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Stereospecific and Stereoselective Reactions. V."
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The reagent formed by the reaction of diethyl azodicarboxylate (1) and triphenylphosphine (2) reacted with

alcohols and ethyl cyanoacetate (6) to give alkylated products in 30—809;, yields.

When ethyl acetoacetate,

1,3-cyclopentanedione, or 1,3-cyclohexanedione was used in place of 6, the corresponding O-alkylated products
were obtained. The reaction of either (§)-(—)-ethyl lactate or (§)-(—)-ethyl 2-hydroxy-3-phenylpropionate
with 1, 2, and 6, followed by hydrolysis resulted in the formation of (§)-(—)-methylsuccinic acid or (§)-(—)-
benzylsuccinic acid. The results indicate that nearly complete inversion of the configuration takes place in the

alkylation step.

Alkylation of anions derived from active methylene
compounds furnishes a synthetically useful reaction
producing carbon to carbon bonds. A number of
bases are effective for removing a proton from the
carbon atom alpha to an electron-withdrawing group,
but only a few alkylating reagents are utilized in the
alkylation of the carbanions.?)

It was reported that the reaction of diethyl azodi-
carboxylate (1) and triphenylphosphine (2) in the
presence of an alcohol and an acidic component gives
an alkoxyphosphonium salt intermediate (5) which
functions as a versatile alkylating reagent.*) The re-
action seems to proceed through (a) addition of 2
to 1 giving a quaternary phosphonium salt (3),% (b)
protonation of 3, (c) formation of an alkoxyphospho-
nium salt (5), and (d) Sy2 type displacement of the
resulting species 5 as shown in Scheme 1.
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Acidic components (Scheme 1; YH) alkylated by
this method include phosphoric mono- and diesters,
carboxylic acids, imides, phenols, and oximes. Not
only simple alcohols but also complex hydroxy com-
pounds such as nucleosides, carbohydrates, and steroids
can be used.¥ This paper deals with the alkylation
of acyclic and cyclic active methylene compounds by
the above reaction.

Alkylation of Ethyl Cyanoacetate. The alkylation
of ethyl cyanoacetate (6) was carried out under the
same conditions as for the preparation of carboxylic
esters.) Thus, 1 was added to a solution of 1-propanol,

2, and 6 in tetrahydrofuran (THF) at room tempera-
ture (Procedure A). No alkylation of 6 took place,
459, of 6 being recovered. Similarly, no alkylated
product was obtained when the reaction was carried
out at —10——15°C. On the other hand, when 1
was added to 2 in THF at —10——15 °C, followed
by the addition of 6 and l-propanol (Procedure B)
and the reaction was continued for 1 h, ethyl 2-cyano-
pentanoate (7; R=C;H,) was isolated in 299, yield
along with dialkylated product, ethyl 2-cyano-2-propyl-
pentanoate (8; R=CzH;; 3—49%,). A small amount
of diethyl N-propylhydrazine-N,N’-dicarboxylate (9;
R=GC;H;) was also obtained (Scheme 2).
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Scheme 2.

In Procedure B, a white fine precipitate is sometimes
observed in the initial 5—10 min (1—2 mmol each
of 1 and 2/2—3 ml of THF). Complete disolution
takes place on addition of alcohol and 6, 7 (R=C,H,)
being obtained in a comparable yield as above. No
identification has yet been made but the precipitate
seems to be an intermediate in the reaction. Since
stirring of the slurry of the adduct is difficult, the
alcoholic and acidic components are added preferably
before the precipitation of adduct.

It was found that various alcohols can also enter
into the reaction under similar conditions. The re-
sults are summarized in Table 1.

The formation of 9 suggests that both ethyl cyano-
acetate anion and diethyl hydrazinedicarboxylate anion
exist in the reaction mixture at equiliblium, the product
ratio (7/9) depending on relative acidity of 6 and
diethyl hydrazinedicarboxylate as well as the nu-
cleophilicity of their anions (Scheme 3).7
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TaBLE 1. ALKYLATION OF ETHYL CYANOACETATE (6) By PROCEDURE B
Reactant (mmol) NC-CHR-CO,C,H;
. . ———
OH  Reaction time/h
ROH A (°C; rt, room ;
XAN\X D Yield NMR (CCl,)
R I1and2 6 (O] temperature) o 8/ppm 4
NS
C,H, 2 3 2 0 1(—20), 7(—20—  51» 0.8—1.2(m, CH,CH,CH,-), 1.35(t, CH,-
0), 10(rt) CH,0-), 1.1—2.2(m, CH;CH,CH,-), 3.35
4 3 2 0 1(—20)» 299  (t, NCCH-), 4.3(q, CH;CH,0-)
4 3 2 0 48(—20)D 309
CH,-CHCH, 4 2 2 0 2(rt) 439 1.3(t, CH,), 2.5—2.75(3 lines, ~CHCH,-),
1.3 1.5 1 1 10(rt) 249 3.4—3.65(3 lines, NCCH-), 4.22(q, CH,0O-),
4,9—6.2(m, vinyl H)
EtO,C\_ 3 4.5 24(rt) 459 1.3 and 1.32(two t, CH,CH,-), 1.4(d,
3 4.5 3 3 24(rt) 6280 CH,CHY), 2.7—3.35(m, CH;CHK), 3.45—
CH / 3L
(?ﬂ) 3.9(4 lines, NCCH-), 4.15 and 4.25 (two q,
CH,CH,O-)
EO,C\ 54 70 54 0 5(—30——20), 12 83  0.9(m, CH,(CH,),-), 1.3 and 1.35(two t,
CH (—10), 10(0), 120 CH,CH,0-), 1—2.2(m, CH4(CH,),-, 2.7—
3
Cst;”) (rt) 3.2(m, C,H,CH-), 3.65—3.95(4 lines,
30 40 30 40 12(0), 120(zt) 74  NCCH-), 4.18 and 4.25(two q, CH,CH,-)
MeO,C 2 1.5 1 24(rt) 67 1.15 and 1.2(two t, CH,CH,-), 1.5(d,
/'\ 2 1.5 1 1.5 24(rt) 79 CH,CH-), 3.25—3.8(m, NC-CHCH-), 4.1
1O and 4.15(two q, CH,CH,-), 7.35 and 7.95
\l/ (AA’BB’, aromatic H)
CH,CH

(dl)

a) 12 and 179 vyields of 8(R=C,H,) and 9(R=C;H,), respectively, 239, of 6 rccovered. b) Procedure C.

c) 3—4%, yield of 8(R=C,H,).

d) 7% vyield of 8(R=C,H,).

e) 109 vyield of 8(R=CH,=CHCH,-). f) 21%

yield of 8(R=CH,=CHCH,-), 29% of 6 recovered. g) 10% vyield of 9(R =EtO,C(CH,)CH).

P-OR-NC-CH-COEt ~otnt2 , 1y 5 OR- EXO,C--NH-COE
PhsP- OO o T OR°ENO2 .

| |

7 9
Scheme 3.

The vyields of the alkylated products are not so
high as compared with those obtained in the alkyla-
tion of relatively strong acid such as phosphoric
diesters,®) carboxylic acids,® or imides.? A possible
explanation of the difference is obtained if a protonated
phosphonium salt (4) is assumed to be an active inter-
mediate for the formation of an alkoxyphosphonium
salt (5). In the reaction of 6, equilibrium is not
favorable to protonated form (4; Y=CH(CN)CO,Et)
because of its low acidity. In order to increase the
concentration of the protonated form in equilibrium,
alkylation of 6 by various alcohols was examined in
the presence of 2,6-di-i-butylphenol as a proton source.
The vyields of alkylated products increased to some
extent, but no marked effect of the proton source was
observed (Table 1). When 2,6-di-¢-butyl-4-nitrophenol
was used in place of 2,6-di-t-butylphenol, an aci-nitro
ester (10)1% was obtained in 709, yield with a 679,
recovery of 6.

Alkylation of Ethyl Acetoacelate. The reaction of
ethyl acetoacetate (11) with 1, 2, and 2-propanol

was carried out by Procedure B giving ethyl 3-iso-
propoxy-2-butcnoate (12a), 3-[1,2-bis(ethoxycarbonyl)-
hydrazino]-2-butenoate (14), and 3-[2-isopropyl-1,2-
bis(ethoxycarbonyl)hydrazino]-2-butenoate (15a) in 17,
16, and 129, vyields, respectively. Contrary to the
case of alkylation of 6, that of 11 took place even
at room temperature by Procedure A giving 12a,
14, and 15a in 6, 40, and 89, yields, respectively
(Scheme 4). No C-alkylated product (13a) could be
isolated in these reactions.

OR Q
CHyC=CHCOEt  CHyC-CHR-COREY

12 13

EtO,C-N-NH-COEt  EtO2C-N-NR-COzE
CH3C=CHCOZEt CH3C=CHCOZE!

14 15

a: R=(CH3),CH
b: R= CHCHCHy

Scheme 4.

The side product 14 would be formed wvia a vinyl-
oxyphosphonium salt (16) which arises from the reac-
tion of 3 with 11 (enol form). Collapse of 16 by an
addition-elimination process gave rise to 14 and tri-
phenylphosphine oxide (Scheme 5). The assumption
is supported by the reaction of 11 with 1 and 2 in
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TaABLE 2. ALKYLATION OF ETHYL ACETOACETATE (11)

Reactant(mmol) Reaction time/h Products yield/%,
ROH Procedure (°CG; rt, room —
R 1 and 2 11 temperature) 12 13
4 3 2 A 48 (rt) 62 0
(CH,;),CH 4 3 2 B 48 (—20) 17® 0
4 3 2 G 48(—20) 35 0
4 3 2 A 24 (rt) 189 0
8 5 4 B 24(—20) 18 0
C,H, 8 5 4 C 48 (—20) 37 0
40 5 4 A 72 (rt) 29 6
40 5 4 (¢ 72(—20) 30 6

a) 40 and 8% vyields of 14 and 15a, respectively. b) 16 and 129 yields of 14 and 15a, respectively. c)

8 and 69, yields of 14 and 15b, respectively.

TaBLE 3. ALKYLATION OF 1,3-CYCLOHEXANEDIONE

Reactant(mmol)® Reaction time/min Products yield/%,
Procedure (°CG; rt, room ——
ROH 1 and 2 temperature) 18 19
2 2 A 35 (rt) 81
(CH,),CH { 2 2 B 50 (—20) 74
C,H;\, \CH 3 3 A 60 (rt) 36 8
CH,= CH/ 3 3 B 60 (—20) 40 13

1,3-Cyclohexanedione ; 1.5 mmol.

2)

the absence of an alcoholic component where 14 was
obtained in 689, yield. Compound 15 would be
produced through a similar intermediate 17.

gH
3 + CH3C=CHCOEt

-PP
————>CH;,8 =CHCO.Et- EtOZC-N NH-CO,Et —hg——>1lo
16
lt-:tozcwH«R-cozEt
O-PPh -PhgP=0
CH3C-CHC02Et' EtOzC-N-NR-COzEt ——>15
17
a: R=(CH3)CH
b: R =CHsCH,CH,
Scheme 5.

In order to suppress the formation of undesirable
14 and 15a, 2-propanol (2 equivalents) and 11 were
successively added to the reaction mixture of 1 with
2 at —10——20 °C (Procedure C). By this procedure,
the yield of 12a increased to 359%,.

Similarly, the reaction of l-propanol with 11 by
Procedure A or B resulted in the formation of O-alkylat-
ed product (12b) in 189, yield, the yield increasing
to 37%, by Procedure C. When l-propanol was used
in large excess (10 equivalents), the C-alkylated prod-
uct (13b) was formed in 6—109, yield along with
12b (309,). The results are summarized in Table 2.

Alkylation of Cyclic 1,3-Diketone. In contrast to
the case of acyclic active methylene compounds, the
alkylation of cyclic 1,3-diketones proceeded smoothly
in a perior of 0.5—1 h, giving O-alkylated products

in good yields. Thus, when 1,3-cyclohexanedione was
allowed to react with 2-propanol, 1, and 2, 3-isopro-
poxy-2-cyclohexenone (18a) was isolated by Procedures
A and B in 749, and 819 yields, respectively. When
I-penten-3-ol was used in this reaction (Procedure
B), 3-(l-ethyl-2-propenyloxy)-2-cyclohexenone (18b)
and 3-(1-ethyl-2-propenyloxy)-2-(1-ethyl-2-propenyl)-2-
cyclohexenone (19) were obtained in 40 and 139,
yields, respectively (Scheme 6; Table 3). The reac-
tion of 1,3-cyclopentanedione with 1-penten-3-ol by
Procedure A resulted in the formation of 3-(l-ethyl-
2-propenyloxy)-2-cyclopentenone (20) in nearly quan-
titative yield.

0] 0 0
Qe U5, O

‘ OR R O0-CHCH=CH
19 Cobs

a: R=(CH3),CH R= CHp=CHCH 20

b:R= CH2=CH(;H 2Hs

CHs

Scheme 6.

Stereochemistry. Intermolecular dehydration be-

tween an optically active alcohol and active hydrogen
compounds by the use of 1 and 2 proceeds through
the inversion of the configuration at the carbon atom
bonded to hydroxyl group.®

The inversion of configuration was observed in the
alkylation of 6. Thus, (§)-(—)-ethyl lactate (21a) re-
acted with 6 in the presence of 1 and 2 to give diethyl
2-cyano-3-methylsuccinate in 619, yield. On hydrol-
ysis, methylsuccinic acid (22a) with [«], —15.1° was
obtained. This indicates that complete or nearly com-
plete inversion of the configuration at the reaction
site takes place in the alkylation step. Similarly, (S)-
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(—)-ethyl 2-hydroxy-3-phenylpropionate (21b) was
converted into opticcally pure (S)-(—)-benzylsuccinic
acid (22b) (Scheme 7).

R.. . Rem_
H> C-COzEY 10246, |, SC-COEt _ Hy0 H’C COH
R” o4 NC-CH-CO,Et CHz-COH
21 22
a:R=CHs
b: R= PhCH;
Scheme 7.

Concluding Remarks. The reagent formed by the
reaction of 1 and 2 could be utilized in direct con-
densation between alcohols and active methylene com-
pounds. The reaction proceeds under mild neutral
conditions with inversion of configuration at the reac-
tion site. In spite of some reduced yields, a high
degree of stereospecificity is observed. The reaction
might provide an effective procedure for the synthesis
and transformation of natural products.

The fact that the alkylation of 1,3-dicarbonyl com-
pounds mainly gives O-alkylated products suggests that
the alkoxyphosphonium salt intermediate is a harder
alkylating reagent than alkyl halides and alkyl sul-
fonates.!V)  Steric interaction between alkoxyphospho-
nium salt having three bulky phenyl groups and am-
bident anion derived from the dicarbonyl compound
would also favor O-alkylation.

Diethyl malonate can not enter into the alkylation
reaction,??) suggesting that an active methylene com-
pound to be alkylated should be more acidic than
diethyl hydrazinedicarboxylate for achievement of the
reaction.

Experimental

The reaction was carried out under anhydrous conditions.
Anhydrous tetrahydrofuran (THF) was obtained by dis-
tillation from sodium benzophenone ketyl. Unless other-
wise stated, the products were isolated by preparative layer
chromatography (PLC) carried out on Kieselgel 60 PF,;,
(Merck) or Wakogel-B5 plates (20 cmX 20 cm or 20 cm X
30 cm), visualization being made by UV light or iodine
vapor. Nuclear magnetic resonance spectra were measured
on a Hitachi R-20 spectrometer (60 MHz) using tetramethyl-
silane as an internal standard.

Alkylation of Ethyl Cyanoacetate. Procedure A: A solu-
tion of 1 (522 mg, 3 mmol) in THF (2 ml) was added drop-
wise to a solution of 2 (787 mg, 3 mmol), 6 (226 mg, 2 mmol),
and l-propanol (240 mg, 4 mmol) in THF (6 ml) at room
temperature. The solution was stirred at room temperature
for 2d. No alkylated product could be obtained, 459,
of 6 being recovered.

Procedure B: A solution of 1 (1.3—1.5 mmol) in THF
(0.5 ml) was added dropwise to a solution of an equimolar
amount of 2 in THF (3 ml) stirred in an ice-salt bath. The
intermediate formed in solution by this procedure will be
referred to as “adduct.” A few min after mixing the com-
ponents, a solution of 6 (I mmol) and an alcohol (1—2
mmol) in THF (3 ml) was added at this temperature. Stir-
ring was continued under the conditions shown in Table 1.

Reaction in the Presence of 2,6-Di-t-butylphenol. To the
adduct was added a solution of 1 mmol each of 6, 2,6-di--
butylphenol, and an alcohol in THF (3ml) at —20 °C.
The solution was stirred for appropriate periods of time
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(Table 1).

Reaction in the Presence of 2,6-Di-t-butyl-4-nitrophenol. To
the adduct prepared from 3 mmol each of 1 and 2 in THF
(4.5 ml) was added all at once a solution of I-propanol (4
mmol) and 2,6-di-t-butyl-4-nitrophenol (754 mg, 3 mmol)
in THF (3ml). A solution of 6 (2 mmol) in THF (2.5
ml) was then immediately added over a period of 20 min
and the resulting solution was kept standing at —20 °C
for 10 h. The products were separated by PLC (benzene)
giving 10 in 70% (617 mg) yield and recovered 6 (67%).
Compound 10 was again applied to silica-gel plates and
developed with ether-petroleum ether (1:5) to give semi-
crystalline sirup which crystallized on trituration with pe-
troleum ether, subliming at 138—141 °C. NMR (CCl,) ¢
1.8—2 (m, CH,CH,), 1.13 (s, +CH,), 4.25 (t, CH,0),
7.28 and 7.5 (AB q, J=3 Hz, 2H, vinyl H).

Preparative Scale Experiment. Reaction with Ethyl 2-Hydroxy-
heptanoate. A solution of 6 (54 mmol) and ethyl 2-
hydroxyheptanoate (9.387 g, 54 mmol) in THF (25 ml) was
added dropwise at —20——30 °C to a solution of the adduct
prepared from 70 mmol each of 1 and 2 in THF (20 ml).
After the solution had been stirred at —30——20 °C for
5h, —10°C for 12 h, at 0°C for 10 h, and then at room
temperature for 5 d, the solvent was removed under reduced
pressure. Ether (30 ml) was added to the residue and
precipitate was filtered off. The filtrate was evaporated
and the residue was applied to a silica-gel column (Wakogel
C-200, 4cmx30cm) and eluted with benzene. Diethyl
2-cyano-3-pentylsuccinate was obtained in 839, yield and
purified by distillation; 649%, bp 119—122 °C/0.25 Torr
(1 Torr=133.322 Pa).

The ester was treated with concd HGCI under reflux
for 15 h. The mixture was extracted with ether and organic
layer was evaporated giving pentylsuccinic acid which was
recrystallized from hexane; 849, yield, mp 82—83 °C (1it,'»
mp 82.5—83.5°C) (R-(+)-form). NMR (acetone-d;) ¢
1.6—2.0 (m, 1l1H, C,H,;), 2.3—3.2 (m, 3H, CHCH,),
9.51 (s, 2H, COOH).

Alkylation of Ethyl Aceioacetate. Procedure A: A solu-
tion of 1 (3 mmol) in THF (3 ml) was added dropwise to
a solution of 2 (3 mmol), 11 (260 mg, 2 mmol), and 2-
propanol (4 mmol) in THF (7ml) at room temperature,
and the solution was stirred at room temperature for 2 d.
After removal of the solvent in vacuo, the residue was applied
to silica-gel plates, developed with benzene giving 12a in
6% (20 mg) yield. The zone containing 14 and 15a was
rechromatographed (AcOEt-CCl;=1:3) affording chro-
matographically homogeneous 14 and 15a in 40% (231
mg) and 8% (55 mg) vyields, respectively. NMR, 12a
(CCly) & 1.20 (t, CH,CH,) and 1.25 (d, (CHj;),CH); total

9H, 2.15 (s, CH,-C=CY), 3.9 (q, CH,CH,) and 4.3 (septet,
(CH,),CH); total 3H, 4.7 (s, C=CH). 14 (CDCl) 6 1.25

(superimposed t, 9H, three CH,CH,), 2.45 (s, GH,~C=CY),
3.84—4.4 (superimposed q, 6H, CH,CH,), 5.85 (s, >G=CH-),
7.2—7.5 (br s, NH). 15a (CCl) ¢ 1.1 (d, (CH,),CH)
and 1.25 (superimposed t, three CH;CH,); total 15H, 2.35
(s, CHy;-C=C{), 3.7—4.35 (septet and superimposed q,
total 7H, three CH,;CH, and (CHj;),CH), 5.5 (s, >C=CH-).

Procedure B: A solution of 1 (3 mmol) in THF (3 ml)
was added dropwise to a solution of 2 (3 mmol) in THF (3
ml) stirred in an ice-salt bath. A few min after the com-
ponents had been mixed, a solution of 11 (2 mmol) and 2-
propanol (4 mmol) in THF (4 ml) was added and stirring
was continued for 5h. After the solution had been kept
standing for 2d at ca. —20°C, 12a 14, and 15a were ob-
tained in 17, 16, and 129, vyields, respectively.
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Procedure C: A solution of 2-propanol (4 mmol) in THF
(2 ml) was added all at once at —20°C to a solution of
the adduct prepared from 3 mmol each of 1 and 2 in THF
(4 ml). Immediately after the addition of 2-propanol, a
solution of 11 (2 mmol) in THF (2 ml) was added dropwise
over a period of 15 min at —20 °C. The reaction mixture
was stirred for 1.5 h and then kept standing at —20 °C for
2d. The products were separated by PLC giving 12a
in 35% vyield. Small amounts of 14 and 15a were also
formed as indicated by thin layer chromatography of the
crude reaction mixture, no attempt being made to isolate
them.

When 1-propanol was used in large excess (10 equivalents),
a mixture of C-alkylated and O-alkylated products were
obtained. The ratio was estimated from integration of the
signal of NMR spectrum.

Preparation of 14. Compound 1 (3 mmol) in THF
(2ml) and 11 (2 mmol) in THF (2 ml) were successively
added to a solution of 2 (3 mmol) in THF (3.5 ml) at —20
°C, and the mixture was kept standing at —20 °C for 2 d.
Compound 14 was isolated by PLC (AcOEt-CCl,=1:3)
in 68% (390 mg) yield.

Alkylation of 1,3-Cyclohexanedione. Procedure A: A solu-
tion of 1 (2 mmol) in THF (3 ml) was added dropwise over
a period of 10 min to a solution of 2 (2 mmol), 2-propanol
(2 mmol), and 1,3-cyclohexanedione (1.5 mmol) in THF
(6 ml) at room temperature. After the solution had been
stirred at room temperature for 35 min, water (4 ml) was
added, and extracted with CHCIl,. The organic layer was
evaporated and the residue was separated by PLC (AcOEt—
petroleum ether=1:1) giving 18a which was contaminated
with a small amount of diethyl hydrazinedicarboxylate.
The crude product was suspended in CCly, stirred, and filtered
in order to remove undissolved diethyl hydrazinedicarbox-
ylate to give practically pure 18a, 188 mg (81%). A pure
sample was obtained by distillation, bp (oven temperature)
58—68 °CG/35 Torr. NMR (CCl,) 6 1.25 (d, (CH;),CH),
1.6—2.5 (m, —(CH,);-), 4.4 (septet, (CHj;),CH), 5.13 (s,
>C=CH-).

Procedure B: A solution of 1-penten-3-ol (258 mg, 3 mmol)
and 1,3-cyclohexanedione (168 mg, 1.5 mmol) in THF (3
ml) was added over a period of 15 min to a solution of the
adduct prepared from 3 mmol each of 1 and 2 in THF (7
ml) cooled in an ice-salt bath. Thin layer chromatography
of the reaction mixture revealed that the cyclohexanedione
disappeared in 10 min after the addition. The reaction
mixture was stirred for 1 h and water was added. The
mixture was extracted with CHCI; and the organic layer
was evaporated. The residue was applied to silica-gel plates
and developed with ether—petroleum ether=3:1 giving 18b
(108 mg, 40%) and 19 (48 mg, 13%). NMR; 18b (CCl,)
6 09 (t, CHy), 1.25—2.55 (m, CH;CH, and —(CH,);-),
4.37 (q, CH-O), 4.85—5.95 (m, 4H, vinyl H). 19 (CCl,)
6 0.75 (t, CHj), 0.95 (t, CHj), 0.9—2.6 (m, two CH,CH,
and —(CH,);-), 3.35 (q, =C-CH(C,H;)CH=CH,), 4.4 (q,
CH-O), 4.5—6.2 (m, 6H, vinyl H).

Alkylation of 1,3-Cyclopentanedione. A solution of 1,3-
cyclopentanedione (147 mg, 1.5 mmol) and I-penten-3-o]
(172 mg, 2 mmol) in N,N-dimethylformamide (1 ml) was
added at —17 °C to the adduct prepared by the reaction
of 2 mmol each of 1 and 2 in THF (2 ml). The solution
was stirred at —17——12°C for 1.5h and then at room
temperature overnight. The products were separated by
PLC (ether) to give 20 in 939 yield. NMR (CCl,) § 1.0
(t, CHy), 1.7 (m, CH;CH,), 2.1—2.8 (A,B,, -CH,CH,-),
4.5 (q, CH-O), 5—6.15 (m, 5H, vinyl H).

Preparation of (S)-(—)-Methylsuccinic Acid. A solution
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of (§)-(—)-ethyl lactate [1.53 g, 13 mmol, [«]} —10.9°
(neat)], 6 (1.13 g, 10 mmol), and 2,6-di--butylphenol (2.06
g, 10 mmol) in THF (17 ml) was added dropwise to a solu-
tion of the adduct prepared from 15 mmol each of 1 and
2 in THF (5 ml) at —20 °CG. After the solution had been
stirred at —20 °C for 3h and then at room temperature
for 1d the solvent was removed in vacuo. Ether was added
and the precipitate was filtered off. The filtrate was con-
centrated and the products were separated by PLC (CHCI,)
giving diethyl 2-cyano-3-methylsuccinate in 619, (1.29g)
yield, [«]3 —2.76° (¢ 6.03, CCl,). The product was con-
taminated by small amounts of two side products as indi-
cated by gas chromatography (OV-1, 1 m, column tempera-
ture was 140 °C in initial 6 min and then raised at a rate
of 5°C/min, retention time; the succinate, 2.3 min, un-
known side products, 4 and 12.5 min, respectively).

The succinate (1.13 g, 5.3 mmol) was treated with acetic
acid (1 ml) and concd HCl (4 ml) under reflux for 6 h and
then 4ml of concd HCl was added. After the mixture
had been refluxed for 10h, ether was added. Organic
layer was concentrated to dryness giving crude methyl-
succinic acid (502 mg, mp 80—85 °C). Recrystallization
from hexane-CH,Cl, (1:1) caused a rise in the melting
point to 100—103 °C, [«]y —12.5° (¢ 1.82, EtOH). Re-
crystallization for the second time from the same solvent
system gave a pure sample, mp 109—109.5 °C, [«]y —15.1°
(¢ 0.818, EtOH) [lit,*» mp I111—113°C, [«]3* —15.0 (¢
1.89, EtOH)].

Preparation of (S)-(— )-Benzylsuccinic Acid. (8)-(—)-
Ethyl 2-hydroxy-3-phenylpropionate [1.94 g, 10 mmol, [«]p
—22.7° (¢ 0.852, benzene), lit ¥ [a]p, —22.6° (¢ 4.33, ben-
zene)] was allowed to react with 10 mmol each of 1, 2, and
6 by Procedure B. After the addition of the hydroxy ester
and 6, the solution was stirred at room temperature for
2 h. Diethyl 2-benzyl-3-cyanosuccinate was isolated by dis-
tillation (250 mg, 8.79%, bp 130 °C/0.25 Torr). The suc-
cinate was treated with a mixture of acetic acid (2.5 ml)
and concd HCI (11.3ml) under reflux for 10h giving
(8)-(—)-benzylsuccinic acid (159 mg, 889%,) which was re-
crystallized from water, mp 153—154 °C, [«]} —28.9° (¢
0.665, AcOEt) [lit,”» mp 159—161 °C, [«]} —26° (¢ 1.5,
AcOEt)].
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