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TH~ REACTIONS OF ETHYLACETODIAZOACETAl'E AND DIMETHYLDIAZOMALONATE
WITII CYLOHEPTENE IN mE PRESENCE OF COPPER (ll) ACETYLACETONATE
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New compounds were obtained from a catalysed reaction of ethylacetodiazoacetate (eada) with cy-
cloheptene. Reactivities of eada and dimethyldiazomalonate (dmdm) were compared by investigating
the reaction of a mixture of these two diazocompounds with cycloheptene. The dimers and crossed
dimers were also synthesized separately and used in the analysis of the reaction products. Dmdm was
found to be more reactive and more electrophilic.
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INTRODUCfION
Carbene and carbenoids are highly reactive intermedi-

ates which undergo addition, insertion and dimerization re-
actions with olefins, depending on reaction conditions. [1-
10] Carbenes and carbenoids derived from oc-diazocarbonyl
compounds are neutral but have electrophilic character.
They have medium selectivity because of their mesomeric
stability. It is generally recognized that singlet and triplet
carbenes are formed by direct or sensitized irradiation. Al-
though several mechanistic and synthetic approaches have
been proposed for the metal-salt catalysed reactions of
carbenes, 'there is still not a distinct explanation. Some 'ap-
proaches are based on a carbenoid intermediate, a carbene-
catalyst complex.

Insertion of carbenoids into C-H bonds which have the
most weakly bound and the least hindered hydrogen occurs
to a small extent. The insertion may take place through a
direct, a zwitter-ionic or a radical mechanism. Dimerization
of carbenes may take place i) by combination of two
carbenes or ii) by combination of two radicals formed from
the decomposition of diazo compounds. In the carbene/
carbenoid reactions, the main products are generally addi-
tion compounds. The electrophilicity of carbenes towards
double bonds is an important factor in these reactions.

EXPERIMENTAL
Spectroscopic and gas chromatographic studies. Infra-

red spectra were measured on a Schimadzu IR-400 model
spectrophotometer and IH-NMR on a Bruker 200 MHz
model instrument using TMS as an internal standard. Gas
chromatographic studies were performed on a Schimadzu
instrument, model SA, equipped with F.LD. detector. OV-
17,3% on chromosorb w 100/120 mesh, 3 mm LD. x 3 m
(I) and carbowax 20-M 2S% on Shimalite 60/80 mesh 3
mm LD. x 3 m (II) columns were used. The following c~n-
ditions were imposed; Injector and detector temperature
200°, carrier gas (NJ, 100 ml/min, temperature programme

10S-29S0 at SO/min,isothermal at 170° for II. Integrator,
ITG-4A. Reproducibility of results was ± 0.5% under the
same conditions. Internal standards were used for calcula-
tion. Three runs were carried out in each case. Elemental
analyses were performed on a Hereaeus microstandard
equipment

Preparative thin-layer chromatography studies. PTLC
studies were carried out using silicagel HF254layers (1 mm)
and CH2CI2:CCI4 n-hexane, ethylacetate (7S:IO:IO:S) and
solvent. As detection spray (for pattern plate only), 3.5%
ethanolic solution of phosphomolybdic acid is used. The
plate is heated to 160° for 30 mins. The sample was applied
on to the plate by DESEGA microdoser equipment.

Preparations of starting materials and standards. In
our previous papers, we had synthesized some of com-
pounds related to this study p-toluene sulphonylazide was
prepared by the method of Baumgarten. [16i Yield was
91% (higher than the literature value [12-14] dimethyldi-
azomalonate (from p-toluene sulphonylazide), tetra-
methoxy-carbonylethane (7), tetramethoxycarbonyleth-
ylene (6) and 8, 8-dimethoxycarbonylbicyclo (S.1.0) octane
(S) were prepared by the method of Wulfman and co-work-
ers [10, 12-14]. In this work we also synthesized the com-
pounds shown below, ethylacetodiazoacetate having 99.S%
purity (from p-toluene sulphonylazide) was prepared by the
method of Regitz [17]. IR, UV, elemental analysis data
were in accordance with Regitz's. IH-NMR (8) (CDCI3):

1.34 (t-3H, J:7c/s, methyl), 2.48 (s-3H, ketonic methyl),
4.31 (q-2H, 7 and 7 cis, C~).

Diacetyl-di-ethoxycarbonylethane (3) and diacetyldi-
ethoxycarbonyl-ethylene (4) standards were prepared by
similar procedures noted above starting with ethylacetodi-
azoacetate and ethylacetoacetate for 3 and only ethylaceto-
diazoacetate for 4 in benzene having copper (II) acetylace-
tonate as catalyst.

(3) IR (ern:'): 29S0 (vs C-H), 1720 (vs C = 0). IH-NMR
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(0) (CDC1:J 1.3 (t-3H,7 cis, methyl), 2.4 (s-3H, ketonic
methyl), 3.84 (s-2H, acetonyl p.), 4.23 (q-2H, J:7 cis, 7 cis,
CHz). Anal. calcd. for ClzHIS06:C, 55.81: H, 7.03; foundC,
55.92; H, 7.20%.

(4) Cis-dimer could 'not be formed because of steric
hindrence. IR (cm·I):-2945 (vs C-H), 1720 (vs C = 0). IH_
NMR (0) (CDCI3):·1.34 (t-3H, J: 7c/s, methyl), 2.45 (s-3H,
ketonic methyl), 4.11 (q-2H, J: 7 and 7 cis CH2). Anal.
calcd. for ClzHIP6: C, 56.24; H, 6.29; found C, 56.18; H,
6.37%.

The standards for the probable crossed-dimers; l-ace-
tyl, l-ethoxycarbonyl, 2, 2-dimethoxycarbonylethane (8)
and I-acetyl, l-ethoxycarbonyl, 2, 2-dimethoxycarbonyleth-
ylene (9) for the comparison reaction were also synthesized
by the same procedure. GC analysis of thecrude products 8
and 9 showed the presence of other possible dimers 3,7 and
4,6. The zones for 8 and 9 were extracted from PTLC and
identified as shown below.

(8) IR (cm'): 2900, 2850 (vs C-H), 1740, 1720, 1618
(vs C=O). IH-NMR 0 (CDCI3): 1.27 (t-3H, J: 7 cis,
methyl), 2.41 (s-3H, ketonic methyl), 3.77 and 3.87 (s-3H,
s-3H, methyl, methyl), 4.2 (q-2 H, J: 7 and 8 cis, CHz), 4.34
(m-2H, malonyl and acetonyl p.). Anal. calcd. for CUHIP1:
C, 50.77; H, 6.19; found C, 50.85; H, 6.21 %.

(9) IR (em:'): 2900,2850 (vs C-H), 1718, 1620 (vs C =
0). IH-NMR (0) (CDCI:J 1.32 (t-3H, J: 7 cis, methyl), 2.3
(s-3H, ketonic methyl), 3.77 and 3.83 (s-3H, s-3Hmethyl),
4.3 (m-2H, CHz). Anal. calcd. for CllHIP1: C, 51.16; H,
5.46; found C, 51.31; H, 5.50%. .

Procedure for catalyzed reaction of ethy/acetodi-
azoacetate with cyc/oheptene. The amounts used Cu
(AcAc), 0.14 mmol, diazo compound 0.02 mol. A solution
of catalyst in olefm (0.25 mol) was refluxed, while a solu-
tion of diazo compound in olefin (0.25 mol) was added
dropwise. After completion of olefin addition sample taken
from the continuing reaction at time intervals were ana-
lyzed by GLC and IR in order to ensure the end of reaction.
The mixture was filtered while hot, the excess olefin was
recovered by vacuum distillation. The residue was analyzed
by GLC and PTLC. The main zones were extracted from
PTLC and recontrolled by GLC and identified as 1 and 2.

(I) 8. 8-acety/ethoxycarbony/bicyc/o (5.1.0) octane. IR
(em:'): 3000, 2850, 1450 (vs C-H), 1740 (vs C = 0), IH_
NMR (0) (CDCI3) 1.27 (t-3H, J: 7 cis, methyl), 1.3-2 (m-
IOH, ring p.), 2.45 (s-3H, ketonic methyl) 3.43 (q-IH, J: 7
and 7 cis, bridgehead), 4.1 (m-IH, bridgehead) 4.2 (q-2H,
CHz). Anal. calcd. for CI3Ifw03: C, 69.61; H, 8.99; found C,
69.98; H, 9.03%.

In addition to the main peaks in IH-NMR, presented
above, the other sub-peaks appearing approximately at the
same ranges suggested that compound 1 was an exo-endo
derivative.

(2) Ethy/aceto (3-cyc/ohepteny/) acetate. IR (ern"):
3010, 2950, 1450, (vs C-H), 1650 (vs olefinic C-H), 1735

(vs C = 0). IH-NMR (0) (CDCI3) 1.3-2 (m-8H, ring p.),
1.28 (t-3H, J: 7 cis methyl), 2.45 (s-3H, ketonic methyl),
3.43 (m-lH, acetonylp.), 4.2 (q-2H, J: 7 cis, CHz), 5.65 and
5.85 (m-IH, m-lH, vinyl). Anal. calcd. for CI3Ifw03: C,
69.61; H, 8.99; found: C, 69.72; H, 8.92%.

Comparison reaction of dmdm and eada with cyc/o-
heptene. Equal moles of dmdm and eada (3.2 mmol 3.2
mmol) were reacted with only 3.2 mmol of cycloheptene in
the presence of excess benzene (76.8 mmol). The other re-
action conditions were the same given above. Samples
taken from the continuing reaction at different times were
analyzed by GLC and exhaustion profile given in Fig. 1
was obtained. The mixture of products was analyzed by
using the standards, which were prepared as described
above.

--- dmdm

- eada

Time (hr) _

Fig. 1. Consumption of dmdm and eada versus time.

RESULTS AND DISCUSSION

In this study, eada [11], which has been used as a
carbene precursor to a small extent only, was synthesized
and reacted with excess cycloheptene in the presence of
copper (II) acetylacetonate. The compounds (1-4) were ob-
tained. the ratios of the weights of individual compounds to
total products weight are given in Scheme 1.

HfOC'cH_JiOCH3 + HfAc'c=FHJ
H5C20{: 't:oii.1~ H3C oc' C%~

(3) i..8 'I, (4) 6.9 'I,

Scheme 1

In our previous papers [12-14], we reported the synthe-
sis of 8,8-di-methoxycarbonylbicyclo (5.1.0) octane (5) by
the reaction of dmdm with excess cycloheptene using cop-
per (II) acetylacektonate as catalyst. As any insertion prod-
uct could not be identified in this reaction we concluded
that the reaction of dmdm with cycloheptene led to cy-
clopropane whereas eada gave both cyclopropane and C-H
insertion. The synthesis of related carbene-dimers [6, 7] by
separate reactions were also reported. There are many
works in which the relative reactivities of a series of olefins
to the same carbene/carbenoids were studied in detail [4,
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15], Similarly, as continuation of our work on the reaction
of eada and dmdm with cycloheptene, the reactivities of
these compounds towards the same olefm were investi-
gated. For this purpose, an equimolar mixture of dmdm and
eada was reacted with equimolar of cycloheptene in the
presence of excess benzene. The results are presented in
Scheme 2.

N..r;:OO-13 N C;:02CI-I:3 0 C,J..kk)2 ~1-1:3
"'Co c"'"' + 2 'Co CH + I ' +2,,'5 23 21->s

(1) 5.9 '10n_+ HSC20;£, }02~H5 H5CP~ /COC~
~OCH3 + ;::H-U-I + }:=~ +

'80
2Ctt

H3COC 'eOCH3 Hioe t02C2H€

(2) 10.2 '10 (3) 55'10 (4) 18.7 '10

Hj:O~ S:~H3
CH-CH

H3C02C C02CH3
(7) t6 'I.

~IJ=~ i0,cC1-\3
CH""'-H

H3COC (:01=1-1:3

(8) 1.8 '10

Hs0P~=/O;£~1J

H3CO( 'CO;OIJ

(9) 2.2 '10

Scheme 2.
The reactions of ethylacetodiazoacetate and dimethyldiazomalonate

with cycloheptene in the presence of copper (II) acetylacetonate.

Samples taken from the reaction mixture at time inter-
vals were subjected to glc and the data obtained is pre-
sented in the form of exhaustion profiles for both of the di-
azo compounds (Fig. 1).

All possible dimers [3, 4] including "crossed" dimers
[8, 9] were also synthesized by suitable reactions and used
as standards in the analysis of the mixture. The details of
the reactions mentioned above are described in the experi-
mental section. .

As shown in (Fig. 1), the rate of reaction with dmdm is
higher. In Scheme 2, the percentage of addition product of
ethoxyacetylcarbenoid is less than the percentage of its in-
sertion product. For the possibility of the solvent effect on
the ratio difference between (1)/(2) in the two experiments
the first one was repeated using of an equimolar mixture of
eada with cycloheptene in the presence of excess benzene.
Solvent effect was not so significant as revealed from the
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similar product distribution in both cases. Considering that
the electrophilicities of carbenoids are rather influential in
addition reactions, dimethoxycarbonylcarbenoid should be
more electrophilic than the ethoxyacetylcarbenoid. How-
ever there is no distinct difference between structures or
steric models of these carbenes. The difference may be due
to inductive effects which give a higher electrophilicity to
dimethoxycarbonylcarbenoid.
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