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Abdnct-Rcactiotions of q%qmxy dia?.omctJlyl kctom% la-l with Mhted coppr powder or cuppa sutfate in 
methaaol(orethanol)kadto1,1-~oxy-but-3-eae-2-oaes2(or3)in~yields.Thiaprocesaofoxy~en 
traosfer proceds O&I inithlly gmrated k&ahahh which react intramolcadarly with the epoxide fumtion to 
pivebicycliciatermsdiatesI..Release0fshraiaandsubsequent~openispproducesbut-3-ene.1~.rlioaes 
whichacetalisetogivetheuHimateresctionproductst(or3).WitbcopperascaEalystbyprodoctswereisolated,oiz 
l,l-diellroxy-4-hydroxy-butene-2-ones(4and~,andindaaonederivative~.Ane~~afor~side 
reactions hai be80 given. - 

enable the study of intramolecutar interactions as well as 
selective transformations of the epoxide and the 
diaxoketone function. These compounds are now readily 
available by the reaction of glycidic carbonic anhy- 
drideslJ or glycidyl chlorides2 with diaxomethane and by 
Darxens condensatioo of 3 - chloro - 1 - d&propanone 
with aromatic aldehydes.‘-’ In a previous report’ we 
showed that epoxy diaxomethyl ketones selectively react 
with hydrogen chloride in ether at the diaxoketone 
moiety, whereas with boron trithmride etherate’ a selec- 
tive reactioo takes place at the epoxide function. Photo. 
chemical t&ering of the diazoketone group leads to 
ketocarbenes that uudergo a Woitf marmngemeot to 
epoxyketenes.“Ihtring irradiation in benzene these reac- 
tive in&mediates cyclise to butenobdesp white in 
me&anol these ketenes solvolyse to y-hydroxy- 
crotouate3P 

The use of metal catalysts in the reaction of 
diaxoketonesisrecognixedasageneralmethndto 
generate ketoc&enes, or rather ketocarbenoid species, 
of which the proclivity to undergo a WoM -meat 
is suppressed. By performing the reaction in an alcoholic 
medium diaxomethyl ketones are usually converted into 

t’hsampmducthwuoMaiuedbyWodscymdKbaliI’by 
ndoxise epoxy ISazomctbyl ketone 18 in uwaafwl for 48hr. 
mXcauthorsa~ttbatakc~aeisnotintamediPtcin 
thistbmmlysisresctiw. 

1 2(R = Me); 3(R = Et) 

alkoxymethyl ketones.’ It is also known that a car- 
bethoxycarbeooid can de-oxygenate epoxides! The aim 
of the present study is to establish whether a selective 
reaction of the diaxoketone moiety in a&poxy 
diaxomethyl ketones 1 with copper and copper salts can 
be accomplished. 

Treatment of la with activated copper in retluxing 
methanolfor3hrgave 1.1.dimethoxy-4-phenyl-3. 
buten - 2 - one 2a in a yield of 74% (Scheme 1, Table 1). 
Thestructureofthisproductisbasedonthespectml 
datawhichareinfuUaccordancewithtlunereportedin 
literature.*t Similarly, diaxoketone la pave in refhuise 
ethanoldiethoxyamuogue3a(8o%).lhisproductwas 
derivatised by a Michael addition with p-tohtene&inic 
acid to give 1,l - dicthoxy - 4 - phenyl - 4 - p - 
tolylsulfonyl - butan - 2 - one whose m.p. and spectral 
features were identical with those reported by Schank d 
u/.~ Substrate lb reacted with copper to give products 2b 
and 3b, respectively, in moderate yields. However, wbeo 
anhydrous copper sutfate was used as catalyst cleaner 
reactions and better yields were obtained (see Table 1). 
The results with other epoxy diaxomethyl ketones arc 
coUe&d ia Table 1. 

In some cases byproducts were isolated when copper 
was used as catalyst. Substrate lc gave, besides k, also 
y-hydroxy compound ‘4. Siiy, lg kd to 2g and 5. 
Thestructumsof4andSwereapparentfromtGr 
spectra (Experimental). An entirely d&rent type of an 
additional product was obtained by treatment of lb with 
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Starting Haterial -____-_ ________- 

ul R2 R3 

Table 1. 

Products 

with Cu/ROH with CuS04/ROH 
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Ph2CH 

H 

H 

p-MaPh 

Ph 

26 (3 hr. 74%). ?a (3 hr. 80%) 

zb (I hr. 45%). zb (I hr. 44%). lb (I hr. 65%). b (1.5 hr. 72%) 

zb (2 hr. 56%) 

gd (I hr. 87%). d (I hr. 78%) 

+ (4 hr. 32%)‘. 2c (1.5 hr. 57%) 

zf (I ht. 46%) 

28 (3 hr. 35X)‘** 28 (1.5 hr. 80%) 

zh (6 hr. 42%) 

zi (5 hr. 21%) 2i (I hr. 61%) 

l Alon with a (35%). 

l ’ Along with f (43%). 

***Along with 2 (16%). 

All reactions were performed in rcfluxiag alcohol ROH. 

copper in refluxing ethanol. In a yield of 35% a yellow 
compound was isolated (besides 3h) to which structme 6 
was assigned on the hasis of a correct elemental analysis 
and the following spectral data: IR u!,% 1798 (GO), 
1625 (C=C) cm-‘; m/c: 264 (I#); ‘H-NMR (CDCIS): 6 
1.22 (t, 3 H, C&C&); 3.59-4.17 (m, 2 II, CI&CH,), 4.78 
(s, 1 H, methine proton), 6S7.75 (m, 10 H). In the latter 
multiplet the signal of an olefinic proton was hidden as 
was revealed by using shift reagent Pr(fod)S. These 
spectral features were compared with those of related 
compounds 7 (vi; 1739, 1625 cm-‘)” and 8 [v,,,., 
1755 cm-‘; ‘H-NMR (CDCI,): 6 1.25 (t, 3 H, CH&&), 
3.27-4.22 (m, 2 H, CWH,), 4.79 (s, 1 H, methine pro- 

ton)]. Furthermore, on catalytic hydrogenation with 
Pd(C)& one equiv. of hydrogen was taken up; the 
resultin reduced product showed a CO absorption at 
1755 cm-‘. 

The results described above clearly reveal that both 
the diaxoketone and epoxide function are involved in 
these copper and copper stdfate catalysed reactions of 
epoxy diaxoketones. The products formed can be 
rationalized as is pictured in Scheme 2. Intramolecular 
reaction of the initially formed electrophilic carbenoid 9 
with the epoxide function leads to bicycle intermediate 
10 which conceivably releases strain to give intermediate 
11. Subsequent ring opening 9ives unsaturated rr-oxoal- 

11 - 12 2 

1 MeOH 4 
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dehydc 12 which then acctaliacs rapidly under the cob 
ditions of the reactioa.’ However, this resction sequence 
does not take into account that the diastetwaeric sub 
strates lb aad Ic lend to the snare product 2b whea 
treated with copper sulfate in arethsnol. This stereo- 
&en&al result can be uaderstood by invoking a step- 
wise aon-synchronous solvolysis of II. Protoaation of 11 
by methaaol produces 13 which thea opeas to meso& 
cation 14 In the hitter species i~~~n at Cd can be 
readily envisaged. Loss of a proton egnin leads to a- 
oxoaldelryde IX AMrough a direct coaversion of If to I2 
with product isomerisstion aftewa& cannot be 
excluded, tbe route oia 13 and I4 is preferred. 

The ~_hydroxy compounds 4 sad 5 most likely arise 
from reaction of oxononiuar iatemwliates 13 with 
methanol at C, to give tied acetals 15 which then 
undergo a transscetalisstioa with methsaol to the 
products isolated. An alteraative, oiz Michsel addition of 
water to 2, was ruled out by the complete recovery of 2e 
sad 2g from an attempted resction with wster/metbanol 
ia the presence of activated copper. It should slso be 
noted that the hydroxy cog 4 sad 5 ore stable 
under the conditions of the resctioa, no conversion to 
slkene oxoacetals 2 wns observed. 

Prom tbe structure of indanoae derivative 6 it is sp- 
parent that its form&ion involves an iatramoleculxr 
electrophilic aromatic substitution of tire CG-pbenyl 
group. Probably, the required electrophilic precwsor 

PhCH=CPhC(=O)CH=8Et is formed from 12 by resction 
with ethanol. In a separate experiment it was ascntained 
that tbe scetal3b under the condition of the reaction (or 
by catalysis with sa acid such as p-tolueaesuIfoaic acid) 
does not cyclise to 6. 

In sum+ epoxy ketocarbenoids generated from 
epoxy ~~~~1 ketoaes with copper undergo an ia- 
tramoIecular oxygen transfer to give slkene oxoscetals 
as the ultimate products. 

-AL 

All m.ps M: umarc&daodwcrcdctcrmhdons~ 
m.p. m&scope. IR Spectra were run on a P&in-Blmcr 257 
gratiq spMrom&r. ‘II-NMR spectra wm nxordcd on a 
varian EM-390 llsiog TMS as illternal shodard. Bkmcntal 
aualyscswcrccarrkdoutbyMr.J.Dkmmaaa(MkroAmdytkal 

copper powder was prcpgnd accordipg to Vogel,” 

- of epoxy dtdomefhyl k&mu 1 IUM Cuso‘ or 
-cu. 

cknd pnmrbvr A solo of 1 (l-2 mmok) in MGOH (or 
EtOH)(25ml)cohningCnSO,(2OOmg)(aractivatcdCupow- 
der,208mg)wasbratalatR.hx.llIcprogrWoftbereaction 
was folkwed by Wncelltratiug an aliquot at inte#valr sod 
ra&ioganIBspcctru.WbcntbediaxoabsorpWbaddis- 
rpp#vedthemactionwa.scompletc.Afterwol&fUtmtionaod 
removal of the solveot the residua was chromate on 
a~ltsiagdktdoromettpaeasehwnt.Most~2wcrc 
obhaiasoik.Comp0uih2baod2dwcrccrystaBisedfrom 
EtOH(Wrectfh!mcnbIlaJ3slyseswercobGal).Tbcrcspcctive 
~~~~~~~~T~.~~ 
fmtnrcs rasd as follows. m @=0), w(W; ‘H-NMR: G-H, 
d&lie Ii. N!lnsiake aotl: 2X IR (Ilc& 16lXLl690* 1608cm-‘: 
‘H-NMR (CC!& g 2.49 (s; 1 H), 6.9iI + i.69 (ABq. 2 ii, J 17 Hx); 
3.44 (s, 6H). 7.~7.gO (m. SH). 2bz lR (?Sr): 1690, WOcm-‘; 
NMR KDCl& 8 4.95 0. 1 H). 7.89 (s. 1 H), 3.37 (s, 6H), 

6.87-7.58 (m, 10 H). Id: IR (KBr): 1670,162O cm-‘; NMB (CCld: 
g 4.67 (a. 1 II). 5.48 (s, 2 H). 6.60 (I, 1 H), 3.34 (a. 6H), 6.S7.33 
(m. 10 h). Zc: JR (neat): 1690,162O cm-‘; NMR (CC&): g 4.22 (s, 
1 HI. 6.12 Is. 1 HI. 3.35 Is. 6HI. -1.4-28 Im. lOHI. 21: fR(natl: 
1698, l62O’c&hfR j&l& 6 4.28 (s:l if), 6.i4 (br. s; 1 Hi 
3.33 (s. 6H), 1.4G3.0 (m, 8ii). a: lB (neat): 1680, 161Ocm-‘: 
Nhfft (Ccl,): d 4.25 (s, 1 H), 625 (a, 1 H), 3.35 (s, 6IQ, 1.62.15 
(m. 12H), 2.41 (Iw. s, 1 H), 4.10 (br. s, 1 H). 21: fR (neat): 1698, 
16ilOcm-‘; NMR (CDCl& 8 4.43 (s, 1 H), 1.66 (s, 3 H), 2.05 (8, 
3 H), 3.18 (s, 6 H), 7.OS7.44 (m. 5 H). 

3x Ut (neat): 1690, 162Ocm-‘: NMR (CC@: 8 4.61 (I, 1 H). 
7.00+7.% (AI&. 2 H, I 15 Hz), 1.23 (1,2x 3 IT). 3.18-M (m, 2x 
2 WI. 7.10-7.75 fm. 5 H). 3b: fR (neat): 167&1700, lblOcm-‘: 
NMR (WI,): d‘ 4180 (;, 1 H), 7% (8; 1 H), 1.22 .(t, 2x 3 H); 
3.1M.97 (m, 2x 2H), 6.72-7.45 (m, 1OH). 36: fft (acat): 1670. 
MOOcm-‘: NhfB (CC&): 6 4.71 (I, 1 H). 5.44 (s, 2H). 1.15 (1, 2x 
3 HI. 3.14-3.90 (m. 2x 2 Hh 6.65 (s, 1 HI, 7.10 (br. s, 10 H). JL: IR 
(ti): 1680, 1600cm-‘; NMB (CD&): 8 4.93 (8, 1 H), 7.77 (a, 
1 HI. 1.18 (1. 2x 3 H). ~~,~ , I 

3.19-3.84 Im. 2x 2 HI. 2.33 6. 3 HI. 
6.89-7.M (m, 9 H). 31: ik (neat): lti, is00 cm-j; NMR i&X&ii 
g 4.57 (s, 1 Ii). 1.09 (t, 3 H), 1.67 (s, 3 H), 2.84 (s. 2x 3Hh 
3.13-3.7O(r2x2H),6.8&7.5O(m,5Hf. 

Reo&n of lb w&h Cu in EtOH. A soln of lb WJmg, 
19mmok) in abs EtOH (4OOml) containing freshly achtcd 
Cii-pwder (15Omg) was rctluxcd for 1 hr. A&r tihtion and 
concentration the residue was chromatograpbcd on plates 04, 
CH&). Tbc upper band gave after extraction with c&r solid 6 
(175 mg, 35%), m.p. c-4 115” (light yellow crystals from EtOH- 
Hfi). (Found: C, 81.61; H, 5.96; Calc. for C&,&: C, 81.82; H, 
6.86%) Spectra see text. The lower band gave after extra&n 
with ether oily 3b (259 mg, 44%). spectra side supm 

Coralrtk d&ion of idanone 6. A soln of 6 (153 nt& in 
&OH $5 ml) to which ii small amount of Pd(C) was addcd,was 
exposed to Hz (1 atm) for 1 br; slightly mocc than one cquiv of HZ 
was consomed. work-up gave a coloarkss oil (141 I&. fft v,: 
1755 (00) cm-‘, no absorption of 8 C=C baad. 

1-~~oxg-~-2-0nc(~.2-Brow,-iadrne-2-01’* 
(21.3 g, 0.10 mok) ws addai to a soln of N&Et (from 2.5 g Na) 
~~H(~~).~~a~~n~~~~ 
r&u for 16 hr (uadcr N& Evaporah of solvent gave a residue 
~h~e~~~~.~e~~ln~~ 
(H20) and drkd (&SO,) and conccntratal. The residue was 
distihi, b.p. 112-llaoll mm Hg, yield 8.24g (47%). ‘H-NMR 
(CDCI,): 6 1.28 (t, 3 H, C&C&), 2.35 (s, 1 IQ, OH), 2.48-3.50 (d 
of q, ZH, C&I, 3.75 (9, 2H. CHDI,), 4.22-4.77 (m. 2H. 
m&inc H’s), 6h7.42 (rni 4 If). 

fiMddorto8. CrO,(3.0g,3Ommok)wasaddedtoasolnof 
pyridinc (4.75 g) in CH&I, (75 ml), after stirring for 15 mia a soln 
of lutboxy-indaool-2 (980 nq, 5.0 mmole) in CH& (5 ml) was 
added.AftcrstirriIufor15min.extracthwithcthruoml)and 

ifac&n of le iui& Cu in &OH. & soln of le (367mg, 
2.15 mmokl in b&OH (25 ml) co&aioh freshlv activated Cu- 
~~~~~~~r~~f~4~.~n~ 
removal of solvent gave a residue which was chroamt- 
(m. CH&) ahdiug 2e (138 mg, 32%). Ehhoa with CH& 
etln?z1:1gave4asanoil(2ahg,43%);lR(nL?at): V-3520- 
2560 (OH), 1730 (GO) cm-‘; ‘If-NMR (CC&): 8 O.RL1.80 (m, 
10 H). 2.56 (s, 2 H, Cl&), 3.04 (br. a, 1 H, OH), 3.35 (s, 6H, 2x 
Me). 4.28 (s. 1 H, C-m. 

Rea&~1oflg1&CuinMeOH.Asolnoflg(3OOq, 
1.3 mmole) in I&OH (40 ml) contaiah freshty activated (Co- 
powder(lSOnrg)washeated.~nh;for31;.W~~(ddr 
supm) and chroma@aphy (ahmhx, CH&) gave a 1: 1 mix- 
~Of~~S~~~).C~~~~~~ 
ether (6Wo) gave 5 (55 qt. 16%), m.p. 6Mo.f; fR YZt”: 3548 
(OH). 1720 (co) cm -1; ‘H-NMR (ecu g 1.15u.59 (m, 14H). 
2.90 (s, 2 H, CH& 3.38 &r. s, 1 H, O@), 3.48 (s. 6 H, 2x Me), 4.2@ 
fs. 1 H. C-HI (Fom& C. 69.20: H. 8.94: Cak. fa C&&h: C. 
ii.14 H, 9:ti1si;, From the mot&.iiqo& tbic& lay&-canwrto- 
gIsphy(Sii,cHzchtbcrl0:1)gaveoily2g(lllmR35%). 
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