mL (7%) : 20 mL 0.25 M NaOH 8 mL 45min >99
2 DMSO 2 mL (7%) : 20 mL 0.25 M NaOH 8 mL 40min >99
3 DMSO 2mL (7%) : 20 mL 0.25 M KOH 8 mL 30min >09
4  2:Et THF 4 mL (13%) : 24 mL 0.5M KOH 4 mL 5h 30min 95
5 THF 16 mL (44%) : 16 mL 0.5M KOH 4 mL 3h 93
6 THF 24 mL (67%) : 8 mL 0.5M KOH 4 mL 1h 50min 95
7 DMSO 4 mL (13%) : 24 mL 0.5M KOH 4 mL 3h 84
8 DMSO 16 mL (44%) : 16 mL 0.5M KOH 4 mL 2h 92
9 DMSO 24 mL (67%) : 8 mL 0.5M KOH 4 mL 1h 30min >99

10  3:iPr THF 22 mL (73%) : 4 mL 0.5M KOH 4 mL 12h 71 (18)
1 DMSO 24 mL (67%) : 8 mL 0.5 M KOH 4 mL 4h 30min 87
12 DMSO 22 mL (73%): 4 mL 0.5M KOH 4 mL 3h 93

22 mL (73%) : 4 mL

13 5:"Pr THF 0.5 M KOH 4 mL 12h 78 (11)
14 DMSO 24 mL (67%) : 8 mL 0.5 M KOH 4 mL 4h 91
15 DMSO 22 mL (73%) : 4 mL 0.5 M KOH 4 mL 3h 96
16  6:"Bu THF 32 mL (84%) : 2 mL 0.5 M KOH 4 mL 18h 63 (28)
17 DMSO 32 mL (84%) : 2 mL 0.5 M KOH 4 mL 6h 84

a: Isolated yields of the half-ester. Yields of the recovered diester is shown in the parentheses.

Again monohydrolysis of dimethyl estel, proceeded quite efficiently regardless of theetyp
of the co-solvent or base, producing the half-esteimost quantitative yields, although DMSO and
KOH again appeared to have somewhat enhanced &ictome rate, consistently with our previous
observations. The volume percentage of the coesblis the same as reported before (7%), which

was found to be optimal for this diester.



As we reported before, diethyl est2meeded about 3-4 times as much BaskOH also
worked better than NaOH. It became noticeablettimselectivities increased as the amount of THF
increased even with the use of 1.7 equivalenthefbiase, and the optimal conditions existed when
THF was between 13% and 67%. However, selectwigz rather significantly improved when
DMSO was employed as a co-solvent, and the bestamgbarable results to the dimethyl ester,
were obtained when 44-67% of DMSO was used in coatimin with agueous KOH. These
conditions were also effective for the diipropytezs3, and di-n-propyl estel, but the increased
selectivities and reaction rates were achieved vehgreater amount of DMSO was used. Therefore,
it appears that use of a larger amount of DMSO satprove the selectivity as the bulkiness of the
diesters increases. A greater proportion of THPMSO was applied for monohydrolysis of di-n-
butyl ester6, and the effect of DMSO instead of THF becamereletor this monohydrolysis. The
reaction times have also been shortened significamen with the use of 1.7 equivalents of the base

From these results, it appears that the optimhlmre percentage of the co-solvent tends to
increase with the increase of the size of the eptaup. This greater proportion of polar aprotc c
solvent is likely to help increase the contacthsd hydrophobic ester groups and the aqueous phase,
which can increase the chance for hydrolysis of @inthe two ester groups. The co-solvent is also
likely to help protect the potential micellar aggmées formed from the intermediary carboxylates of
bulky half-esters described above, and therebyibpitoturther hydrolysis. The unsuccessful results
with the ultrasound-assisted conditions descridea/a may also be due to potential dissociation of
the aggregates by sonication.

Gratifyingly, when monohydrolysis of diisopropyhgnyl malonate4, was performed with the
use of DMSO as a co-solvent, significant enhanceémkethe reaction rate was again observed, while
we needed 33 hours with the conditions reportedipusly® The starting diester was consumed in 6
hours under these conditions. Although this reactime is slightly longer than with the ultrasound
when the same equivalent of the base (3.0 eq) sed, the yield has been improved to 86%, which is

better than the ultrasound-assisted conditionsrittestabove.



Table4 Selective monohydrolysis of propyl phenyl malonate

1) aqueous KOH

o O DMSO/H,0 o O
0°C
PrO OPr __~ “» PO OH
Ph 2) H;0+ Ph
4 4a
DMSO: H,0 0.5N KOH reaction yield
Run (Vv) : (mL) (mL) time (%)a

2mL(8%):20mL 1.9(0.8eq) 24h 74(17)
22 mL (79%) : 4 mL 1.9 (0.8eq) 6h 72 (15)
22 mL (76%) : 4 mL 2.9 (1.2eq) 6h 79 (10)
22 mL (66%) : 4 mL 7.2 (3.0eq) 6h 86

A WO N =

a: Isolated yields of the half-ester. Yields of the
recovered diester is shown in the parentheses.

From a technical point of view, use of a largergmmion of THF at 0°C also sometimes
formed hydrate$® hampering the stirring of the reaction mixturef lthis was not the case with
DMSO. The product half-esters also all show hight@s, despite the fact that DMSO is less volatile
than THF or CHCN and may take a longer time to completely evapor#s we reported befofe,
the corresponding diacids, if extant, remainedhm aqueous phase and were not isolated or only a

trace amount was isolated after the reaction maxivas worked up.

Based on the proportions that turned out to bebtst in each reaction in Table 3, we next

tried selective monohydrolysis of several bulkylkitaphthalates all of which are readily available

inexpensively. The product half-esters, monoagikythalates, exhibit a wide range of applications to
various industrial products such as plasticizeid athesives, as well as to synthesis of a variety o
pharmaceuticals and polyméfsbut they are rather expensive. Therefore, metfiodsheir cost-
effective production have been under close scrifiny

The results are summarized in Table 5. Here aghegeffect of DMSO as a co-solvent is
more remarkable. In all the cases, the yieldhefdorresponding half-esters are significantly argh

with DMSO than with THF. The equivalent of the dampplied in each run was only about 1.7



equivalent, but the reaction rate was significarilgter with DMSO than with THF. Again, the
optimal percentage of the co-solvent tends to as#es the size of the ester groups increases.
Table5 Selective monohydrolysis of dialkyl phthalates

co-solvent / H,O
R 0.5 M aqueous KOH

> >
CO.R 0°C

. CO,R
dialkyl phthalate monoalkyl phthalate
(1.2 mmol) (half-ester)
R=Me, Et, Pr, "Pr, Bu, "Bu 7a-12a
7-12

Run R co-solvent  co-solvent (v/v): HO (ML)  reaction time  Yield (%)a

1 7-Me THE 2 mL (7%) : 20 mL 2h 8gb

2 DMSO 2 mL (8%) : 20 mL 40min 94

3 8: Et THE 24 mL (67%) : 8 mL 8h 66 (24)

4 DMSO 24 mL (67%) : 8 mL 2h 93

5 9:iPr THF 22 mL (73%) : 4 mL 14h 46 (45)

6 DMSO 22 mL (73%) : 4 mL 4h 81

7 10: "Pr THF 22 mL (73%) : 4 mL 14h 55 (34)

8 DMSO 22 mL (73%) : 4 mL 3h 30min 85

9 11:Bu THF 32 mL (84%) : 2 mL 18h 34 (59)
10 DMSO 32 mL (84%) : 2 mL 10h 77 (11)
1 12: "Bu THF 32 mL (84%) : 2 mL 18h 40 (47)
12 DMSO 32 mL (84%) : 2 mL 8h 81
13 13: O DMSO 32 mL (84%) : 2 mL 8h 80 (13)
14 DMSO 40 mL (87%) : 2 mL 3.5h 90

a: Isolated yields of the half-ester. Yields of the recovered diester is shown in the parentheses.
b: The conditions we previously reported were applied with 0.25M NaOH (8 mL).24
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3. Conclusions

In summary, we found that the use of a larger prtogoo of a water-miscible polar aprotic co-
solvent, DMSO, and aqueous KOH can acceleratedleets/e monohydrolysis of a series of bulky
symmetric diesters, leading to enhancement of ¢hex8vity, producing the corresponding half-esters
in high yields. This additional factor helps impeothe results of the monohydrolysis reaction for
bulky diesters in addition to a longer reactiondjrase of other polar aprotic co-solvents suchtis T
or CH:CN,* and/or greater amounts of an aqueous base wheme#tugivity is low. Although
ultrasound-assisted conditions are generally peedeto enhance reaction rates of water-mediated
reactions, these conditions turned out to have margffects for these monohydrolysis. Instead,
conditions applying greater proportions of a pagrotic solvent, DMSO, are practical and do not
require a special device or expensive reagentsesdltonditions are also consistent with our
mechanistic hypothesis and previous observatigikthe half-esters synthesized by this method are

stable and exhibit excellent purities.

4. Experimental section

General procedurefor ultrasound-assisted selective monohydrolysis of symmetric diesters

A diester (0.60 mmol) was dissolved in 1 mL of DM8OTHF and 14-X (X:volume of the aqueous
KOH) mL of water was added. The probe of the satoic(VCX 750 sonicator, Sonics & Materials
Inc., USA) was immersed in the reaction mixturehe Teaction mixture was cooled td®, and the
sonicator was turned on. To this mixture was adtdedndicated equivalent of a 0.5M aqueous KOH
solution dropwise. The reaction mixture was iraaell under 20kHz ultrasound (750W, tip diameters
of 13 mm) until the starting diester was consumszbeding to TLC or until the maximum amount of
the processing time of the sonicator (10 hours) &agsed, acidified with 1.0 M HCI, saturated with
NaCl, extracted with ethyl acetate, washed witmdariand dried over N80O,. The extract was
concentrated in vacuo and purified by silica géicon chromatography with hexane:ethyl acetate and

ethyl acetate to afford monopropyl ethyl malonate.
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General procedurefor selective monohydrolysis of norbor nadiene without sonication

A diester (1.2 mmol) was dissolved in the specife@dount of THF or DMSO, and the specified
amount of water was added. The reaction mixture iwanersed in an ice-water bath and cooled to 0
°C. To this reaction mixture was added the aqudmms® in small portions with stirring until the
starting diester was consumed according to TLCe rBaction mixture was acidified with 1.0 M HCI
at the same temperature ), saturated with NaCl, extracted with ethyl atetaree to four times,
and dried over N&O,. The extracts were evaporatadvacuo and purified by silica gel column
chromatography to afford the desirable half-ester.

General procedure for selective monohydrolysis of diisopropyl phenyl malonate without
sonication

Dipropyl phenyl malonate (316 mg, 1.2 mmol) wassdiged in the specified amount of DMSO and
the specified amount of water was added, and thetiom mixture was cooled to €. To this
mixture was added 0.5M KOH in small portions withrgxg until the starting diester was consumed
according to TLC. The reaction mixture was acadifivith 1.0 M HCI at the same temperaturéQ
saturated with NaCl, extracted with ethyl acetéted to four times, and dried over JS&,. The
extract was concentrateth vacuo and purified by silica gel column chromatographythw
hexane:ethyl acetate and ethyl acetate to affondom@pyl ethyl malonate.

General procedurefor selective monohydrolysis of dialkyl phthalate without sonication

A diester (1.2 mmol) was dissolved in the specife@dount of THF or DMSO, and the specified
amount of water was added. The reaction mixture iwasersed in an ice-water bath and cooled to
0 [1. To this reaction mixture, 4mL of 0.5 M KOH wasdad in small portions with stirring until the
starting diester was consumed according to TLCe rBaction was stirred at the same temperature. It
was then acidified with 1.0 M HCI at [0, saturated with NaCl, extracted with ethyl acethtee to
four times, and dried over Ba0O,. The extracts were evaporatedvacuo and purified by silica gel

column chromatography to afford the desirable batér.

The spectral data for all the half-esters reported here are as follows:
12



Half-esterla. White solid."H NMR (500 MHz, CDC}) 6= 2.13 (1H, dJ = 7.0 Hz), 2.23 (1H, dJ =
7.0 Hz), 3.94 (3H, s), 4.10 (1H, br. s), 4.25 (bi,s), 6.90 (2H, my°C NMR (125 MHz, CDGJ) 8=
53.52, 53.89, 54.88, 72.83, 141.87, 142.83, 151162,55, 162.66, 168.31; mp 107-108 °C (lit.108-
109 °C)}" HRMS Calcd for GoH1104 (M+H)*: 195.0675. Found: 195.0651.

Half-ester2a. Oil. *H NMR (500 MHz, CDC) 8= 1.40 (3H, tJ = 7.5 Hz), 2.13 (1H, d) = 7.0 Hz),
2.24 (1H, dJ = 7.0 Hz), 4.10 (1H, br.s), 4.28 (1H, br. s), 4(38l, m), 6.91 (2H, m)**C NMR (125
MHz, CDCk) 8= 14.08, 53.51, 54.88, 63.49, 72.83, 141.88, 142180.50, 162.34, 162.81, 167.91.
HRMS Calcd for GiH130, (M+H)™: 209.0813. Found: 209.0818.

Half-ester3a. Oil. 'H NMR (500 MHz, CDCY) &= 1.38 (6H, dd,) = 6.0 Hz,J = 6.5 Hz), 2.12 (1H, d,
J=7.0 Hz), 2.23 (1H, d] = 7.0 Hz), 4.08 (1H, br. s), 4.25 (1H, br. s), 5(1B, m), 6.91 (2H, m)**C
NMR (125 MHz, CDC}) =21.76, 53.51, 54.86, 71.87, 72.74, 141.86, 142.92,96, 162.02, 162.96,
167.43. HRMS Calcd for GH150,4 (M+H)": 223.0970. Found: 223.0961.

Half-ester 4a:

Oil. 1H NMR (500 MHz, CDGJ) 6= 0.91 (3H, t, J = 7.5), 1.64 (2H, m, J = 7.5),74(2H, m), 4.64

(1H, s), 7.31 (5H, m):*C NMR (125 MHz, CDGJ) 6= 10.33, 21.92, 58.13, 67.39, 128.25, 128.64,
129.38, 132.98, 168.34, 171.76.HRMS Calcd foiHzs0, (M+H)": 223.0970. Found: 223.0962.
Half-ester5a. Oil. *H NMR (500 MHz, CDCY) 8= 1.01 (3H, tJ = 7.5 Hz), 1.79 (2H, m), 2.13 (1H, d,
J=7.5Hz), 2.24 (1H, d] = 7.5 Hz), 4.10 (1H, br. s), 4.27 (2H, m), 4.32 (B s), 6.90 (2H, m):*C
NMR (125 MHz, CDCY) $=10.42, 21.80, 53.49, 54.84, 68.84, 72.76, 141183,93, 151.55, 162.28,
162.81, 167.93. HRMS Calcd for 1504 (M+H)*: 223.0970. Found: 223.0979.

Half-ester6a. Oil. 'H NMR (500 MHz, CDCJ) 6= 0.97 (3H, tJ = 7.5 Hz), 1.44 (2H, m), 1.74 (2H,
m), 2.12 (1H, dJ = 7.0 Hz), 2.23 (1H, d] = 7.0 Hz), 4.09 (1H, br. s), 4.24 (1H, br. s), 4(3H, m),
6.90 (2H, m);}*C NMR (125 MHz, CDGJ) 8= 13.78, 19.20, 30.36, 53.50, 54.84, 67.25, 721%6,84,
142.92, 151.55, 162.25, 162.81, 167.94 HRMS Catud GisH1;0, (M+H)*: 237.1126. Found:
237.1136.

Half-ester7a. White solid.*H NMR (500 MHz, CDC}) 8= 3.93 (3H, s), 7.59 (2H, m), 7.69 (1H,X&

7.8 Hz), 7.93(1H, dJ = 8.0 Hz).®C NMR (125 MHz, CDGJ) 8= 53.03, 128.87, 130.00, 130.11,
13



131.04, 132.44 , 133.40 , 168.82, 172.23. mp 82cRdit. 82-84 °C}J’ HRMS Calcd for GHgO,4
(M+H)": 181.0500. Found: 181.0507.

Half-ester8a. Oil. '"H NMR (500 MHz, CDCJ) &= 1.37 (3H, tJ = 7.0 Hz), 4.39 (2H, ) = 7.3 Hz),
7.59 (2H, m), 7.70 (1H, d] = 7.0 Hz), 7.91 (1H, dJ = 7.5 Hz)."*C NMR (125 MHz, CDCJ) 8=
13.99, 62.07, 128.82, 129.88, 130.04, 130.88, 132133.64, 168.28, 172.71 HRMS Calcd for
C10H1104 (M+H)": 195.0657. Found: 195.0649.

Half-ester9a. White solid.'H NMR (500 MHz, CDCJ) 6= 1.35 (6H, dJ = 6.5 Hz), 5.28 (1H, m),
7.57 (2H, m), 7.68 (1H, d] = 7.5 Hz), 7.90 (1H, dJ = 7.5 Hz).”*C NMR (125 MHz, CDG)) 8=
21.67, 69.83, 128.90, 129.94, 130.66, 130.78, P32.34.05, 167.77, 172.73. mp 78-80 °C. (lit.79-
81.5 °C¥® HRMS Calcd for GiH130, (M+H)*: 209.0813. Found: 209.0805.

Half-ester10a. Oil. '"H NMR (500 MHz, CDCJ) 8= 1.00 (3H, tJ = 7.5 Hz), 1.77 (2H, m), 4.29 (2H, t,
J=7.0Hz), 7.59 (2H, m), 7.71 (1H, d= 7.0 Hz), 7.91 (1H, d) = 7.2 Hz).**C NMR (125 MHz,
CDCl) 8= 10.55, 21.87, 67.73, 128.87, 129.89, 130.08, 8880132.31, 133.66, 168.35, 172.83.
HRMS Calcd for GiH130, (M+H)™: 209.0813. Found: 209.0819.

Half-esterl1a. White solid.*H NMR (500 MHz, CDC}) 8= 0.99 (6H, dJ = 7.0 Hz), 2.05 (1H, m),
4.11 (2H, dJ = 7.0 Hz), 7.59 (2H, m), 7.72 (1H, d= 7.0 Hz), 7.91 (1H, d) = 7.5 Hz).**C NMR
(125 MHz, CDC}) 8= 19.26, 27.78, 72.59, 128.93, 129.95, 130.17,980132.32, 133.64, 168.35,
172.54. mp 77.8-78.2 °C. (lit. 78-80 °€)Anal calcd for G:H140,: C, 64.85; H, 6.35. Found: C,
64.72; H, 6.36. HRMS Calcd forgH1504 (M+H)*: 223.0970. Found: 223.0977.

Half-ester12a. White solid."H NMR (500 MHz, CDC}) 6= 0.94 (3H, tJ = 7.5 Hz), 1.44 (2H, m),
1.73 (2H, m), 4.34 (2H, = 6.5 Hz), 7.59 (2H, m), 7.70 (1H, 8= 7.5 Hz), 7.91 (1H, d] = 7.5 Hz).
¥C NMR (75 MHz, CDCY) &= 13.81, 19.29, 30.54, 66.02, 128.90, 129.94, 130180.91, 132.32,
133.68, 168.37, 172.69. mp 73-74 °C. (lit. 73°GIRMS Calcd for GH1504 (M+H)*: 223.0970.
Found: 223.0965.

Half-ester13a. Oil. 'H NMR (500 MHz, CDCJ) 6= 1.27 (1H, m), 1.41 (2H, m), 1.54 (3H, m), 1.75
(2H, m), 1.98 (2H, m), 5.04 (1H, m), 7.56 (2H, M)70 (1H, ddJ=1.5Hz,J=1.5Hz), 7.88 (1H, dd,

J=1.5Hz, J=1.5Hz); **C NMR (125 MHz, CDGJ) &= 23.84, 25.44, 31.37, 74.61, 128.90, 129.73,
14



130.28, 130.77, 132.09, 133.81, 167.65, 172.48. BR®Alcd for GH150, (M+H)": 249.1127.

Found: 249.1126.
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Practical selective monohydrolysis of symmetric diesters without a special
device
Highly efficient reactions starting from only readily available inexpensive

reagents
Production of costly half-esters under simple conditions from inexpensive starting
diesters



