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ABSTRACT. Selective reduction of carhonyl group with zinec borohydride in the presence of

ester functional group was demonstrated with seven representative keto esters, Either hydrexy esters

or lactones wure obtained in good yields; ethyl 6-hydroxyheptanoate (83.0%),

ethvl 2, 6-dimethyl

~4~hydroxy- 2 - eyclohexenecarboxvlate (82. 3%}, Eihyl p-(a-hydroxyethyl} -phenvlacetate (78.9%),
4~phenylbutyrolactone (70. 29 }, and 3-phenylphthalide (92,4 %} were obtained from the correspon-

ding keto esters.

INTROPUCTION

Qur previous study with zinc borohydride re-
vealed that carbony! grours are reduced readily
but ester groups are incrt to this hydride rea-
gent!:2. This kind of selectivity can be expected
with sodium borohydride, however sodium boro-
hydride has to be used either in alkaline stabili-
zed hydroxylic solveats or in diglyme. In the
former solvents the ester groups are hydrolyzeds
or transesterified %+, and in the latter the keto
groups are reluctant to reduction with sodium

borohydride. 4 Thus zinc borohydride, which is

reported to be neutral and soluble in common
aprotic solvents’»?, is a promising hydride for
selective reduction of keto esters to the corres-
ponding hydroxy esters.

Therefore we have decided to examine the
reduction of keto esters with zinc bkorchvdride
jn order to establish the selectivity of this hy-
dride. Although Gensler et al. successfully appli-
ed this hydride to the reduction of alkaline sen-
sitive keto lactones?, we did not include keto.
lactones in our study, because we observed slow
reduction of y-butyrolactone! and anticipated
that the selective reduction would be difficult
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unless the lactone group is sterically hindered to
hydride attack.

EXPERIMENTAL

General. All b.p’s and m. p's are unenrrectad.
The infrared spectra were determiner! zither with
Beckman IR 8 or IR 33, and the nmr spectra
were recorded either with HA-100 or T-60A in
& scale with TMS as an internal standard. Tet-
rahydrofuran was distilled from excess lithium
aluminumhydride. All glassware: was dried tho-
roughly at 125° in an oven and, after set-up,
Thus

all reductions were carried out undet anhydrous

cooled down under a stream of nitrogen.

condition. Hypodermic syringes were used to
transfer the solution,

Preparation of Zinc Borohydride Solution. °
To a pre—dried 500 m/ flask{imercury-sealed), were
added 230 m! of THF 3ad 5. 58 g(140 mmoles, 95
%) of sodiuin borohydride with stirring, To the
above slurry solution, was added 8. 1774 g (60
mmole) of anhydrous zinc chloride dissolved in
50 mi of THE with stirring, After stirring for
2 days the flask was set aside to settle down
the precipitate. An aliquot of the resulting clear
supernatant was hydrolyzed with 2 & sulfuric
acid-THF mixture and found to be ca. 2M in
hydride, 0.25 3 in “Zn(BH,),"%, and stored as
such under positive nitrogen pressure with a
The hydride

concentration was practically constant over 30

cotnection to a mercury bubbler.

days ot room temperature.! For all reduction
reaction, calculated guantity of the solution was
transferred from the supernatant, as needed.

Preparation of Keto Esters

1. Ethyvl 6-oxoheptancate was prepared from
the corresponding carboxylic acid as usual man-
net. Thus in-sitw. hydroboration of I-methyl.
cyclohexene(0. 5 mole, 48. 1 g) in THF with sodi-
um borohydride((. 3mole, 11.4g) and dimethyl
sulfate (0. 3 mole, 37.8g)% followed by alkaline
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oxidation, gave trans—2-methyleyclohexanol in
88% yield(np'® 1. 4618, curde, after evaporation
of the solvent). From the crude alcohol, 6-oxo.
heptanoic acid was prepared by the method of
Schaeffer and Snoddy® in 41 % vield, followed
by esterification. b, p 94~97°/3 mm, 2p?7 1. 4300
(it. " b. p 107~108°/0 mm, 2% 1. 4305)

2. Ethyl 7-oxododecanoate was prepared from
7-oxododecancic acid which had been prepared
by acylation of I-morpholinocyclohexene with
caproyl chloride, and then alkaline cleavage of
the resulting S-diketone. ! Acid, m.p 55~57°
(lit. ' m. p 56.5~57°). Ester b. p 146~149°/2
mm, #p'* 1.4435, nmr(CCL) 0.9~1. §(complex
18), 2.2~2.5(complex, 6), 4.1 (quartet, 2).
A portion of this ester was saponified to give 7-
oxododecanoic acid (m, p 56~58°), of which ir
spectrum was identical with that of authentic
one(vide supra).

3. Diethyl y-oxopimelate was prepared from
furylacrylic acid. b.p 136~139°/3mm, np!8
1. 4428(lit. ** b. p 116~121°/0. 3 mm, 2p* 1. 4400)

4. Ethyl
carboxylate was prepared by the method of Hor.
ning ¢ al. ", b.p 111~113°/4mm, np!® 1. 4815
(lie. ¥ b, p 136~138°/9 mm)

-

5. Ethyl p-acetylphenvlacetate was prepared

2, 6~dimethyl-4-oxo~2-cyclohexene-

via Friedel-Crafts acetylation of ethyl phenyl-
acetate, 1 m. p 62~62° (Jit. 1* m, p §0~62°).

6. Ethyl j-benzoylpropionate was prepared
from the corresponding carboxvlic acid as usual
manner, b p. 139°/3mm, 2p'® 1. 5160(lit. 1 b. p
118~120°/2 mm)

7. Methyl a—benzoylbenzoatel wus prepared
from o-benzovlbenzoic acid. m. p 51~-52° (lit, 16
m. p 52°).

Rate Study. Reduction of ethyl p-acetylphe-
nylacetate is described as a representative. An
oven-dried 100 m{ flask with a rubber-capped
side arm was equipped with a magnetic stirring

bar and a reflux condenser connected to a gas
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buret, and placed in an ice bath. Then 20 mi
of 0.25 M zinc borohydride solution (40 mmoles
of hydride}, was introduced into the reaction
flask, followed by 10mi of THF. To this stirred
solution 10 m! (10 mmoles) of a 1 M solution of
ethyl p-acetylphenylacetate was added dropwise.
Now the resulting reaction mixture was 1./ in
hydride (0. 125 Af in Zn(BHy)» and 0. 25 A in
ethyl p-acetylphenylacetate. At appropriate time
as indicated in Table 1, each 4 m{ aliquot of the
reaction mixture was ‘removed with a syringe
and injected into a hydrolyzing mixture contain-
ing 2 N sulfuric acid and THF. The residual
hydride content was measured gasomertrically,
and the number of moles of hydride consumed
per mole of ethyl p-acetylphenylacetate was cal-
culated. Thus ethyl p-acetylphenylacetate con-
sumed 0. 08(0. 3 hr), 0. 16(1. 0 hr), 0. 33(3. 0 hr),
and 0.57(6.0hr) moles of hydride per mole of
the compound. Since the rate was too slow, the
reaction was repeated at room temperature and
observed 0.41(0.5br), 0.76{1.0hr), 0.76
(1.0br), 0.83(3.0hr), and 1.07(12.0 hr)
moles of hydride uptake per mole of the compo-
und. The results are summarized in Table 1.
Reduction of Ethyl 6-Oxoheptancate (I).
The experimental set-up used was essentially
same as in rate study. In a reaction flask was
placed 50 m/ (100 mmole of hydride) of 0.25 3
zinc borohvdride sclution, followed by addition
of 20 mi of THF. After thermal equilibriation
of the reaction with an ice bath, & 61 g(30m-
mole} of ethyl G-oxoheptanoate dissolved in 50
m! of THF added dropwise with stirring over a
peried of 15 min. Stirring was continued for 8 hr
Excess hydride was carefully hydrolyzed with
10 m! of saturaied sodium sulfate solution. The
precipitate was filtered and washed well with 20
ml portions of ether and dried over anhydrous
sodium sulfate, The solvents were removed on

a rotary evaporator. To the residue was added

40 m! of absolute ethanol and again evaporated
off to expel the boron contaminant as ethyl ko-
rate. The residue(8.35g, 95.8 %, np*" 1.4303)
was subjected to distillation at reduced pressure
to give 7.23¢g (83.0 %) of ethyl 6-hydroxyhepta
noate, b.p 104~106°/ 3mm, #np¥ 1.4320, ir
(ig. film) 3400, 1730cm~*(lit.*° b. p 103~104°
/2mm, np® 1. 4329)

Reduction of Ethyl 7-Oxedodecanocate (1i).
The procedure is same as described above. To
60 mmoles of hydride, 7. 33 g(30 mmoles) of (1)
was added. After working up similerly as above
6.52g(88.9%) of the crude hydroxy ester (#p*®
1. 4455) was obtained. Distillation at reduced
pressure gave 6.03g(82. 3%) of ethyl 7-hy.
droxydodeconoate b.p 142~143%/2 mm, x5~
1. 4446 with infrared absorption(neat) at 3450cm™!
and 1730 em™L,

Reaction of the pure hydroxy ester with p-to-
luenesulfonyl chloride in pyridine followed by
appropriate purification'” gave a tosylate as color-
less liquid. ir{neat) 1180cm™1 and 1180 e~
Reduction of the tosylate with excess lithium
aluminumhy dride afforded 1-dodecanol, . p 120
~122°/5mm, np®® 1. 4420(lit. ¥ h.p 143~148°
/18 mm). Their spectrum of this alcohol was
supperimposable with that of authentic sample.

Reoxidation of the hydroxy ester with chromic
acid in agueous acetic acid yielded the keto ester
{II}). b.p 155~158°/3 mm, np* 1.4420. The ir
spectrum was superimposable with that of auth-
entic sample(II} ir(lig. film) 1710, 1730cm=2

Reduction of Diethyl y-Oxopimelate (II1).
To 1060 m.-
moles of hydride, 11. 51 g(50 mmole) of (JII} was
added. After work up as above 11.08 g(65. 4%)
of crude hydroxy diester was obtained, wp"®
1. 4694, ir(ilg. ilm) 3500, 1735 cm™Y, This hydr.

oxy diester underwent lactonization on distillation

The producedure is same as above.

at reduced pressure as evidenced by the disappea-
rance of O—H peak and a new intense peak at
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1780 cm~1(C=0), 7-lactonic). There was obta-
ined 7. 27 g(78.1 % based on lactone) of the co
rresponding lactonic ester as colorless cil.  b.p
151~152°/3 mm, 2p¥® 1.4574(lit. ®® b.p 120~
125°70. lmm, np?® 1.4539), ir(neat) no O—H,
1735 1780cm™ nmr(CCL) 1.2(, 3), 1.7~2.7
(complex, 8), 4.1(quartet, 2), 4.4(quintet, 1)

Reduction of Ethyl 2, 6-Dimethyl-4-oxo0-2-
eyclohexenecarboxylate(IV). To a mixture of
80 ml of 0.25 M zinc borohydride solution (160
mmoles of hydride) and 55mi of THF was added
7.85 g (40 mmoles) of the keto ester (IV)dissolv-

363

ed in 25 ml of THF dropwise with stirring.
After stirring at rcom temperature for 6 hr.,
work-up as described above afforded 7. 07 g(89. 1
%) of the crude product, np*® 1.4705. Fractio-
nation at reduced pressure gave 6. 57 g(82.3 %)
of the corresponding hydroxy ester. b.p 123~
125° /mm. np% 1.4708. ir(CCly) 3380, 3030,
1720, 1620cm™). nmr(CCl) 0.99(d, 3}, 1. 28(¢,
3), 1.66(s,3) 4.15(quarter, 2), 5.60(m.1).

Reduction of Ethyl p-Acetylphenylacetate
(V). A mixture of 60mZ of 0.25 A zinc boro-
hydride (120 mmole of hyvohide), 15mi of THF

Table 1. The reactions of zinc borohydride with representative keto esters.

- Hydride used for reduction’
Compound® Temp. |— , |
(°C) | G.5hr | 1.0br [ 3.0br [6.0hr [ 12.0h |24.0hr|48. 0 br
) 0 ! ‘ :i i |
Il Il I | 0.73 | 1.02 1.03 1.03 :
CH, C CH.CH,CH,CH,COEt (1) | i
0 0 i ! }
I I .0 | 0611095 ; 099 099 | 1.03| 103
CH:{CH,),C (CH,)s CEt (II) ! | H i
0 0 0 l ' ;
I I I o | 057 ; 081 122 | 1221 L.4¢d
EtOCCH,CH, CCH,CH,COEt (ITT) | |
-
0={ »—COOEt (IV) rt. | 062 ' 102 | 1.02 | 110 1.17
N
0 0 0 | 0.08 1 016 | 0.33 | 0.57 | 0.81¢
[ I |
CH30—©—CH,COEt (V) : i
rt. | 041 | 0.76 { 0.8 | 1.03 { 1.07
| _
0 0 L0 | 008 | 022 | 02! o2 ! o5t | Lo| 130¢
i b |
{))— CCHLCH.C OBt (V) ' :L | ;
\ r.t. | 0.41 | 0.68 l| 0.99 | 121 ' 1.44
a :
M 5 i
0 ?OO € 1 nt. i 0 0 0 | o | o 0 0
1] i
O+omw | ]
| 65 | 0.23 | 0.46 | L06 | 1.1 |

¢ 1M in hydride 2nd 0.25 M in the compound,

¢ At 10. Ohr,

Vol, 19, No, 5, 1975

¢ Number of moles of hydride per mole of the compound

4 Reaction temp. was raised 1o room temperature after 10hr. reaction at 0°C.
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and 6. 19 g(30mmoles) of ethyl p-acety!phenyl-
acetate dissclved in 25ml of THF was stirred
for 6 hrs at room temperature.  After the esta-
5. 36g(85.8%) of the
"1 ’41‘50) was obtained,
Distillation afforded 4. 93(78. 9%) of pure ethyl
2 (e-hydroxvethyl) phenylacetate.

blished work-up as ahove,

crude hydroxy ester (0%

b.p 151~
153°/3mm, n5% 1. 5182, ir(CCly) 3400, 1720 cm™!
nmr(CCl) 1.2(1,3), 1.3(4,3), 3.5(s52), 4.0
(quartet and a broad singlet. 3), 4. 1(quartet,
1) 7.1(~s4).

Reduction of Ethyl S-Bernzovipropiorate
(VI). The same procedure was carried out. To

PR -

BREEH

160 mmoles of hydride 8. 25 g(40 mmoles) vi the
keto ester{VI) was added and stirred for 3 hr at
rcom temperature. Then the mixture was worked
up to give 7.57 g(91. 8%) of the crude product,
np® 1. 5305. Distillation afforded 5. 56 g {based on
lactone) of y-phenyl-y-butyrolactone. b. p 126~
7°/2mm, np™® 1.5321. ir(CCL) no O—H, 1780
em™%, This colorless liquid was recrystalized in
either—petroleum ether (30~60 °C) to give the
4. 56¢ of pure lactone(70. 2 %) m. p 34~36°{lit,
106~13°/0. 5mm, m. p 34~36°)

Reduction of Meihyl o-Benzoyl benzoate
(VII). A mixture of 60m! of 0.25 ! zinc boro-

Teble 2. Reduction of keto esters with zinc borohydride®

]
Keto ester {H"/

| Ran Time

] Physical const.

; e Product b Poriied
L |IC°mP-! {Temp. ) | ‘Crude(yld)' (;‘1 4
0 o) 7 J 0 271, 4305 gt 1. 4320
i y 2/1i 8hr(0°), np Losmnn 1o
CH,C(CH,) COB (1) | cHbH(cH) Coke - (95.8%) | (83.6%)
O O 2/1 | 8}] ( O) OH O P{‘,D]sl 44\33|ﬂﬂ“1 4:146
‘CH,(CH,) C(CHJ C(}I-.t (II) . i CHa(CH,),,CH(CH }‘COEt (3& 9%) ' (82.3%)
0 0o o0 . 9 /00 :
o T ! . -~ r]’ Q4 2ep " L4574
i ; 9711 8he(0)] ECOCCH.CH, cn c o 14694 et
EcOCCH,CH,CCH,CH.COEt (111} i ! (95.4%) (78 1)
1 H.C™EH, :
| 5 |
o ‘g 1, 470 1. 4708
o=( >—CO0Et avy WL ehn t)| HO—{ >-CO0Et | _iﬂ€89.11§6{}5”?‘3’ bl
\\ H
? 9 iI o ! 1, 5150 8," 1. 5182
: : : \, ! ap™ 1, 915007 1A %
-CH30©—CH2COEt W) W ehre D) oo (7)) —CHCOBL | (85.8%) | (7o D)
i | -
L /0\ 0 |
i ! |18 5
: . 7 1. oaﬂwrp I_.:}."??I
Q%cmcmcor::t vp o W] kol (7)) —cH (oL 8%) (70, 2%)
! l CH,— ¢, ;
COO\IE i ._C,/O j m
: o ! " }06~12° 116-8°
©_ *< () vm | 4/1 3hr(65°C) w l (96.15%) | (92.4%)
! |

|
Ll

©--O
i }
H

vid: yield

< Prepared by mixing 140 mmoles of NaBH, and 60 mmoles of ZnCl, in THF.
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fhydride solution (120 mmoles of hydride) and 7.
21 g(30 mmoles) of the keto ester(VII) dissolved
in 40mf of THF was subjected to heating under
reflux. Careful hvdrolysis of the excess hydride
followed by filtration, washing, drying and
-evaporation of the solvent gave 6.06g(96.1%)
-of the crude lactone. m.p 106~112°. Recrystal.
lization from methanol vielded 5.83g(92.4%)
-of 3-phenylphthalide as white solid. m. p 116~

118° (e, 21 116~117°), ir (CHCl3) no O—H, 1760.

RESULTS and DiSCUSSION

First we examined the approximate rate and
stoichiometry of the reaction of keto esters with
zine borohvdride at 0°. The first three aliphatic
keto esters were teduced smoothly consuming
:about one hydride within 6 hr. and apparently
reaction did not proceed further at 0°C(see Ta-
ble 1). This clearly suggests that the keto group
reduced selectively with the ester group intact.
However further reaction at rooem temperature
.consumed additiona! hydride, indicating that the
-ester group was slowly reduced. In our previous
study, ali the esters examined, aliphatic or aro
matic, showed no sign of reduction even after
‘24 hr. at room temperature.! Presumably the
‘hydride moiety attached to the oxygen, resulted
‘from the reduction of keto group, is attacking
the ester function intramolecularly. ** This intra-
molecular hydride atiack to the ester group, also
supported by the fact that the additional hydride
uptake of diethyl y-ozonimeiate and ethyl 3-ben-
zoylpropionate, both of which have keto group
at 4-position, procesds more rapidly compared
to those of other keto esters which have keto
group further away.

Aromatic ketones were reduced much more
slowly and had to be reduced at elevated temp-
erature. Ethyl p-acetylphenylacetate showed a
plateau of one hydride consumption at 6~12hr,
however, ethyl S-benzoylpropionate did not show

Vol. 19, No. 5, 1975

such plateau. We believe this caused the lower
vield of 4-phenylbutyrolactone.

In order to confirm the products and demonst-
rate the synthetic utility of this selective reduc-
tion, products were isolated at all times. We
used neutral condition as possible but did not
elaborate to get maximum yields.In Table 2,
the reaction conditions employed and physical
constants of the crude and purified products are
summarized. In all cases the refractive indices
or melting points were very close between the
crude and purified products. The only exception
was the product of diethyl y-oxopimelate, how-
ever, we found out that the crude product was
hydroxy diester as evidenced by the intense
O—H peak in the irspectrum, Therefore, for
practical stand-point of view, elaborate purifi-
cation steps might be eliminated for any subse-
quent reactions.

Faced with the reduction of carbonyl group in
the presence of ester group, possible metal hyd-
rides to be applied would be either sodium boro-
hydride?, or alkyl horanes such as disiamylbora.
ne. > These hydrides are known to reduce car-
bonyl group readily, but inert or very sluggish
for the reduction of ester group under normal
conditions. However sodium borchydride has to
be used in alkaline stabilized hydroxylic solvents
in order to reduce ketone group smoothly, *® and
this alkaline condition could cause complication
such as hydrelysis, %@ racemization®, etc. On the
other hand, disiamylborane is expected to do the
job nicely although the applicability of disiamyl.
borane to this kind of selective reduction is yet to
be tested. Even if disiamylborane were proved
to be good, it may be diflicult to apply if the
compound has a functional group such as carbon-
carbon multiple bond, epoxide, or nitrile. ¢

Conclusion. We have shown that the selective
reduction of keto esters to the corresponding
bydroxy esters or lactones by zinc borohydride

in good vields. We believe this study not only
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provides & new synthetic method of hydroxy

esters, but also serves to the mechanistic study
of the matal hvdride reduction.
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