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Abstract: A one-pot reaction of diorganyl telluride, diazo-compounds
including dimethyl diazomalonate and ethyl diazoacetate, carbonyl com-
pound and catalytic amount of Cu(I)I afforded the olefination products in
high yields. The reaction is proposed to be through diorganyltelluronium
bis (methoxycarbonyl)methylide and (ethoxycarbonyl)methylide respectively.

Introduction

There have been much interests in other heteroatom ylides for organic
synthesis since the birth of the Wittig reaction in 1953.[1] It is well-
known that the reaction of the non-stabilized sulfonium and selenonium
ylides with carbonyl compounds to produce epoxides in high yields.[2]
However, the stabilized sulfonium ylides are inert towards carbonyl com-
pounds except for few extremely reactive carbonyl partners.[3] wWith the
development of sulfonium and selenium ylides, the application of several
stabilized and semi-stabilized telluronium ylides in organic synthesis
has been described.[4] 1In our previous papers, we reported that various
telluronium salts including precursors of non-stabilized, (3] semi-stabi-
lized[6] and stabilized[7] telluronium ylides, after being treated with
alkyl or aryl-lithium reagents, reacted with carbonyl compounds to give
secondary alcohols, instead of alkenes or epoxides, the products expected
by analogy with the reactions of other hetercatom ylides. However, we
found that diphenyltelluronium methylide -—- a non-stabilized telluronium
ylide generated in situ from methyldiphenyltelluronium tetraphenylborate
with LiTMP (lithium 2,2,6,6~tetramethylpiperidine) reacted with carbonyl
compounds to form substituted oxiranes.[8] Although the synthesis of some
highly stabilized phenyl-ligand telluronium ylides with two strong
electron-withdrawing substituents such as I, IXI, III, and IV (S8cheme 1)
has been described in the literature.[?] However, to the best of our
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knowledge, no report concerning their reactivities towards carbonyl com-
pounds has appeared. Maybe these telluronium ylides are inert toward
carbonyl compounds.

Schenme 1

p-MeOCgH (o] ~MeOCgH CO2Et
6 4\\ 2 P 6 {\ v 2
Te==C /?e::c
p-MeOCgHy CO2Et p-MeOCgH, CO2Et
I II
-RCgH o Ph Ph h
P 6 4\ ~
//?e (R=H, MeO, Me) //Te
p-RCgH4 Ph Ph Ph
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Results and Discussion

In our continuous studies on the synthetic application of telluronium
ylides, we found that dibutyltelluronium bis(methoxycarbonyl)methylide,
and diphenyltelluronium bis(methoxycarbonyl)methylide ~ two highly stabi-
lized telluronium ylides, generated in situ from the reaction of dimethyl
diazomalonate with dibutyl telluride and diphenyl telluride in the pre-~
sence of copper(I) iodide respectively, reacted with carbonyl compound to
afford a,g-unsaturated malonic esters in high yields (eguation 1).

Cul
RyTe + NpC(COpMe)s + RIR2CO ————= RIR2C=C(COzMe); + RTeO + N3
100 °c
1 2 3 4 (eq. 1)

ia, R=n-Bu; 1b, R=i-Bu; 1l¢, R=Ph

Thus dibutyl telluride (1.2mmol) was injected into a mixture of the
carbonyl compound(l.0mmol), dimethyl diazomalonate(l.2mmol) and copper(I)
iodide (0.3mmol) without solvent under nitrogen. The mixture was stirred
at 100°C for several hours. After the reaction was completed (monitored
by 1H NMR), flash chromatography on silica gel gave the pure product in
high yield. The results are shown in Table l(entry 1-5). It is noteworthy

that diisobutyl telluride and diphenyl telluride can also medjiate the sane
olefination reaction (entry 6-12).
The reaction is proposed to be through highly stabilized telluronium

ylide with two strong electron-withdrawing substituents. In the absence



Reactions of diazocompounds 6823

of organotellurium reagent, olefination did not take place at all. Di-
organyl tellurides can react with the carbene from the dimethyl diazo-
malonate to generate the highly stabilized telluronium ylides. Moreover,
these ylides are reactive towards carbonyl compounds due to its more
nucleophilicity than corresponding sulfur and selenium counterparts (as
shown in Scheme 2). Because the alkyl ligand is an electron-donating
group compared with the phenyl ligand, thus the alkyl-ligand telluronium
ylide is more reactive than phenyl-ligand one, the yield of the alkene
product 4 (entry 1-9) is higher than that of the latter reaction (entry
10-12).

Table 1 Synthesis of the alkene 4 via dimethyl diazomalonate?

Entry RaTe(1) Rl R2 Product 4 Yield(%)P
1 1a Cels H 4a 91
2 la pP-ClCgHa H 4b 95
3 la pP-CH3CgHy H 4c 90
4 la p—-PhCH=CH H 44 80
5 la 2-thiophenyl H 4e 93
6 1b p-CH30CgH, H af 86
7 1b i-Bu H 4g 88
8 1b -(CH2) 5~ 4h 60
9 1c p-ClCgHy H 4b 67
10 1c p-NOCgHy H 4i 70
11 1c 2-Pyridyl H 43 54
12 1lc Cyclohexyl H 4k 55

a All the products were confirmed by 1H NMR and IR spectra; New
compounds gave satisfactory microanalysis as shown in experi-
mental part.

b Isclated yield by flash chromatography based on aldehyde.

Attempts to isolate these highly stabilized telluronium ylides by
chromatography failed. However, lH NMR shows the exhibition of these
highly stabilized telluronium ylides. After heating a mixture of an equi-
valent of diphenyl telluride, dimethyl diazomalonate and a catalytic
amount of copper(I) iodide for three hours, lH NMR exhibits at J =3.26ppm
(Me) , corresponding to that of triphenylarsonium bis(methoxycarbonyl)

methylide.[10] It is known that, on the lH NMR spectra, the ester protons
of dimethyl diazomalonate appear at / =3.80ppm and those of dimethyl malo-

nate show at J=3.65ppm. To the crude mixture, an equivalent of p-chloro-
benzaldehyde was added, the olefination product was also produced (50%).
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This shows that the ylide may be sensitive to air.

Schenme 2
0,Me cul 2Me | RIR2c0(3)
RaTe + N»C ————w» | RoTet—C ———
\\tozue 100 °c COoMe
1 2
Rl /;ozne
P =C + RaTe0 (1a, R=n-Bu; 1b, R=i-Bu; 1o, R=Ph)
R2 0oMe

Table 2 Reaction Results from Various Catalysts@

Entry Catalyst Amount(equiv.) T(°C)/t(hr) Yield(%)b

1 -c 0 110/10 0

2 active cu0d 0.3 100/6 68
3 Cusoy 0.3 100/6 65
4 CuBr3 0.3 100/6 69
5 Cu(OAc) 5 0.3 100/6 59
6 cucCl, 0.3 100/6 68
7 cucl 0.3 100/5 90
8 Cuz0 0.3 100/5 92
9 cul 0.3 100/5 95

a. A mixture of n-BujzTe(l.2mmol), N2C(COoMe)s(1.2mmol), p-CgH4qCHO

(1.0mmol) and catalyst(C.3mmol) was heated under N; for certain hours.

b. Yields determined by lH NMR.

c. No catalyst was used in this entry.

d. Active cu® was prepared in situ from the reaction of Zn powder
with Cuso4.

Lloyd et al. reported that bis(hexfluoroacetylacetonato)copper(iI) was
effective for the preparation of diphenyltelluronium ylide.[9P] we found
that copper(I) iodide was the most effective catalyst for the preparation
of diorganyltelluronium bis(methoxycarbonyl)methylide. This finding is
coincident with the reported result that Cul was the most effective
catalyst for the decomposition of diazo compounds.{1l] The efficiency of
various catalysts for the reaction is shown in Table 2.
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It is noteworthy that other trapping reagents such as tributylarsine,
triphenylarsine, tributylstibine, and triphenylstibine could also mediate
the same reaction in our hands. However, tributylphosphine, triphenyl-
phoshpine, dimethyl sulfide, and diethyl sulfide could not promote this
olefination reaction. (as shown in Table 3)

Table 3 Reaction Results of p-Chlorobenzaldehyde with Dimethyl
Diazomalonate Mediated by Various R3M or RpM 2

Entry R3M or RyM T(°C)/t(h) Yield(%)P
1 -c 110/10 0
2 BuiAs 100/6 93
3 PhiAs 100/6 65
4 Buj3Sb 100/6 95
5 Ph3Sb 100/8 71
6 Bu3P 100/8 0
7 PhaP 100/8 0
8 Et,S 100/8 0
9 Me,S 100/8 0

a. NaC(COzMe) 2/R3M or RaM/p-ClCgH4CHO/CuI=1.2:1.2:1.0:0.3
b. Yields determined by lH NMR.
c. No R3M or RzM was used in this entry.

similarly, the reaction of ethyl or methyl diazoactate with carbonyl
compounds mediated by diorganyl telluride also resulted in olefination in
high yields (equatien 2). The results are shown in Table 4. It is note-
worthy that, when aldehydes were used as subtrates, the reaction gave the
olefins in E configuration. The reaction is also proposed to be through
the corresponding telluronium ylide (8cheme 3)

cuI(cat.)
RaTe + NCHCOaR’ + RIR2CO —————» RIR2C=CHCO,R’ + R2TeO + N2 (eq.2)
50-80 °C
1 s 6

1a, R=n-Bu; 1b, R=i-Bu; 1¢, R=Ph; R’=Et, Me
The reaction is of wide scope. The aldehydes may be aromatic, alicyclic
or heterccyclic. They may contain a double bond. A double bond conjugated
with a carbonyl group does not interfere the reaction, the attack being
at the carbonyl carbon.
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Table 4 Olefination of Carbonyl Compounds with Ethyl or Methyl
Diazoacetate Mediated by Diorganyl Telluride2

Entry RyTe R’ Rl R2 Product 6 Yield(s)b
1 la Et CgHs H 6a 96
2 la Et p-ClCgHy H 6b 95
3 la Et PhCH=CH H 6c 95
4 la Et -(CHy)5- H 6d 80
5 1b Et CeHs H 6a 92
6 1lc Et p-ClCgHy H 6b 86
7 la Me CgHs H 6e 85
8 la Me p-MeCgH, H 6f 90
9 la Me 2-Pyridyl H 6g 86
10 la Me Cyclohexyl H 6h 82
11 1b Me CeHs H 6e 90
12 1c Me p-ClCgHy H 6i 90

a. All the products were characterized by 1y NMR, IR and MS.
b. Isolated yields based on carbonyl compounds.

Scheme 3

CuI(Cat.) R1R2co
RpTe + NCHCOgR! ———————> [R2Te=CHCO3R’] ———» R1R2C=CHC02R’+ RaTeO
1 5 6

This one-pot reaction is simple and proceeds without base in high
yields. Furthermore, the diazo-compounds used are easily accessible and
safe to handle. In this sense, this reaction is the simplified version of
normal Wittig reaction which involves three steps: preparation of phosph-
onium salts, its base treatment to ylide, and reaction of the ylides with
carbonyl compounds. It is of particular interest in that diorganyltel-
luronium ylides bearing two strong electron-withdrawing groups are still
reactive towards aldehydes. These results illustrate that diorganyltel-
lurcnium ylide is more reactive than the analogues of phosphonium and
arsonium ones.

Experimental

Melting points and boiling points were uncorrected. Proton nuclear
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magnetic resonance (1H NMR) spectra were recorded on Varian Model EM-360A
or XL-200 spectrometer in CCl, solution using TMS as an internal standard
other than noted. Infrared(IR) spectra were recorded on an IR-440 grating
spectrophotometer. Mass spectral data were obtained with electron ioni-
zation (EI) on a Finnigan 4021 spectrometer.

Materials: Dibutyl telluride, [12] diisobutyl telluride,(12] diphenyl
telluride, [13] tributylarsine,[14] tributylstibine, [15] triphenylstibine,
{16] dimethyl diazomalonatel[ll] and ethyl or methyl diazoacetatell7] were
prepared according to the methods given in the literature methods.

Reactions of dimethyl diagsomalonate with aldehydes mediated by diorganyl
telluride: General Procedure: Diorganyl telluride (1.2mmol) was injected
into a mixture of the carbonyl compound (1.0mmol), dimethyl diazomalonate
(1.2mmol) and copper(I) iodide (0.3mmol) without solvent under nitrogen.
The mixture was stirred at 100°C for several hours. After the reaction
was completed (monitored by 1H NMR), flash chromatography on silica gel
gave the pure product in high yields.

Dimethyl benzylidene malonate (4a): Yield, 91%; b.p. 168-171°C/10mmHg;
{18] 1 NMR(CCl4/TMS,60MHz) J 3.70(s,3H), 3.73(s,3H), 7.29(s,5H), 7.53(s,
1H) ; IR(neat) 1730(vs), 1630(s), 1260(s), 1220(s), 1080(s), 830(m), 770
(s), 690(s) cm~1l,
Dimethyl 4-chlorobenzylidene malonate (4b): Yield, 95%; m.p. 55-56°C:
(191 1H NMR(CCl4/TMS,60MHz) § 3.77(s,3H), 3.80(s,3H), 7.33(s,4H), 7.60(s,
1H) ; IR(KCl) 1720(vs), 1630(s), 1260(vs), 1220(s), 1.060(s), 840(m),
820(s) cm~1.

Dimethyl 4-methylbenzylidene malonate(4c): Yield, 90%; o0il;[20] lg NMR
(CCl4/TMS,60MHz) J 2.33(s,3H), 3.77(s,6H), 7.18(q,4H), 7.60(s,1H); IR
(neat) 1725(vs), 1630(s), 1260(s), 1220(s), 1085(s), 840(m), 815(s) cm~1l.

Dimethyl cinnamylidene malonate (4d): Yield, 80%; m.p. 65-66°C;[21] 1H
NMR(CCl,4/TMS,60MHz) 4 3.70(s,3H), 3.76(s,3H), 6.90-7.60(m,8H); IR(KC1)
1710(s), 1650(s), 1580(s), 1280(s), 1150(s), 1060(s), 750(s), 690(s)cm~1.

Dimethyl 2-thiophenylmethylidene malonate(4e): Yield,93%; m.p.44-45°C;
1H NMR(CCl4/TMS,60MHz)J 3.77(s,3H), 3.84(s,3H), 7.00(dd,J=4.0,4.0Hz,1H),
7.31(d,J=4.0Hz,1H), 7.45(d,J=4.0Hz,1H), 7.55(d,J=4.0Hz,1H); EIMS m/z(rel.
intensity) 227(M*t1,22), 226(Mt,43), 195(44), 169(5), 108(22), 83(11l), 43
(100) ; IR(KCl) 1730(vs), 1630(s), 1260(s), 1060(s), 860(s), 840(s) cm~1l.
Anal. Found: C,52.96; H,4.45; Calcd for CioH1004S, C,53.09; H,4.46.

Dimethyl 4-methoxybenzylidene malonate(4f): Yield,86%; oil;[22] 1y NMR
(CCl,/TMS, 60MHZ) 3.72(s,3H), 3.75(s,3H), 3.78(s,3H), 6.83(d,J=8Hz,2H),
7.34(d,3=8Hz,2H), 7.58(s,1H); IR(neat) 1720(vs), 1625(m), 1255(s), 1200
(s), 830(s) cm~1,
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Dimethyl isopentylidene malonate(4g): Yield, 88%; b.p. 110°C/2mmHg; 1lH
NMR(CCl4/TMS, 60MHz) J 0.96(d,J=6Hz,6H), 1.36-1.94(m,1H), 2.12(dd,Jy=6Hz,
Jo=7Hz,2H), 3.72(s,6H), 6.85(t,IJ=7Hz,1H); EIMS m/z (rel. intensity) 201
(M*+1,100), 169(16), 157(6), 99(19); IR(neat) 1730(vs), 1640(s), 1260(s),
1150(s), 1060(s), 840(m) cm~1l. Anal. Found: C,59.95; H,8.19. Calcd for
Ci10H1604: C, 59.98; H,8.05.

Dimethyl cyclohexylidene malonate(4h): Yield,60%; bp 130°C/5mmHg: 1y
NMR (CCl4/TMS,60MHz) J 1.70(m,6H), 2.50(m,4H), 3.70(s,6H); EIMS m/z (rel.
intensity) 213(M*+1,4), 181(22), 153(14), 125(100), 97(49); IR(neat) 1730
(vs), 1640(m)cm~1l. Anal. Found: C, 62.18; H, 7.88; Calcd for C11H1604. C,
62.25; H, 7.60.

Dimethyl 4-nitrobensylidene malonate (4i): Yield, 70%; m.p. 136-137°C;

(23] 1§ NMR(CDCl3/TMS,200MHz) & 3.67(s,3H), 3.71(s,3H), 7.48(d,J=12Hz,2H),
8.13(d,J=12Hz,2H), 8.21(s,1H); IR(KCl) 1720(s), 1700(s), 1625(m), 1340(s),
1200(s), 935(m), 850(m) cm~l,

Dimethyl 2-pyridylmethylidene malonate(4j): Yield,54%; o0il;[20] 1H NMR
(CCly4/TMS,60MHZ) J 3.76(m,6H), 7.23~7.56(m,4H), 8.55(d,J=2Hz,1H); IR(film)
1735(vs), 1645(m), 1345(s), 1210(s), 930(m), 845(m) cm~1.

Dimethyl cyclohexylmethylidene malonate(4k): Yield,55%; b.p.120-125°C/
2mmHg; [24] 1H NMR(CCl4/TMS, 60MHz) J 0.90-1.60(m, 10H), 1.90-2.10(m, 1H),
3.60(s,3H), 3.65(s,3H), 6.65(d,J=10Hz,1H); IR(neat) 1740(s), 1720(s),
1640(m) cm~1.

Reactions of Methyl or Bthyl Diazoacetate with Aldehydes and Diorganyl
Telluride: General procedure: Diorganyl telluride(l.2mmol) was injected
into a mixture of aldehyde(l.0mmol), methyl or ethyl diazoacetate(l.2mmol)
and copper(I) iodide(0.15mmol) under nitrogen. The mixture was stirred at
50°C for several hours. After the reaction was completed (monitored by lH
NMR), flash chromatography on silica gel gave the pure product.

Ethyl 3-phenyl-(2E)-propencate(6éa): Yield,96%; b.p.122°C/5mmHg;[25] 1H
NMR(CCl4/TMS, 60MHz) J 1.23(t,J=7Hz,3H), 4.05(q,J=7Hz,2H), 6.17(d,J=16Hz,
1H), 7.22(m,5H), 7.44(d,J=16Hz,1H); IR(neat) 1710(vs), 1640(s), 1260(s),
1160(s), 860(s), 765(s), 680(s) cm~1l,

Ethyl 3-(p-chlorophenyl)-(2E)-propencate(éb): Yield,95%;0il;[4a] 1H NMR
(CCl4/TMS, 60MHz) J i.15(t,J=7Hz,3H), 4.25(q,J=7Hz,2H), 6.50(d,J=16Hz,1H),
7.56(m,5H) ; IR(neat) 1720(s), 1650(m), 1410(s), 1120(m), 825(s) cm~1l.

Ethyl S-phenyl-(2E,4E)-pentadiencate(6c): Yield, 95%; 0il;[26] 1H NMR
(CCl4/TMS,60MHz) J 1.18(t,J=6Hz,3H), 4.08(q,J=6Hz,2H), 5.80(d,J=15Hz,1H),
6.70(m,2H), 6.97-7.40(m,6H); IR(neat) 1715(s), 1630(s), 1600(m), 1580(W),
1240(s), 840(m), 760(m) cm~1.

Ethyl cyclohexylideneacetate (64): Yield, 80%; b.p. 102°C/10mmHg;[27]
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1H NMR(CCl4/TMS, 60MHz) J 1.20(t,J=6Hz,3H), 1.55(brs,6H), 2.10(brs, 2H),
2.70(m,2H), 4.00(q,J=6Hz,2H), 5.40(s,1H); IR(neat) 2910(s), 2850(s), 1720
(s), 1650(s), 1260(s), 1040(s0, 850(s)cm~1l.

Methyl 3-phenyl-(2E)-propencate(6e): Yield,85%; b.p.113°C/5mmHqg; (28] 1H
NMR(CCl4/TMS, 60MHz) J 3.65(s,3H), 6.25(d,J=16Hz,1H), 7.25(m,6H); EIMS m/z
(rel. intensity) 162(M*,57), 131(100), 103(55), 77(39); IR(neat) 1720(s),
1695(s), 1320(s), 1270(s), 1180(s), 980(s), 760(s)cm~1.

Methyl 3-(p-methylphenyl)-(2E)-propencate(6f): Yield,90%; m.p.54.5-55.5
©;[29] 1H NMR(CCl4/TMS, 60MHz) J 2.37(s,3H), 3.72(s, 3H), 6.16, 6.43(d,J=
16Hz,1H), 7.05-7.73(m,5H); EIMS m/z(rel. intensity) 192(Mt,77), 161(100),
133(41), 118(13), 89(21); IR(KCl) 1710(vs), 1590(s), 160(s), 960(s)cm~1l.

Methyl 3-(2-pyridyl)-(2E)-propencate(6g) Yield,86%:;[30)1H NMR(CCl4/TMS,
60MHz) J 3.75(s,3H), 6.38(d,J=16Hz,1H), 6.86-7.90(m,4B), 8.57(d,J=4Hz,1H);
IR(KCl) 1710(vs), 1610(m), 1250(8), 950(s)cm™1.

Methyl 3-cyclohexyl-(2E)-propenoate(6h): Yield,82%; b.p.88-90°C/15mmHg;

[31] 1§ NMR(CCl,/TMS,60MHz) J 1.16-1.80(m,11H), 3.68(s,3H), 5.15, 5.36(qd,
J=16Hz,1H), 7.10(m,1H); IR(KC1l) 1710(vs), 1640(m), 1320(m), 1170(m), 1000
(s), 820(s)cm™1.

Methyl 3~ (p-chlorophenyl)-(2E)~-propenoate(6i) Yield,90%; m.p.70-72b;29

1§ NMR(CC14/TMS, 60MHz) & 3.65(s,3H), 6.07,6.34(d,J=16Hz,1H), 7.30(m,5H);
EIMS m/z(rel. intensity) 197 (Mt+1,30), 196(M*,47), 165(100), 137(25), 102
(35); IR(KCl) 1720(s), 1650(m), 1405(s), 1125(m), 820(s) cm~1l.
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