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(E)-4- Alkoxy-2-formylamino-3-butenoic acid esters have been prepared in two steps from 3-alkoxy-1-isocyano-
propenes. The method is based on the reaction of 3-alkoxy-1-isocyano-1-lithiopropenes, which can be generated by the
treatment of 3-alkoxy-1-isocyanopropenes with LDA in THF at —78 °C, with alkyl chlorocarbonates, affording 4-alkoxy-
2-isocyano-3-butenoates. These isocyano esters have been easily transformed into the corresponding formylamino esters
by treating with concd HClI in Et;O at —20 °C. Subsequently, the introduction of a substituent into the 2-position has been
achieved by ethoxycarbonylation with ethyl chlorocarbonate, followed by alkylation with alkyl halides by using hexa-
methylphosphoric triamide (HMPA) as a co-solvent. The resulting alkylated isocyano 3-butenoates have been similarly
hydrolyzed with concd HCl to the corresponding 2-formylamino-3-butenoates.

There has been substantial interest in (E)-4-alkoxy-2-ami-
no-3-butenoic acid derivatives, because some of them are
known to occur in nature,! and are potentially useful as in-
hibitors of several important enzymes.” One of these deriva-
tives has been utilized as a key intermediate for the synthesis
of rhizobitoxine.> Presently, a few methods are available
for the synthesis of this class of compounds.* Two methods
developed by Keith et al. have involved multisteps and in-
complete stereoselectivity.*** Hoppe and Schollkopf have
described the general synthesis of these derivatives based
on the sodium cyanide-catalyzed addition of ethyl isocyano-
acetate to methoxyacetaldehyde.* However, it can not be ap-
plied to the preparation of derivatives carrying a substituent
at the 3-position, which are also interesting because of their
potential biological activities. Therefore, any new general
route to (E)-4-alkoxy-2-amino-3-butenoates, including 3-
substituted derivatives, is of interest and value.

In our previous report,” we demonstrated that 3-benzyl-
oxy-1l-isocyano-1-lithiopropenes (3, R = H or Me) can serve
as 3-hydroxy-1-oxopropanide anion equivalents via alkyl-
ation with alkyl halides followed by sequential hydrolysis
and hydrogenolysis. As a part of our program to explore the
synthetic utility and potential of these lithium products, we
investigated the possibility of their use in the preparation of
(E)-4-alkoxy-2-amino-3-butenoic acid derivatives. In this
paper we wish to report in full on the results of our studies,
which offer a general approach to this class of compounds,
including derivatives carrying substituents at the 2- and/or 3-
positions.®

The key reaction in our sequence is the regioselective alk-
oxycarbonylation reaction of 3-alkoxy-1-isocyanopropenes 1
with alkyl chlorocarbonates, affording 4-alkoxy-2-isocyano-
3-butenoates 2, as shown in Scheme 1. Thus, the treatment

R
i,2LDA, THF,-78°C RO, .~ NC

R'O = NC
\)\" ii, CICO,R", =78 °C

1 2
Scheme 1.

CO.R"

of the isocyanides 1 with 2 molar amounts of LDA in THF at
—78 °C, followed by the addition of an equimolar amount of
alkyl chlorocarbonates, led to the formation of the isocyano
esters 2. These products were isolated as yellow liquids af-
ter the usual work-up followed by preparative TLC on silica
gel. Each of the products uniformly exhibits IR absorptions
at ca. 2145 and 1755 cm !, which indicates that both of the
isocyano and alkoxycarbonyl groups are not conjugated with
the vinyl moiety. The production of 2 can be interpreted as
illustrated in Scheme 2. Thus, the reaction of 1 with LDA
generates 3-alkoxy- 1-isocyano- 1-lithiopropenes 3,” which
upon treatment with alkyl chlorocarbonates give the ini-
tial alkoxycarbonylation products, 4-alkoxy-2-isocyano-2-
butenoates 4. The migration of the double bond is thought
to proceed with the help of an additional molar equivalent of
LDA; deprotonation of a proton at the 4-position of the initial
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products affords the allyl anions 5, which are quenched with
aproton at the 2-position to produce 2. The results of this alk-
oxycarbonylation using four isocyanopropenes 1 and three
chlorocarbonates are summarized in Table 1. Compounds
2a and 2b proved to be rather unstable under the purification
conditions; although the yields based on 'H NMR analyses
of these crude products were both almost quantitative, sep-
aration using preparative TLC on silica gel afforded these
products only in rather poor yields (24 and 12%; Entries 1
and 2, respectively). Their instability is presumed to be pro-
vided by the absence of a substituent at the 3-position. Thus,
the crude products were directly used in the next step without
any purification only in the cases of 2a and 2b. Compounds
2c—f were readily isolated by preparative TLC and the yields
were fair-to-good (Entries 3—6). It should be noted that the
reaction of 1c¢ with ethyl chlorocarbonate resulted in the for-
mation of the desired compound 2¢, together with a small
quantity of the corresponding 2-butenoate 4c¢; these were
easy to separate from each other by preparative TLC on sil-
ica gel (Entry 3). In the other reactions, compounds 2a, 2b,
and 2d—f were obtained regioselectively without forming
any detectable quantities of the corresponding 2-butenoates.
It can be reasonably assumed that the E-isomer was exclu-
sively (2a, 2b, and 2f) or predominantly (2c—e) formed in
each case in view of the thermodynamic stability of the two
stereoisomers. The stereochemistry of 2a was unambigu-
ously determined on the basis of a NOE experiment. Thus,
irradiation of the signal at 0y = 4.69 due to 2-H resulted in
an 8.3% enhancement of the signal at dg = 6.76 due to 4-
H. The E-configuration of the major isomer of 2e was also
confirmed by the observation of NOE between 2-H and 4-
H protons; irradiation of the signal at dg = 4.57 due to 2-H
resulted in an 11% enhancement of the signal at g = 6.31
due to 4-H, while no NOE was observed between the signals
due to 4-H and 2-H of the minor isomer.

Hydrolysis of the isocyano esters 2 was carried out with
concentrated hydrochloric acid in diethyl ether at —20 °C, as
shown in Scheme 3. Competition of the enol ether function
with the isocyano group to be hydrolyzed could be sup-
pressed effectively by carrying out hydrolysis at this lower
temperature, and the corresponding (E)-4-alkoxy-2-formyl-
amino-3-butenoic acid esters 6 were produced in satisfactory
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yields without forming the corresponding stereoisomers. The
results are listed in Table 2. The yields of 6a and 6b re-
fer to the overall yields from the isocyanopropenes 1a and
1b, respectively. Stereochemical proof of these products
was facilitated by "THNMR. Thus, the E-configurations of
6a and 6b were clear from analyses of the coupling con-
stants (Jag—n = 12.3 Hz each), which were almost equal to
those of the related compounds, methyl (E)-2-acetylamino-
4-methoxy-3-butenoate, reported by Keith and co-workers
(Jsg—an = 13 Hz),* and ethyl (E)-2-formylamino-4-methoxy-
3-butenoate, reported by Hoppe and Schollkopf (Jag—ag = 12
Hz),* and far from that of methyl (Z)-2-acetylamino-4-
methoxy-3-butenoate (Jag—pu = 7 Hz).** The E-configura-
tion of 6¢c—f can be inferred from the values of the chemical
shifts of the C(2) and C(4) protons (S = 4.98—5.04 and
O = 6.22—6.34), when comparisons are made with those
of the related methyl (E)- and (Z)-2-acetylamino-4-methoxy-
3-butenoates (S = 4.8 and Syg = 6.64 for E, S = 4.5 and
O = 6.10 for Z)* while taking the effect of the 3-alkyl
substituents on the chemical shift of the vinyl protons® into
consideration. The E-configuration of 6¢ was unambigu-
ously confirmed on the basis of a NOE experiment. Thus,
irradiation of the signal of 6¢ at oy = 6.34 due to 4-H resulted
in a 7.4% enhancement of the signal at dyg = 4.98 due to 2-
H. The stereochemistry of 6e was also confirmed by a NOE

Table 2. Hydrolysis of Isocyano Esters 2 to Formylamino
Esters 6 According to Scheme 3
Entry 2 6 (Yield/%)?
1 2a 6a (57)”
2 2b 6b (53)”
3 2c 6¢ (62)
4 2d 6d (69)
5 2e 6e (66)
6 2f 6f (60)

a) Isolated yields. b) Based on 1.

Table 1. Alkoxycarbonylation of 3-Alkoxy-1-isocyanopropenes 1 According to Scheme 1

Entry  1(E/Z)? R”in CICO,R” 2 (E/Z Yield/%)
1 la [R=H, R’=Bn](ca. 50/50) " Et 2a (ca. 100/0; quant)®
2 1b[R=H, R’=Ph](ca. 60/40) Et 2b (ca. 100/0; quant)®
3 1c [R = Me, R’ = Bn] (ca. 60/40) Et 2¢ (ca. 80/20;9 64)°.
4 1d [R =Et, R’ =Bn] (ca. 65/35) Me 2d (ca. 80/20;% 96)

5 1d Et 2e (ca. 80/20; 84)
6 1d Bn 2f  (ca. 100/0; 62)

a) Determined by '"HNMR spectrum. b) Yields refer to isolated products after preparative TLC on
SiO; unless otherwise stated. c) Determined by 'H NMR spectrum. Used without any purification in
the next step. Isolated yields were 24% for 2a and 22% for 2b. d) Inseparable by preparative TLC on

Si0;.

e) Ethyl 4-benzyloxy-2-isocyano-3-methyl-2-butenoate (4¢) was accompanied (17%; a mixture

of stereoisomers; ca. 80/20; the stereochemistry of each isomer was not determined).
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Table 3. Preparation of 2-Alkylated Isocyano Esters 7 and Their Conversion to For-
mylamino Esters 8 According to Scheme 4
Entry 17 R'X 7(E:ZY Yield/%)® 8 (Yield/%)®
1 la(R=H)  BnBr 7a (100/0; —)® 8a (39)°
2 1d (R =Et) BnBr 7b (100/0; 74) 8b (71)
3 1d Mel 7c (ca. 70/30; 73) 8c (61)
4 1d EtOCOCH;Br 7d (100/0; 69) 8d (57)

a) A mixture of stereoisomers was used in each case. See Table 1. b) Determined by 'HNMR

spectrum.

c) Isolated yields after preparative TLC on SiO; unless otherwise stated. d) Used

without purification in the next step. A specimen for spectral and analytical data was obtained

in 15% yield by preparative TLC on SiO;.

experiment (2-H and 4-H, 7.8%). We assume that the acid-
catalyzed isomerization of the Z-isomer to the E-isomer took
place during the hydrolysis.

Subsequently, the possibility of the preparation of 4-
alkoxy-2-formylamino-3-butenoates bearing an alkyl sub-
stituent at the 2-position 8 was examined. We reasoned that
if an alkyl halide is added to a solution of the dienolate anion
intermediate 5, we might be able to introduce an alkyl group
to the 2-position of the isocyano ester in one step. Thus, we
first carried out alkylation by merely adding an alkyl halide
to the reaction mixture from the reaction of the lithium prod-
uct from la with ethyl chlorocarbonate. The alkylation,
however, did not occur even at room temperature. It was
found that when hexamethylphosphoric triamide (HMPA)
was added to the reaction mixture prior to treatment with
an alkyl halide, the alkylation at the 2-position took place
immediately to afford the desired product 7 in satisfactory
yield (Scheme 4). The results are summarized in Table 3.
The E-isomer was only isolated in each case with the excep-
tion of the reaction with iodomethane, in which a mixture of
the corresponding E- and Z-isomeric products were formed
in preference to the E-isomer (Entry 3). The formation of
the Z-isomer can be rationalized on the less bulkiness of the
methyl group compared to the other alkyl groups employed
in these reactions. The stereochemistry of these products
was determined by comparing their 'HNMR data with those
of compounds 2 (See Experimental section). The E-con-
figuration of 7d was unambiguously confirmed by an NOE
between the vinyl proton and one of the 3-methylene protons
(11%). Among compounds 7, 7a was relatively unstable
under the purification conditions involving preparative TLC
on silica gel, as described above for compounds 2a and 2b,
though a pure specimen for spectral analyses was obtained.
Thus, the crude product was used without purification in the
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e) Overall yield from 1a.

hydrolysis step.

Hydrolysis of the alkylated isocyano esters 7 was also car-
ried out under conditions similar to those described above
for the preparation of 6 (Scheme 4). The reactions proceed
smoothly to give the (E)-2-formylamino-3-butenoates 8 in
good yields, as summarized in Table 3. As expected, the
formation of each product was highly stereoselective and
no trace amounts of their corresponding Z-isomer could be
obtained. The stereochemistry of these products was deter-
mined on the basis of their 'HNMR data, as described for
that of 6 (See Experimental section). The E-configuration of
8b was unambiguously confirmed by a NOE between one of
the methylene protons of 2-benzyl group and the 4-H (13%).

In conclusion, the present study has led to the develop-
ment of an efficient method for the preparation of (E)-4-
alkoxy-2-formylamino-3-butenoates, including derivatives
having substituents at the 2- and/or 3-positions. The present
approach may find some value in organic synthesis because
of the wide generality and convenience, compared to the
previously reported methods.*

Experimental

General.  All melting points were obtained on a Laboratory
Devices MEL-TEMP Il melting apparatus and are uncorrected. IR
spectra were determined with a Perkin-Elmer 1600 Series FT IR
spectrometer. The "HNMR spectra were determined with either a
JEOL JNX-PMX 60 NMR spectrometer operating at 60 MHz or a
JEOL JNM-GX270 FT NMR spectrometer operating at 270 MHz.
Chemical shifts were referenced relative to tetramethylsilane as an
internal standard. Low-resolution MS analyses were performed on
a JEOL AUTOMASS 20 spectrometer (Center for Joint Research
and Development, this University). High-resolution MS analyses
were performed a JEOL JMS-AXS505 HA spectrometer (Faculty
of Agriculture, this University). TLC was carried out on a Merck
Kieselgel 60 PF,s4. All of the organic solvents used in this study
were dried over appropriate drying agents and distilled prior to
use. All reactions, except for hydrolyses and hydrogenolyses, were
carried out under argon.

3-Benzyloxy-2-methoxypropanenitrile: Prepared in 90%
yield by the treatment of 2-benzyloxy-1,1-dimethoxyethane® with
cyanotrimethylsilane in the presence of OEt,-BF; under the reaction
conditions reported by Utimoto et al.;'° bp 98—103 °C/80 Pa; IR
(neat) 2230 and 1110 cm™'; "HNMR (60 MHz, CDCl3) 6 = 3.52
(3H,s),3.73 (2H,d,J =5.5Hz),4.23 (1H, t,J = 5.5 Hz), 4.63 (2H,
s), and 7.34 (5H, s). Found: m/z 191.0947. Calcd for C;;H;3NOa:
M, 191.0946.

3-Benzyloxy-2-methoxy-1-propanamine.  To a stirred sus-
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pension of LiAlHs (0.57 g, 15 mmol) in Et,O (100 ml) at 0 °C was
added a solution of the above-mentioned nitrile (2.5 g, 13 mmol) in
Et;0 (30 ml) dropwise. The mixture was stirred at the same temper-
ature for 2 h and at room temperature for 3 h. Excess LiAlH, was
decomposed by adding several drops of aqueous saturated Na; SOy,
and the mixture was dried over anhydrous MgSO, and evaporated.
The crude product was purified by distillation to give the title amine
(2.4 g, 95%); bp 94—96 °C/53 Pa; IR (neat) 3374, 3304, and 1097
cm™'; 'THNMR (270 MHz, CDCl3) 6 = 2.73 (2H, br. 5), 2.80 (1H,
dd, J = 13.5 and 6.6 Hz), 2.90 (1H, dd, J = 13.5 and 4.3 Hz),
3.35—3.45 (4H, m including s at 6 = 3.43), 3.53 (2H, d, J = 5.0
Hz), 4.53 (2H, s), and 7.32 (5H, s). Found: m/z 195.1248. Calcd
for C11H17N02: M, 195.1259.

N-(3-Benzyloxy-2-methoxypropyl)formamide. A solution of
the above-mentioned amine (2.2 g, 11 mmol) in HCO,Et (5 ml) was
refluxed for 6 h. After evaporation of excess HCO,Et, distillation
of the residue gave the title amide (2.2 g, 90%); bp 154—156 °C/60
Pa; IR (neat) 3296, 1669, and 1095 cm™'; '"HNMR (270 MHz,
CDCl3) 6 = 3.25—3.65 (8H, mincluding s at § = 3.40), 4.51 (1H,
d,J = 12.3 Hz), 4.52 (1H, d, J = 12.3 Hz), 6.31 (1H, br. s), 7.2—
7.4 (5H, m), and 8.12 (1H, s). Found: m/z 223.1218. Calcd for
C12H17NO33 M, 223.1208.

1-Benzyloxy-3-isocyano-2-methoxypropane. To a stirred
solution of the above-mentioned amide (2.1 g, 9.4 mmol) and Et;N
(2.8 g, 28 mmol) in THF (20 ml) at 0 °C was added POCI; (1.19
g, 13 mmol) dropwise. After stirring for 3 h at the same tempera-
ture, the resulting mixture was diluted with Et,O (50 ml), washed
successively with aqueous NaHCO3 and brine, and dried over an-
hydrous K>COs. Evaporation of the solvent gave a residue, which
was distilled to give the title isocyanide (1.6 g, 81%); bp 113—
114 °C/53 Pa; IR (neat) 2152 and 1116 cm™'; "THNMR (270 MHz,
CDCl3) 6 = 3.46 (3H, s), 3.5—3.75 (5H, m), 4.55 (2H, s), and
7.25—7.4 (5H, m). Found: m/z 205.1109. Calcd for C12HisNO;:
M, 205.1103.

(E)- and (Z)-3-Benzyloxy-1-isocyano-1-propene (1a).” A
solution of the above-mentioned isocyanide (1.2 g, 5.9 mmol) in
THF (10 ml) was added dropwise to a cooled (—78 °C) solution of
LDA (12 mmol) in THF (40 ml), which was generated in situ by the
standard method. After 30 min the reaction mixture was quenched
with saturated aqueous NH4Cl solution and extracted with Et,O
three times.  The combined extracts were washed with brine, dried
over anhydrous MgSQOs, and evaporated. Kugelrohr distillation of
the residue afforded 1a (0.83 g, 81%; E:Z = ca. 1:1); bp 113—115
°C (bath temp)/110 Pa.

1,1-Dimethoxy-2-phenoxyethane. To a stirred suspension of
NaH (60%:; 6.0 g, 0.15 mol) in DMF (100 ml) at room temperature
was added PhOH (9.4 g, 0.10 mol) dropwise. After the evolution
of hydrogen had subsided (ca. 15 min), a DMF (100 ml) solution of
BrCH.CH(OMe) (17 g, 0.10 mol) was added slowly. After stirring
for 1.5 h atroom temperature, the resulting mixture was heated to 60
°C, and stirring was continued for 6 h. The cooled reaction mixture
was then poured into saturated aqueous NH4Cl. Organic materials
were extracted with Et,O, washed with brine, and dried over an-
hydrous MgSOs. Evaporation of the solvent gave a crude product,
which was purified by distillation to give the title compound (12.4
g, 68%); bp 116 °C/2000 Pa; IR (neat) 1600, 1497, 1247, 1136,
1082, and 755 cm™'; "HNMR (60 MHz, CCly) & = 3.33 (6H, s),
3.88 2H, d, J = 5.2 Hz), 459 (1H, t, J = 5.2 Hz), and 6.65—7.3
(5H, m). Found: m/z 182.0929. Calcd for C10H1403: M, 182.0943.

2-Methoxy-3-phenoxypropanenitrile: Prepared in 96% yield
by a treatment of the above-mentioned acetal with cyanotrimeth-
ylsilane in the presence of OEt;-BF3; under the reaction conditions
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reported by Utimoto et al.;'® bp 125 °C/1700 Pa; IR (neat) 2248
cm™'; "HNMR (270 MHz, CDCl;) 6 = 3.55 (3H, s), 4.20 (2H, d,
J = 5.4 Hz), 440 (1H, t, J = 5.4 Hz), 6.90 (2H, d, J = 7.6 Hz),
6.99 (1H, t, J = 7.6 Hz), and 7.28 (2H, t, J = 7.6 Hz). Found: m/z
177.0812. Calcd for C,oH11NO2: M, 177.0790.

2-Methoxy-3-phenoxy-1-propanamine: Prepared in 89%
yield from the above-mentioned nitrile in a manner similar to that
described for the preparation of 3-benzyloxy-2-methoxy-1-propan-
amine; bp 83 °C (bath temp)/29 Pa; IR (neat) 3369 and 3306 cm™ !
"HNMR (60 MHz, CCls) 6 = 1.39 (2H, br. s), 2.7—2.95 (2H, m),
3.25—3.65 (4H, m including s at 6 = 3.43),3.92 2H,d,J =5.2
Hz), and 6.65—7.4 (5H, m). Found: m/z 181.1100. Calcd for
CioHisNO,: M, 181.1104.

N-(2-Methoxy-3-phenoxypropyl)formamide:  Prepared in
92% yield from the above-mentioned amine in a manner similar to
that described for the preparation of N-(3-benzyloxy-2-methoxy-
propyl)formamide; bp 240 °C (bath temp)/19 Pa; IR (neat) 3296
and 1666 cm™'; "HNMR (60 MHz, CCly) 6 = 3.25—3.7 (6H, m
including s at 6 = 3.43), 3.92 (2H, q, J = 4.4 Hz), 6.1-—6.6 (1H,
br), 6.75—7.35 (5H, m), and 8.04 (1H, s). Found: m/z 209.1046.
Calcd for C11Hi5sNOs: M, 209.1053.

1-Isocyano-2-methoxy-3-phenoxypropane: Prepared in 78%
yield from the above-mentioned formamide in a manner similar to
that described for the preparation of 1-benzyloxy-3-isocyano-2-
methoxypropane; bp 230 °C (bath temp)/20 Pa; IR (neat) 2152
em™!; "THNMR (60 MHz, CCLy) & = 3.45—3.9 (6H, m including
s at J = 3.49), 4.0—4.1 (2H, m), and 6.7—7.35 (5H, m); MS m/z
(%) 191 (M*; 89) and 58 (100). Found: m/z 191.0943. Calcd for
C11H13N02Z M, 191.0947.

(E)- and (Z)-1-Isocyano-3-phenoxypropene (1b):  Prepared
in 77% yield from the above-mentioned isocyanide in a manner
similar to that described for the preparation of 1la; (E:Z = ca.
60:40); bp 170 °C (bath temp)/13 Pa; IR (neat) 2130 and 1649
cm'; '"HNMR (60 MHz, CCly) 8 = 4.48 (1.2H, d, J = 3.6 Hz),
4.75 (0.8H, d, J = 4.0 Hz), 5.7—6.3 (2H, m), and 6.65—7.35 (5H,
m); MS m/z (%) 159 (M; 38), 130 (99), and 65 (100). Found: m/z
159.0694. Calcd for C1oHoNO: M, 159.0685.

1-Benzyloxy-2,2-dimethoxypropane. A mixture of 1-benzyl-
oxy-2-propanone'! (6.4 g, 39 mmol), CH(OMe)s; (5.0 g, 47 mmol),
and p-TsOH (0.15 g, 0.78 mmol) in MeOH (20 ml) was stirred
overnight at room temperature. The resulting mixture was treated
with solid NaHCOs3 (0.10 g) and filtered in suction. The filtrate
was evaporated. To the resulting residue was added hexane-Et,0
(1:1, 50 ml). The precipitates were filtered off, and the filtrate was
concentrated in vacuo to give a yellow residue, which was purified
by distillation to afford the title compound (7.2 g, 88%); bp 63—
65 °C/40 Pa; IR (neat) 1122, 1071, and 1052 cm~!; "THNMR (60
MHz, CDCl3) 6 = 1.26 (3H, s), 3.11 (6H, s), 3.33 (2H, 5), 4.51 (2H,
s), and 7.26 (5H, s). Found: m/z 210.1260. Calcd for C;2H;505:
M, 210.1256.

3-Benzyloxy-2-methoxy-2-methylpropanenitrile:  Prepared
in 92% yield by a treatment of the above-mentioned acetal with cy-
anotrimethylsilane in the presence of OEt,-BF; under the reaction
conditions reported by Utimoto et al.;'® bp 95 °C/100 Pa; IR (neat)
2222 and 1106 cm™'; "HNMR (60 MHz, CDCl;) § = 1.50 (3H,
s), 3.40 (3H, s), 3.43 (1H, d, J = 10.0 Hz), 3.53 (1H, d, J = 10.0
Hz), 4.56 (2H, s), and 7.23 (5H, s). Found: m/z 205.1102. Calcd
for C1oHi5NO;: M, 205.1103.

3-Benzyloxy-2-methoxy-2-methyl-1-propanamine: Prepared
in 89% yield from the above-mentioned nitrile in a manner similar
to that described for the preparation of 3-benzyloxy-2-methoxy-1-
propanamine; bp 230 °C (bath temp)/250 Pa; IR (neat) 3372, 3307,
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and 1101 cm™'; "HNMR (60 MHz, CDCl3) 6 = 1.06 (3H, s), 1.33
(2H, br. 5), 2.68 (2H, s), 3.18 (3H, s), 3.27 (1H, d, J = 10.0 Hz),
3.37 (1H, d, J = 10.0 Hz),4.46 (2H, s), and 7.23 (5H, s). Found:
m/z209.1427. Caled for C1oHisNO,: M, 209.1417.
N-(3-Benzyloxy-2-methoxy-2-methylpropyl)formamide:
Prepared in 86% yield from the above-mentioned amine in a manner
similar to that described for the preparation of N-(3-benzyloxy-
2-methoxypropyl)formamide; mp 70—75 °C (Et;O-hexane); IR
(KBr disk) 3305, 1672, and 1101 cm™'; "THNMR (60 MHz, CDCls)
6 =1.10(3H, s), 3.16 (3H, ), 3.3-—3.5 (4H, m), 4.46 (2H, s), 5.6—
6.3 (1H, br), 7.20 (5H, s), and 7.86 and 8.06 (combined 1H, 2s).
Found: C, 65.67; H, 8.22; N, 5.92%. Calcd for C;3H;9NOs: C,
65.80; H, 8.07; N, 5.90%.
1-Benzyloxy-3-isocyano-2-methoxy-2-methylpropane: Pre-
pared in 83% yield from the above-mentioned formamide in a man-
ner similar to that described for the preparation of 1-benzyloxy-
3-isocyano-2-methoxypropane; bp 220 °C (bath temp)/130 Pa; IR
(neat) 2151 and 1103 cm™'; "HNMR (60 MHz, CDCL3) 6 = 1.20
(3H, s), 3.20 (3H, s), 3.39 (4H, br. s), 4.48 (2H, s), and 7.20 (5H,
s). Found: m/z 219.1249. Calcd for Ci13H7NO,: M, 219.1260.
(E)- and (Z)-3-Benzyloxy-1-isocyano-2-methyl- 1- propene
(1c): Prepared in 88% yield from the above-mentioned iso-
cyanide in a manner similar to that described for the preparation of
1a; (E:Z = ca. 1:1); bp 220 °C (bath temp)/270 Pa’
3-Benzyloxy-2-ethyl-2-methoxypropanenitrile.  To a stirred
solution of LDA (45 mmol) in THF (100 ml) containing HMPA (8.1
g, 45 mmol) at —78 °C was added 2-methoxybutanenitrile'? (4.5 g,
45 mmol) dropwise. After 10 min, benzyl chloromethyl ether (7.7
g, 50 mmol) was added and the mixture was allowed to stir for an
additional 1 h at the same temperature. The resulting mixture was
quenched by adding saturated aqueous NH4Cl and extracted with
Et,0. The extract was washed with aqueous NaHCOs and then
brine, and dried over anhydrous K,COs3. After evaporation of the
solvent the residue was distilled to give the title compound (6.7 g,
68%); bp 105 °C/13 Pa; IR (neat) 2233 cm™'; "HNMR (60 MHz,
CClL) 6 =098 (3H,t,J = 6.8 Hz), 1.83 (2H, q, J = 6.8 Hz), 3.42
(3H, s), 3.51 (2H, 5), 4.56 (2H, s), and 7.26 (5H, s); MS m/z (%) 219
(MT; 1.6), 189 (12), and 98 (100). Found: m/z 219.1243. Calcd for
C13H17N021 M, 219.1260.
2-Benzyloxymethyl-2-methoxy-1-butanamine:  Prepared in
92% yield from the above-mentioned nitrile in a manner similar
to that described for the preparation of 3-benzyloxy-2-methoxy-1-
propanamine; bp 180 °C (bath temp)/21 Pa; IR (neat) 3381 and
3293 cm™'; "THNMR (60 MHz, CCly) 6 = 1.65—2.05 (5H, m),
1.52 (2H, q, J = 6.7 Hz), 2.61 (2H, s), 3.17 (3H, s), 3.3—3.5 (2H,
m), 4.45 (2H, s), and 7.22 (5H, s). Found: m/z 223.1568. Calcd for
C13H21N023 M, 223.1573.
N-(2-Benzyloxymethyl-2-methoxybuty)formamide:  Pre-
pared in 89% yield from the above-mentioned amine in a manner
similar to that described for the preparation of N-(3-benzyloxy-2-
methoxypropylformamide; bp 210 °C (bath temp)/13 Pa; IR (neat)
3303 and 1680 cm™'; "HNMR (60 MHz, CCL) 6 = 0.83 (3H, t,
J =6.8Hz), 1.54 2H, q, J = 6.8 Hz), 3.15 (3H, s), 3.25—3.4 (4H,
m), 444 (2H, s), 7.26 (SH, s), 7.73 (1H, br. s), and 8.10 (1H, s).
Found: m/z 251.1529. Calcd for C14H2NOs3: M, 251.1522.
2-Benzyloxymethyl-1-isocyano-2-methoxybutane: Prepared
in 77% yield from the above-mentioned formamide in a manner
similar to that described for the preparation of 1-benzyloxy-3-iso-
cyano-2-methoxypropane; bp 200 °C (bath temp)/13 Pa; IR (neat)
2150 cm™'; 'THNMR (60 MHz, CCly) 6 = 0.85 BH, t, J = 7.2
Hz), 1.55 (2H, q, J = 7.2 Hz), 3.19 (3H, s), 3.40 (4H, br. s), 4.50
(2H, s), and 7.22 (5H, s); MS m/z (%) 233 (M*; 13), 232 (67), 112
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(99), and 91 (100). Found: C, 71.86; H, 8.25; N, 6.15%. Calcd for
CisHoNO;: C, 72.07; H, 8.21; N, 6.00%.

(E)- and (Z)-2-Benzyloxymethyl-1-isocyano-1-butene (1d):
Prepared in 85% yield from the above-mentioned isocyanide in a
manner similar to that described for the preparation of 1a; (E:Z = ca.
65:35); bp 180 °C (bath temp)/13 Pa; IR (neat) 2124 cm™!;'THNMR
(60 MHz, CCly) 6 = 1.06 (3H, t, J = 7.2 Hz), 2.0—2.4 (2H, m),
3.95(0.7H, s), 4.22 (1.3H, s), 4.50 (2H, s), 5.55—5.65 (0.65H, m),
5.75—5.85 (0.35H, m), and 7.26 (5H, s); MS m/z (%) 201 (M*; 3.2),
172 (30), 107 (69), and 91 (100). Found: m/z 201.1160. Calcd for
Ci3H;5NO: M, 201.1154.

Ethyl (E)-4-Benzyloxy-2-isocyano-3-butenoate (2a). Typical
Procedure for the Alkoxycarbonylation of the 3-Alkoxy-1-iso-
cyanopropenes 1 with Alkyl Chlorocarbonates. (Table 1,
Entry 1): To a stirred solution of LDA (2.8 mmol) [from n-BuLi
(1.6 M in hexane, 1 M = 1 moldm™3, 2.8 mmol) and i-Pr,NH
(0.28 g, 2.8 mmol)] in THF (10 ml) at —78 °C was added the
isocyanide 1a (0.24 g, 1.4 mmol) dropwise, the solution turning
into orange immediately. After the mixture was stirred for 15
min at the same temperature, ethyl chlorocarbonate (0.17 g, 1.5
mmol) was added. An immediate fading of the carbanion color was
noted. After stirring for an additional 15 min, the resulting mixture
was quenched with saturated aqueous NH4Cl. An organic product
was extracted with Et;O three times. The combined extracts were
washed with brine, dried over anhydrous MgSOs, and concentrated
in vacuo to afford the crude product containing 2a as a yellow oil
(0.45 g, quantitative, determined by '"HNMR), which was used in
the next step without purification. Purification using preparative
TLC on silica gel afforded pure 2a for spectroscopic analyses; Rt
0.48 (1:3 EtOAc-hexane); IR (neat) 2145, 1754, and 1682 cm™';
'THNMR (270 MHz, CDCl3) 6 = 1.31 (3H, t, J = 7.3 Hz), 4.26
(2H, q, J = 7.3 Hz), 4.69 (1H, d, J = 8.0 Hz), 4.84 (2H, s), 5.01
(1H, dd, J = 12.3 and 8.0 Hz), 6.76 (1H, d, J = 12.3 Hz), and 7.3—
7.4 (5H, m); MS m/z (%) 245 (M*; 4.6), 244 (20), and 91 (100).
Found: m/z 245.1067. Calcd for C14H;5sNO3: M, 245.1053.

The isocyano 3-butenoates 2b—f were prepared following the
above-mentioned procedure. For 2b the crude product was also
used in the next step without purification, and 2¢—f were used after
purification by preparative TLC on silica gel.

Ethyl (E)-4-Phenoxy-2-isocyano-3-butenoate (2b): R
0.46 (1:3 EtOAc—hexane); IR (neat) 2143, 1759, and 1674 cm™;
'"HNMR (270 MHz, CDCl3) 8 = 1.34 (3H, t, J = 7.3 Hz), 4.30
(2H,q,J =7.3Hz),4.82(1H,d,J = 7.6 Hz), 540 (1H,dd, J = 12.0
and 7.6 Hz), 6.93 (1H, d, J = 12.0 Hz), 7.03 (2H, t, J = 7.6 Hz),
7.23 (1H, t, J = 7.6 Hz), and 7.35 (2H, t, J = 7.6 Hz); MS m/z
(%) 231 (M*; 42) and 146 (100). Found: m/z 231.0876. Calcd for
C13H13NO3Z M, 231.0896.

Ethyl (E)- and (Z)-4-Benzyloxy-2-isocyano-3-methyl-3-bu-
tenoate (2c):  (E:Z = ca. 80:20); R 0.42 (1:3 EtOAc—hexane);
IR (neat) 2144, 1752, and 1682 cm™'; "HNMR (270 MHz, CDCl3)
6 = 1.24 and 1.28 (combined 3H, 2t, J = 7.1 Hz each), 1.59 (0.6H,
s), 1.72 (2.44, s), 4.23 (2H, q, J = 7.1 Hz), 4.57 (0.8H, s), 4.84
(0.2H, s), 4.87 (2H, s), 6.33 (0.8H, s), 6.44 (0.2H, s), and 7.3—
7.4 (5H, m); MS m/z (%) 259 (M"; 21) and 91 (100). Found: m/z
259.1224. Caled for C;sHi7NOs3: M, 259.1209.

Ethyl 4-Benzyloxy-2-isocyano-3-methyl-2-butenoate (4c):
Obtained together with 2¢. 4¢: ca. 80:20 (stereochemistry of each
product has not yet been determined); R; 0.61 (1:3 EtOAc-hexane);
IR (neat) 2116, 1727, and 1691 cm ™ !; 'H NMR (270 MHz, CDCl3)
6 = 1.34 (3H, t, J = 7.2 Hz), 2.20 (2.4H, s), 2.29 (0.6H, s), 4.23
(2H, q, J = 7.2 Hz), 4.49 (1.6H, s), 4.59 (1.6H, s), 4.71 (0.4H, s),
477 (0.4H, s), and 7.24 (5H, s); MS m/z (%) 259 (M"; 15) and 91
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(100). Found: m/z 259.1215. Calcd for CisH;7NOs: M, 259.1209.
Methyl (E)- and (Z)-4- Benzyloxy- 3- ethyl- 2- isocyano- 3-
butenoate (2d): (E:Z = ca. 80:20); R; 0.25 (1:5 EtOAc-hexane);
IR (neat) 2145, 1756, and 1675 cm™'; "HNMR (270 MHz, CDCls)
6 =1.00 34, t,J =72 Hz), 2.18 (2H, q, J = 7.2 Hz), 3.73 (3H,
s), 4.53 (0.8H, s), 4.83 (2H, s), 4.87 (0.2H, s), 6.27 (0.8H, s), 6.37
(0.2H, s), and 7.27 (5H, s); MS m/z (%) 259 (M*; 19) and 91 (100).
Found: m/z 259.1228. Caled for CisH;7NOs: M, 259.1209.

Ethyl (E)- and (Z)-4-Benzyloxy-3-ethyl-2-isocyano-3-buteno-
ate (2e):  (E:Z = ca. 80:20); Rr 0.25 (1:5 EtOAc—hexane); IR
(neat) 2144, 1753, and 1675 cm™'; "HNMR (270 MHz, CDCl;)
0 = 1.03 and 1.05 (combined 3H, 2t, J = 7.6 Hz each), 1.27 and
1.29 (combined 3H, 2t, J = 7.3 Hz each), 2.1—2.3 (2H, m), 4.23
and 4.28 (combined 2H, 2q, J = 7.3 Hz each), 4.57 (0.8H, s), 4.87
(2H, s), 4.89 (0.2H, s), 6.31 (0.8H, s), 6.42 (0.2H, s), 7.25—7.4
(5H, m); MS m/z (%) 273 (M*; 14), 107 (18), and 91 (100). Found:
m/z 273.1362. Caled for C1¢H19NO3: M, 273.1366.

Benzyl (E)-4-Benzyloxy-3-ethyl-2-isocyano-3-butenoate (2f):
R: 0.26 (1:5 EtOAc-hexane); IR (neat) 2144, 1754, and 1675 cm™!;
'"HNMR (270 MHz, CDCl3) 8 = 0.98 (3H, t, J = 7.4 Hz), 2.1—
2.25 (2H, m), 4.62 (1H, s), 4.83 (2H, s), 5.18 (1H, d, J = 12.1 Hz),
5.19 (1H, d, J = 12.1 Hz), 6.28 (1H, s), and 7.25—7.4 (10H, m);
MS m/z (%) 335 (M*; 31), 244 (54), and 91 (100). Found: m/z
335.1539. Calcd for C2;H21NOs: M, 335.1522.

Ethyl (E)<4-Benzyloxy-2-formylamino-3-butenoate (6a). Typ-
ical Procedure for the Hydrolysis of the Isocyano Esters 2.
(Table 2, Entry 1): To a stirred solution of 2a (a crude product
obtained from the reaction of la with ethyl chlorocarbonate) in
Et;O (8 ml) at —20 °C was added concd HCI (0.6 ml); the mix-
ture was stirred for 10 min at the same temperature. The resulting
mixture was diluted with Et, O, followed by the addition of aqueous
NaHCOs. The organic layer was separated, washed with brine, and
dried over anhydrous MgSQO4. After evaporation of the solvent,
the residue was purified by preparative TLC on silica gel to give
6a (0.15 g, 57% from 1a); R 0.25 (1:3 EtOAc-hexane); IR (neat)
3302, 1740, and 1666 cm™'; "H NMR (270 MHz, CDCl3) 6 = 1.11
(3H, t,J = 6.9 Hz), 4.1—4.25 (2H, m), 4.68 (2H, s), 4.75 (1H, dd,
J =123 and 8.3 Hz), 4.98 (1H, dd, J = 8.3 and 7.6 Hz), 6.20 (1H,
br. s), 6.63 (1H, d, J = 12.3 Hz), 7.25—7.3 (SH, m), and 8.11 (1H,
s); MS m/z (%) 263 (M*; 0.10), 190 (6.1), 172 (19), and 91 (100).
Found: C, 63.66; H, 6.50; N, 5.31%. Calcd for C;4H;7NO4: C,
63.87; H, 6.51; N, 5.32%.

Ethyl (E)-2-Formylamino-4-phenoxy-3-butenoate (6b): Rt
0.63 (3:1 EtOAc-hexane); IR (neat) 3300, 1740, and 1671 cm™!;
'"HNMR (270 MHz, CDCl3) 6 = 1.31 3H, t, J = 7.3 Hz), 4.26
(2H, q, J = 7.3 Hz), 5.16 (1H, dd, J = 8.3 and 7.6 Hz), 5.29 (1H,
dd, J = 12.3 and 8.3 Hz), 6.31 (1H, br. s), 6.84 (1H, d, J = 2.3
Hz), 6.99 (2H, d, J = 7.6 Hz), 7.09 (1H, t, J = 7.6 Hz), 7.33 (2H,
t, J = 7.6 Hz), and 8.09 (1H, s); MS m/z (%) 249 (M*; 8.5), 248
(51), 220 (62), and 146 (100). Found: C, 62.47; H, 5.99; N, 5.36%.
Calcd for Ci3Hi5NO4: C, 62.64; H, 6.07; N, 5.62%.

Ethyl (E)-4-Benzyloxy-2-formylamino-3-methyl-3-butenoate
(6¢): Ry 0.06 (1:3 EtOAc—hexane); IR (neat) 3294, 1738, and
1680 cm™'; "THNMR (270 MHz, CDCL3) 6 = 1.09 (3H, t, J = 7.2
Hz), 1.57 3H, s), 4.18 (2H, q, J = 7.2 Hz), 4.85 (2H, s), 4.98 (1H,
d,J = 7.6 Hz), 6.34 (1H, br. s), 6.6—6.9 (1H, br), 7.29 (5H, s), and
8.09 (1H, s); MS m/z (%) 277 (M*; 0.06), 276 (0.39), 249 (3.5), 221
(8.7), 189 (10), and 91 (100). Found: C, 67.84; H, 6.74; N, 5.34%.
Calcd for C;sH19NO4: C, 64.97; H, 6.91; N, 5.05%.

Methyl (E)-4-Benzyloxy-3-ethyl-2-formylamino-3-butenoate
(6d):  Rr 0.25 (1:1 EtOAc-hexane); IR (neat) 3304, 1744, and
1672 cm™'; "THNMR (270 MHz, CDCl3) § = 0.97 (3H, t,J = 7.6
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Hz), 2.05—2.15 (2H, m), 3.72 (3H, s), 4.83 (2H, s), 5.00 (1H, d,
J = 7.6 Hz), 6.29 (combined 2H, s and br. s), 7.3—7.35 (5H, m),
and 8.18 (1H, s); MS m/z (%) 277 (M*; 0.05), 218 (2.6), 186 (32),
and 91 (100). Found: C, 64.76; H, 6.94; N, 5.12%. Calcd for
CisH19NO4: C, 64.97; H, 6.91; N, 5.05%.

Ethyl (E)-4-Benzyloxy-3-ethyl-2-formylamino-3-butenoate
(6e):  Rf 0.30 (1:1 EtOAc—hexane); IR (neat) 3312, 1738, and
1679 cm™'; '"HNMR (270 MHz, CDCl;) § = 0.99 (3H,t,J = 7.6
Hz), 1.24 (3H, t, J = 7.3 Hz), 2.05—2.15 (2H, m), 4.18 (2H, q,
J =7.3 Hz), 4.84 (2H, s), 4.98 (1H, d, J = 7.6 Hz), 6.26 (1H, br.
s), 6.29 (1H, s), 7.25—7.4 (5H, m), and 8.18 (1H, s); MS m/z (%)
291 (M*; 0.21), 218 (12), 200 (45), and 91 (100). Found: C, 65.94;
H, 7.25; N, 4.81%. Calcd for Ci¢H1NO4: C, 65.96; H, 7.27; N,
4.81%.

Benzyl (E)-4-Benzyloxy-3-ethyl-2-formylamino-3-butenoate
(6f): Rt 0.14 (1:1 EtOAc-hexane); IR (neat) 3294, 1741, and
1673 cm™!; "THNMR (270 MHz, CDCl3) 6 = 0.94 3H, t,J = 7.6
Hz),2.05—2.15 (2H, m), 4.75 and 4.76 (combined 2H, 2d, J = 12.7
Hz each), 5.04 (1H, d, J = 7.6 Hz), 5.14 (2H, s), 6.22 (combined
2H, s and br. s), 7.25—7.35 (10H, m), and 8.17 (1H, s); MS m/z (%)
353 (M*; 0.01), 262 (3.3), and 91 (100). Found: C, 71.23; H, 6.43;
N, 4.10%. Calcd for C21H»3NO4: C, 71.37; H, 6.56; N, 3.96%.

Ethyl (E)-2-Benzyl-4-benzyloxy-2-isocyano-3-butenoate (7a).
Typical Procedure for the Preparation of 7.  (Table 3, Entry
1): To a stirred solution of LDA [from »n-BuLi (1.6 M in hexane,
3.8 mmol) and i-Pr,NH (0.38 g, 3.8 mmol)] in THF (15 ml) at —78
°C was added a solution of 1a (0.32 g, 1.9 mmol) in THF (2 ml)
dropwise. After the resulting orange yellow solution was stirred
for 10 min, it was treated with ethyl chlorocarbonate (0.21 g, 1.9
mmol). After 15 min HMPA (0.68 g, 3.8 mmol) and BnBr (0.97 g,
5.7 mmol) were successively added. After stirring for an additional
40 min, the resulting reaction mixture was worked up in a similar
manner as described for the preparation of 2a. After evaporation
of the solvent, the crude product was subjected to the next reaction.
A specimen for spectroscopic analyses was obtained by preparative
TLC on silica gel; Ry 0.53 (1:3 EtOAc—hexane); IR (neat) 2138,
1741, and 1671 cm™'; "THNMR (270 MHz, CDCL3) § = 1.23 (3H,
t, J = 7.3 Hz), 3.06 (1H, d, J = 14.1 Hz), 3.29 (1H, d, J = 14.1
Hz), 4.19 2H, q, J = 7.3 Hz), 4.79 2H, s), 5.11 (1H, d, J = 2.3
Hz), 6.77 (1H, d, J = 12.3 Hz), and 7.15—7.5 (10H, m); MS m/z
(%) 335 (M™; 0.18), 308 (0.33), 280 (0.36), 244 (8.0), 218 (14),
145 (20), 127 (94), and 91 (100). Found: m/z 335.1522. Calcd for
Cy1H21NO3: M, 335.1522.

Similarly, the 2-alkylated 2-isocyano-3-butenoates 7b—d were
prepared and used in the next step after purification by preparative
TLC on silica gel.

Ethyl (E)-2-Benzyl-4-benzyloxy-3-ethyl-2-isocyano-3-buteno-
ate (7b):  R¢ 0.62 (1:3 EtOAc-hexane); IR (neat) 2136, 1741, and
1686 cm™'; 'HNMR (270 MHz, CDCls) & = 1.04 (3H,t,J = 7.3
Hz), 1.21 (3H, t, J = 7.3 Hz), 2.15—2.35 (2H, m), 3.09 (1H, d,
J =13.8Hz),3.39 (1H,d,J = 13.8 Hz), 4.13 2H, q, J = 7.3 Hz),
4.85 (2H, s), 6.43 (1H, s), and 7.15—7.4 (10H, m); MS m/z (%) 363
(M*; 0.39), 336 (0.56), 308 (0.64), 272 (31), and 91 (100). Found:
m/z 363.1818. Calcd for C23HsNOs: M, 363.1836.

Ethyl (E)- and (Z)-4-Benzyloxy-3-ethyl-2-isocyano-2-methyl-
3-butenoate (7c): E:Z = ca. 7:3; R 0.55 (1:3 EtOAc—hexane);
IR (neat) 2135, 1749, and 1686 cm™'; "HNMR (270 MHz, CDCl3)
6 = 1.03 and 1.05 (combined 3H, 2t, J = 7.6 Hz each), 1.29 (3H,
t,J =7.3Hz), 1.73 (3H, s), 2.17 (1.4H, q, J = 7.6 Hz), 2.23 (0.6H,
J=7.6Hz),4.12 (0.6H, q,J = 7.3 Hz),4.21 (1.4H, q, J = 7.3 Hz),
4.88 and 4.89 (combined 2H, 2s), 6.42 and 6.43 (combined 1H, 2s),
and 7.3—7.4 (5H, m); MS m/z (%) 287 (M*; 0.53), 258 (1.3), 242
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(3.2), 196 (42), and 91 (100). Found: m/z 287.1541. Calcd for
C17H21NO3Z M, 287.1522.

Diethyl 2-[(E)-2-Benzyloxy- 1-ethylethenyl]- 2- isocyanobu-
tanedioate (7d):  Rr 0.46 (1:3 EtOAc-hexane); IR (neat) 2137,
1742, and 1666 cm™'; 'HNMR (270 MHz, CDCl;3) § = 1.02 3H,
t,J = 7.3 Hz), 1.27 and 1.29 (combined 6H, 2t, J = 7.3 Hz each),
220 (2H, q, J = 7.3 Hz), 2.84 (1H, d, J = 16.7 Hz), 3.27 (1H, d,
J = 16.7 Hz), 4.18 and 4.26 (combined 4H, 2q, J = 7.3 Hz each),
4.88 (2H, s), 6.46 (1H, s), and 7.3—7.35 (5H, m); MS m/z (%) 359
(M*; 0.02), 330 (0.03), 314 (0.14), 242 (7.0), 213 (13), 168 (15),
and 91 (100). Found: m/z 359.1736. Calcd for CooHpsNOs: M,
359.1734. :

Hydrolysis of the isocyano esters 7a—d to the formylamino
esters 8a—d was carried out under conditions similar to those de-
scribed for the hydrolysis of the isocyano esters 2.

Ethyl (E)-2-Benzyl-4-benzyloxy-2-formylamino-3-butenoate
(8a): R;0.54(1:1 EtOAc-hexane); IR (neat) 3367, 1734, and 1670
cm™'; "THNMR (270 MHz, CDCl3) 6 = 1.26 and 1.32 (combined
3H, 2t, J = 7.3 Hz each), 3.04 and 3.33 (combined 1H, 2d, J = 13.8
Hz each), 3.42 and 3.78 (combined 1H, 2d, J = 13.8 Hz each),
4.15—4.3 (2H, m), 4.78 and 4.81 (combined 2H, 2s), 5.19 and 5.24
(combined 1H, 2d, J = 12.7 Hz each), 6.39 (1H, br. s), 6.58 and
6.60 (combined 1H, 2d, J = 12.7 Hz each), 7.05—7.15 (2H, m),
7.2—7.4.(8H, m), and 8.15—8.2 (1H, m); MS m/z (%) 353 (M";
0.60), 280 (12), and 262 (100). Found: C, 71.08; H, 6.44; N,
3.87%. Calcd for C21H2sNO4: C, 71.37; H, 6.56; N, 3.96%.

Ethyl (E)-2-Benzyl-4-benzyloxy-3-ethyl-2-formylamino-3-
butenoate (8b): Rf 0.72 (1:1 EtOAc—hexane); mp 89—90
°C (hexane-Et,0); IR (KBr disk) 3293, 1736, and 1667 cm™';
'HNMR (270 MHz, CDCl3) 6 = 0.98 and 1.02 (combined 3H, 2t,
J=7.4Hzeach), 1.26 and 1.31 (combined 3H, 2t, J = 6.9 Hz each),
2.09 and 2.12 (combined 2H, 2q, J = 7.4 Hz each), 2.96 and 3.35
(combined 1H, 2d, J = 13.2 Hz), 3.50 and 3.89 (combined 1H, 2d,
J = 13.2 Hz), 4.1—4.25 (2H, m), 4.8—5.0 (2H, m), 6.35 (1H, br.
s), 6.50 (1H, s), 7.0—7.4 (10H, m), and 8.1—8.2 (1H, m); MS m/z
(%) 381 (M*; 0.29), 308 (5.6), and 290 (100). Found: C, 72.14;
H, 7.12; N, 3.63%. Calcd for Co3Hy7NO4: C, 72.42; H, 7.13; N,
3.67%.

Ethyl (E)-4-Benzyloxy-3-ethyl-2-formylamino-2-methyl-3-
butenoate (8c):  Rr 0.58 (1:1 EtOAc—hexane); IR (neat) 3344,
1732, and 1686 cm™'; "HNMR (270 MHz, CDCl3) & = 0.96 and
0.98 (combined 3H, 2t, J = 7.5 Hz each), 1.23 and 1.25 (combined
3H, 2t, J = 7.1 Hz each), 1.61 and 1.78 (combined 3H, 2s), 2.04
and 2.07 (combined 2H, 2q, J = 7.5 Hz each), 4.1—4.25 (2H, m),
4.8—4.95 (2H, s), 6.32 and 6.37 (combined 1H, 2s), 6.60 (1H, br.
s), 7.3—7.4 (5H, m), and 8.0—8.15 (1H, m); MS m/z (%) 305 (M*;
0.96), 232 (25), and 91 (100). Found: m/z 305.1646. Calcd for
Ci7H»3NO4: M, 305.1628.

Diethyl 2-[(E)-(2-Benzyloxy-1-ethylethenyl]-2- (formylami-
no)butanedioate (8d):  R: 0.64 (1:1 EtOAc—hexane); IR (neat)
3141,1713, and 1689 cm™'; 'HNMR (270 MHz, CDCl;) 6 = 0.96
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and 0.98 (combined 3H, 2t, J = 7.4 Hz each), 1.15—1.3 (6H, m),
2.05—2.15 (2H, m), 2.77 and 3.18 (combined 1H, 2d, J = 16.2 Hz
each), 3.28 and 3.82 (combined 1H, 2d, J = 16.2 Hz each), 4.05—
4.3 (4H, m), 4.8—4.95 (2H, m), 6.23 and 6.31 (combined 1H, 2s),
6.7—6.9 (1H, br. s), 7.3—7.4 (5H, m), and 8.0—8.15 (1H, m); MS
m/z (%) 377 (M*; 0.55), 304 (10), 286 (15), and 91 (100). Found:
m/z 377.1859. Caled for C20H27NOg: M, 377.1839.
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