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Abstract: Treatment of diazo substituted pyn-olidinones with a catalytic amount of rhodium(k) ac- 
etate in refluxing benzene results first in the formation of a rhodium carbenoid which then cyclizes 
onto the neighboring carbonyl oxygen to produce an isomgnchnone ring system. Subsequent cy- 
cloaddiiion across the pi-bond of an added dipolarophile affords 1 Jdipolar cycioadducts in high 
yield. The isomflnchnone derived from 2diazoacetyL2-pyrrolidinone reacts readily with both elec- 
tron-rich (diethyi ketene acetal) and electron deficient (N-phenyl mafeimide, methyl vinyl ketone) 
dipolarophiles. The regiochemical results are in full accord with FM0 theory. The frontier orb&i 
coefficients of the isomonchnone were determined by semi-empirical AMAC calculations. When 
acetylenic dipolaro-philes were used as the trapping agents, the expected dipolar cycloadducts were 
not isolated, but undetwent a 4+2-cycforevetsion instead to furnish furanolsocyanates. The isocyan- 
ates were characterized as their urethane derivatives by reaction wlth methanol. 

The 1,3dipolar cydoaddition reaction has long been recognized as a favored strategy for the 

synthesis of heterocydic rings, often with a high degree of regio and stereochemical controLl Experi- 

ence indicates a concerted mechanism and frontier molecular orbital theory has successfully explain- 

ed both the relative rates and regioselectivity of these cydoaddiiions.2 During the last decade a new 

impulse has been given to research in this field when it was found that mesoionic compounds under- 

go 1 Jdipolar cydoaddiiion with various dipolatophiles. 3-5 Of the known mesoionic hetemcydes, the 

structure, physical properties, and reactions of munchnones and sydnones have drawn the dosest 

scrutiny.69 Studies with these two mesoionic systems have generated considerable theoretical 

interest and have resulted in practical, unique syntheses of numerous functionafized monocydic and 

ring annulated heterocydes.s-i5 

Whereas the chemistry of 1,3-oxazolium-5-elates (mgnchnones) has been studied in great 

detail,ts much less is known about the isomeric 1,3-oxazolium-4-oxides (isomlfnchnones).t7-21 This 

class of mesoionics has been prepared by several different methods.=-= Our interest in the chemis- 

try of isomanchnones stems from studies in our laboratory dealing wlth the rhodlum(ll) catalyzed 

reaction of adiazoketones in the presence of various heteroatoms.27 In a series of papers we have 

demonstrated that the rhodlurn(ll) catalyzed reaction of diazodiones proceeds by lnlliai formation of a 

cyclic carbonyl ylide, followed by a 1,3dipofar cydoadditfon wlth a suitable dipofarophile (eq t).= 

However, little was known about the interaction of the metal cathenoid wlth other catbonyl groups 

when we started our work in this area. 29 We soon discovered that diazoimides of type 8 readily 
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cyclize to produce isom0nchnones (i.e., 9) when treated with catalytic quantities of a Rh(ll) carboxy- 

late (eq 2).*1 In this paper we describe the results obtained using P-pyrrolidinone as a reagent for the 

preparation of cyclic isom9nchnones and the resulting bimolecular cycloaddition chemistry. 
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Results and Discussion: 

Even though the bimolecular cycioaddition reaction of isomgnchnones has been reported in 

the iiterature,t71ts the range of their structural variation has remained somewhat narrow. In virtually 

every investigatlon to date, at least one of the substituents of the isomflnchnone is an aryl moiety 

presumably due to electronic stabilization of the dipole to a sufficient degree to allow for its facile 

generation. In order to broaden the utility of this mesoionic species for organic synthesis, we thought 

it worthwhile to investigate the possibiliiy of generating transient isomunchnones in which the perfph- 

eraI substituents were part of a cyclic system. With this in mind, diazoimide 1 2 seemed to be an 
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ideal candidate for such a study. The preparation of 12 pmed to be quite stnightforwatd and is 

outlined below. Heating a eample of Ppyrmliiinone with 2~,&trimethyl4+1,3diixen-4-on~ in 

xylene at 140°C wae Mowed by &on with mesyl arti in the presence of ttiethylamine to afford 

diazoimide 11 in high yield. mation of 11 wae accompiiied by treatment with excess 

pynolidinfl at PC to give 1 Pa8 a ctyetalline eolii, mp 46-WC, in virtually quantiWve yield. 

Diazoimide 12 ie remakably etable and can be kept for weeks at mom temperature without notice- 

able decomposition. 
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A sample of cyclic diazoimide 12 wee allowed to react with rhodium(H) acetate in refluxing 

benzene and the initiily formed rhodium carbenoid cycked onto the ajacent imide carbonyl group, 

producing an ieomgnchnone dipole (13). This species readily underwent 1,3dipolar cycloaddiiion 
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with N-phenyimaleimide to afford the expected dipolar oycloaddud 14 as a 2.411 mkcture of end0 

and 8x0 isomers in 66% yield. No products resulting from potential oompeMii C-H insert&n could 

bs detected.- The assignment of stereochemistry was made upon inspeokon of the proton NMR 

coupling constants. A molecular mechanics caloulation~ of the -o&duct shows that the 

dihedral angle between protons HA and He is approximately 40’. The Karplus mlationsbip predii a 

coupling coo&ant of 6.7 Hz while the observed value is 6.4 Hz. The endpcydoaddud M a 

dihedral angle of n0 between Hc and Ho, a value for whii the Karplus relationship pmdiots a cou- 

pling constant of 0.3 Hz. This prediion agrees well with the absence of observed coupling between 

the two protons. 

When DMAD was used as the trapping dipolarophii the expected cydoaWuot was not iso- 

lated. Instead, furanoisocyanate 16 was initially formed (IR 2280 cm-l) and was subsequently 

trapped with methanol to give urethane 17. The formation of 16 is the result of a 4+2cycloreversion 

of the initially formed dipolar cycloadduct 15 under the reaction condiions. 
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lsomgnchnones contain a carbonyl ylide dipole within their framework and am therefore willing 

participants in 1,3dipolar cycloaddiion.s Of the three categories described by Sustmann,s7 type II is 

partkxlarty common for carbonyl ylii since they possess one of the smallest HOMO-LUMO energy 

gaps of all the common 1,3dipoles.~ The HOMO of the dipole is dominant in reactions with electron 

deficient d@olarophiles whereas the LUMO of ths dipole is the controlling molecular orbital in reac- 

tions with electron rich dipolarophiles. lt was therefore surprising to discover that isomgnchnone 13 

did not undergo cycloaddiiion with diethyl ketene acetal or other electron rtch dipolarophiles. The 

only isolable material proved to be hydroxyimide 19 which is formed by the addiion of adventitious 
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water to isomOnohnone 19 followed by oollapee of the hemiaminal 18 to 19.23 
The inability of isomOnchnone 13 to undergo cydoaddition with diethyl ketene aoetal raised 

the question as to whether the more electronegatlvely substituted isom0nchnone (Le., 20) derived 

from diazoimide 11 might be able to react with this electron rioh dipolarophile. In fact, the Rh(ll)- 

catalyzed reaction of 11 with diethyl ketene acetal in benzene proved to be a remarkably efficient 

process (92%). especially in light of the unwillingness of 12 to undergo cydoaddiion with thii dipola- 

rophile. The regiocheinii of oy&adduct 2 1 is based upon a FM0 analysis (see Table I) of the 

reaction. In this caee, the dominant interaction is the LUMOdipole HOMO-dipolarophile (type Ill), 

0 

& 

CH, 

0 

21 

which predkzts formation of cycloadduct 2 1. The frontier orbital coeffkzients at the reacting centers of 

isomOnohnone 20 were cakulated by using the QCPE AMPAC program with the AM1 Hamiltonian. 

UNDO oalculations indicate that the atomic coefficient at the amide carbonyl center (i.e., t&) is larger 

(0.69) than the acetyl subMuted center (Le., C& (0.60)) in the LUMO. lt is well known that the Cg- 

coeffident of the HOW of diethyl ketene acetal is larger than the C, ooefftdent and oonsequently 

cydoadcWt 2 1 is predkted to be the major regioisomer formed. 

The hiih yield of the oyoloaddltion of dl&hyl ketene aoetd wlth isomOnchnone 20 led us to 

explore whether oydoaddltion would oocur pt&rentMy acmss an eleotron-rich or electrondeflcient 

dipolarophile if both pathways were avail-. In orderto pmbethie point, the maction ofdiazoimkfe 

11 with Rh(ll) 8cBt8te in the presence of a 1:l mixture of N-phenylmaleimkfe and diethyl ketene 
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Table I. HOMO and LUMP Energiesand Coef6cients for lsomflnchnone 20 

atmnno. c3 c5 

HOMO coeff -0.72 +0.31 

LUMC coeff +0.30 i6.69 

envy =fpruaaion 
AE eV 

tspokqwle tvpec rvpe IIP 
diethyi ketone acetal 9.36 6.69 

N-phenylmaleimide 7.05 10.63 

methyl vinyl ketone 6.45 9.65 
DMAD 6.02 10.94 

methyl propiolate 6.65 10.55 

acetal was carrled out. The only product isolated from the reaction corresponded to cydcadduct 22 

derived from the cycloaddition of 20 with Nphenylmaleimkfe. MNDC calculations indicate that the 

smaller energy gap (AE = 7.05 eV) corresponds to the type I process and consequently reaction of 

isomOnchnone 20 occurs preferentially with the electron deffdent dipolarophile (see Table I). When 

an unsymmetrkal dipolarophile such as methyl vinyl ketone is used, the main interaction is between 

its LUMP and the HOMO of the dipole (type I) which correlates to the exclusive formation of cyclo- 

adduct 23. In this case the atomic coefficient at the f&-carbon of the isomOnchnone is larger than 

the Cs-carbon for the HOMO. Cycloadduct 23 readily undergoes GO bond cleavage when exposed 

to acklii conditions. The initially formed acyl iminium ion loses a proton to produce 24 in quantitative 

yield. 

The rhodium(ll) catalyzed maction of diazoimide 11 in the presence of acetylenic dipolaro- 

phi& also proceeds smoothly. Thus, reaction of 11 with DMD pro&kid crude isoqnate 28 (2300 

cm-t) which on treatment with methanol gave furan catbamate 27 in 90% overall yield. It should be 

noted that the related reaction of isom6nchnone 13 with DMAD pmceeded in only 29% yield cleariy 

indicating the importance of the acetyl group in the cycloaddition pmcess. Apparently the prese.nce of 

an addiinal electron withdrawing group at the hnionfc” terminus helps stabilii the dipole and 

faciliies the cycloaddition. The difference in reactivky of tlwisemflnchnones derived fmm diazo- 

imides 11 and 12 is even more pronounced in their reactions with methyl propiolate. While the Fth(ll) 

catalyzed readion of 12 with methyl propiolate failed to give a cyclo&duct, readjOn of 11 provided 



Bimolecular cycloaddition reactions of isomiinchnones 2595 

caMmate 2 6 in 66% yield. The type I interaction favors regioisomer 2 6, exactly as obsenred. 

One final point worth noting is that no detectable quantities of a ~lactam were found in these 

Rh(ll) catalyzedreactions. The initially formed rhodium carbenoid prefers to cydize onto the @@cent 

amide carbonyl group rather than undergo intramolecular carbon-hydrogen insertion as was encoun- 

tered by Doyle with acyclic dlazoacetamides. 34~ More than likely, the preferred rhodium catbenoid 

(i.e., conformer 29) Is the one which avoids an unfavorable dipole repulsion between the two amido 

groups (i.e., conformer 90). 

20 

In conclusion, the facility wfth which the rhodium(ll) catalyzed cy&ationcydoAdiion reac- 

tions of cydic diazoimides occurs makes these proceases partWarty attractive for the synthesis of 

nitrogen containing polycycles. Dipolar rep&ion between the carbonyl groups favors that conforma- 

tion in which the amide carbonyl group two atoms removed from the original diazo carbon is oriented 
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in close proximity to the electrophii metal carbene center. We am continuing to explore the scope 

and mechanistic details of these rhodium catalyxed processes and the use of lsomOnohnones for 

hetstooydic synthesis. 

Experlmental Section 
Melting points were determined on a Thomas-Hoover capillary melting point apparatus and are uncor- 
reued. Infrared speotra were run on a Perkin Elmer Model 263 infrared spectrometer. Proton NMR 
spectra were obtained on a Varian EM390 and a GE GE-300 speotrometer. tsC-NMR spectra were 
recorded on an GE QE-300 75 MHz speotrometer. Mioroanalyses were performed at Atlantic 
Microlabs, Atlanta, Ga. Mass spectra were determined with a VG MM707OS mass spectrometer at 
an ionizing voltage of 70 eV. 
Preparation of 1-(2-DIazoaoetyl)-2-pyrrolldlnone (12). A solution oontaining 2.55 g (30 
mmol) of P-pyrroliiinone and 5.12 g (36 mmol) of 2,2,6-trimethyl- ,3diixen-4-one in 30 ml of xylene 
was heated at reflux under a nitrogen atmosphere for 90 min. The solvent was removed under re- 
duced pressure, and the residue was purified by silica gel chromatography using a 51 hexane-ethyi 
acetate mixture as the eluent to give 4.60 g (94% yield) of 1-(1,3diixobutyl)-2pyrrolidinone (10) as a 
colorless oil; IR (neat) 1750,1690,1630,1565,1400,1370,1330,1170, and 1025 cm-f; NMR 
(CDCl3,90 MHz) 6 1.97 (m, 2H), 2.20 (s, 3H), 2.50 (t,2H, J-8.0 Hz), 3.75 (t,2H, J-76 Hz), and 3.96 
(s. 2H). 

To a solution oontslnlng 460 g (26.96 mmol) of the above &ketaimide and 4.26 g (31.66 
mmol) of mesyl axide in 30 mL of aoetonltrile was added 4.5 ml (56 mmol) of trfethylamine under a 
nitrogen atmosphere at room temperature. After stirring for 3 h, the solvent was removed under 
reduced pressure, and the, residue was subjeoted to silioa gel chromatography using an ethyl aoetate- 
hexane mixture as the eluent. In this manner, 4.96 g (66% yield) of 1-(2diazo-1 &dioxobutyl)-2- 
pyrrolidinone (11) was obtained as pale yellow crystak, mp 51-52oc; IR (CHCIs) 2156,1740,1655, 
1645,1360,1320,1235, and 1190 cm-f; NMR (CDCls, 90 MHz) 6 2.00-2.20 (m, 2H), 2.47 (s, 3H), 
2.60 (t, 2H, J-6.0 Hz) and 3.65 (t, 2H, J-8.0 Hz); Anal. CakxI for C&N&: C, 49.21 H, 4.65; N, 
21.54. Found: C, 49.07, H, 4.55, N, 21.36. 

To a solution containing 1.44 g (7.36 mmol) of diioimide 11 in 17 mL of methylene chloride at 
Ooc under a nitrogen atmosphere was added 3.1 mL (37mmol) of pynolldine over a 3 min period. 
The solution was stirred for 2 h at Ooc and the solvent was removed under reduced pressure. Sub- 

jecting the residue to flash silica gel chromatography using a 67% hexane-ethyl acetate mixture as 
the eluent gave 1.09 g (92% yield) of 1-(2diazoacetyl)2-pyrrolidinone (12) as a yellow solid, mp 46- 
47%; IR (neat) 3111,2100,1730, and 1624 cm- ‘; NMR (CDCl3,300 MHz) 6 1.99 (quin, 2H, J~6.2 
Hz), 2.55 (t, 2H, Jp6.2 Hz), 3.63 (t, 2H, J-8.2 Hz), and 6.66 (s, 1 H); ‘sC-NMR (CDCl3.75 MHZ) 6 
16.5,32.9,45.0,49.7, 164.1, and 174.7. Anal. Calcd. for C&N3Os: C, 47.05; H. 4.61; N, 27.44. 
Found: C, 46.96; H, 4.61; N, 27.41. 
Rhodlum(ll) Catalyzed Reactlon of 1-(2-Dlazoacetyl)-2-pyrrolldlnone (12) In the Pres- 
ence of N-Phenylmalelmlde. A solution containing 233 mg (1.34 mmol) of N-phenylmaleimide 
and a catalytic amount of thodium(ll) acetate in 2.5 mL of benzene was heated at 6OOC. To the 
refluxing solution was added a solution containing 167 mg (1.22 mmol) of diaxoketoimide 12 In 3.5 
mL of benzene over a 20 min period. The solution was heated an additional 2.5 h at reflux and was 
then allowed to cool to rt. The solvent was removed under reduced pressure, and the residue was 
subjeoted to flash s&a gel chromatography using a 90% methytene chloride-ethyl acetate mixture as 
the eluent. The minor fmotion contalned 90 mg (25% yield) of ex&,9a-spoxy-2,3,3a,4,5,9b- 
hexahydro-1,3,5-trloxo-2-phenyk1 H-pyrrolo[3,4-g] indollzine (14-exo) as a white solid, mp 166- 
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16PC, lR(KBr)2963,2893,1716, 1383,and1190cm-1;NMR(CDC~,300MHz)52.082.20(m, 
2H), 2.38 (ddd, lH, J=14.5,6.6, and 3.4 Hz), 2.52 (ddd, lH, J=14.5,10.7, and 7.9 Hz), 2.97 (ddd, lH, 
J=11.1,9.6,and7.OHz),3.65(d, lH,J-8.5Hz),3.72(ddd, lH,J=12.2,6.5,and4.0Hz),3.93(dd, 
lH, J=8.3and6.5Hz),4.95(d, lH,J-6.4Hz),7.13(d,2H, J-7.1 Hz),and7.34-7.48(m,3H);1~ 
NMR 625.5,27.6,43.3,46.4,50.6,80.5,104.3, 126.0, 126.4. 128.7, 130.6, 171.1, 171.5, and 171.9; 
Anal. Cakd. for C1gH14Nfl4: C, 64.42; H, 4.73: N, 9.39. Found: C, 64.46; H, 4.70; N, 9.36. 

The major ftaction contained 220 mg (61% yield) of en&4,9a-epoxy-2,3,3a,4,5,9bhexahydro- 
1.3,~trioxo-2-phenyl-1 H-pyrtdo(3,4-@dolizine (14=8&o) 88 a white solid, mp 161-162oc, IR 
(KBr) 2900,1737,1713,1363, and 1190 cm-l; NMR (COW, 300 MHz) 6 2.06-2.22 (m. 2H), 2.28 (dt, 
lH, J~14.5and5.3 Hz),2.54(dt, lH, J-14.5and9.3Ht),3.12(dt, lH, J=l1.3and8.1 Hz),3_37(d, 
lH, J-6.7Hz),3.53(d, lH,J&7Hz),3.62(dt, J-11.1 and5.2Hz),4.89(~, lH),722(d, 2H, J-7.5 
Hz), and 7.32.7.4&(m, 3H); 13CNMR b25.6,26.2,42.7,45.2,50.8,81.7,105.1,125.7, 128.4,126.6, 
130.6,172.3,172.7, and 173.2; Anal. Cal&. for CleHl4N204: C, 64.42; H, 4.73; N, 9.39. Found: C, 
64.30; H. 4.66; N, 9.31. 
Rhodium(U) Catalyzed Reaction of 1-(2-Dlazoaoetyl)-2-pyrrolldinone (12) with Dim- 
ethyl Aeetylenedlcarboxylate. A @ution containing 216 mg (1.52 mmol) of dimethyl acetylene 
diixylate and a caWytk amount of rhodium(ll) acetate in 2.5 mL of benzene was heated at 8ooc 
under a nitrogen atmosphere. To thii solution was added 211 mg (1.38 mmol) of dkoketoimide 12 
in 2.5 mL of benzene over 25 min. The solution was heated at reflux for 2 h and was then allowed to 
cool to rt. The solvent w removed under reduced pressure, and the residue was died in 8 mL 
of methanol and heated at reflux for 30 min. The solution was allowed to cool to rt and the solvent 
was removed under reduced pressure. Putification of the residue by flash silii gel chromatography 
using a 1 :l hexansethyl acetate mixture as the eluent gave 119 mg (29% yield) of dimethyl 4-(3- 
amino-prPpyl-N-methylcarbowylate)-3,efurand (17) as a colorless oil; IR (neat) 2954, 
1723, 1553, and 1445 cm-‘; NMR (CDC$, 300 MHz) 6 1.62 (q, 2H, J&8 Hz), 2.67 (t,2H, 517.2 Hz), 
3.04-3.17 (m, 2H), 3.60 (s,3H), 3.77 (s, 3H), 3.61 (s, 3H), 5.33 (be, lH), and 7.73 (s, 1H); 1GNMR 
(CD&, 75MHz)524.1,27.7,39.4,51.6,51.9, 52.0, 113.3, 116.5, 145.6, 145.9, 157.0, 161.5, 162.3, 
and 163.8; Anal. Cakd. for ClaH17NO7: C, 52.17; H, 5.73; N, 4.68. Found: C, 52.14; H, 5.69; N, 
4.63. 
Rhodium(I) Catalyzed Reaction of l-(2-Diazoacetyl)-2-pyrrdldlnone (12) In the Pres- 
ence of Dlethyl K8t8IW Aoetal. To a solution containing 116 mg (1 .lO mmol) of diethyi ketene 
acetal and a cataiyk amount of rhodium(ll) acetate in 2.5 mL of benzene heated at reflux was added _ 
a solution containing 153 mg (1 .oO mmol) of diazoketoimide 12 in 2.5 mL of benzene over a 10 min 
period. The solution was heated at refiux for 1 h following the addition, and was then allowed to cool 
t0 tt. The SolWIt was Itw)1w$d Under reduced prewre, and the reddue wag purified by flagh gilii 
gel chromatography using ethyl acetate as the eluent. The only isolable fraction contained 46 mg 
(63%) of l-(2-hydroxyacetyi)-2-pyrrolidinone (19) as a colorless solid, mp 6566oC, NMR (CDClg, 300 
MHz) 6 2.10 (quin, 2H, J-7.5 Hz), 2.56 (t, 2H, J-&t Hz), 3.25 (bs, 1 H), 3.61 (t,2H, J-7.5 Hz), and 
4.61 (s, 2H); lgWWR (CDCl% 75 MHz) 6 17.6,32.8,44.6,64.1,174.2, and 175.3; Anal. Cakd. for 
CgHgN@: C, 50.34; H, 6.34; N, 9.79. Found: C, 50.49; H, 6.35; N, 9.75. 
Rhodium(ll) Catalyzed R8actlOn of l-(2-Dlazo-1,3-dioxobutyl)-2-pyrrolldlnon8 (11) 
wlth Dlethyl K8ten8 Aotal. To a solution containing 347 mg (1.78 mmol) of dizoamb 11 and 
230 mg (1.96 mmol) of diethyl ketene acetal in 5 mL of benzene was added a catalyk amount of 
rhodium (II) acetate dimer. The solution was immediately placed in an oil bath preheated to 95% and 
washeatedatrefluxfor2h. Thesohrentwasremovedunder~pressureandtheresiduewas 
purified by flash silica gel chromatography using a 50% hexane-ethyi acetate mixture as the eluent. 
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The major Won contained 464 mg (92%) of cyck&&d 21 aeacololleeeoil: IR(mret)28S4, 
1730,end1879cm-1;NMR(CDCI~,300MHz)61.11 (t,6H, J-7.0Hz), l.Sl-2.14(m,4H),2.24(8, 
3H),2.20-2.3O(m, lH), 2.43(d, lH, J-ll.SHz),3.00-3.15(m, lH),3.35-3.59(m,3H),3.61-3.73(m, 
lH), and 3.853.98 (m, 1H); 1wMFl (CDCis, 75 MHz) 6 14.9, 15.1,25.7,28.8,2&S, 43.6,45.1, 
58.6,5S.6,97.1,100.8, 109.4, 170.2, and 199.5; HRMSCakzd. forC14H21e: 283.1421. Found: 
283.1420. 
Rhodium(ll) Cdatyzod Reaction of 1-(O-Diuo-1,3_dloxobutyf)-2-pyrroltdlnono (11) In 
the Presence df N-Phenylmrlrimide. A solution containing 340 mg (1.74 mmol) of dkdmide 
11 and 332 mg (1.92 mmoi) of N-Fylmaleimlde In 15 ml of benzene together with a cataiytic 
amount of rhodlum(ll) acetate dkner wae placed In an oil bath preheated to WJC. T~IB mixture wae 
allowed to reflux for 25 mln and the solvent wae removed under reduced pressure. The reeulting 
residue wae dieeoived in methylene chloride and filtered through a pad of Celite and the solvent wae 
removed under reduced preeeure. The reeldue was purified by silica g&E chromatography using a 1 o/o 
ethyl setate-hexane mixture as the eluent to give 4-acetyl-4,9e-epoxy-2,3,3a,4,5,9b-hexehy 
1,3,5-trioxo-2phenyl-1 H-pyrmlo[3,4-01 indollzlne 88 a 1:1.2 mixture of 8x0 and erxWeomem. The 
minor fraction (35%). mp 182-1&9C, wae aseigned ae 22-oxo on the basis of Its epeotrdbdata: IR 
(CHCI~) 2360,17SO, 1740,1720,1600,1385, and 1195 cm-‘; NMR (CDCb, 300 MHZ) 62.21-2.25 
(m,2H),2.44-2.62(m,2H),2.65(~,3H),2.S&3.10(m, lH),3.74-3.84(m, lH), 3.8O(d, lH, J=S.SHz), 
3.W (d, lH, J-8.5 Hz), and 7.12-7.50 (m, 5H); 1%NMR (CDCla, 75 Mk) 625.4,27.1,27.3,43.8, 
48.3,51.6,92.1, 102.0, 125.9, 128.6, 128.7, 130.4, 168.5, 170.2, 170.7, and 197.0;HRMSCakd. for 
CleHlW: 340.1059. Found: 340.1059 

The major ftaction (44%), mp 186-l 87X$ wae assigned aB 22-ond&on the basis of its spec- 
tral data: IR (CHCl3) 1745,1600,1500,1385, and 1190 cm-l; NMR (CDCb, 300 Ml-k) 62.18-2.29 
(m, 2H), 2.38-2.48 (m, lH), 2.58-2.70 (m, lH), 2.60 (s,3H), 3.193.29 (m, lH), 3.92 (d, lH, J-6.7 Hz), 
and 7.19-7.49 (m, 5H); 13C-NMR (CDCl3,75 MHz) 8 25.4,2&O, 27.4,43.3,47.4, 52.3,92.8, 102.6, 
125.6, 128.5, 128.6, 130.4, 169.0,171.1,171.3and lS&O:HRMSCalcd. forCleHl&&: 340.2059. 
Found: 340.1059. 
Rho&urn(U) Cetatyzed Reaction of 1-(P-Diaro-1,3-Dioxobutyl)-2-piperidinone (11) In 
the Presence of Methyl Vinyl Ketone. A solution containing 202 mg (1.03 mmoi) of diazolmide 
11.80 mg (1 .14 mmol) of methyl vinyl ketone, and a catalytic amount of WxWn(fl) acetate dimer in 
5 mL of benzene was placed in an oil bath preheated to WC. The solution wae heated at reflux for 6 
h and wae then allowed to cool to rt. The solvent wae t~moved under reduced preeeun and the 
residue wae purified by flaeh silica gel Chromatography using a 60% methylene chloride-ethyl acetate 
mixture ae the eluent. The minor fraction contained 67 mg (27%) of @oaddu& 23 ae a white solid, 
mp 127-l 28OC, IR (KBr) 2954,1721,1391,1225, and 1175 cm-l; NMR (CD& 300 MHz) 6 2.02- 
2.13 (m, 3H),‘2.15 (s, 3H), 2.22 (dd, lH, Js13.0 and 4.1 Hz), 2.29 (s, 3H), 2.14-2.42 (m, lH), 2.50 
(dd, 1H, Jml3.0 and8.8 Hz), 2.92-3.10 (m, lH), 3.16 (dd, lH, J-8.8 and 4.1 Hz), and 3.63 (dt, lH, 
J18.8and3.2Hz);‘3C-NMR(CDCI~75MHz)~26.3,~.1,27.8,28.8,31.5,43.1,57.3,91.0, 103.4, 
172.7,200.3, and 205.2; Anal. Calcd. for C12H15N04: C, 60.75; H, 6.37; N, 5.90. Found: C, 60.66; 
H, 6.43; N, 5.82. 

The major fraction contained 106 mg (44%) of a pale yellow oil idenWd’a8 24 on the baeis of 
its epecW pmpertiee: IR (neat) 28SO,1715,1675,1602,1370, and 1255 cm-*: NMR (CDC$, 300 
MHz) 6 2.05 (quin, 2H), 2.24 (8, 3H), 2.25 (s,3H), 2.73 (dd, lH, J-17.4 and 2.2 Hz), 3.07-3.18 (m, 
2H), 3.18 (d, lH, J=17.4 Hz), 3.68-3.90 (m, 2H), and 4.44 (8, 1H); 1%NMFI (CD&, 300 MHz) 6 
21.7.23.9, 29.3,32.0,32.4,46.2,78.1, 108.0, 151.9,167.5, 195.6, and 205.2; Anal. Cataf. for 
Ct2HlsN04: C, 60.75: Hi6.37; N, 5.90. Found: C, 60.62; H, 6.36; N, 5.89. It should be noted that 
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cycloadduct 23 was readily converted to 24 when stirred with a trace of ptoluenesulfonic ackf in 
benzene. 
Rhodium(ll) Acotrte Catalyzed Reaction of 1 -(P-Dlazo-1,3-dioxobutyl)-2-pyrrolidinone 
(11) with Dimethyl Acetylenedlcarboxylate. A solution containing 279 mg (1.43 mmol) of 
diazoimide 11 and 223 mg (1.57 mmol) of dimethyl acetylenedicarboxylate in 15 ml of benzene 
together with a catalytic quantity of rhodlum(ll) acetate dkner was placed in an oil bath preheated to 
95OC. The mixture was allowed to reflux for 2.5 h and then the solvent was removed under reduced 
pressure. The residue was taken up in methylene chloride, filtered through a pad of Celite, and the 
solvent was removed under reduced pressure. The resuking reeidue was dissolved in 15 mL of 
methanol with a single crystal of ptoluenesulfonic acid and stirred at rt for 2 h. At the end of this time 
the solvent was removed under reduced pressure and the residue was purified by silica gel chroma- 
tography using a 2% ethyl acetate-hexane mixture as the eluent, to afford 439 mg (90% yield) of 
dimethyl 29oetyl-4-(3-eminopropyl-N-methyicarboxy (27) as a light yellow 
oil; IR (neat) 2690, 1735, 1730, 1690, 1600, 1555, and 1455 cm-t; NMR (CDCl3.300 MHz) S 1.65 
2.00 (m, 2H), 2.45 (s, 3H), 3.07 (t, 2H, 517.4 Hz), 3153.25 (m, 2H), 3.66 (s,3H), 3.62 (s, 3H), 3.95 
(s, 3H) and 5.Og5.16 (bs, 1 H); HRMS Calcd. for Ct6HtgNCs: 341 .l 111. Found: 341 .1109. 
Rhodlum(ll) Catalyzed Reaction of 1-(O-Dlazo-1,3-dloxobutyl)-2-pytrolidinone (11) In 
the Presence of Methyl Propiolate. To a solution containing 260 mg (1.33 mmol) of diazoimide 
11 and 123 mg of methyl propialate (1.47 mmol) in 5 mL of benzene was added a catalytic amount of 
rhodium (II) acetate. The solution was Immediately placed in an oil bath preheated to 99oC. After 
being heated to reflux for 1.5 h, the solution was allowed to cool and was then taken up in 5 mL of 
methanol and stirred at rt for 14 h. At the end of this time the solvent was removed under reduced 
pressure and the residue was subjected to flash chromatography using a 60% ethyl acetate-hexane 
mixture as the eluent. The major fraction contained 259 mg (69%) of methyl 2-acetyl4-(3-aminopro- 
pyl-N-methylcarboxylate)4-furancarboxylate (27) as a white solid, mp 85-86oC, IR (KBr) 2958, 
1717, 1660, 1586, 1443, and 1245 cm-l ; NMR (CDCls, 300 MHz) 6 1.60-l .93 (m, 2H), 2.37, (s, 3H), 
3.03 (t, 2H, Js7.3 Hz), 3.05-3.18 (m, 2H), 3.57 (s, 3H), 3.76 (s, 3H), 5.23 (bs, lH), and 7.31 (s, 1H); 
‘sC-NMR(CDCl3,75MHz)S24.2.25.2,27.3,39.2,51.2,51.3, 115.1,117.5, 149.7,156.4,162.7, 
165.1, and 185.3; Anal. Calcd. for CtsHt7NOs: C, 55.12; H, 6.05; N, 4.94. Found: C, 55.16; H, 
6.08; N, 4.88. 
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