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fl Yield of isolated product.b Recorded on a Bruker AM-200 spectrometer.f Recorded on a Hewlett Packard model 5985 B spectrometer.

d Recorded on a Varian Gemini 300 spectrometer (CDC13).

and the yields of isolated product, together with spectral 

identification data.
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It is now well established that rhodium (II) catalyzed in

tramolecular C-H insertion reactions of a-diazo-p-ketocar- 

boxylic acid methyl esters result in the formation of cyclopen

tanones.1 Under similar conditions, a- diazoketones,2,3 a- 

diazo-P-ketosulfones4 and a-diazo-P-ketophosphonates5 are 

also converted into five-membered carbocyclic systems. In 

these reactions, electron withdrawing substituents decrease 

the reactivity of the adjacent C-H bondslc,2 and the insertion 

reaction is promoted at the C-H bond adjacent to ether oxy

gens.3 The propensity for the formation of five-membered 

carbocycles can sometimes be overcome: the dominating fac

tor of ether activation may prevail and cyclohexanone deriva

tives may be formed3, and subtler electronic factors may pro

vide enough impetus for more favorable formation of cyclo-
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butanones.6

On the other hand, rhodium (II) catalyzed insertion reac

tions of diazoacetoacetamides are known to yield p-lactam 

products.7 More recently, conformational and electronic pre

ferences in the selective construction of p-lactams from N,N- 

disubstituted diazoacetoacetamides are described in detail.8

The scope and selectivity in the lactone formation via rho

dium (II) catalyzed C-H insertion reaction are less well defi

ned. Selective formation of a 8-lactone from a diazoacetate 

precursor is reported9 on the way to the synthesis of penta- 

lenolactone E. On the contrary, various diazoacetoacetates 

and sterically congested diazoacetates are now known to be 

selectively converted to y-lactones in the presence of rho

dium (II) carboxylate and carboxamide catalysts.10

In the study of rhodium (II) catalyzed insertion reactions 

of methyl diazomalonates,11 we found that there was a deli

cate balance of factors in the formation of p- and y-lactones 

and, in the absence of electronic bias and extraneous steric 

influence, P-lactones were favored products. We wish to com

municate here results of our more recent experiments on 

insertion reactions of a-diazo-p-ketocarboxylates and diazo

acetoacetates.

First, preferred mode of insertion (carbocycle vs oxacycle) 

was studied using substrates with near-perfect symmetry. 

For example, n-propyl 2-diazo-3-oxoheptanoate was converted 

under standard conditions to the cyclopentanone derivative 

in 72% yield and no trace of the alternative lactone product 

could be found. Reaction of isobutyl 6-methyl-2-diazo-3-oxo- 

heptanoate also produced only the carbocyclic product in 

87% yield (Scheme 1). It is obvious from these results that 

five-membered carbocycle construction via C-H insertion is 

the preferred process over oxacycle formation.

Next, rhodium (II) acetate catalyzed insertion reactions 

of various diazoacetoacetates were examined in detail. Iso

propyl diazoacetoacetate (entry 1) produced a fair yield of 

the P-lactone product. However, y-lactones were formed pre

dominantly from n-propyl diazoacetoacetate (entry 2). Isobu

tyl diazoacetoacetate (entry 3) was converted to the y-lactone 

product in good yield. 2-ButyI ester (entry 4) produced more 

P-lactones than y-lactones whereas y-lactones were favored 

products from 3-methyl-2-butyl ester (entry 5). The reaction 

of isoamyl diazoacetoacetate (entry 6) yielded only y-lactone 

products in fair yield.

The following generalizations can be made from the results 

described above. p-Lactone formation is the preferred pro

cess when methine C-H bonds are available and the alterna

tive is y-lactone formation via either methyl or methylene 

C-H insertion (entry 1, 4). When methine C-H bonds are 

available for the five-membered ring formation, y-lactones 

are favored products (entries 3, 5). y-Lactone formation is 

the preferred process over p-lactone formation when only 

methylene C-H bonds are available in the substrate for inser-

Table 1. Insertion Reaction of Diazoacetoacetates Catalized by 

Rh2(OAc)4a

〜丄 c,. , . 1 Product (Yield, Diastereomeric

p-lactones*7 y-lactones^ ratios*

1人■丿、入冬(40)

2 乂宀。〜•人* (trace)勺土 (36)
y-l:l

3人宀、 "立 (70)

4 샤。人，怂(35) 人& ⑼ 8-2:1

Y-2 : 1

5人义丿丫人立(13)人女(40)
p->20 :1

6 冷〜스 (40)

y-1: 1

Y-1.5 :1

2林人

R (50) !人。(16) Y-one isomer

P5& (37)
0 0 、스、

(25)

(59) y->20 : 1

7
序

10

9

y-5 :1

a Reaction conditions: 0.01-0.03 M in dry CH2C12 under N2 atmos

phere at r. t.t cat. Rh2(OAc)4, 15 hrs. b Isolated yield. CIR spectra 

exhibited the p-lactone carbonyl absorption at 1830 cm-1, rfIR 

spectra showed the y-lactone carbonyl absorption at 1780 cm-1. 

fEach ratio was determined by high resolution NMR analysis 

(80, 200 MHz). Z4-/-Butylcyclohexanone was also is이ated in 34% 

yield. ^Like entry 7, 4-/-butylcyclohexanone was obtained in 37% 

yield.

tion (entries 2, 6). 8-Lactone formation is not a favored pro

cess even when methine C-H bonds are available for inser

tion (entry 6). The reactions appear to be governed by two 

independent factors: the high reactivity of methine C-H bo

nds in insertion reactions and the conformational bias of 

metallocarbenoid species formed from diazoacetoacetate to 

favor five-membered ring formation. The preference for rela

tively electron-rich methine C-H bonds to participate in inse

rtion reactions by electrophilic rhodium-carbene species was 

amply discussed by Taber in cyclopentanone formations10 and 

by us in diazomalonate insertion reactions.11 The preferred 

y-lactone formation shown above confirms the results repor

ted by Doyle10 and deviates radically from the conformational 

preference for p-lactone formation in diazomalonate C-H in

sertion reactions.11 It is quite remarkable that species as clo

sely related as diazomalonates and diazoacetoacetates show 

opposite s이ectivities in insertion reaction옪 and more work 

is needed to clarify the subtle differences between them.

With cyclohexyl diazoacetoacetates, the same two factors 

appear to be operative. Both cis- and ^raMs-4-；-butylcyclohexyl 

diazoacetoacetate yielded more P-lactones than corres

ponding y-lactones reflecting the high reactivity of methine 
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C-H bonds (entries 7, 8). Extraneous steric effects may subs

tantially change the reaction course. Thus only y-lactone pro

ducts were obtained from both neomenthyl and menthyl dia

zoacetoacetates where insertion reaction occurred away from 

the neighboring isopropyl group (entries 9, 10). In two of 

the cases (entries 7, 9) five-membered ring formation is rela- 

tiv시y more pronounced compared to the cases with corres

ponding methyl diazomalonates.

Use of insertion reactions of diazoacetoacetate and diazo- 

malonate in organic synthesis will be the subject of future 

studies in these laboratories.
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Numerous instances of catalytic hydrolysis of the sugar

phosphate backbone of RNA (especially tRNA'湖)by several 

divalent metal ions such as Mg2*' Zn2+ and Pb2+ 2, and also 

by Eu3+3 are known. The metal ion-catalyzed cleavage of 

tRNA» is thought to be an intramolecular version of a metal- 

lo-enzyme-catalyzed reaction4. Catalytic activities of most nu

cleases5 and RNA catalysts6 are also dependent on metal 

ions. On the other hand, studies as for the micellar models 

of hydrolytic metalloenzymes have been introduced very re

cently7-11. We can anticipate the alteration of the hydrolytic 

activity of the metal ions by being associated with the surfac

tant molecules in the mic이le.

Metallomicelles formed from long-chained Cu2+ complexes 

had remarkable hydrolytic catalysis activity against phos

phate triesters, diesters, and other phosphorus compounds10. 

The high hydrolytic catalysis activity of the metallomicelles 

may be due to enhanced electrophilicity of micellized metal 

and consequently the increased activity of the metal-bound 

water10. These previous reports prompted us to test any hy

drolytic activity of some metallomicelles against nucleic acids. 

In this paper we show ribonuclease-like (RNase-like) activity 

of bivalent metal ion (Cu2+, Mg2+, and Pb2+) complexes of 

sodium dodecyl sulfate (SDS, CHHCHQiiSQ—Na*), which 

form metallomicelles [CHKCH^nSQ—ZhM", M(DS)2.

Baker's yeast RNA type XI purchased from Sigma was 

used as substrate. Sodium dodecyl sulfate purchased from 

Wako Pure Chemical Industries, LTD was selected as surfac

tant for making micelle systems.

Buffer solution: Tris, despite its negligible interaction with 

the metal ions Mg2+ and Cu2+, was abolished, since it inter

acts with the DS~. Acetate buffer (pH 5.0), having no such 

interactions was used as buffer.

Assay of RNase-like activity: Among various assay me

thods, the method monitoring the activity producing the hy

drolyzed soluble fraction by measuring the spectrophotomet

ric absorbance at 260 nm of wavelength after precipitating 

unreacted substrate RNA was adopted. As the precipitation 

agent for unreacted RNA, perchloric acid containing lantha

num nitrate12 was used. This technique gives reproducible 

results with low blanks and without overlapping light absorp^ 

tion in the region of 260 nm wavelength of RNA absorption 

peak, while inclusion of uranyl acetate instead of lanthanum 

nitrate affects the absorption peak of RNA at 260 nm. The 

biomimetic hydrolytic reaction was initiated by the addition 

of 1.5 ml of the RNA (substrate) solution to the equal volume 

of 8X10~5 M Cu(DS)2 solution (the concentration far exceed

ing CMC, critical micelle concentration). The reaction mix

ture was well mixed and incubated at 25t or 60t for a 

difinite period of time (usually 7 hours). The reaction was 

terminated by the addition of 2 m/ precipitant (perchloric 

acid/lanthanum nitrate) to 1 m/ portion of the reaction mix

ture. The precipitant added reaction mixture was left alone 

for 40 min, and then centrifuged for 10 min, at 6000 rpm 

to remove the precipitates of unreacted RNA and M(DS)2. 

The hydrolytic ribonuclease-like activity of the metallomicelles 

wa옹 determined by the measurement of the absorbance of 

the supernatant fraction at 260 nm by UVICON 860 Spectro

photometer after five-fold dilution with distilled water. In 

the absorbance measurement, the blank solution was that 

of the same composition as the reaction mixture except for 

the omission of the substrate RNA and treated in the same 

way along with the reaction mixture.

The buffer system for the RNA hydrolysis by Cu (II) dode-


