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Highly Chemo- and Stereoselective Intermolecular Coupling of
Diazoacetates To Give cis-Olefins by Using Grubbs Second-Generation

Catalyst
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Abstract: Highly stereoselective formation of cis-2-ene-1,4-diesters by homo- and

heterocoupling of a-diazoacetates in the presence of Grubbs second-generation
catalyst is demonstrated. The dual reactivity of the catalyst in alkene metathesis
and diazocoupling has been exploited in the synthesis of 12-26-membered macro-
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cyclic dienyl dilactones by one-pot carbene dimerisation/ring-closing metathesis.

Introduction

a-Diazocarbonyl compounds, when treated with transition-
metal catalysts, form transient metallocarbenes that undergo
a number of synthetically useful reactions, such as inter-/in-
tramolecular cyclopropanation, X—H insertion (X=C, O, N)
and ylide generation." These processes have been exten-
sively developed into important stereo- and enantioselective
transformations."? Transition-metal catalysed dimerisation
of a-diazocarbonyl compounds is the “simplest” carbene-
based reaction pathway, and has often been noted as an un-
wanted side reaction during the above processes. More re-
cently, however, catalysts for the stereoselective decomposi-
tion of a-diazoacetates to generate cis-olefins with high ste-
reoselectivity have been developed (Scheme 1),*! and the
process has seen application in target-oriented synthesis.>*
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Scheme 1. Transition-metal-catalysed homocoupling of ethyl diazoace-
tate.
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Porphyrin- or phosphine-based Ru and Os catalysts have
been investigated for the stereoselective generation of cis-
olefins from diazo compounds. Woo and Smith demonstrat-
ed the use of Os porphyrin complexes, such as [(TTP)Os],
and [(TTP)Os(py),] (TTP=5,10,15,20-tetra-p-tolyl porphy-
rin), in the stereoselective decomposition of ethyl diazoace-
tate (EDA), giving diethyl maleate (DEM) and diethyl fu-
marate (DEF) with ~26:1 selectivity.’! The diazo coupling
was shown to proceed by way of a metallo—ester carbene,
[(TTP)Os=CHCO,Et], which, when prepared independently
and treated with an excess of EDA, gave similar olefin ste-
reoselectivity (Z/E~25:1). Subsequently, Collman showed
that [Ru(TMP)] (TMP =5,10,15,20-tetramesityl porphyrin)
also reacts with EDA to give DEM and DEF in a 15:1 ratio
(91% overall yield).”! However, a similar rhodium(III)-
based complex, [Rh(TTP)I], gave DEM in poor yield
(36%). The half-sandwich ruthenium(II) complex [RuCl(n’-
CsH;)(PPh;),] was also found to dimerise EDA to DEM
quantitatively and with complete stereoselectivity (Z/E
>99:1);7 this latter catalyst is also known to catalyse the in-
termolecular cyclopropanation of styrenes with EDA.FI A
simple ruthenium(II) phosphine complex, [RuCl,(PPh;);],
has also been used in the carbene dimerisation, though the
Z/E selectivity with this catalyst was found to be dependent
on the reaction conditions employed (concentration, cata-
lyst/diazo substrate, solvent).”) More recently, [Ru(2,6-
CLTPP)CO] (TTP=5,10,15,20-tetraphenyl porphyrin) com-
plex has been used in the coupling of diazoacetates to give
coupling products in 61-93% yields and with complete cis
selectivity.*) Aside from these catalysts, transition-metal
complexes of nickel,™ copper,'!! iridium,'? tantalum,™
chromium™ and rhenium!"! have also been shown to effect
the coupling of a-diazocarbonyl compounds.
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Another powerful olefin bond-forming reaction proceed-
ing via metallocarbenes is olefin metathesis.'¥ The process
has become synthetically significant after the development
of highly active (pre)catalysts, particularly Grubbs first- and

second-generation  ruthenium
carbenes, 1! and 2,M® respec-

PCys MesN_ NMes tively, which allow the .chemis—
|:R‘uq Cl-pRym. tr.y. to pr(?ceeq under mild con-
cl F\,CySPh cl F‘—‘Cy Ph  ditions with high stereoselectiv-
; A ® ity, and which also exhibit wide-

ranging functional-group com-

patibility. We were interested in

determining whether such cata-
lysts (which can be synthesised from o-diazo com-
pounds),['""'*! would be able to dimerise diazo compounds in
a stereoselective manner and, if so, whether the propensity
to catalyse alkene metathesis would be retained. Here we
detail our studies on the ability of the Ru-carbene complex
2 to fulfil such a dual catalytic role in carbene dimerisation
and olefin metathesis in a one-pot process.””

Results and Discussion

Initially, Grubbs catalyst 2 (0.5 mol %) was found to catalyse
the homocoupling of EDA under mild conditions to give
mainly DEM.? In stark contrast, trans-2-ene-1,4-dicarbonyl
compounds are known to be generated from o,f-unsaturat-
ed carbonyl compounds by olefin metathesis in the presence
of catalyst 2 (5 mol %) (Scheme 2).”!

CO,Et
/\ EiochNz MesN.__NMes  Et0,c” _
EtO,C  COpEt - 2 —_2 -,
CH,Cly RT  Cl=p,— CH,Cly reflux  EtO2C
DEM ' c ’ DEF
PCys 2

Scheme 2. Diazo coupling and olefin metathesis®®!! in the presence of cat-
alyst 2.

On comparing catalysts 1 and 2, the second-generation
catalyst 2 (0.5 mol %, 12-14 h, room temperature) was ob-
served to be superior for the diazo coupling, with high con-
trol over stereoselectivity (95% isolated yield of DEM ob-
tained, 98:2 Z/E stereoselectivity determined by GCMS of
the crude reaction mixture). In comparison, the first-genera-
tion catalyst 1 (0.5 mol%, room temperature), although
highly active (EDA was consumed within 1.5 h), gave only a
73% isolated yield of DEM, with poor stereoselectivity
(Z/E 83:17). With reduced or higher loadings of catalyst 2
(0.1 or 5mol %) the stereoselectivity during the carbene di-
merisation was unaffected, but the latter reaction now took
72 h to reach completion (and the former had not completed
by that time).

To examine the scope of catalyst 2 in the homocoupling
of diazoacetates to give cis-olefins, a range of diazoacetates
4 were studied (Scheme 3). The diazoacetates 4 were
straightforwardly prepared by esterification of glyoxylic acid
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Scheme 3. Synthesis of a-diazoacetates 4.

chloride tosylhydrazone (3)?? with various alcohols in the
presence of N,N-dimethylaniline, followed by base-induced
diazo-group generation.!

With a-diazoacetates 4 in hand we tested the generality of
the dimerisation ability of catalyst 2. Pleasingly, conversion
to olefins 5 always occurred in high yields and with high ste-
reoselectivity for cis-olefins, which were isolated as single Z
isomers after chromatography (Table 1). Typically the unsa-
turated diesters 5 were formed with >94:6 Z/E stereoselec-
tivity, although n-butyl diazoacetate reproducibly gave an
anomalously low stereoselectivity (entry 3). Given the ste-
reoselectivity observed for n-propyl and mn-hexyl diazo-
acetates (95:5 and 94:6, respectively, entries 2 and 4), there
is no obvious explanation for the reduced stereocontrol with
n-butyl diazoacetate. No significant stereochemical depen-
dence on ester group size was apparent, although the most
hindered ester examined (fert-butyl diazoacetate) intriguing-
ly gave the highest level of cis selectivity (>99:1, entry 10).

Table 1. Maleates 5 from a-diazoacetates 4 in the presence of catalyst 2.

2(0.5 mol% =
RO,C7Y N2 C(:::TI;R/T)* ROZC/—\COZR
4 12-14 h 5

Entry R Yield [%] Z/E®

1 ethyl 4a 95 Sa 98:2
2 n-propyl 4b 84 5b 95:5

3 n-butyl 4c 74 Sc 86:14
4 n-hexyl 4d 98! 5d 94:6

5 benzyl 4e 79 Se 97:3

6 neopentyl 4f 79 5f 97:3

7 isopropyl 4g 95 S5g 97:3

8 cyclohexyl 4h 82 S5h 95.5:4.5
9 adamantan-2-yl 4i 75 5i 95:5
10 tert-butyl 4j quant. 5j >99:1

[a] Determined by GCMS on the crude product. [b] Chromatographically
inseparable isomeric mixture.

Unsymmetrical maleates are of interest as they have been
used to modify poly(vinyl chloride) to induce freeze-resist-
ance properties® and they exhibit sex pheromone activity
comparable to that of disparlure,”™ whilst chiral, unsymmet-
rical maleates can induce high asymmetric induction in
Diels—Alder reactions.’®! In addition, they have found use in
synthetic lubricating oils.””! Therefore, after having estab-
lished the ability of catalyst 2 to catalyse the homocoupling
of diazoacetates, we were intrigued to see whether the cata-
lyst would be able to induce heterocoupling between two
different o-diazoacetates to generate such unsymmetrical
cis-2-ene-1,4-diesters.” In connection with this concept, the
formation of unsymmetrical cis-2-ene-1,4-diones by hetero-
coupling of two different a-diazoketones had previously
been examined by Del Zotto et al.;*) symmetrical and un-
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symmetrical cis-enediones were formed in ratios close to
those expected statistically (1:1:2).

A solution of a-diazoacetates (in a 1:1 molar ratio) in
CH,CIl, was treated with catalyst 2 (0.5 mol %) at room tem-
perature (Table 2). After 12-16 h, the starting diazoacetates

the catalyst could catalyse carbene transfer from a-diazoest-
ers to olefins. A 1:1 mixture of EDA and styrene (190 mM in
CH,Cl,) was treated with catalyst 2 (1 mol %) at room tem-
perature. After 18 h, the only products observed were DEM
(98 %, with traces of DEF, 2%) and trans-stilbene (~33 %)

arising from homocoupling of

EDA and homo-metathesis

Table 2. Unsymmetrical maleates 6 from a-diazoacetates in the presence of catalyst 2.

/TN
R'0,C  CO,R?> A-B6

of styrene, respectively
(Scheme 4). When the reaction

R10,67NN, + N77 CORR? 2(05mol%) 05 % OR' AA mixture V\{as concentrated at
CHaClp RT ~50°C prior to chromatogra-
A B 12-16 h \ i
4 R?0,C  CO,R? B-B phy, the remaining styrene was
Entry R R AB [%]" 2B also cqnverted .1nt0 trai?s-sFll-
N — — = p 52 bene (isolated in quantitative
ethy! enzy a B . . o,
2 ethyl isopropyl 530 6b 98:2 yield, along with 95_ % of
3 ethyl cyclohexyl 671 6c 991 DEM). The above studies sug-
4 ethyl tert-butyl 55l 6d >99:1 gest that a source of metatheti-
5 ethyl adamantan-2-yl 46?} e >99:1  cally active catalyst was still
g - . . .
6 cyclohexyl benzyl 32 6f >9%1 " oresent in the reaction mixture,
7 cyclohexyl isopropyl 52 6g >99:1 lvsi he h hesi
8 cyclohexyl adamantan-2-yl 48 6h >99 catalysing t e. omo-r.net?lt .eSIS
9 tert-butyl benzyl 50! 6i 973 of styrene. This was intriguing,
10 tert-butyl isopropyl 50 6j >99:1  implying that the catalyst is ca-
11 tert-butyl cyclohexyl 50 6k >99:1 pable of catalysing two differ-
12 tert-butyl adamantan-2-yl 50 61 97:3

ent carbene transformations in

[a] Determined by "H NMR spectroscopy and GCMS of the crude product. [b] Determined by GCMS of the
crude product. [c] 42% isolated. [d] 57% isolated. [e]42% isolated. [f]44% isolated. [g] 50% isolated.

[h] 45 % isolated.

had been completely consumed and the only products ob-
served were symmetrical (A-A/B-B) and unsymmetrical
(A-B) maleates 6 arising from homo- and heterocoupling,
respectively. The heterocoupling proceeded highly stereose-
lectively to give predominantly maleates, with the propor-
tion of fumarates never comprising more than 3% of the
Z/E mixture. Because of the high reactivity of a-diazoace-
tates towards catalyst 2, symmetrical (A-A/B-B) and un-
symmetrical (A-B) maleates 6 were in most cases formed in
molar ratios close to the statistically expected 1:1:2 (en-
tries 6-12), although unsymmetrical maleates were formed
in higher than statistical ratios during heterocoupling be-
tween diazoacetates bearing significantly sterically different
alkyl groups (entries 1-4). In several cases, the unsymmetri-
cal maleates 6 were cleanly isolated from the mixtures (of
symmetrical and unsymmetrical maleates) by column chro-
matography (entries 2-6 and 9), thus providing a synthetic
route to such compounds.

The more substituted a-diazoester ethyl 2-diazopropa-
noateP” was found to be stable to catalyst 2 at room temper-
ature (12 h), but decomposed to unidentified products at
reflux (CH,Cl,, 12 h). However, the dicarbonyl-stabilised
ethyl 2-diazoacetoacetate® was stable to catalyst 2, even
under typical metathesis conditions (5 mol% 2, CH,Cl,
reflux, 14-18 h). We have exploited this finding elsewhere to
carry out chemoselective cross-metathesis in the presence of
such stabilised diazo functionalities.™

Having determined the ability of catalyst 2 to couple a-di-
azoacetates efficiently, it was of interest to study whether

the same flask, without any
crossover.®® Interestingly, no

Ph
e P 2 (1 mol%) /=\
BIOC™ "Ny + #7 PN ChaCl, RT E10C  COsEt ~
18h

Scheme 4. Homocoupling of EDA and styrene by using catalyst 2.

products arising from the cyclopropanation of styrene by
EDA were observed. With use either of slow (syringe pump)
addition of EDA or of an increased amount of styrene
(2 equiv), again no cyclopropanation was observed. Upon
'"H NMR spectroscopic monitoring of the reaction over 18 h,
EDA was found to react relatively rapidly (50% consumed
in 1 h; Figure 1a) to give mainly DEM (95 % isolated yield,
Z/E 98:2), whereas the metathesis of styrene to give trans-
stilbene proceeded more gradually (Figure 1b; in the ab-
sence of EDA, catalyst 2 (0.5 mol %) converts styrene quan-
titatively into trans-stilbene within 18 h at room tempera-
ture, Figure 1c).

In order to examine further the ability of catalyst 2 to cat-
alyse both carbene dimerisation and alkene metathesis, we
considered how the catalyst might behave if both diazo and
olefin functionalities were present in the same substrate.
Representative unsaturated a-diazoacetates 7 were prepared
by the procedure described above for the synthesis of a-di-
azoacetates 4, but with use of unsaturated alcohol compo-
nents (Scheme 5).

With unsaturated a-diazoacetates 7, the catalyst 2 might
potentially induce: i) intra- or intermolecular cyclopropana-
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100+ e

Conversion / %

Time/h

Figure 1. Conversion rates for homocoupling of EDA (1 equiv) and sty-
rene (1 equiv) in the presence of 2: a) A homocoupling of EDA in the
presence of styrene on treatment with 2 (1 mol%), b) @ metathesis of
styrene in the presence of EDA on treatment with 2 (1 mol%), c) &
homo-metathesis of styrene in the absence of EDA on treatment with 2
(0.5 mol %), and d) m homocoupling of EDA in the absence of styrene on
treatment with 2 (0.5 mol % ).

i OH
) = :

) A, N /\fo
MeoNPh, CHaCl, ™2 [

Me SO,NHN=CHCOCI -
( > 2 ii) EtaN Y,

3 7 (55-96%)

Scheme 5. Synthesis of unsaturated a-diazoacetates 7 (n=2-9).

tion®™ to give medium-sized cyclopropane-fused lactones
and/or ii) heterocoupling between the diazo and olefin func-
tionalities™ to give medium-sized unsaturated lactones and/
or iii) two independent carbene transformations in the same
flask to give macrocyclic dilactones (Scheme 6).

/
N2 catalystz
/\9;7 ”””””
; J
Scheme 6. Possible carbene transformations of unsaturated diazoacetates
7.

In the event, on mixing the unsaturated diazoacetates 7
with catalyst 2 (1 mol %) at room temperature, we observed
that formation of the maleate 8 was complete after 14-18 h
in all cases and that ring-closing metathesis to generate mac-
rocyclic dilactones 9 had proceeded to variable extents de-
pending on the ring size (8/9=52:48 for the 12-membered
ring, 91:9 for the 14-membered ring, 29:71 for the 16-mem-
bered ring, and 9 not detected for 18-26-membered rings
after this time). To expedite ring-closing metathesis, an addi-
tional 1 mol % of catalyst 2 was added and the reaction mix-
ture was heated to reflux to give macrocyclic dienyl dilac-
tones 9 (Scheme 7). As was to be expected from our above
studies, only Z stereochemistry was seen in the 2-ene-1,4-di-
carbonyl fragment, whereas Z/F mixtures (the ratios varied
with the ring size, Scheme 7) were obtained during the ring-
closing metathesis step. cis-Alkenes were preferentially

Chem. Eur. J. 2007, 13, 34703479
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Scheme 7. Macrocyclic dilactones 9 from head-to-head carbene dimerisa-
tion.

NP O 2 2 (2 mol%)
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e

7

EIZ 63:37
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formed in the cases of 12- and 14-membered dilactones,
whereas the trans stereochemistry was favoured for larger
(16-26-membered) rings. No products arising from hetero-
coupling of the diazo and olefin functionality were ob-
served.

At an initial substrate concentration of 60-70 mm, macro-
cycle formation to form 12- and 14-membered rings was
most effective (45-55%, Table 3, entries 1 and 2) in relation
to larger rings (20-38 %, entries 3-6). Reducing the initial
concentration (to 30 mm) resulted in significant improve-
ments only for 16- and 24-membered rings (entries 7 and 9)
in relation to 18- and 26-membered rings (entries 8 and 10).
We then attempted the intermolecular carbene dimerisation
under the initial concentration conditions (70 mm), but the
(majority of the) intramolecular ring-closing metathesis
under more dilute conditions (5 mM, based on 7). On de-
creasing the concentration for the metathesis step, we ob-
served efficient macrocycle formation for 12-, 16-, 18- and
26-membered rings (entries 11, 13, 14 and 16) in relation to
the 14- and 24-membered ring (entries 12 and 15).

Table 3. Formation of macrocycles 9 from head-to-head carbene dimeri-
sation.

Entry n Concn [mM] Yield [%]

1 2 7a 60-70 45 9a
2 3 7b 60-70 53 9b
3 4 Tc 60-70 22 9¢
4 5 7d 60-70 25 9d
5 8 Te 60-70 24 9e
6 9 7t 60-70 38 9f
7 4 Tc 30 42 9¢
8 5 7d 30 27 9d
9 8 Te 30 48 9e
10 9 7f 30 25 9f
11 2 Ta 70—5 49 9a
12 3 7b 70—5 38 9b
13 4 Tc 70—5 43 9¢
14 5 7d 70—5 42 9d
15 8 Te 70—5 26 9e
16 9 7t 70—5 55 9f

The above studies can be contrasted with those of Fiirst-
ner and of Grubbs, who had previously obtained homo-di-
meric lactones 11 by ’head-to-tail’ dimerisation of unsaturat-
ed acrylates 10 (Scheme 8).°

The generally accepted reaction pathway for transition-
metal catalysed carbene dimerisation of diazoacetates in-
vokes initial attack of the diazoacetate at the metal centre
to generate an ester carbene 12 (Scheme 9). Nucleophilic
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A0 catalyst 2 = 0]
s L oY
O CHCh )\/\9’0
7
/\H/n reflux 9) n
10 1

Scheme 8. Head-to-tail dimerisation of unsaturated acrylates 10.

MLn
RO,C  COR
N# “CO,R
MLn 1

| NT

RO C COsR M=\
2 2! n1 12 COQR

Ny NF COR

Scheme 9. An outline reaction pathway for the metal-catalysed homocou-
pling of diazoacetates.

attack on the ester carbene by diazoacetate, followed by dis-
sociation of maleate from the metal complex, completes the
catalytic cycle.™

The origin of cis selectivity during the (copper-catalysed)
coupling of a-diazo compounds has been interpreted by
Nagai'!! and Wulfman.”” on the basis of steric and electron-
ic effects. In analogy with these suggestions, nucleophilic
attack of diazoacetate on the metallocarbene 13 could pref-
erentially proceed via an intermediate conformer 14
(Scheme 10), in which steric repulsions are minimised (H
rather than N,* placed in the most crowded position be-
tween ester and catalyst moieties), whilst the opposite
charges (at diazonium and
metal) stabilise each other. Ro-
tation and subsequent trans
elimination gives a cis-olefin.

NoCHCO,R
We decided to probe the re-
action pathway of dimerisation lRULLICb
of EDA with Grubbs’ catalysts ROZC. 2 H
in more detail. When EDA was RuLLC|2
treated with PCy; (0.5 mol %), 13

no DEM or DEF was observed.
However, when catalyst 2 was
subsequently added to this re-
action mixture, carbene dimeri-
sation started, but rather slowly
(even after 40h, 35% of un-
reacted EDA was still present)
in relation to the situation
when no additional phosphine
was added (Figure 1d). These
observations suggest that phos-

_N,CHCOR

RO,C RO,C H
N COzR

EN

the reaction of EDA in the presence of Grubbs’ catalyst 2,
implying that the diazo coupling might proceed via a biscar-
bene.””) However, when a solution of EDA (1.1 equiv) in
CDCl; was added slowly to a solution of catalyst 15
(1 equiv) in CDCl,, formation of ethyl cinnamate” along
with a phosphine complex was observed on following the re-
action by "H NMR spectroscopy. On treatment of this mix-
ture with excess EDA, instant evolution of nitrogen and for-
mation of DEM and DEF (Z/E ~83:17, determined by
'H NMR spectroscopy) was observed in the same ratio as
that obtained with catalyst 1, when used catalytically. When
the dimerisation of EDA in the presence of catalyst 1 (Ru=
CH; 6;,=19.76 ppm in CDCl;) was studied at low tempera-
ture (—55°C) in CDCl;, the reaction was found to proceed
via a new carbene (Ru=CH; 63=19.56 ppm in CDCl;).
From the above observations, we propose a catalytic cycle
modified from that outlined earlier® to account for the ob-
servations concerning diazo coupling and metathesis in the
one-pot approach (Scheme 11).

Initial attack of diazoacetate on the benzylidene (pre)ca-
talyst 15 generates carbene-free Ru" complex 16 with the
evolution of nitrogen and cinnamate. Further attack of
diazoacetate on 16 generates an ester carbene 17, which is
suggested as the key intermediate catalysing the diazo cou-
pling, similarly to other ester carbenes proposed for this
type of process in the literature.>672%1 Ry_ester car-
benes (of the type [Cl,(PR;),Ru=CHCO,R’]) are known to
be unstable species (the stabilities of which vary with the
alkyl groups), but they are reported to be very active initia-
tors during olefin metathesis,"**!! thus explaining the ability

COR N2

RO,C H RO,C H

[E—— —_— / - \
" - NZ RO,C - H RO,C CO.R
RuLL'Cl, RuLL'Cl,
. trans
rotation elimination

+
COR N2

ROZC\/\C%R

RuLL‘CI2 RuLL'Cl,

Scheme 10. Origin of cis selectivity in dimerisation of a-diazoacetates.

phine dissociation is an impor-
tant step in the carbene dimeri- 15
sation pathway,"?! as it is in
metathesis.'®! During our initial
studies, we did not observe any
formation of ethyl cinnamate in
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Scheme 11. Proposed catalytic cycle for diazo coupling in the presence of Ru carbenes 1 and 2.
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of carbene-based Grubbs catalysts to catalyse diazo coupling
and metathesis in the same flask.[*’

Conclusion

In summary, our results demonstrate the ability of Grubbs
second-generation Ru carbene complex to catalyse the cou-
pling of diazoacetates with high stereoselectivity to give cis-
olefins under mild conditions (room temperature, low cata-
lyst loading). This study, together with those reported earlier
by Grubbs and by Fiirstner, highlight the versatility of the
catalyst for the synthesis of olefins with both cis and trans
geometries through diazo coupling and cross-metathesis, re-
spectively. In the presence of additional alkene functionality,
inter-/intramolecular cyclopropanation is not observed but
rather metathetical activity is retained, and has been exploit-
ed with unsaturated diazoacetates to generate dienyl dilac-
tones by head-to-head diazo coupling followed by ring-clos-
ing metathesis.

Experimental Section

General remarks: All reactions were performed under argon in flame-
dried glassware. CH,Cl, was degassed and dried over alumina under
argon.) Reactions were monitored by TLC on commercially available
aluminium plates precoated with silica (0.25 mm, Merck 60 F,s,), which
were developed by standard visualising techniques: UV fluorescence
(254 nm) and/or potassium permanganate solution, followed by heating.
Flash chromatography was performed on Kieselgel 60 (4063 pm). Petrol
refers to petroleum spirit (b.p. 30-40°C). 'H and *C NMR spectra were
recorded in CDCl; with Bruker DPX 200 (200 MHz), AV 400 (400 MHz)
or AV 500 (500 MHz) spectrometers. Chemical shifts (d) are reported in
ppm relative to residual CHCl; ("H NMR spectroscopy: 0 =7.26 ppm), or
CDCl; ("CNMR spectroscopy 0=77.4 ppm). The multiplicity of each
signal is designated by the following abbreviations: s, singlet; d, doublet;
dd, doublet of doublets; t, triplet. Coupling constants (J) are reported in
Hz. For ®CNMR spectra, because of long relaxation times, N,CHCO,
and N,CH were observed as broad signals only in concentrated samples.
IR were recorded as thin films on NaCl plates or KBr discs, on a Bruker
Tensor 27 FTIR spectrophotometer; peaks are quoted as v, in cm.
Bands are characterised as broad (br), strong (s), medium (m) or weak
(w). Mass spectra were obtained by the EPSRC National Mass Spectrom-
etry Service at the University of Swansea, on a Micromass Quattro IT
low-resolution triple quadrupole mass spectrometer by CI. GCMS were
obtained on a Micromass GCT by CI.

Synthesis of diazoacetates

General procedure: n-propyl diazoacetate (4b): A solution of glyoxylic
acid chloride p-toluenesulfonylhydrazone (3)®? (2.20 g, 8.46 mmol) in
CH,Cl, (10mL) was added to an ice-cooled solution of n-propanol
(450 pL, 6.03 mmol) in CH,Cl, (10 mL). N,N-Dimethylaniline (1.60 mL,
12.6 mmol) was added and the mixture was stirred for 30 min at 0°C, fol-
lowed by the addition of freshly distilled Et;N (4.50 mL, 32.3 mmol). The
resulting mixture was stirred for 30 min at 0°C and 1 h at room tempera-
ture, followed by the addition of water (15 mL). The mixture was concen-
trated under reduced pressure. Saturated aqueous citric acid (25 mL) was
added and the aqueous layer was extracted with EtOAc in hexane (10 %,
3x30 mL). The combined organics were washed with saturated aqueous
citric acid (3x30 mL), dried (Na,SO,), concentrated under reduced pres-
sure and purified by flash chromatography (5% Et,O in petrol) to afford
the diazoacetate 4b (524 mg, 68 %) as a yellow oil. R;=0.51 (30% Et,0
in petrol); "H NMR (400 MHz, CDCl;, 25°C): 6 =4.74 (brs, 1 H; CHN,),
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413 (t, *J(H,H)=6.7 Hz, 2H; OCH,), 1.72-1.63 (m, 2H; OCH,CH,),
0.95 ppm (t, *J(H,H)=7.4Hz, 3H; CH;); "CNMR (125 MHz, CDCl,,
25°C): 6=166.9 (CO,), 66.4 (OCH,), 46.1 (CHN,), 22.2 (OCH,CH,),
10.3 ppm (CHj); IR (neat): 7=2972 (s), 2113 (C=N,, s), 1694 (C=O0, s),
1462 (m), 1401 (s), 1361 cm ™" (s); MS (FD): m/z (%): 128 [M]* (100), 129
[M+H]* (5), 198 (75); HRMS: m/z: caled for CsHgN,O,: 128.0586 [M]*;
found: 128.0581.

n-Butyl diazoacetate (4c): This compound was prepared by the general
procedure with use of n-butanol (440 puL, 4.81 mmol). The residue was
purified by flash chromatography (10% Et,O in petrol) to afford the di-
azoacetate 4¢ (611 mg, 89%) as a yellow oil. R;=0.47 (30% Et,0 in
petrol); '"HNMR (400 MHz, CDCl,, 25°C): 0=4.74 (brs, 1H; CHN,),
4.16 (t, *J(H,H)=6.7 Hz, 2H; OCH,), 1.66-1.59 (m, 2H; OCH,CH,),
1.43-1.34 (m, 2H; CH;CH,), 0.94 ppm (t, *J(H,H)=7.4 Hz, 3H; CH,);
BCNMR (125 MHz, CDCl;, 25°C): 6=166.9 (CO,), 64.7 (OCH,), 46.2
(CHN,), 30.8 (OCH,CH,), 19.1 (CH;CH,), 13.7 ppm (CHj;); IR (neat):
7=2962 (m), 2112 (C=N,, s), 1694 (C=0, s), 1398 (m), 1364 cm™"' (m);
MS (FI): m/z (%): 142 [M]* (100), 143 [M+H]" (3); HRMS: m/z: calcd
for C¢H,(N,O,: 142.0742 [M]*; found: 142.0737.

n-Hexyl diazoacetate (4d): This compound was prepared by the general
procedure with use of n-hexanol (0.80 mL, 6.37 mmol). The residue was
purified by flash chromatography (5% Et,0 in petrol) to afford the
diazoacetate 4d (830 mg, 77%) as a yellow oil. R;=0.52 (30% Et,0 in
petrol); '"H NMR (400 MHz, CDCl;, 25°C): 0=4.74 (brs, 1H; CHN,),
4.16 (t, *J(H,H)=6.7 Hz, 2H; OCH,), 1.67-1.59 (m, 2H; OCH,CH,),
1.38-1.25 (m, 6H; 3xCH,), 0.91-0.88 ppm (m, 3H; CH;); “C NMR
(125 MHz, CDCl,;, 25°C): 6=166.9 (CO,), 65.0 (OCH,), 46.1 (CHN,),
31.4,28.7,255 + 22.5 (4xCH,), 13.9 ppm (CHj;); IR (neat): #=2958 (s),
2111 (C=N,, s), 1698 (C=0, s), 1468 (m), 1398 (s), 1361 cm™ (s); MS
(FI): m/z (%): 170 [M]* (100), 171 [M+H]* (15); HRMS: m/z: caled for
CgH,N,O,: 170.1055 [M]*; found: 170.1053.

Benzyl diazoacetate (4e): This compound was prepared by the general
procedure with use of benzyl alcohol (0.65 mL, 6.29 mmol). The residue
was purified by flash chromatography (10 % Et,O in petrol) to afford the
diazoacetate 4e (1.00 g, 90%) as a yellow oil. R;=0.45 (30% Et,0 in
petrol); 'H NMR (400 MHz, CDCl,, 25°C): § =7.42-7.30 (m, SH; Ar),
522 (s, 2H; CH,), 480 ppm (brs, 1H; CHN,); "CNMR (125 MHz,
CDCl;, 25°C): 6=166.7 (CO,), 135.8 (Ar, quart.), 128.6, 128.3 + 1282
(3xAr), 66.5 (CH,), 46.4 ppm (CHN,); IR (neat): 7=2113 (C=N,, s),
1694 (C=0, s), 1498 (w), 1391 cm™! (s); MS (FI): m/z (%): 131 (15), 176
[M]* (100), 177 [M+H]* (12); HRMS: m/z: caled for CoHgN,O,:
176.0586 [M]*; found: 176.0591.

Neopentyl diazoacetate (4 f): This compound was prepared by the gener-
al procedure with use of neopentanol (1.00 mL, 9.29 mmol). The residue
was purified by flash chromatography (5% Et,O in petrol) to afford the
diazoester 4f (1.10g, 76%) as a yellow oil. R;=0.48 (20% ether in
petrol); '"HNMR (400 MHz, CDCl;, 25°C): 0=4.76 (brs, 1H; CHN,),
3.87 (s, 2H; CH,), 0.95 ppm (s, 9H; CMe;); *C NMR (100 MHz, CDCl,
25°C): 0=73.9 (CH,), 46.1 (CHN,), 31.5 (CMe;), 26.4 ppm (CMe;); IR
(neat): 7=3125 (w), 2113 (C=N,, s), 1699 (C=O0, s), 1384 (s), 1248 cm™'
(s); MS (FI): m/z (%): 156 [M]* (100), 157 [M+H]* (12); HRMS: m/z:
caled for C;H,N,0,: 156.0899 [M]*; found: 156.0900.

Isopropyl diazoacetate (4g): This compound was prepared by the general
procedure with use of isopropanol (450 uL, 5.95 mmol). The residue was
purified by flash chromatography (5% Et,O in petrol) to afford the
diazoacetate 4g (325 mg, 43%) as a yellow oil. R;=0.47 (30% Et,0 in
petrol); '"H NMR (400 MHz, CDCl;, 25°C): 0=5.09 (heptet, *J(H,H)=
6.3 Hz, 1H; OCH), 4.71 (brs, 1 H; CHN,), 1.26 ppm (d, */(H,H)=6.3 Hz,
6H; 2xCH;); CNMR (125 MHz, CDCl, 25°C): §=166.5 (CO,), 68.4
(OCH), 46.3 (CHN,), 22.0 ppm (2x CH,); IR (neat): #=2110 (C=N,, s),
1652 (C=0, s), 1379 (m), 1329 cm™ (m); MS (FI): m/z (%): 128 [M]*
(100), 129 [M+H]* (5); HRMS: m/z: calcd for CsHgN,O,: 128.0586 [M]*
; found: 128.0584.

Cyclohexyl diazoacetate (4h): This compound was prepared by the gen-
eral procedure with use of cyclohexanol (0.50 mL, 4.73 mmol). The resi-
due was purified by flash chromatography (5% Et,O in petrol) to afford
the diazoacetate 4h (673 mg, 84 %) as a yellow oil. R;=0.57 (30% Et,0
in petrol); 'HNMR (400 MHz, CDCl,, 25°C): §=4.90-4.78 (m, 1H;
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OCH), 4.74 (brs, 1H; CHN,), 1.98-1.20 ppm (m, 10H; 5xCH,);
BCNMR (125 MHz, CDCl;, 25°C): 6=166.4 (CO,), 73.2 (OCH), 46.3
(CHN,), 31.8, 253 + 23.7 ppm (3xCH,); IR (neat): ¥=2939 (s), 2110
(C=N,, s), 1690 (C=0, s), 1451 (m), 1378 cm™' (s); MS (FI): m/z (%): 168
[M]* (100), 169 [M+H]* (15); HRMS: caled for CgH;,N,0,: 168.0899
[M]*; found: 168.0901.

Adamantan-2-yl diazoacetate (4i): This compound was prepared by the
general procedure with use of adamantan-2-ol (1.20 g, 7.88 mmol). The
residue was purified by flash chromatography (10% Et,O in petrol) to
afford the diazoacetate 4i (1.33 g, 77%) as a yellow oil. R;=0.57 (30%
Et,0 in petrol); '"H NMR (400 MHz, CDCl,, 25°C): 6=5.10 (t, *J(H,H) =
3.3 Hz, 1H; OCH), 4.74 (brs, 1H; CHN,), 2.03-1.96 (m, 4H; 2x CH,),
1.87-1.74 (m, 8H; 2xCH, 3xCH,), 1.61-1.54 ppm (m, 2H; 2xCH);
BCNMR (125 MHz, CDCl;, 25°C): 6=166.2 (CO,), 77.5 (OCH), 46.3
(CHN,), 37.3,2x36.3 + 2x31.7 (5xCH,), 2x32.0, 27.2 + 26.9 ppm (4 x
CH); IR (neat): #=2977 (w), 2910 (s), 2858 (s), 2112 (C=N,, s), 1692 (C=
0O, s), 1452 (s), 1375 (s), 1333 (s), 1248 (s), 1190 cm™" (s); MS (FI): m/z
(%): 220 (M, 100), 221 [M+H]* (18); HRMS: m/z: caled for
C,H(N,O,: 220.1212 [M]™; found: 220.1204.

But-3-enyl diazoacetate (7a): This compound was prepared by the gener-
al procedure with use of but-3-en-1-ol (0.25 mL, 2.91 mmol). The residue
was purified by flash chromatography (5% EtOAc in hexane) to afford
the diazoester 7a (223 mg, 55%) as a yellow oil. Data as lit.*¥

Pent-4-enyl diazoacetate (7b): This compound was prepared by the gen-
eral procedure with use of pent-4-en-1-ol (1.10 mL, 10.7 mmol). The resi-
due was purified by flash chromatography (5% EtOAc in hexane) to
afford the diazoester 7b (1.04 g, 63%) as a yellow oil. R;=0.14 (10%
EtOAc in hexane); '"H NMR (400 MHz, CDCl,, 25°C): ¢ =5.88-5.74 (m,
1H; =CH), 5.08-4.96 (m, 2H; =CH,), 5.74 (brs, 1H; CHN,), 4.16 (t, *J-
(H,H)=6.6 Hz, 2H; OCH,), 2.18-2.06 (m, 2H; CH,), 1.80-1.68 ppm (m,
2H; CH,); "CNMR (100 MHz, CDCl,, 25°C): 6=137.4 (=CH), 115.3 (=
CH,), 64.3 (OCH,), 46.1 (CHN,), 29.9 + 27.9 ppm (2x CH,); IR (neat):
7=2956 (s), 2113 (C=Ny, s), 1697 (C=0, s), 1450 (s), 1398 (s), 1242 (s),
1187 cm ™' (s); MS (FI): m/z (%): 154 [M]* (52), 155 [M+H]* (50), 170
(100); HRMS: m/z: caled for C,HN,O,: 154.0742 [M]*; found:
154.0742.

Hex-5-enyl diazoacetate (7¢): This compound was prepared by the gener-
al procedure with use of hex-5-en-1-ol (0.95 mL, 7.92 mmol). The residue
was purified by flash chromatography (5% EtOAc in hexane) to afford
the diazoacetate 7¢ (1.20 g, 90%) as a yellow oil. R;=0.34 (10% EtOAc
in hexane); "H NMR (400 MHz, CDCl;, 25°C): 0 =5.82-5.68 (m, 1H; =
CH), 5.06-4.90 (m, 2H; =CH,), 4.74 (brs, 1H; CHN,), 4.16 (t, *J(H,H) =
6.7Hz, 2H; OCH,), 2.16-1.96 (m, 2H; =CHCH,), 1.76-1.56 (m, 2H;
OCH,CH,), 156-1.36ppm (m, 2H; OCH,CH,CH,); "“CNMR
(100 MHz, CDCl;, 25°C): 6=138.3 (=CH), 114.8 (=CH,), 64.7 (OCH,),
46.1 (CHN,), 33.2, 282 + 25.1 ppm (3xCH,); IR (neat): 7=2938 (s),
2111 (C=N,, 5), 1696 (C=0, s), 1243 (s), 1186 cm™" (s); MS (FI): m/z (%):
168 [M]* (25%), 169 [M+H]* (100); HRMS: m/z: calcd for CgH3N,O,:
169.0977 [M+H]*; found: 169.0973.

Hept-6-enyl diazoacetate (7d): This compound was prepared by the gen-
eral procedure with use of hept-6-en-1-ol (1.27 g, 11.1 mmol). The residue
was purified by flash chromatography (5% EtOAc in hexane) to afford
the diazoester 7d (1.90 g, 94%) as a yellow oil. R;=0.34 (20% EtOAc in
hexane); '"HNMR (400 MHz, CDCl;, 25°C): 0=5.88-5.72 (m, 1H; =
CH), 4.90-5.06 (m, 2H; =CH,), 4.73 (brs, 1H; CHN,), 4.16 (t, *J(H,H)=
6.7 Hz, 2H; OCH,), 2.06 (q, *J(H,H)=7.0 Hz, 2H; =CHCH,), 1.69-1.62
(m, 2H; OCH,CH,), 1.48-130ppm (m, 4H; 2xCH,); “CNMR
(100 MHz, CDCl;, 25°C): 6=138.6 (=CH), 114.5 (=CH,), 64.9 (OCH,),
46.1 (CHN,), 33.5 (=CHCH,), 28.6, 284 + 253 ppm (3xCH,); IR
(neat): 7=2933 (s), 2111 (C=N,, s), 1696 (C=0, s), 1398 (s), 1359 (s),
1241 (s), 1185cm™ (s); MS (FI): m/z (%): 121 (100), 170 (40), 169
[M+H]* (50); HRMS: m/z: caled for C,H;sN,O,: 183.1134 [M+H]*;
found: 183.1132.

Dec-9-enyl diazoacetate (7e): This compound was prepared by the gener-
al procedure with use of dec-9-en-1-ol (0.75 mL, 4.21 mmol). The residue
was purified by flash chromatography (5% EtOAc in hexane) to afford
the diazoester 7e (911 mg, 96%) as a yellow oil. R;=0.67 (30% EtOAc
in hexane); 'H NMR (400 MHz, CDCl,;, 25°C): 6=5.36-5.22 (m, 1H; =
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CH), 5.04-4.90 (m, 2H; =CH,), 4.74 (brs, 1 H; CHN,), 4.14 (t, *J(H,H) =
6.7 Hz, 2H; OCH,), 2.04 (q, *J(H,H)=6.8 Hz, 2H; =CHCH,), 1.68-1.61
(m, 2H; OCH,CH,), 124-1.44ppm (m, 10H; 5xCH,); “CNMR
(100 MHz, CDCl;, 25°C): 6=139.2 (=CH), 114.2 (=CH,), 65.1 (OCH,),
46.2 (CHN,), 33.8, 29.3, 29.2, 29.0, 28.8, 28.7 4+ 25.8 ppm (7xCH,); IR
(neat): #=2928 (s), 2110 (C=N,, s), 1697 (C=0, s), 1242 (s), 1186 cm ™'
(s); MS (FI): m/z (%): 224 [M]* (8), 225 [M+H]* (100), 226 (40);
HRMS: caled for C;,H,N,0,: 225.1603 [M+H]*; found: 225.1604.
Undec-10-enyl diazoacetate (7f): This compound was prepared by the
general procedure with use of undec-10-en-1-ol (1.90 mL, 9.50 mmol).
The residue was purified by flash chromatography (5% EtOAc in petrol)
to afford the diazoester 7f (2.05 g, 91%) as a yellow oil. R;=0.30 (10%
EtOAc in hexane); '"H NMR (400 MHz, CDCl;, 25°C): 0 =5.82-5.72 (m,
2H; =CH), 4.98-4.88 (m, 2H; =CH,), 4.71 (brs, 1H; CHN,), 4.12 (t, *J-
(H,H)=6.8 Hz, 2H; OCH,), 2.04-1.98 (m, 2H; =CHCH,), 1.64-1.57 (m,
2H; OCH,CH,), 1.40-1.16 ppm (m, 12H; 6 x CH,); “C NMR (100 MHz,
CDCl;, 25°C): 6=139.0 (=CH), 114.1 (=CH,), 64.9 (OCH,), 46.0
(CHN,), 33.7, 29.4, 29.3, 29.2, 29.0, 28.8, 28.7 4+ 25.7 ppm (8xCH,); IR
(neat): 7=2927 (s), 2110 (C=N,, s), 1698 (C=0, s), 1241 (s), 1186 cm™*
(s); MS (FI): m/z (%): 238 [M]* (8), 239 [M+H]" (100), 308 (100);
HRMS: m/z: caled for C;3H,3N,0,: 239.1760 [M+H]*; found: 239.1764.
Homocoupling of diazoacetates

General procedure: Grubbs second-generation catalyst 2 (0.005 equiv,
0.5 mol %) was added to a solution of the a-diazoacetate (1.0 equiv) in
CH,Cl,. The mixture was stirred at room temperature for 12-14 h, con-
centrated under reduced pressure and purified by flash chromatogra-
phy.#!

Diethyl maleate (5a): This compound was prepared by the general proce-
dure, from ethyl diazoacetate (4a, 0.10 mL, 0.952 mmol) in CH,Cl,
(5mL). The residue (Z/E 98:2 as determined by GCMS) was purified by
flash chromatography (5% Et,0 in petrol) to afford the maleate 5a
(78.0 mg, 95%) as a pale-yellow liquid. Data as commercial sample.

Di-n-propyl maleate (5b): This compound was prepared by the general
procedure, from n-propyl diazoacetate (4b, 52.0 mg, 0.406 mmol) in
CH,Cl, (5 mL). The residue (Z/E 95:5, as determined by GCMS analysis)
was purified by flash chromatography (10 % Et,O in petrol) to afford the
maleate 5b (34.0mg, 84%) as a yellow liquid. Data as commercial
sample.

Di-n-butyl maleate (5c¢): This compound was prepared by the general
procedure, from n-butyl diazoacetate (4¢, 96.0 mg, 0.676 mmol) in
CH,Cl, (5 mL). The residue (Z/E 86:14, as determined by GCMS analy-
sis) was purified by flash chromatography (10 % Et,0O in petrol) to afford
the maleate 5S¢ (57.0 mg, 74%) as a yellow liquid. Data as commercial
sample.

Di-n-hexyl maleate (5d): This compound was prepared by the general
procedure, from n-hexyl diazoacetate (4d, 90.0 mg, 0.529 mmol) in
CH,CI, (5 mL). The residue (Z/E 94:6, as determined by GCMS analysis)
was purified by flash chromatography (10% Et,0 in petrol) to afford an
inseparable mixture of the Z and E isomers of 5d (74.0 mg, 98%) as a
yellow liquid. Data as commercial sample.

Dibenzyl maleate (5e): This compound was prepared by the general pro-
cedure, from benzyl diazoacetate (4e, 80.0 mg, 0.454 mmol) in CH,Cl,
(5 mL). The residue (Z/E 97:3, as determined by GCMS analysis) was pu-
rified by flash chromatography (10% Et,O in petrol) to afford the male-
ate 5e (53.0 mg, 79%) as a yellow liquid. R;=0.31 (30% Et,0 in petrol);
'"H NMR (400 MHz, CDCl;, 25°C): 0=7.30-7.42 (m, 10H; Ar), 6.30 (s,
2H; 2x=CH), 5.64 ppm (s, 4H; 2xCH,); "C NMR (100 MHz, CDCl,,
25°C): =164.9 (2xCO,), 135.1 (2xAr, quart.), 129.8 (2x=CH), 2x
128.6 and 128.5 (6 x Ar), 67.1 ppm (2xCH,); IR (neat): 7=1725 (C=0,
s), 1644 (C=C, s), 1498 (w), 1401 (w), 1364 cm™" (w); MS (%): m/z (%):
297 ((M+H]*,15), 314 [M+NH,]* (100), 316 (40); HRMS: m/z: calcd for
CsH,O,N: 314.1387 [M+NH,]*; found: 314.1386.

Dineopentyl maleate (5f): This compound was prepared by the general
procedure, from neopentyl diazoacetate (4f, 100 mg, 0.641 mmol) in
CH,Cl, (5 mL). The residue (Z/E 97:3, as determined by GCMS analysis)
was purified by flash chromatography (10 % Et,O in petrol) to afford the
maleate 5f (65.0mg, 79%) as a yellow oil. R;=0.48 (20% Et,0 in
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petrol); '"HNMR (400 MHz, CDCl;, 25°C): 6=6.27 (s, 2H; 2x=CH),
3.88 (s, 4H; 2x CH,), 0.95 ppm (s, 18H; 2x CMe;); *C NMR (100 MHz,
CDCl;, 25°C): 6=165.4 (2xCO,), 129.7 (2x=CH), 74.6 (2xCH,), 31.3
(2x CMe;), 26.4 ppm (2x CMe;); IR (neat): 7=2962 (s), 1729 (C=0, s),
1646 (C=C, m), 1479 (s), 1410 (s), 1393 (s), 1368 (s), 1217 (s), 1165 cm ™"
(s); MS (CI): m/z (%): 187 (10), 257 [M+H]* (10), 274 [M+NH,]"
(100); HRMS: m/z: caled for CH,;0,: 257.1753 [M+H]*; found:
257.1751.

Diisopropyl maleate (5g): This compound was prepared by the general
procedure, from isopropyl diazoacetate (4g, 54.0 mg, 0.422 mmol) in
CH,Cl, (5 mL). The residue (Z/E 97:3, as determeined by GCMS analy-
sis) was purified by flash chromatography (5% Et,O in petrol) to afford
the maleate 5g (40.0 mg, 95%) as a yellow liquid. Data as lit.l*!

Dicyclohexyl maleate (5h): This compound was prepared by the general
procedure, from cyclohexyl diazoacetate (4h, 70.0 mg, 0.417 mmol) in
CH,(Cl, (3 mL). The residue (Z/E 95.5:4.5, as determined by GCMS anal-
ysis) was purified by flash chromatography (10% Et,O in petrol) to
afford the maleate Sh (48.0 mg, 82%) as a colourless oil. Data as com-
mercial sample.

Diad tan-2-yl maleate (5i): This compound was prepared by the gen-
eral procedure, starting from adamantan-2-yl diazoacetate (4i, 95.0 mg,
0.432 mmol) in CH,Cl, (3 mL). The residue (Z/E 95:5, as determined by
GCMS analysis) was purified by flash chromatography (5% Et,O in
petrol) to afford the maleate 5i (62.0 mg, 75%) as a yellow liquid. R;=
0.54 (30% Et,0 in petrol); '"H NMR (400 MHz, CDCl;, 25°C): 6=6.26
(s, 2H; 2x=CH), 5.05 (t, *J(H,H)=3.5 Hz, 2H; 2x OCH), 2.06-1.99 (m,
8H; 4xCH,), 1.87-1.74 (m, 16 H; 6 x CH and 5 x CH,), 1.61-1.54 ppm (m,
4H; 2xCH and CH,); ®C NMR (100 MHz, CDCl;, 25°C): 6=164.8 (2x
CO,), 129.9 (2x=CH), 78.2 (2xOCH), 37.3, 2x36.3 + 2x31.6 (10x
CH,), 2x31.7, 27.2 + 26.9 ppm (8xCH); IR (neat): #=2912 (s), 2858
(s), 1719 (C=0, s), 1642 (C=C, w), 1453 (s), 1402 (s), 1382 (m), 1365 (W),
1215 (s), 1169 (s), 1101 em™ (s); MS (CI): m/z (%): 135 (40), 152 (38),
385 [M+H]* (100), 402 [M+NH,]* (10); HRMS: m/z: caled for
C,,H3;0,: 385.2379 [M+H]T; found: 385.2384.

Di-tert-butyl maleate (5j): This compound was prepared by the general
procedure, from tert-butyl diazoacetate (4j, 0.10 mL, 0.722 mmol) in
CH,(Cl, (5 mL). The residue (Z/E>99:1, as determined by GCMS analy-
sis) was purified by flash chromatography (10 % Et,O in petrol) to afford
the maleate 5j (82.0 mg, quant.) as a yellow oil. R;=0.44 (20% Et,0O in
petrol); '"HNMR (400 MHz, CDCl;, 25°C): 6=6.06 (s, 2H; 2x=CH),
1.54 ppm (s, 18H; 2xCMe;); “CNMR (100 MHz, CDCl,, 25°C): 6=
164.5 (2xCO,), 130.1 (2x=CH), 81.8 (2x CMe;), 28.0 ppm (2x CMe;);
IR (neat): 7=2935 (s), 1721 (C=0, s), 1642 (C=C, m), 1478 (m), 1395 (s),
1370 (s), 1217 (s), 1144 cm™ (s); MS (CI): m/z (%): 190 (100), 192 (70),
229 [M+H]* (15); HRMS: m/z: caled for C,H,,0,4: 229.1434 [M+H]*;
found: 229.1437.

Heterocoupling of diazoacetates

General procedure: Grubbs second-generation catalyst 2 (0.005 equiv,
0.5 mol %) was added to a solution of mixture of diazoacetates (1.0 equiv
each) in CH,Cl,. The reaction mixture was stirred at room temperature
for 12-16 h, concentrated under reduced pressure and purified by flash
chromatography.’!

Ethyl isopropyl maleate (6b): This compound was prepared by the gener-
al procedure, from ethyl diazoacetate (4a, 36.5 mg, 0.320 mmol) and iso-
propyl diazoacetate (4g, 41.0 mg, 0.320 mmol) in CH,Cl, (4.5 mL). The
residue (Z/E 98:2, as determined by GCMS analysis) was purified by
flash chromatography (5% Et,0 in petrol) to afford the maleate 6b
(25.0 mg, 42%) as a colourless liquid. R;=0.44 (30% Et,0O in petrol);
'HNMR (400 MHz, CDCl;, 25°C): 6=6.22 (s, 2H; 2x=CH), 5.13
(heptet, *J(H,H)=6.3 Hz, 1H; CHMe,), 425 (q, *J(H,H)=7.2 Hz, 2H;
OCH,), 1.36-1.26 ppm (m, 9H; 3xCH;); *C NMR (100 MHz, CDCl,,
25°C): 0=165.3 + 164.8 (2xCO,), 130.2 + 129.4 (2x=CH), 68.9 (CH),
61.2 (OCH,), 21.7 (CMe,), 14.0 ppm (CH,CHj;); IR (neat): #=2980 (s),
1708 (C=0, s), 1646 (C=C, s), 1450 (m), 1390 (s), 1210 (s), 1141 cm™" (s);
MS (CI): m/z (%): 70 (40), 87 (38), 131 (65), 187 [M+H]* (100), 204
[M+NH,]* (15); HRMS: m/z: caled for C,H;sO,: 187.0970 [M+H]*;
found: 187.0977.
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Ethyl cyclohexyl maleate (6¢): This compound was prepared by the gen-
eral procedure, from ethyl diazoacetate (4a, 15.0 mg, 0.131 mmol) and
cyclohexyl diazoacetate (4h, 22.0 mg, 0.131 mmol) in CH,Cl, (5 mL). The
residue (Z/E>99:1, as determined by GCMS analysis) was purified by
flash chromatography (5—10% Et,O in petrol) to afford the maleate 6¢
(17.0 mg, 57%) as a yellow liquid. R;=0.46 (30% Et,0 in petrol);
'HNMR (400 MHz, CDCl,, 25°C): 6=6.22 (s, 2H; 2x=CH), 4.91-4.84
(m, 1H; OCH), 4.25 (q, *J(H,H)=7.1 Hz, 2H; OCH,), 1.94-1.90 (m, 2H;
CH, cyclohexyl), 1.77-1.72 (m, 2H; CH, cyclohexyl), 1.62-1.54 (m, 2H;
CH, cyclohexyl), 1.32 (t, */(H,H)=7.1 Hz, 3H; CHj), 1.50-1.21 ppm (m,
4H; 2 x CH, cyclohexyl); *C NMR (100 MHz, CDCl;, 25°C): 6=165.3 +
164.8 (2x CO,), 130.2 + 129.4 (2x=CH), 73.9 (OCH), 61.2 (OCH,), 314,
25.3 + 23.7 (3 x CH, cyclohexyl), 14.0 ppm (CHj;); IR (neat): #=2900 (s),
2846 (m), 1725 (C=0, s), 1640 (C=C, s), 1457 (m), 1403 (m), 1210 (s),
1164 cm™ (s); MS (CI): m/z (%): 145 (53), 162 (25), 227 [M+H]* (100),
244 [M+NH,]* (10); HRMS: m/z: caled for C,,H,NO,: 244.1549
[M+NH,]*; found: 244.1545.

tert-Butyl ethyl maleate (6d): This compound was prepared by the gener-
al procedure, from ethyl diazoacetate (4a, 76.0 pL, 0.722 mmol) and tert-
butyl diazoacetate (4j, 100 pL, 0.722 mmol) in CH,Cl, (5 mL). The resi-
due (Z/E>99:1, as determined by GCMS analysis) was purified by flash
chromatography (5% Et,O in petrol) to afford the maleate 6d (61.0 mg,
42%) as a yellow liquid. R;=0.35 (20% Et,0 in petrol); 'HNMR
(400 MHz, CDCl;, 25°C): 6=6.13 (d, *J(H,H)=3.6 Hz, 2H; 2x=CH),
425 (q, *J(H,H)=7.1 Hz, 2H; OCH,), 1.51 (s, 9H; CMe,), 1.31 ppm (t,
*J(H,H)=7.1 Hz, 3H; CH,CH;); *C NMR (100 MHz, CDCl;, 25°C): 6 =
1653 + 164.4 (2xCO,), 1314 + 1283 (2x=CH), 82.2 (CMe;), 61.0
(OCH,), 27.9 (CMe;), 14.1 ppm (CH,CH,;); IR (neat): 7=2982 (s), 1728
(C=0, s), 1640 (C=C, s), 1458 (m), 1397 (s), 1369 (s), 1218 (s), 1151 cm™!
(s); MS (CI): m/z (%): 104 (30), 162 (100), 164 (85), 201 [M+H]* (35),
203 (15), 220 [M+NH,]* (55); HRMS: m/z: caled for C,(H;;O,: 201.1121
[M+H]*; found: 201.1122.

Adamantan-2-yl ethyl maleate (6e): This compound was prepared by the
general procedure, from ethyl diazoacetate (4a, 13.0 pL, 0.123 mmol) and
adamantan-2-yl diazoacetate (4i, 27.0 mg, 0.123 mmol) in CH,Cl, (5 mL).
The residue (Z/E>99:1, as determined by GC-MS analysis) was purified
by flash chromatography (5% Et,0 in petrol) to afford the maleate 6e
(15.0mg, 44%) as a yellow liquid. R;=0.48 (30% Et,0 in petrol);
'"H NMR (400 MHz, CDCl,, 25°C): 6=6.25 (d, *J(H,H)=8.1 Hz, 2H; 2 x
=CH), 5.06 (t, *J(H,H)=3.2Hz, 1H; OCH), 4.25 (q, *J(H,H)=7.1 Hz,
2H; OCH,), 2.07-1.99 (m, 4H; 2xCH,), 1.90-1.74 (m, 6H; 2x CH and
2xCH,), 1.60-1.56 (m, 4H; 2xCH and CH,), 1.31 ppm (t, *J(H,H)=
7.1 Hz, 3H; CH;); *C NMR (100 MHz, CDCl;, 25°C): 6=165.4 + 164.7
(2xCO,), 130.2 + 129.5 (2x=CH), 78.3 (OCH), 61.2 (OCH,), 37.3, 2x
36.3 + 2x31.7 (5xCH, adamantyl), 2x31.6, 27.1 + 26.9 (4xCH ada-
mantyl), 14.0 ppm (CH;); IR (neat): #=2908 (s), 2856 (m), 1728 (C=0,
s), 1642 (C=C, s), 1453 (m), 1403 (m), 1209 (s), 1164 (s), 1101 cm™" (w);
MS (CI): m/z (%): 148 (80), 152 (20), 279 [M+H]* (100), 296 [M+NH,]*
(10); HRMS: m/z: caled for C;H,;0,: 279.1596 [M+H]*; found:
279.1592.

Benzyl cyclohexyl maleate (6f): This compound was prepared by the
general procedure, from benzyl diazoacetate (4e, 29.4 mg, 0.167 mmol)
and cyclohexyl diazoacetate (4h, 28.0 mg, 0.167 mmol) in CH,Cl, (5 mL).
The residue (Z/E>99:1, as determined by GCMS analysis) was purified
by flash chromatography (10% Et,O in petrol) to afford the maleate 6 f
(24.0 mg, 50%) as a yellow liquid. R;=0.47 (30% Et,0 in petrol);
"H NMR (400 MHz, CDCl,, 25°C): 6 =7.40-7.30 (m, 5H; Ar), 6.25 (d, *J-
(H,H)=6.0 Hz, 2H; 2x=CH), 5.22 (s, 2H; CH,Ar), 4.89-4.77 (m, 1H;
CH cyclohexyl), 1.91-1.83 (m, 2H; CH, cyclohexyl), 1.78-1.68 (m, 2H;
CH, cyclohexyl), 1.59-1.49 (m, 2H; CH, cyclohexyl), 1.44-1.18 ppm (m,
4H; 2 x CH, cyclohexyl); *C NMR (100 MHz, CDCl;, 25°C): 6=165.1 +
164.7 (2xCO,), 135.2 (Ar, quart.), 131.0 (=CH), 128.7, 128.6, 128.5 +
128.4 (3x Ar, =CH), 74.1 (OCH), 67.1 (OCH,), 314, 25.3 + 23.8 ppm
(3xCH, cyclohexyl); IR (neat): #=2939 (s), 2869 (s), 1728 (C=0, s),
1643 (C=C, m), 1598 (s), 1454 (s), 1401 (m), 1365 (m), 1214 (s), 1164 (s),
1037 cm™ (m); MS (CI): m/z (%): 148 (75), 289 [M+H]* (35), 306
[M+NH,]* (100); HRMS: m/z: caled for C;;H,NO,: 306.1705
[M+NH,]*; found: 306.1703.
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Benzyl tert-butyl maleate (6i): This compound was prepared by the gen-
eral procedure, from benzyl diazoacetate (4e, 60.0 mg, 0.341 mmol) and
tert-butyl diazoacetate (4j, 47.0 uL, 0.341 mmol) in CH,Cl, (5 mL). The
residue (Z/E 97:3, as determined by GCMS analysis) was purified by
flash chromatography (5% Et,0 in petrol) to afford the maleate 6i
(40.0 mg, 45%) as a yellow liquid. R;=0.69 (30% Et,0 in petrol);
"H NMR (400 MHz, CDCl;, 25°C): 6 =7.40-7.30 (m, 5H; Ar), 6.19 (d, *J-
(H,H)=2.7 Hz, 2H; 2x=CH), 5.23 (s, 2H; OCH,), 1.49 ppm (s, 9H;
CMe;); "CNMR (100 MHz, CDCl;, 25°C): 0=165.1 + 164.3 (2xCO,),
135.3 (Ar, quart.), 135.0 + 127.8 (2x=CH), 128.6, 128.5 + 127.4 (3x
Ar), 82.3 (CMe;), 66.8 (OCH,), 27.9 ppm (CMe;); IR (neat): #=2980 (s),
1727 (C=0, s), 1641 (C=C, m), 1498 (m), 1456 (s), 1397 (s), 1213 (s),
1149 cm™ (s); MS (CI): m/z (%): 224 (100), 226 (20), 263 [M+H]" (15),
280 [M+NH,]* (15); HRMS: m/z: caled for C;sH,00,: 263.1278 [M+H]*
; found: 263.1280.

Macrocyclic dilactones from unsaturated diazoesters

General procedure: Grubbs second-generation catalyst 2 (0.01 equiv,
1 mol %) was added to a solution of diazoacetate (1.0 equiv) in CH,Cl,
and the mixture was stirred at room temperature for 14-18 h. Further
catalyst 2 (0.01 equiv, 1 mol%) and (in some cases) CH,Cl, was added,
and the reaction mixture was then heated at reflux for 12-14 h. The mix-
ture was concentrated under reduced pressure and purified by flash chro-
matography.#

1,6-Dioxacyclododeca-3,9-diene-2,5-dione (9a): This compound was pre-
pared by the general procedure, from but-3-enyl diazoacetate (7a,
50.0 mg, 0.357 mmol) in CH,Cl, (5+66 mL). The residue was purified by
flash chromatography (5—10% Et,0 in petrol) to afford the dilactone
9a (17.0 mg, 49%, E/Z 7:93, as determined by GCMS analysis) as a
yellow liquid. R;=022 (30% Et,0 in petrol); 'HNMR (400 MHz,
CDCl,, 25°C): Z isomer: 0=6.18 (s, 2H; 2x=CHCO), 5.62-5.54 (m, 2H;
2x=CHCH,), 4.28-4.25 (m, 4H; 2xOCH,), 2.54-2.49 (m, 4H; 2x=
CHCH,); discernible data for the E isomer: 0 =6.16 (s, 2H; 2x=CHCO)),
5.42-5.39 (m, 2H; 2x=CHCH,), 2.44-2.40 ppm (m, 4H; 2x=CHCH,);
BCNMR (100 MHz, CDCl,;, 25°C): Z isomer: §=165.1 (2x CO,), 128.7
+ 128.6 (4x=CH), 64.8 (2xOCH,), 26.4 (2x=CHCH,); discernible data
for E isomer: 6=129.2 (2x=CH), 63.3 (2xOCH,), 32.5ppm (2x=
CHCH,); IR (neat): 7=2962 (w), 2254 (s), 1794 (C=0, s), 1382 (w), 1261
(m), 1100 cm™" (s); MS (CI): m/z (%): 197 [M+H]" (30), 214 [M+NH,]*
(100), 215 (10); HRMS: m/z: caled for C,H,;;0,: 197.0814 [M+H]*;
found: 197.0816.

1,6-Dioxacyclotetradeca-3,10-diene-2,5-dione (9b): This compound was
prepared by the general procedure, from pent-4-enyl diazoacetate (7b,
53.0 mg, 0.344 mmol) in CH,Cl, (5 mL). The residue was purified by flash
chromatography (5—10% EtOAc in hexane) to afford dilactone 9b
(20.0 mg, 53 %, E/Z 30:70, as determined by GCMS analysis) as a yellow
liquid. R;=0.45 (50% EtOAc in hexane); 'H NMR (400 MHz, CDCl,,
25°C): Z isomer: 0=6.24 (s, 2H; 2x=CHCO), 5.48-5.38 (m, 2H; 2x=
CHCH,), 4.18-4.15 (m, 4H; 2x OCH,), 2.16-2.26 (m, 4H; 2 x=CHCH,),
1.70-1.76 (m, 4H; 2x=CHCH,CH,); discernible data for the E isomer:
0=6.24 (s, 2H; 2x=CH), 4.23-4.21 (m, 4H; 2x OCH,), 1.76-1.84 ppm
(m, 4H; 2x=CHCH,CH,); "CNMR (100 MHz, CDCl,;, 25°C): Z
isomer: 6=165.3 (2xCQO,), 129.6 (2x=CH), 129.4 (2x=CH), 63.9 (2x
OCH,), 27.7 (2x=CHCH,), 22.8 (2x OCH,CH,); discernible data for the
E isomer: 6=165.2 (2xCO,), 130.3 + 129.6 (4x=CH), 64.9 (2x OCH,),
30.2 (2x=CHCH,), 272 ppm (2xOCH,CH,); IR (neat): 7=2401 (s),
1725 (C=0, s), 1297 (m), 1216 cm™" (s); MS (CI): m/z (%): 93 (15), 109
(15), 225 [M+H]* (100), 242 [M+NH,]* (25); HRMS: m/z: caled for
C,H,;0,: 225.1127 [M+H]*; found: 225.1129.
1,6-Dioxacyclohexadeca-3,11-diene-2,5-dione (9¢): This compound was
prepared by the general procedure, from hex-5-enyl diazoacetate (7c,
50.0 mg, 0.297 mmol) in CH,Cl, (4+55 mL). The residue was purified by
flash chromatography (15% Et,0O in petrol) to afford dilactone 9¢
(16.0 mg, 43 %, E/Z 57:43, as determined by GCMS analysis) as a pale-
yellow liquid. R;=0.35 (30% Et,0 in petrol); 'HNMR (400 MHz,
CDCl,, 25°C): E isomer: 0=6.22 (s, 2H; 2x=CHCO), 5.38-5.35 (m, 2H;
2x=CHCH,), 4.17 (t, *J(H,H)=7.4 Hz, 4H; 2x OCH,), 2.02-2.14 (m,
4H; 2x=CHCH,), 1.70-1.64 (m, 4H; 2x OCH,CH,), 1.48-1.38 (m, 4H;
2x=CHCH,CH,); discernible data for the Z isomer: 0=6.23 (s, 2H; 2x
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=CHCO), 5.43-5.34 (m, 2H; 2x=CHCH,), 4.19 (t, *J(H,H)=6.7 Hz,
4H; 2xOCH,), 1.76-1.71 ppm (m, 4H; 2xOCH,CH,); “CNMR
(100 MHz, CDCl;, 25°C): E isomer: 0=1652 (2xCO,), 131.1 + 129.5
(4x=CH), 65.2 (2x OCH,), 31.4 (2x=CHCH,), 26.8 (2x OCH,CH,), 24.2
(2x=CHCH,CH,); discernible data for the Z isomer: 6 =165.3 (2x CO,),
129.8 + 129.5 (4x=CH), 64.7 (2xOCH,), 27.4 (2x=CHCH,), 262 +
25.2 ppm (4x CH,); IR (neat): #=2400 (w), 1724 (C=0, s), 1216 cm ™' (s);
MS (CI): m/z (%): 137 (15), 253 [M+H]" (100), 270 [M+NH,]* (15);
HRMS: m/z: caled for C,H,,O,: 253.1440 [M+H]*; found: 253.1448.
1,6-Dioxacyclooctadeca-3,12-diene-2,5-dione (9d): This compound was
prepared by the general procedure, from hept-6-enyl diazoacetate (7d,
50.0 mg, 0.275 mmol) in CH,Cl, (4451 mL). The residue was purified by
flash chromatography (10% Et,O in petrol) to afford the dilactone 9d
(16.0 mg, 42%, E/Z 63:37, as determined by GCMS analysis) as a pale-
yellow liquid. R;=0.40 (20% Et,O in petrol); 'HNMR (400 MHz,
CDCl,;, 25°C): E isomer: 6=6.23 (s, 2H; 2x=CHCO), 5.34 (t, *J(H,H) =
4.1Hz, 2H; 2x=CHCH,), 4.10-4.26 (m, 4H; 2x OCH,), 2.10-1.96 (m,
4H; 2x=CHCH,), 1.72-1.58 (m, 4H; 2x OCH,CH,), 1.50-1.22 ppm (m,
8H; 2x=CHCH,CH,CH,); "CNMR (100 MHz, CDCl;, 25°C): E
isomer: 0=165.4 (2xCO,), 130.8 + 129.6 (4x=CH), 65.5 (2x OCH,),
32.1 (2x=CHCH,), 28.6, 28.4 + 25.0 (6x CH,); discernible data for the
Z isomer: 0=165.3 (2xCO,), 129.9 (2x=CH), 65.3 (2xOCH,), 28.7,
28.2, 25.6 + 24.8 ppm (8xCH,); IR (neat): 7=2920 (s), 2254 (m), 1720
(C=0, s), 1450 (w), 1216cm™" (s); MS (CI): m/z (%): 95 (10), 281
[M+H]* (100), 298 [M+NH,]* (25); HRMS: m/z: calcd for C;sH,50,:
281.1753 [M+H]*; found: 281.1758.
1,6-Dioxacyclotetracosa-3,15-diene-2,5-dione (9e): This compound was
prepared by the general procedure, from dec-9-enyl diazoacetate (7e,
174 mg, 0.777 mmol) in CH,Cl, (25 mL). The residue was purified by
flash chromatography (5—10% EtOAc in hexane) to afford the dilac-
tone 9e (68.0 mg, 48 %, E/Z 80:20, as determined by GCMS analysis) as
a pale-yellow liquid. R;=0.52 (30% EtOAc in hexane); 'HNMR
(400 MHz, CDCl;, 25°C): E isomer: 6=6.23 (s, 2H; 2x=CHCO), 5.32—
530 (m, 2H; 2x=CHCH,), 4.15 (t, *J(H,H)=7.2 Hz, 4H; 2x OCH,),
1.92-2.02 (m, 4H; 2x=CHCH,), 1.60-1.72 (m, 4H; 2x OCH,CH,), 1.20-
1.44 (m, 20H; 10x CH,); discernible data for the Z isomer: 6 =6.28 (s,
2H; 2x=CHCO), 5.38-534ppm (m, 2H; 2x=CHCH,); “CNMR
(100 MHz, CDCl;, 25°C): E isomer: 0=165.3 (2xCO,), 130.9 + 129.5
(4x=CH), 65.4 (2x OCH,), 32.1 (2x=CHCH,), 29.4, 29.2, 28.8, 28.5, 28.1
+ 25.5 (12xCH,); discernible data for the Z isomer: 6=129.9 + 1252
(4x=CH), 65.5 (2x OCH,), 29.4, 29.3, 29.1, 26.8 + 25.7 ppm (10x CH,);
IR (neat): 7=2929 (s), 2857 (s), 2254 (m), 1724 (C=0, s), 1466 (w),
1216 cm™ (s); MS (CI): m/z (%): 70 (48), 148 (48), 365 [M+H]™ (100),
382 [M+NH,]* (50); HRMS: m/z: caled for C,,Hy,0,: 365.2692 [M+H]*
; found: 365.2697.

1,6-Dioxacyclohexacosa-3,16-diene-2,5-dione (9f): This compound was
prepared by the general procedure, from undec-10-enyl diazoacetate (7f,
46.0 mg, 0.193 mmol) in CH,Cl, (3435 mL). The residue was purified by
flash chromatography (10% Et,0O in petrol) to afford the dilactone 9f
(21.0 mg, 55%, E/Z 91:9, as determined by GCMS analysis) as a yellow
liquid. R;=0.38 (20% EtO in petrol); 'HNMR (400 MHz, CDCl,,
25°C); E isomer: 0=6.23 (s, 2H; 2x=CHCO), 5.36-5.40 (m, 2H; 2x=
CHCH,), 4.18 (t, *J(H,H) =6.8 Hz, 4H; 2x OCH,), 2.00-1.86 (m, 4H; 2 x
=CHCH,), 1.60-1.72 (m, 4H; 2x OCH,CH,), 1.20-1.32 (m, 24H; 12x
CH,); discernible data for the Z isomer: 6=5.35 (t, *J(H,H)=5.3 Hz,
2H; 2x=CHCH,), 4.14-4.08 (t, *J(H,H)=4.8 Hz, 4H; 2x OCH,), 2.06—
2.01 ppm (m, 4H; 2x=CHCH,); *C NMR (100 MHz, CDCl,, 25°C); E
isomer: 0=165.4 (2xCO,), 130.2 + 129.8 (4x=CH), 65.5 (2x OCH,),
32.6 (2x=CHCH,), 29.7, 29.5, 29.4, 29.2, 29.1, 284 + 25.8 (14xCH,);
discernible data for the Z isomer: 6=129.8 (2x=CH), 27.2 ppm (2x
CH,); IR (neat): 7=2929 (s), 2254 (s), 1723 (C=0, s), 1468 (w),
1216 cm™ (s); MS (CI): m/z (%): 70 (15), 393 [M+H]* (100); HRMS:
mlz: caled for C,yH,,04: 393.3005 [M+H]*; found: 393.3007.

Chem. Eur. J. 2007, 13, 34703479


www.chemeurj.org

Coupling of Diazoacetates

Acknowledgements

We thank the University of Oxford for a full Clarendon Fund bursary
award (to D.A.) and the EPSRC National Mass Spectrometry Service
Centre for mass spectra.

[1] M. P. Doyle, M. A. McKevery, Y. Ye, Modern Catalytic Methods for
Organic Synthesis with Diazo Compounds, Wiley, New York, 1998.

[2] a) D. M. Hodgson, F. Y. T. M. Pierard, P. A. Stupple, Chem. Soc.
Rev. 2001, 30, 50-61; b) H. M. L. Davies, E. G. Antoulinakis, Org.
React. 2001, 57, 1-326; c) D. M. Hodgson, P. A. Stupple, D.C.
Forbes in Rodd’s Chemistry of Carbon Compounds, Topical Volume,
Asymmetric Catalysis (Ed.: M. Sainsbury), Elsevier, Oxford, 2001,
pp. 65-99; d) J. S. Clark, Nitrogen, Oxygen and Sulfur Ylide Chemis-
try, Oxford University Press, Oxford, 2002.

[3] a) G. Maas, Top. Curr. Chem. 1987, 137, 75-253; b) Ref. [1]%,
pp. 624-633.

[4] a) G.-Y. Li, C.-M. Che, Org. Lett. 2004, 6, 1621-1623; b) M. P.
Doyle, W. Hu, 1. M. Phillips, A. G. H. Wee, Org. Lett. 2000, 2, 1777
1779.

[5] L. K. Woo, D. A. Smith, Organometallics 1992, 11, 2344 -2346.

[6] J.P. Collman, E. Rose, G.D. Venburg, J. Chem. Soc. Chem.
Commun. 1993, 934-935.

[7] a) W. Baratta, A.D. Zotto, P. Rigo, Chem. Commun. 1997, 2163—
2164; b) W. Baratta, A. D. Zotto, P. Rigo, Organometallics 1999, 18,
5091-5096.

[8] a) W. Baratta, W. A. Herrmann, R. M. Kratzer, P. Rigo, Organome-
tallics 2000, 19, 3664-3669; see also:b) B. Cetinkaya, I. Ozdemir,
P. H. Dixneuf, J. Organomet. Chem. 1997, 534, 153-158.

[9] E. Graban, F. R. Lemke, Organometallics 2002, 21, 3823 —3826.

[10] H. Bock, H. P. Wolf, J. Chem. Soc. Chem. Commun. 1990, 690—692.

[11] T. Oshima, T. Nagai, Tetrahedron Lett. 1980, 21, 1251 -1254.

[12] T. Kubo, S. Sakaguchi, Y. Ishii, Chem. Commun. 2000, 625-626.

[13] J. Goux, P. L. Gendre, P. Richard, C. Moise, J. Organomet. Chem.
2006, 691, 3239-3244.

[14] a) J. Pfeiffer, K. H. Dotz, Angew. Chem. 1997, 109, 2948-2950;
Angew. Chem. Int. Ed. Engl. 1997, 36, 2828-2830; b) D. Jan, F.
Simal, A. Demonceau, A. F. Noels, K. A. Rufanov, N. A. Ustynyuk,
D. N. Gourevitch, Tetrahedron Lett. 1999, 40, 5695—5699.

[15] Z. Zhu, J. H. Espenson, J. Am. Chem. Soc. 1996, 118, 9901-9907.

[16] R.H. Grubbs, Handbook of Metathesis, Wiley-VCH, Weinheim,
2003.

[17] P. Schwab, R. H. Grubbs, J. W. Ziller, J. Am. Chem. Soc. 1996, 118,
100-110.

[18] M. Scholl, S. Ding, C. W. Lee, R. H. Grubbs, Org. Lett. 1999, 1, 953
956.

[19] P. Schwab, M. B. France, J. W. Ziller, R. H. Grubbs, Angew. Chem.
1995, 107, 2179-2181; Angew. Chem. Int. Ed. Engl. 1995, 34, 2039—
2041.

[20] D. M. Hodgson, D. Angrish, Chem. Commun. 2005, 4902—4904.

[21] T. L. Choi, C. W. Lee, A. K. Chatterjee, R. H. Grubbs, J. Am. Chem.
Soc. 2001, 123, 10417-10418.

[22] C.J. Blankley, F.J. Sauter, H. O. House, Org. Synth. Coll. 1973, 5,
258-263.

[23] a) E.J. Corey, A. G. Myers, Tetrahedron Lett. 1984, 25, 3559-3562;
b) M. P. Doyle, 1. M. Phillips, Tetrahedron Lett. 2001, 42, 3155-3158.

[24] G.N. Ignatova, V. V. Puchkova, E. M. Moskovkina, N.I. Grishko,
T.S. Balashova, T.N. Shlenskaya, Plast Massy 1970, 1, 17-20
[Chem. Abstr. 1970, 72, 99958].

[25] 1. Oprean, F. Hodasan, H. Ciupe, G. Ileana, L. Dissescu, Patent RO
76-85618; [Chem. Abstr. 1983, 98, 160255].

[26] a) K. Maruoka, M. Akakura, S. Saito, T. Ooi, H. Yamamoto, J. Am.
Chem. Soc. 1994, 116, 6153-6158; for an example of intramolecular
Diels—Alder reactions of mixed maleates in the synthesis of drimane
sesquiterpenes see:b) J.F. He, Y.L. Wu, Tetrahedron 1988, 44,
1933-1940.

FULL PAPER

[27] P.S. Belov, V. A. Zavorotnyi, K. D. Korenev, V. L. Lashkhi, A.B.
Vipper, F. N. Ermolov, V. V. Kulagin, O. N. Tsvetkov, Patent SU 77—
2473216 [Chem. Abstr. 1980, 92, 180683].

[28] D. M. Hodgson, D. Angrish, J. Mol. Catal. A 2006, 254, 93-95.

[29] A.D. Zotto, W. Baratta, G. Verardo, P. Rigo, Eur. J. Org. Chem.
2000, 2795-2801.

[30] a) M. Regitz, J. Hocker, A. Liedhegener, Org. Synth. Coll. 1973, 5,
179-183; b) S. Bachmann, D. Fielenbach, K. A. Jgrgensen, Org.
Biomol. Chem. 2004, 2, 3044-3049.

[31] Y.-H. Lim, K. F. McGee, Jr., S. McN. Sieburth, J. Org. Chem. 2002,
67, 6535-6538.

[32] a) D. M. Hodgson, D. Angrish, A. H. Labande, Chem. Commun.
2006, 627-628; b) D. M. Hodgson, D. Angrish, Adv. Synth. Catal.
2006, 348, 2509-2514.

[33] For competitive cyclopropanation and cross-metathesis with EDA
and alkenes in the presence of Ru,(OAc), see: a) A. F. Noels, A.
Demonceau, E. Carlier, A.J. Hubert, R. L. Marquez-Silva, R. A.
Sanchez-Delgado, J. Chem. Soc. Chem. Commun. 1988, 783-784;
b) A. F. Noels, A. Demonceau, D. Jan, Russ. Chem. Bull. 1999, 48,
1206-1211.

[34] a) B. G. Kim, M. L. Snapper, J. Am. Chem. Soc. 2006, 128, 52-53;
b) B.P. Peppers, S. T. Diver, J. Am. Chem. Soc. 2004, 126, 9524—
9525; ¢) G. Maas, Chem. Soc. Rev. 2004, 33, 183-190.

[35] F. Monnier, D. Castillo, S. Dérien, L. Toupet, P. H. Dixneuf, Angew.
Chem. 2003, 115, 5632-5635; Angew. Chem. Int. Ed. 2003, 42, 5474—
5471.

[36] a) A. Fiirstner, O. R. Thiel, L. Ackermann, H. J. Schanz, S. P. Nolan,
J. Org. Chem. 2000, 65, 2204-2207; b) A. Fiirstner, O. R. Thiel, L.
Ackermann, Org. Lett. 2001, 3, 449-451; c¢) C.W. Lee, R.H.
Grubbs, J. Org. Chem. 2001, 66, 7155-7158.

[37] D.S. Wulfman, B. W. Peace, R. S. McDaniel, Tetrahedron 1976, 32,
1251-1255; see also: B. K. R. Shankar, H. Shechter, Tetrahedron
Lett. 1982, 23, 2277-2280.

[38] The use of catalyst 1 leads to more readily interpretable spectra.

[39] *J(H,H)=16 Hz for CH=CH; formation of the E (rather than Z)
alkene here (compare the earlier preference for maleate,
Scheme 10) may reflect the reversibility in the addition of EDA to
the comparatively more-stabilised metallocarbene 15.

[40] a) E. Galardon, P. L. Maux, L. Toupet, G. Simonneaux, Organome-
tallics 1998, 17, 565-569; b) H. M. Lee, C. Bianchini, G. Jia , P. Bar-
baro, Organometallics 1999, 18, 1961—-1966.

[41] a) M. Ulman, T.R. Belderrain, R. H. Grubbs, Tetrahedron Lett.
2000, 41, 4689-4693; b) A. Demonceau, A. F. Noels, E. Saive, A.J.
Hubert, J. Mol. Catal. 1992, 76, 123-132.

[42] For other examples of Grubbs type catalysts playing a dual catalytic
role (typically metathesis followed by ruthenium hydride chemistry)
see: a) J. Louie, C. W. Bielawski, R. H. Grubbs, J. Am. Chem. Soc.
2001, 723, 11312-11313; b) A. Fiirstner, A. Leitner, Angew. Chem.
2003, 115, 320-323; Angew. Chem. Int. Ed. 2003, 42, 308-311; c) B.
Schmidt, Eur. J. Org. Chem. 2004, 1865-1880.

[43] A.B. Pangborn, M. A. Giardello, R. H. Grubbs, R. K. Rosen, F.J.
Timmers, Organometallics 1996, 15, 1518-1520.

[44] C.J. Moody, A. M. Z. Slawin, D. Willows, Org. Biomol. Chem. 2003,
1,2716-2722.

[45] The Z/E stereochemical assignments were made by comparison with
literature data or with the commercially available sample (5a, 5S¢,
5d, 5h and 5j), or by analogy (typically, dy for =CH 6.20-6.30 ppm
for maleates and 6.60-6.85 for fumarates).

[46] A. Goti, S. Cicchi, M. Cacciarini, F. Cardona, V. Fedi, A. Brandi,
Eur. J. Org. Chem. 2000, 3633 -3645.

[47] The Z/E stereochemical assignments for the 1,2-dialkyl-substituted
olefin fragment were made from differences in the *C NMR shifts
of allylic carbons on the basis of y gauche steric effects (see: H.
Giinther, NMR Spectroscopy: Basic Principles, Concepts, and Appli-
cations in Chemistry, 2nd ed., Wiley, Chichester, 1995, pp. 501-504).

Received: November 27, 2006
Published online: February 9, 2007

Chem. Eur. J. 2007, 13, 34703479

© 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

www.chemeurj.org — 3479


www.chemeurj.org

