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Abstraft - 5-Methylene-13-dioxane-4.6-diones readily reacted with hydrogen 

peroxide without any catalyst and any bases to afford the spin- and poryspirocyclic 

compounds containing an oxirane ring as good crystalline products. Furthermore, 

the epoxidation of chiral 5-arylidene-l,3-dioxane-4.6-diones with hydrogen 

peroxide produced the two diastereomers whose purification by silica gel 

chromatography ensures 100% optical purity. 

INTRODUCTION 

The epoxidation of +unsaturated carbonyl compounds is one of very important and useful methods in organic 

synthesis. Several synthetic methods for the epoxidation' of a,@unsaturated carbonyl compounds have been 

known, e.g.. (i) the Weitz-Scheffer r e a c t i ~ n , ~  (ii) the Payne metho& and its applied synthetic methods.2k.4 (iii) 

the epoxidation using perac1ds5.6 or alkylhydroperoxidesP1.7 and (iv) the epoxidation using other oxidants.8 It 

has been expected that hydrogen peroxide, which is an effective oxidant for the epoxidation of the a,gunsaturated 

carbonyl  compound^,'-^ has used in methods (i) and (ii) as an oxidant. Since the nucleophilicity of hydrogen 

peroxide is very weak by itself, in many cases, the epoxidations of mono- or disubstituted electron-deficient 

alkenes possessing carboxyl, alkoxycarbonyl, carbonyl, or cyano groups have required careful pH control of the 

r e a c t i ~ n ~ . ~ , '  andlor the presence of cataly~ts.~.4 However, several tri- and tetrasubstituted electron-deficient 

alkenes have been converted to epoxides by the reaction with hydrogen peroxide in the absence of any catalyst 

and no required pH control, e.g., the reaction of tetracyanoethylene with hydrogen peroxide gives 

tetracyan~ethyleneoxide.'~ 

In previous reports, 5-alkylidene-13-dioxane-4bdiones, alkylidene Meldrum's acids, have acted as trapping 
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reagents such as the dienophiles for the o-quinodimethanes, (El-photoenols of 2-methylbenzaldehyde,'1 2- 

methylacetophenone.l2 and 2-methylbenz0~henone.1~ Furthermore, methylene Meldrum's acids are well-known 

as organic Lewis acids.13 With such properties, these compounds are very reactive electrophilesl3-'7 and are 

susceptible to attack by some nucleophiles such as sodium methoxide.13 amines,lh and aryloxide ionst7 to afford 

the corresponding zwitterionic adducts. Therefore, the methylene Meldrum's acids, which possess two electron- 

withdrawing groups, are expected to be epoxidized under milder conditions by hydrogen peroxide in the absence 

of any catalysts and any bases.15 in this paper, we wish to report the facile epoxidation of the methylene 

Meldrum's acid with hydrogen peroxide. 

RESULTS AND DISCUSSION 

The treatment of isobutylidene Meldrum's acid ( l a )  with 35% hydrogen peroxide in acetonitrile at room 

temperature afforded an epoxide (28) as colorless crystals in 76% yield. The structure of 28 was established 

from a microanalysis and spectroscopic data. For example, the microanalysis showed an increase by one oxygen 

atom in the composition of la. In the lH nmr spectrum of Za, the presence of four methyl protons and two s d -  

methine protons was revealed. In addition, in the 13C nmr spectrum, signals of 2-C and 3-C of Za appeared at 6 

75.5 and 55.4 ppm, respectively. and two carbonyl carbons were observed at different magnetic fields ( b  161.7 

and 163.7 ppm). 

Similar epoxidation of alkylidene Meldrum's acids (Ib-n) with hydrogen peroxide gave the corresponding 

epoxides (Zb-n) as good crystalline products. Their reaction times and yields are described in Runs 2-15 of 

Table I. In the '3C nmr spectra, the two carbonyl carbons of the symmetrical epoxides (Zb-d, Zh-j, and 21-n) 

were observed as one signal at 6 cu. 162 ppm. 

Next, in a similar manner to that described for the epoxidation of la, arylidene Meldrum's acids (3a-I), which 

are relatively strong organic Lewis acids ( ~ K L  4.0-6.2 in 80 vol% methanol),l3 readily reacted with hydrogen 

peroxide to afford the corresponding epoxides (48-1) in good yields (Runs 16-28 in Table I ) .  For the 

epoxidation of 3d, 39, and 3j, these Meldrum's acids were reacted for I or 5 min at 50 "C in a mixture of 

hydrogen peroxide and acetonitrile, and then the solutions were stirred for 15 or 20 min at room temperature to 

afford the epoxides (4d, 4g, and 4j). 

The structures of these epoxides (4a-I) were also determined from their spectroscopic data. In the IH nmr 

spectra, the 2-methine proton of the orthc-substituted aromatic epoxides (4b, 4e, and 4h) appeared at a lower 

magnetic field (6 4.97-5.29 ppm) than those of the other methu- orpara-substituted aromatic epoxides (a 

4.60-4.78 ppm) because of the deshielding effect by the ortho-substituent. Moreover, in the ms spectra, though 
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the molecular ion peaks M+ of the nitrophenyl epoxides (4kj) were not detected, for the other aryl epxides (4a- 

g, 4k, and 41). molecular ion peaks could be measured. 

Method A: 35% H2%lMeCN, room temperalure, 
I&12(K1 min 
M e t h d  6: 35% H2q/MeCN, 50 9C, 1 or 5 rnm then 
r a m  tempcrabrc, 20 mm 

RZ 0 R" 

Table 1 .  Epoxidation of 5-Methylene-13-dioxane-4.6-diones with Hydrogen Peroxide in Acetonitrile") 

Run Substrate R' R2 R3 R4 Reaction timeinin Epcxide Yield/% 

a) Reaclmn~ were carned uul in a mtxlure of 35% hydrogcn peroxide (3 ml. 35 mmol) and aceton~lnle (17 ml or 37 ml) at nwm 

temperalure under an argon atmosphere, b) Substnle was reacled for I or 5 mm at 50 OC in s mtxare d 35% hydrogen perumde (3 
ml, 35 mmol) and acel io i l t l i  (I7 ml or 37 ml) and the soluuon was then s u r d  at nwm lemperzture. 
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Since the epoxidation with hydrogen peroxide in acetonitrile is possible to proceed via peroxycarboximidic 

acid,?,lg we have examined the solvent effects on the epoxidation of l a  and 3a using several other solvents in 

order to clarify this question. The epoxidation in methanol or tert-butyl alcohol as a solvent rapidly proceeded 

leading to the corresponding epoxides (Table 2). However, the epoxidation of the two-phase system between 

benzene and water proceeded quite slowly, although these conditions eventually produced complete oxidation 

(Table 2). The results of these solvent effects suggest that the epoxidation of la-n and 3a-I occurred directly 

between them and hydrogen peroxide. 

Table 2. Solvent Effect on Epoxidation of lsobutylidene Meldrum's Acid and Benzylidene Meldrum's Acid with 
Hydrogen Peroxide") 

Substrate Solvent Time Yield of epoxide/% 

l a  Methanol I0 min 62 
trrr-Butyl alcohol 10 min 88 
BenzenebJ 22 h 85 

3 a  Methanol 10 min 62 
tert-Butyl alcohol 10 min 75 
Benzeneb) 24 h 78 

a) All reactmn wcrc carncd out tn the prcscnce oi l a  or 3a (7 rnrnol) and 35% hydrogen perowdc (3 rnl. 35 rnrnol) $0 snhenI(17 
ml). b) Two-phasc systcm. 

Arylidene Meldrum's acids (3m-p) have an electron donating group such as a methyl or methoxyl group at the 

ortho- orparu-position, with which a reaction with hydrogen peroxide was tried. In the reactions of 3m-o with 

hydrogen peroxide, when the acylals were consumed over M%, the expected epoxides (4m-o) were obtained in 

low yields.ly Moreover, when the reactions were allowed to continue, the acylals slowly hydroxylated to yreld 

the corresponding benzaldehydes (5a-c) and hydroxy Meldrum's acid (7). Moreover, the resulting 

benzaldehydes (5a-c) were oxidized by hydrogen peroxide to yield henzoic acids (6a-c). These reactions were 

supported from observations of IH nmr in acetonitrile-d3. This result indicates that the epox~des (4m-o) are less 

labile than the other epoxidespa-dand(4a-I). On the other hand, from the reaction of 3 p  with hydrogen 

peroxide, the expected epoxide 4p was not obtained and no formallon of 4p was also found from the observation 

of 1H nmr. 

Such a similar tendency using the substituted effect on the aromatic ring of the arylidene Meldrum'sacid has been 

found from the DielsAlder reaction with 2.3-dimethylb~tadiene.~' These acylals (3m-p) whose acidities are in 

the range of ~ K L  6.4 to 7.1 in 80 vol% methanol, are weaker organic Lewis acids than 3a-I; in particular 3 p  

(pK~7 .1 )  has the most weak acidity in these arylidene acylals.13 However, the formations of the epoxides (4m- 
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o), the substituted henzaldehydes (5a-d) and 7 are indicated to undergo nucleophilic attack on the C=C bond of 

3m-p by hydrogen peroxide. Moreover, the alkylidene Meldrum's acids (la-d) having a ~ K L  of 6.3-8.8 in 80 

vol% methanol were readily epoxidized by hydrogen peroxide. Consequentially, it is considered that the 

epoxidation of la-l and 3a-o was initiated by the addition of hydrogen peroxide on the methylene moiety of the 

acylals to give peroxyadducts of the Michael type, which underwent the cyclization to give the epoxide. 

However, because the hydrolysis of 411-0 occurs in much faster rate than that of other epoxides, the degradation 

products are formed. Moreover, in the case of 3p, it seems that 5d and 7 are derived from the C-C cleavage of 

the peroxyadduct or from the hydrolysis of 4p takes place in much more fast rate than that of 4m-o. 

In the cases of alkylidenemalonates, the compound analogous to methylene Meldrum's acids, diethyl 

ethylidenemalonate, has been epoxidized with alkaline hydrogen  peroxide,?^ while no diethyl 

isopropylidenemalonate was epoxidized with alkaline hydrogen pe r~x ide ,?~  which has been accomplished by 

using peroxytrifluoroacetic acid.& In addition, Eherle and Lawton have reported that a thioether, which is a 

Michael adduct of propylidene Meldrum's acid with thiophenol, was oxidized by hydrogen peroxide leading to 

the epoxide.?l However, the epoxidation of la-n and 3a-l with hydrogen peroxide alone took place completely 

and those are more reactively than that of ordinary olelins. 
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For the epoxidation of 8, the acylal was dissolved for I min at 50 "C in a mixture of 35% hydrogen peroxide and 

acetonitrile and then the solution was stirred at room temperature. After 15 min, a diepoxide (9) was depositing 

as colorless crystals, and, with further stirring for 10 min, was obtained in 50% yield. 

Recently, Sato el al. have reported asymmetric syntheses using the chiral arylidene Meldrum's acids (11).22-% 

The reaction with diazomethane in EtOAc-ether at -78 "C affords the (S)-chiral cyclopropane from (2)-form (11s  

Z) and the (R)-chiral cyclopropane from (2)-form (llb-E), whereas the reaction at room temperature leads to the 

(S)- and (R)-chiral cyclopropane mixture, hut no other diastereomers were 0htained.~2 These acylals in solution 

undergo a E-Zgeometrical isomerization on the benzylidene moieties at m m  temperature, but the isomerization is 

pmhibited at -78 T and their 13-dioxane-4,6-dione ring system has a boat conformation. Hence, diazomethane 

attacks the methylene moiety on the side of less steric hindrance of the chiral acylal under both conditions of -78 

"C and room temperature to yield the chiral cyclopropanes 

j&& Mslhcd mom Melhwl -78 'C. temperature, 2 A I3 h 35% m(:I'HhlllOAc-(:II&b, 1 &>&lcCN. J O  mcn > $A>:y 61213 

0 5 4 0  
1 1  1 2  

Table 3. Reparation of Chiral Epoxides 

Substrate Method Products (Isolated Yield/%) 

1 la-Z + 1 la-E p& 12a-S (17) 12a-R (15) 
l l a - Z  Bc.d (92) 
l l b - E  + l l b - Z  p , b  l2b-5' (28) 12b-R (28) 
l l b - ~  &‘I (71) 

It is considered that such asymmetric syntheses are applicable to the epoxidation of the c h i d  arylidene Meldrum's 

acid (11). Next we then studied the epoxidation of 11. 

The reaction of a mixture of chiral (2)- and (E)-4-nitrobenzylidene Meldrum's acids ( l l a -Z  and l la-E)  with 

35% hydrogen peroxide in acetonitrile at room temperature gave two chiral epoxides (I&-S and 12a-R, ca. 1:1 
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ratio by 'H nmr), which were readily isolated by silica gel chromatography. Optical rotations of the first eluted 

and the next eluted epoxides have positive [[alb2 +155" (c 1.03, acetone)] and negative [[alb3 -91" ( c  1.04, 

acetone)] values, respectively. The mp's and optical rotation values by repeated recrystallization of the epoxides 

(1Za-S  and 1 2 a - R )  did not change and the IH nmr spectra using a chiral reagent, trisl3- 

(heptafluoropropylhydroxymethylene)-d-camphoratoeuropium (Ill), showed the absence of a chiral isomer. 

Because no atoms possessed an anomalous scattering effect, absolute configurations for these epoxides were not 

made from an X-ray crystallographic analysis. Menthylidene moieties in these epoxides, however, will be 

optically pure, hence, on the basis of the structure of 1-menthylidene group, apparently the first eluted epoxide is a 

(2R,3S,6R,7S,lOR)-form (12a-R), whereas the next eluted epoxide is a (2S,3S,6S,7S,IOR)-form ( 1 2 8 4  

(Figures 1 and 2). 

Figure I.  ORTEP drawing of 1Za-S Figure 2. ORTEP drawing of 12a-R 

Similar epoxidation of a mixture of chiral (E)- and (Z)4chlorobenzylidene Meldrum's acids (11bE and lld-Z) 

gave epoxides (1Zb-R and 1Zb-S), which were also readily isolated by silica gel chromatography. The optical 

rotation values of 12b-R and 12b-S have [al? +150° ( c  1.54, acetone) and lalb2 -87" (c 0.51, acetone), 

respectively, which are close to those of the Pnitrophenyl epoxides (1%-R and 12a-S).25 

The pure chiral arylidene Meldrum's acids ( l la-Z and l lb-E)  are readily obtained by slowly recrystallization 

from ether in the (0- and (2)-isomer mixture.22 However, l l a -Z  and l l b - E  isomerize to the corresponding 

( E )  or (Z)-form at room temperature in solution to afford the 1:1 equilibrium mixture of the (E)- and (Z)-forms. 

Therefore, it is considered that the epoxidations of the pure chiral acylals require a low temperature condition such 

as the above cyclopmpanation with d i a ~ m e t h a n e . ~  Because 35% hydrogen peroxide, which is frozen at -78 "C, 

is unsuitable as the oxidant, mCPBA was used as the oxidant in EtOAc-CH2CI2. While the epoxidation of the 

(Z)-form (11s-Z) with mCPBA led to 12a-S, that of the (@-form ( l lb-E)  gave 12b-R (Table 3). 
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Analogous to the reaction of the c h i d  acylals with diazomethane, the results of these epoxidations with hydrogen 

peroxide or mCPBA indicate that the epoxidation by hydrogen peroxide or mCPBA occurs only on the a-sides of 

the benzylidene moiety. 

r- - 
NO, 

b-side 

a-side NO2 
0 ,  

l l a -Z  -7x "C l l a -E  

35% H2WMeCN, 
nxm temperalure 1 2 a S  - and 

1 2 e R  

In summary, a simple and high yield method for the synthesis of spiro epoxides has been developed. 

Additionally, the epoxidation of the chiral arylidene Meldrum's acids with hydrogen peroxide gave two 

diastereomers whose purification by silica gel chromatography ensures 100% optical purity. In addition, when 

mCPBA was used as the oxidant at -78 "C, the diastereoselective epoxidation takes place. 

EXPERIMENTAL 

Melting points were determined on a micro hot-stage (Yazawa) and are uncorrected. Ir spectra were taken as KBr 

disks or a liquid film inserted NaCl plates using a BIO-RAD FTS-60A spectrophotometer. Nmr spectra were 

measured in CDC13, DMSO-d6 or acetonitrile-d3 with TMS as internal standard using a JEOL JNM-EX90 

spectrometer (90 MHz for 'H and 22.5 MHz for I3C). LRms and HRms spectra were obtained with a JEOL 

JNM-AX-S@l spectrometer using a direct insertion probe at an ionization voltage 70 eV. Optical rotations were 

measured on a JASCO DIP-I81 polarimeter. Elemental analyses were obtained using a Perkin-Elmer 24.0C 

element analyzer. The silica gel used was Merck (9385) silica gel 60. Analytical tlc used was Merck (5714) silica 

gel 60F254 glass-backed plates. Tris~3-(hept~uoropropylhydroxymethylene)--camphorato]europium (HI) was 

purchased from Fluka Chemie AG. Methylene Meldrum's acids ( l a -n ,  3a-q, and 8; except le. l h ,  and 11) 

were prepared according to published procedures.ll.13 The chiral arylidene Meldrum's acids [lla-Z: mp 148 "C 

(ether), lit.,?? mp 147-149 "C and l lb-E:  mp 135-136 "C (ether), lit.,?? mp 132-134 "CI were prepared using a 

literature method. 
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S-l.ri1nentvlidenr-2.2-dimethvl-1.3-dioxa-46-dioe ( l eL  To a solution of isovaleraldehyde (4.5 g, 52 mmol) 

and Meldrum's acid (7.2 g, 50 mmol) in benzene (250 ml) was added piperidine (0.1 g) and acetic acid (0.1 g). 

The mixture was refluxed for 3 h in a water bath, then cooled, washed with 0.1 mol 1-1 HCI (100 ml), dried 

(MgS04). and evaporated in vacuo to give a crude oil, which was chromatographed on a silica gel column using 

acetonelhexane (5195, v/v) as an eluent to yield le: a colorless oil; 'H nmr (CDC13) 8 1.02 (6H, d. J=63  Hz), 

1.74 (6H, s), 1.94 (IH, m), 2.85 (2H, dd, J=5.6 and 7.5 Hz), 7.89 (IH, t, 5 ~ 7 . 5  Hz). Anal. Calcd for 

C I I H I ~ O ~ :  C, 62.25; H, 7.60. Found: C, 61.91; H, 7.59. 

General Procedure for l~opropvlidene Spirocvclir Arv1al.s ( l h  and 111. A solution of 6 ,10-  

dioxaspiro[4S]decane-7.9-dione" or I ,5-dioxaspir0[5.5lundecane-2,4-dione'~ (30 mmol) and acetone (1.9 g, 

32  mmol) in pyridine (7 ml) was stirred at room temperature under an argon atmosphere for 211 h. The solvent 

was removed under vacuum below 40 "C and the residue was poured into cold water (20 ml) to give crude 

crystals, from which cyclic acylals were obtained by recrystallization from methanollwater. 

R-l.sonronvlidme-ci,I0-dioxrrspirol4.5/decane-7.9-dioM IlhJ. Yield 1.6 g (25%); mp 91-94 "C; ir (KBr) 1752, 

1728, 1610 cm-I; 'H nmr (CDCl3) 6 1.73-2.37 (8H, m), 2.45 (6H, s). Anal. Calcd for CI  lHI4o4: C, 62.85; H, 

6.71. Found: C, 62.78; H, 6.64. 

.3-1.$~1nronvlidme-/.S-dii~xasnirol5.5/undecane-2.4-dione (11). Yield 1.4 g (21%): mp 103.104 "C; ir (KBr) 

1760, 1728, 1606 cm-I; IH nmr (CDC13) b 1.33-2.10 (IOH, m), 2.52 (6H, s). Anal. Calcd for C1?H1604: C, 

64.27; H, 7.19. Found: C, 64.24, H, 7.12. 

Enoxidation of 1.soburylidene Meldrum's Acid ( l a )  with Hvdropen Permide. In Acetonitrile: To a solution of 

l a  (1.44 g, 7.27 mmol) in acetonitrile ( I7  ml) was added 35% hydrogen peroxide (3 ml, 3 5  mmol) at room 

temperature under an argon atmosphere. The mixture was stirred for 10 min, then 10% N a H S q  (20 ml) was 

added, and extracted with CH2C12 (20 ml x 2). The organic fractions were combined, dried over MgS04, 

evaporated in vucuo to afford crude crystals, from which 2-isopropyl-6,6-dimethyl-1,5,7-trioxaspirol2.5Jo~tane- 

4.8-dione (2s) was obtained by recrystallization from etherihexane: yield 1.19 g (76%); colorless crystals; mp 

73-74 'C; ir (KBr) 1786, 1763 cm-I: IH nmr (CDC13) b 1.01 (3H, d, Jz7.1 Hz), 1.20 (3H, d, J=7.1 Hz), 1.82 

(3H, s), 1.85 (3H, s), 1.99 (IH, d septet, J=9.3 and 7.1 Hz), 3.43 (IH, d, J=9.3 Hz); 13C nmr (CDCI3) 8 18.3 

(4). 19.9 (q), 26.4 (d), 27.6 (q), 28.3 (q), 55.4 (s, 3-C), 75.5 (d, 2-C), 105.9 (s, 6-C), 161.7 (s, COO), 163.7 

(s, COO). Anal. Calcd for C10H1405: C, 56.07; H, 6.59. Found: C, 56.Q H, 6.71. 

In Methuml or tert-Butvl Alcohol: The epoxidation of l a  (7 rnmol) in methanol or tert-hutyl alcohol (17 ml) with 

35% hydrogen peroxide (3 ml, 3 5  mmol) was carried out using the above similar method. The yields are 

summarized in Table 2. 

In Benzene: To a solution of la (1.39 g, 7.02 mmol) in benzene ( I7  ml) was added 35% hydrogen peroxide (3 

ml, 35 mrnol). The suspension was vigorously stirred for 22 h at room temperature, then quenched with 10% 

NaHSq (20 ml) and extracted with CH?Cl2 (20 ml x 2). The extracts were dried over MgS04 and evaporated in 

vmuo. The residue was recrystallized from etherlhexane to give 2a (1 .28 g, 85%). 
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Enoxidurion of 5-Alkvlidene-1,3-dioxune-4,6-dioneu (Zb-n) with Hvdroaen Peroxide. The epoxidation of lb-n 

was carried out using the method of la in acetonitrile. The yields and reaction times are summarized in Table I .  

Physical and analytical data are as follows. 

2.2.6,6-Tefrumethvl-1,5.7-trio~~.s~irol2.5/ocane-4,X-ione (Zb). Colorless crystals; mp I24 "C (from 

CHzCldhexane); ir (KBr) 1798, 1763 cm-l; IH nmr (CDCl3) a 1.58 (6H, s), 1.80 (3H, s), 1.83 (3H, s); 13C 

nmr (CDCl3) h 18.9 (q. 2C), 27.0 (q), 27.7 (q), 61.6 (s, 3-C), 70.7 (s, 2 4 ,  105.2 (s, 6-C), 162.4 (s, 2C, 

COO x 2). Anul. Calcd for C9H1205: C, 54.00; H, 6.04. Found: C, 53.95; H, 5.85. 

9.9-Dimethvl-X.IO.12-trir~xadisnirr~/4.0.5.1/d1~decane-7.ll-dione (2cL Colorless crystals; mp 116-1 17 "C 

(from benzenelhexane); ir (KBr) 1791, 1767 cm-l; 'H nmr (CDC13) h 1.5-2.3 (8H, m, CH2 x4), 1.79 (3H, s), 

1.83 (3H. s); I3C nmr (CDC13) 6 24.9 (t, 2C), 27.6 (q), 27.8 (q), 30.2 (t, 2C), 60.4 (s, 6-C), 81.2 (s, 5-C), 

105.4 (s, 9-C), 162.6 (s, 2C, COO x 2). Anal. Calcd for CI1Hl40s:  C, 58.40; H, 6.24. Found: C, 58.38; H, 

6.10. 

.~,3-Dimethvl-2.4.1.i-fri~~xadii~~irol5.0.5.lrridecane-l.5-dionr (2dL Colorless crystals; mp 133 'C (from 

benzenelhexane); ir (KBr) 17%. 1769 cm-I; IH nmr (CDC13) h 1.3-2.1 (16H, m, CH? x 5 and CH3 x 2); 13C 

nmr (CDCb) a 24.7 (t, 2C), 25.0 (t), 27.0 (q), 27.7 (q), 28.6 (t, 2C), 62.3 (s, 7-C), 75.4 (s, 6-C), 105.1 (s, 

10-C), 162.1 (s, 2C, COO x 2). Anul. Calcd for C I ~ H I ~ O ~ :  C, 59.99; H, 6.71. Found: C, 59.86, H, 6.59. 

2-l.robutvl-6.6-dimethvl-1,5,7-trioxu.roiro/2..5loctune-4,X-dione (Ze). Colorless crystals; mp 77-78 "C (from 

benzenelhexane); ir (KBr) 1788, 1764 cm-I; IH nmr (CDCld h 1.04 (3H, d, J=6.6 Hz), 1.06 (3H, d, J=6.6 

Hz), 1.6-2.1 OH, m, CHCH?), 1.84 (6H, s), 3.68 (IH, dd, J = 4 9  and 6.1 Hz); '3C nmr (CDCI3) 6 22.3 (q), 

22.5 (q), 26.6 (d), 27.6 (q), 28.0 (q), 35.2 (0, 54.9 (s, 3-C), 67.6 (d, 2-C), 105.8 (s, 6-C), 161.8 (s, COO), 

163.8 (s, COO). Anul. Calcd for C I  ~H1605: C, 57.88; H, 7.07. Found: C, 58.09; H, 6.97. 

2-Cvclohervl-6.6-dimefhvl-l.5.7-trionasoirr~l2.5l~~crme-4.8-dione (Zf). Colorless crystals; mp 75-78 "C (from 

benzenelhexane); ir (KBr) 1794, 1764 cm-l; 'H nmr (CDCl3) h 0.9-2.2 ( I  IH, m, CH2 x 5 and CH), 1.84 (3H. 

s), 1.88 (3H, s), 3.42 (IH, d, J=8.4 Hz); '3C nmr ( C D C I ~ )  a 24.9 (0,  25.7 (t), 27.7 (t), 28.4 (q), 28.6 (t), 30.1 

(t), 35.4 (d), 55.0 (s, 3-C), 72.4 (d, 2-C), 106.0 (s, 6-C), 161.8 (s, COO), 163.8 (s, COO). Anal. Calcd for 

C13H1605: C, 61.41; H, 7.02. Found: C, 61.24; H, 7.02. 

2- l . sonronv l -1 .S .11 - t r i0~ad i . so i ro l2 .2 .421dd~n-412-d in  (2nL Colorless crystals; mp 74 "C (from 

benzenelhexane); ir (KBr) 1799, 1766 cm-1; lH nmr (CDCb) 6 1.03 (3H, d, J=6.7 Hz), 1.21 (3H, d, J=6.7 

Hz), 1.7-2.5 (9H, m, CH2 x 4  and CH), 3.38 (IH, d, J=8.8 Hz); '3C nmr (CDC13) a 18.4 (q), 19.9 (q), 22.3 

(1). 24.1 (0,  26.5 (d), 38.2 (t), 39.8 (t), 56.1 (s, 3-C), 73.5 (d, 2-C), 114.8 (s, 6-C), 162.2 (s, COO), 164.0 (s, 

COO). Anal. Calcd for C12H1605: C, 59.99; H, 6.71. Found: C, 60.1 I; H, 6.63. 

2,2-Dimethv1-1,5,11-trioxndi.sniro/2.2.4.21dodecan-4,12-dione (2hJ. Colorless crystals; mp 124 "C (from 

benzenelhexane); ir (KBr) 1787, 1761 cm-I; 1H nmr (CDCb) a 1.58 (6H, s), 1.7-2.5 (8H, m, CH2 x4); '3C 

nmr (CDCb) a 19.0 (q, 2C), 22.8 (t), 24.6 (t), 38.5 (t), 39.2 (t), 62.3 (s, 3-C), 70.7 (d, 2-C), 114.2 (s, 6-C), 

163.0 (s, 2C, COO x 2). Awl. Calcd for C I  rH1405: C, 58.40; H, 6.23. Found: C, 58.54; H, 6.18. 
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7.13.15-Trioxutri~~iro/4.0.2.4.2.IIhexudecune-6.14-dionr (2i). Colorless crystals; mp 145-146 OC (from 

benzenelhexane); ir (KBr) 1788, 1764 cm-1; IH nmr (CDC13) b 1 5 2 . 5  (16H. m, CH2 x8); '3C nmr (CDC13) D 

22.8 (t), 24.6 (t), 24.9 (t, 2C), 30.2 (t, 2C), 38.4 (t), 39.7 (t), 61.0 (s, 6-C), 81.2 (s, 5-C), 114.4 (s, 9-C), 

163.2 (s, 2C, COO x2). Anul. Calcdfor C,3H]f,05: C, 61.90; H, 6.39. Found: C, 61.73: H, 6.40. 

6, IS, 17-Trioxutris~irol4.2.0.5.I.2 lhenfudecune-7.16-dime (2iL Colorless crystals: mp 148- 152 "C (from 

etherlhexane); ir (KBr) 1792, 1760 cm-1; IH nmr (CDCI,) 6 1.2-2.5 (ISH, m, CH2 x9); '3C nmr (CDCl3) b 

22.8 (t), 24.6 (t, 2C), 24.7 (t), 25.0 (t), 28.7 (t, 2C), 38.6 (t), 39.2 (t), 63.1 (s, 8-C), 75.5 (s, 9 - 0 ,  114.2 (s, 

5-C), 162.7 (s, 2C. COO x 2). A w l .  Calcd for C I ~ H ~ @ ~ :  C, 63.15; H, 6.81. Found: C, 62.99: H, 6.70. 

2-lso~ro~vl-1.5,12-trioxudi.s~irol2.2.5.2Itridecune-4.13-dionr (2kL Colorless crystals; mp 96-98 "C (from 

benzenelhexane); ir (KBr) 1792, 1764 cm-1; IH nmr (CDCl3) b 0.99 (3H, d, J=6.6 Hz), 1.21 (3H, d, J=6.6 

Hz), 1.3-2.4 ( 1  IH, m, CH2 x 5  and CHI, 3.38 (IH, d, 553.8 Hz); 13C nmr (CDCI3) b 17.7 (q), 19.6 (q), 21.4 

(t), 22.0 (t), 23.4 (t), 26.1 (d), 35.4 (t), 37.0 (t), 55.2 (s, 3-C), 72.9 (d, 2-C), 106.4 (s, 6 - 0  161.3 (s, COO), 

163.3 (s, COO). A w l .  Calcd for C13H1@5: C. 61.41; H, 7.13. Found: C, 61.16; H,7.02. 

2.2-Dimerhv l -1 .5 .12- t r ioxad isn i ro l2 .2 .5~ne-413-d ione (21). Colorless crystals; mp 1 3 6  137 "C (from 

benzenelhexane); ir (KBr) 1788, 1757 cm-1; IH nmr (CDCl3) b 1.3-2.2 (IOH, m, CH2 x5), 1.56 (6H, s); "C 

nmr (CDC13) 6 18.9 (q, 2C), 21.8 (t), 22.5 (t), 23.9 (t), 36.1 (t), 36.4 (t), 61.8 (s, 3-C), 70.6 (s, 2-C), 106.0 

(s, 6-C), 162.4 (s, 2C, COO x 2). Aml .  Calcd for CI2Hl6O5: C, 59.99; H, 6.71. Found: C, 59.91; H ,  6.68. 

8.15. I 7- Trir/+urrirnir(114~0~2.5.2. 1 l h e p t e n e - 7  1 6 d i n  (2m ). Colorless crystals; mp 148- 149 "C (from 

benzenelhexane): ir (KBr) 1792, 1762 cm-1; IH nmr (CDC13) b 1.3-2.3 (18H, m, CH? x 9); 13C nn~r  (CDCb) b 

21.7 (t), 22.5 (t), 23.9 (t), 24.9 (t, 2C), 30.2 (t, 2C), 36.0 (t), 37.2 (t), 60.5 (s, 6-C), 81.1 (s, 5-C), 106.2 (s, 

9 - 0 ,  162.7 (s, 2C. COO x 2). A w l .  Calcd for C14HIfls: C, 63.15; H, 6.81. Found: C, 62.80; H, 6.74. 

Y./6.18-Trioxutri.~~iroI.5.0.2~5~2.lloctudecane-8.17-dione (2"). Colorless crystals; mp 158.160 "C (from 

benzenelheiane): ir (KBr) 1786. 1758 cm-1; IH nmr (CDCI3) h 1.2-2.2 (20H. m, CH2 x 10); 13C nmr (CDC13) D 

21.8 (t), 22.5 (1). 23.9 (t), 24.8 (t, ZC), 25.1 (I), 28.6 (t, 2C), 36.4 (t), 36.1 (t), 62.4 (s, 7-C), 75.2 (s, 6 - 0 ,  

106.0 (s, 9-C), 162.2 (s, 2C, COO x 2). And.  Calcd for C1sH2~10s: C, 64.27; H, 7.19. Found: C, 64.00, H, 

7.20. 

6,6-Dimethvl-1,5.7-trioxu-2-~hmvlsniro12.5loctune-4.X-dinne (4a).  In Acetonitrile: To a solution of 

benzylidene Meldrum's acid (3a; 1.17 g, 5.04 mmol) in acetonitrile ( I7  ml) was added 35% hydrogen peroxide 

(3 ml, 35 mmol) at room temperature under an argon atmospherc. The mixture was stirred for 10 min and then 

10% NaHSO3 (20 ml) added. The solution was extracted with CH2CI2 (20 ml x 2) and the combined organic 

fractions were dried over MgSO4 and evaporated in vucuo to afford crude crystals, which were recrystallized 

from benzenelhexane to give 4a (675 mg, 41%) as colorless crystals. This compound melted at 90 "C and 

decomposed at 126 -132 "C; ir (KBr) 1801, 1771 cm-l; 'H nmr (CDC13) a 1.76 (6H, s), 4.64 (IH, s, 2-CH), 

7.2-7.7 (SH, m, ArH); I3C nmr (DMSO-6) 6 27.0 (q), 27.7 (q), 58.8 (s, 3-C), 66.8 (d, 2-C), 105.7 (s, 6 - 0 ,  

127.7 (d, 2C). 128.0 (d, 2C). 129.7 (s and d, 2C), 159.8 (s, COO), 162.7 (s, COO); LRms ml: (rel. intensity) 

248 (M+; 4). IOX100). Anul. Calcd forC13Hn05: C, 62.90: H, 4.87. Found: C, 62.73; H, 4.89. 
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In Methml  or tert-Butvl Alc~~hol: The epoxidation of 38 (7 mmol) in methanol or tert-butyl alcohol (17 ml) with 

35% hydrogen peroxide (3 ml, 3 5  mmol) was carried out using the above similar method. The yields are 

summarized in Table 2. 

In Benzene: To a solution of 3a (1.62 g, 7.00 mmol) in benzene (17 ml) was added 35% hydrogen peroxide (3 

ml, 35 mmol). The suspension was vigorously stirred for 24 h a t  room temperature, then quenched with 10% 

NaHS@ (20 ml) and extracted with CHzC12 (20 ml x 2). The extracts were dried over MgS04 and evaporated in 

vacua The residue was recrystallized from benzenelhexane to give 4a (1.35 g, 78%). 

2-i2-Br1~m1~~hmvlJ-6~6-dimrrhvl-1.5,7-trioxnv~iro/2.5i1~ctruze-4.8-diune (4bJ. This compound was prepared in 

a similar manner to that described for 48 from a solution of 3b (1.55 g, 5.00 mmol) and 35% hydrogen peroxide 

(3 ml, 35 mmol) in acetonitrile ( I 7  ml): yield 954 mg (58%); colorless crystals; mp 124-125 "C (from 

benzenelhexane); ir (KBr) 1794, 1767 cm-I; IH nmr (CDC13) b 1.80 (3H, s), 1.95 (3H, s), 4.97 (IH, s, 2-CH), 

7.1-7.9 (4H, m, ArH); I3C nmr (CDCI3) 8 27.7 (q), 28.6 (q), 57.1 (s, 3-C), 68.0 (d, 2-C), 106.3 (s, 6-C), 

122.8 (s), 127.3 id), 128.4 is), 130.5 id), 131.7 (d), 132.5 (d), 159.5 (s, COO), 162.7 (s, COO): LRms  mlz 

(rel. intensity) 328 (7), 326 (Mf; 81, 186 (651, 184 (68),89(100). A d .  Calcd for C13Hl 10sBr: C, 47.73; H, 

3.39. Found: C, 47.46; H, 3.30. 

2-(3-Brom1~uhmvl~-6~6-dimrfhvl-I~.~.7-tri1m.~~iro12.5/octune-4.8-di1~ne 14cL This compound was prepared in 

a similar manner to that described for4a from a solution of k (1.56 g, 5.01 mmol) and 35% hydrogen peroxide 

(3 ml, 3 5  mmol) in acetonitrile (17 ml): yield 1.21 g (74%); colorless crystals; mp 141-143 "C (from 

benzenelhexane); ir (KBr) 1799, 1764 cm-I; IH nmr (CDCI3) n 1.75 (3H, s), 1.80 (3H, s), 4.60 (IH, s, 2-CH), 

7.2-7.8 (4H. m, ArH); 13C nmr (DMSO-dh) b 27.1 (q), 28.0 (q), 58.6 (s, 3-C), 65.8 (d, 2-C), 105.9 (s, 6-C), 

121.4 (s), 126.9 (dl, 130.3 (d, 2C), 132.4 (s), 132.6 (d), 159.9 (s, COO), 162.5 (s, COO); LRms mlr (rel. 

intensity) 328 (8). 326 (M+; 7), 186 (941, 184 (93),89 (100). Anul. Calcd for C13H1 IOsBr: C, 47.73; H, 3.39. 

Found: C, 47.54; H, 3.33. 

2-~4-Bromo~hmvlJ-6~6-dimethvl-1,5.7-tri~~xu.s~iru~2.5Ir~ctune-4.~dionr (4dJ. A suspension of 4-bromo- 

benzylidene Meldrum's acid (3d; 1.56 g, 5.01 mmol), 35% hydrogen peroxide (3 ml, 35 mmol) and acetonitrile 

(37 ml) was stirred all crystals of 3d dissolved under an argon atmosphere at 50 "C in a water bath (required 

about 1 min) and further stirred at room temperature for 20 min. To the reaction mixture was added 5% NaHS03 

(40 ml) and the mixture was extracted with CHzCIz (20 ml x 2). The combined organic fractions were dried over 

MgS04 and evaporated in v u u o  to afford c ~ d e  crystals, which were recrystallized from benzenelhexane to give 

4d (853 mg, 52%) as colorless crystals; mp 118-120 'C; ir (KBr) 1798, 1764 cm-I; IH nmr (CDC13) b 1.75 (3H, 

s), 1.79 (3H, s), 4.61 (IH, s, 2-CH), 7.41 (2H, d, J=9.3 Hz, ArH), 7.57 (ZH, d, J=9.3 Hz, ArH); 13C nmr 

(DMSO-dd 6 27.0 (q), 27.8 (q), 58.5 (s, 3-C), 66.1 (d, 2-C), 105.8 (s, 6-C), 123.3 (s), 129.1 (s), 129.9 (d, 

2C), 131.1 (d, 2C), 159.8 (s, COO), 162.5 (s, COO); LRms m/z (rel. intensity) 328 @), 326 (M+; 7). 186 (96), 

184  (94), 89 (100). Anal. Calcd for C13HllOsBr: C, 47.73; H, 3.39. Found: C, 47.47; H, 3.28. 

2-i2-Chlor1~~henvlJ-6~6-dimrthvI-l.5.7-triuxusuiro2.5/1ctune-4,8-dione 14el. A stirred suspension of 2- 

chlorobenzylidene Meldrum's acid (3e; 1.34 g, 5.00 mmol) and 35% hydrogen peroxide (3 ml, 35 mmol) in 
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acetonitrile ( I7  ml) was dissolved for 15 min at room temperature and the solution was further stirred for 5 min. 

To the reaction mixture was added 10% NaHSO3 (20 ml) and the mixture was extracted with CHzCI* (20 ml x 

2). The combined organic fractions were dried over MgS04 and evaporated in vucuo to afford crude crystals, 

which were recrystallized from benzeneihexane to give 4e (614 mg, 43%) as colorless crystals; mp 124126 "C; 

ir (KBr) 1798, 1768 cm-I; IH nmr (CDC13) 6 1.81 (3H, s), 1.92 (3H, s), 5.00 (IH, s, 2-CH), 7.3-7.4 (3H, m, 

ArH), 7.6-7.8 (IH, m, ArH); '3C nmr (CDCId b 27.6 (q), 28.2 (q), 57.2 (s, 3-C), 65.9 (d, 2-C), 106.3 (s, 6- 

C), 126.8 (dl, 126.9 (s), 129.2 (d), 130.2 (d). 131.4 (d), 133.4 (s), 159.4 (s, COO), 162.7 (s, COO); LRms 

d z  (rel. intensity) 282 (M+; 12). 140 (loo), 89 (80). Anul. Calcd for C13Hl 10sCI: C, 55.24; H, 3.92. Found: 

C, 55.21; H, 3.94. 

2-(.3-Chloro~henv[)-6.6-dimethvl-l.5.7-trioxu~~irol2.5locrane-4.K-dione (40. This compound was prepared in 

a manner similar to that described for 4a from a solution of 3f (1.33 g, 5.00 mmol) and 35% hydrogen peroxide 

(3 ml, 3 5  mmol) in acetonitrile (17 ml): yield 1.10 g (77%); colorless crystals; mp 134-137 "C (from 

CHrClzlhexane); ir (KBr) 1800, 1769 cm-1; 'H nmr (CDC13) D 1.78 (3H, s), 1.80(3H, s), 4.61 (IH, s, 2-CH), 

7.37-7.43 (3H, m, ArH), 7.54 (IH, br s, ArH): I3C nmr (CDCI-() D 27.0 (q), 27.9 (q), 58.5 (s, 3-C), 65.7 (d, 

2-C), 105.9 (s, 6-C), 126.5 (d), 127.4 (d), 129.7 (d), 130.0 (s), 132.2 (d), 132.9 (s), 159.8 (s, COO), 162.5 

(s, COO): LRms mi? (rel. intensity) 282 (M+; 5). 140 (100). 89 (73). Aml .  Calcd for C13Hl 10sCI: C, 55.24; 

H, 3.92. Found: C, 55.24; H, 3.93. 

2 - ( 4 - C h l o r o u h e n v l ~ - 6 , 6 - d i m r r h v l - / . 5 . 7 - t n e  4 A suspension of 4- 

chlorobenzylidene Meldrum's acid (3g: 1.33 g, 5.00 mmol) and 35% hydrogen peroxide (3 ml, 35 mmol) in 

acetonitrile (37 ml) was stirred until all crystals of 3g dissolved under an argon atmosphere at 50 "C in a water 

bath (required about 5 min), and further stirred at room temperature for 20 min. To the reaction mixture was 

added a 5% NaHS03 solution (40 ml) and the solution was extracted with CH2C12 (20 ml x 2). The combined 

organic fractions were dried over MgS04 and evaporated in vacuo to afford crude crystals, which were 

recrystallized from benzeneihexane to give 4g (860 mg, 61 %) as colorless crystals; mp 98-99 "C; ir (KBr) 1798, 

1765 cm-I: 'H nmr (CDC13) 6 1.76 (3H, s), 1.79 (3H, s), 4.63 (IH, s, 2-CH), 7.39 (ZH, d, J=9.3 Hz, ArH), 

7.52 (2H. d, J=9.3 Hz, ArH): '3C nmr (DMSO-dd D 27.0 (q), 27.8 (q), 58.6 (s, 3-C), 66.1 (d, 2 - 0  105.9 (s, 

6-C), 128.2 (d, 2C), 128.8 (sf, 131.2 (d, ZC), 134.7 (s), 159.9 (s, COO), 162.6 (s, COO); LRms mlz (rel. 

intensity) 282 (M+; 7), 140  (100), 89 (59). Anal. Calcd for CI3H1 105CI: C, 55.24, H, 3.92. Found: C, 55.19; 

H, 3.99. 

6,6-Dimrrhvl-2-12-nitro~henvl)-l,5.7-trioxus~irn/2..5lortune-4.X-dione (4hL To a solution of 2- 

nitrobenzylidene Meldrum's acid (3h; 1.39 g, 5.01 mmol) in acetonitrile (17 ml) was added 35% hydrogen 

peroxide (3 ml, 35 mmol) at room temperature under an argon atmosphere. The mixture was stirred at room 

temperature for 8 h and then 10% N a H S a  solution (20 ml) was added. The solution was extracted with 

CHzCIz (20 ml x 2) and the combined organic fractions were dried over MgSOq and evaporated in vacuo to 

afford crude crystals, which were recrystallized from benzenelhexane to give 4h (1.01 g, 69%) as colorless 

crystals; mp 143145 "C; ir (KBr) 1785, 1760, 1525 (NOz) cm-1; 'H nmr (CDC13) 6 1.83 (3H, s), 1.87 (3H, s), 
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5.29 (IH, s, 2-CH), 7.58.3 (4H, m, ArH); I3C nmr (CDCI3)6 28.0 (q), 28.2 (q), 56.3 (s, 3-C), 66.0 (d, 2-C), 

106.9 (s, 6 - 0 ,  125.0 (d), 126.1 (s), 130.9 (d), 131.2 (d), 134.3 (d), 147.3 (s), 160.0 (s, COO), 162.5 (s, 

COO). Anal. Calcd for CI3H11N07: C, 53.26; H, 3.78: N, 4.78. Found: C, 53.16; H, 3.70; N, 4.61. 

6.6-Dimelhvl-2-~.~-nitro~henvlJ-I.5.7-trir1xusuiro/2.S~octune4.8-dione (4iJ. This compound was prepared in a 

manner similar to that described for 48 from a solution of3i  (1.39 g, 5.01 mmol) and 35% hydrogen peroxide 

(3 ml, 3 5  mmol) in acetonitrile ( I 7  ml): yield 1.10 g (75%); colorless crystals; mp 136 'C (decamp.) (from 

CH;?Cldhexane); ir (KBr) 1794, 1765, 1530 (NO?) cm-1; IH nmr (CDCb) b 1.81 (6H, s), 4.78 (IH, s, 2-CH), 

7.58.5 (4H, m, ArH); I3C nmr (DMSOlld b 27.1 (q), 28.1 (q), 58.3 (s, 3-C), 65.5 (d, 2-C), 106.1 (s, 6-C), 

122.6 (d), 124.6 (dl, 129.9 (d), 132.1 (s), 134.3 (d), 147.5 (s), 160.1 (s, COO), 162.4 (s, COO). And. Calcd 

for C13Hl IN@: C, 53.26; H, 3.78: N, 4.78. Found: C, 53.10; H, 3.76: N, 4.64. 

6,6-Dimelhvl-2-(4-nifro~henvl)-1,5,7-trir~xu.suiru/2.S/octan~-4.X-dione (4iJ. This compound was prepared in a 

manner similar to that described for 4g from a solution of 3j (1.38 g, 5.00 mmol) and 35% hydrogen peroxide 

(3 ml, 3 5  mmol) in acetonitrile (37 ml): yield 1.10 g (75%); colorless crystals; mp 165-167 "C (from 

CH?Cl?lhexane); ir (KBr) 1794, 1763, 1527 ( N q )  cm-I; 'H nmr (DMSO-d6) 6 1.78 (3H, s), 1.82 (3H, s), 

4.75 (IH, s, 2-CHI, 7.75 (2H, ddd, J=1.7, 1.7, and 8.8 Hz, ArH), 8.30 (2H, ddd, J=1.7, 1.7, and 8.8 Hz, 

ArH); 13C nmr (DMSO-6) 6 27.0 (q), 28.1 (q), 58.3 (s, 3-C), 65.4 (d, 2-C), 106.0 (s, 6-C), 123.2 (d, 2C), 

129.2 (d, 2C), 137.0 (s), 148.2 (s), 159.8 (s, COO), 162.3 (s, COO). And.  Calcd for C13HI IN07: C, 53.26: 

H, 3.78: N, 4.78. Found: C, 53.13; H, 3.78: N, 4.87. 

2-(3-MethoxvuhenvlJ-6.6-dimelhvl-1.5.7-triuxusairul2..~loctanr-4.8-dione (4kJ. This compound was prepared 

in a manner similar to that described for 4a from a solution of 3k (1.21 g, 4.63 mmol) and 35% hydrogen 

peroxide (3 ml, 3 5  mmol) in acetonitrile ( I7  ml): yield 965 mg (76%); colorless crystals; mp 100-101 "C (from 

benzenelhexane); ir (KBr) 1798, 1765 cm-I; 'H nmr (CDCI3) b 1.77 (3H. s), 1.79 (3H, s), 3.84 (3H, s), 4.61 

(IH, s, 2-CH), 6.9-7.5 (4H, m, ArH): I3C nmr (CDCId a 27.6 (q), 28.1 (q), 55.4 (q), 58.6 (s, 3-C), 68.4 (d, 

2 4 ,  105.9 (s, 6-C), 112.2 (d), 116.5 (d), 120.0 (d), 129.6 (d), 130.2 (s), 149.2 (s), 159.7 (s, COO), 163.0 

(s, COO); LRms m/z (rel. intensity) 278 (Mf; 8), 136 (100). And.  Calcd for Cl4kiI4o6: C, 60.43: H, 5.07. 

Found: C, 60.21; H 5.05. 

6.6-Dimethvl-2-~3-m~hvl~henvlJ-1.5,7-trir~xu.s~irol2.5loctane-4.8-rlione (41). This compound was prepared in 

a manner similar to that described for 4a from a solution of 31 (1.23 g, 5.00 mmol) and 35% hydrogen peroxide 

(3 ml, 35 mmol) in acetonitrile (17 ml): yield 825 mg (63%): colorless crystals; mp 134-137 "C (from 

benzenelhexane); ir (KBr) 1800, 1767 cm-l; IH nmr (CDCb) 6 1.77 (6H, s), 2.38 (3H, s), 4.60 (IH, s, 2-CH), 

7.2-7.5 (4H, m, ArH); I3C nmr (CDCl3) b 21.2 (q), 27.5 (q), 28.1 (q), 58.7 (s, 3-C), 68.5 (d, 2-C), 105.9 (s, 

6-C), 124.9 (d), 128.1 (d), 128.4 (dl, 128.8 (s), 131.2 (d), 138.4 (s), 159.6 (s, COO), 163.2 (s, COO); LRms 

mlz (rel. intensity) 262 (M+; 5), 120 (100). HRms: Found: rnlz 262.0833. Calcd for Cl4HI4o5: M. 262.0841. 

E~oxidurion of 1.4-Di~2.2-dimethvl-1.3-dioxme-4,6-dime-5-eneimethvlbmzme (8) wirh Hydrogen Peroxide in 

Acetonitrile. The acylal (8: 1.92 g, 4.98 mmol) was suspended in a mixture of acetonitrile (37 ml) and 35% 

hydrogen peroxide (3 ml, 3 5  mmol) and then dissolved at 50 "C for I min in a water bath. The solution was 
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stirred at room temperature. After 15 min, colorless crystals were depositing and stirring was continued for I0 

min. To the suspension was slowly added 10% NaHS03 (20 ml) with cooling in an ice bath and then water (30 

ml) was added. The precipitates were filtered and washed with cold methanol to give 1.4-di(6,6-dimethyl-1,5,7- 

trioxa-4,8-dioxospiro[2.5]octane-2-yl)benzene (9: 1.04 g, 50%) as colorless crystals: mp 174-177 "C; ir (KBr) 

1799, 1759 cm-l; IH nmr (DMSO-4) a 1.78 (6H,s), 1.80 (6H, s), 4.65 (2H, s, 2-CH), 7.61 (8H, s, ArH). 

Aml. Calcd for C?oHl&~o: C, 57.42: H, 4.34. Found: C, 57.61; H, 4.32. 

Reuction of 2-Methvlbewvlide~ Meldrum's Acid with Hvdropm Peroxide. 

Method A. A solution of 2-methylbenzylidene Meldrum's acid (3m: 617 mg, 2.51 mmol) and 35% hydrogen 

&oxide (1.5 ml, 3 5  mmol) in acetonitrile (15 ml) was stirred for 1 h at room temperature; 3m was consumed 

over 50% based on lH nmr analysis. To the reaction mixture was added water (20 ml). The mixture was 

extracted with CH2Clz (20 ml x2). The combined organic fractions were dried over Na2S04 and evaporated in 

vucuo to give a mixture of 3 m ,  2-methylbenzaldehyde (5s) .  hydroxy Meldrum's acid (7), and 2-(2- 

methylphenyl)-6.6-dimethyl-I,5,7-trioxaspiro[2.5loctane-4,8-dione (4m) in a 52: 1 2 9 2 7  ratio based on IH nmr 

analysis. The residue was chromatographed on silica gel (M g) using ErOAc-hexane (28,  v/v) to yield a mixture 

(43 mg) of 3 m  and 4 m  in a 4 1  ratio. Further isolation of 4m by silica gel chromatography was failed. 

Spectroscopic data of 4m were identical with those measured from the epoxidation of 3m with mCPBA. 

MrthodB. A solution of 3m(1.18 g, 4.80 mmol) and 35% hydrogen peroxide (3 ml, 35 mmol) in acetonitrile 

(17 ml) was allowed to stand at room temperature for 72 h. To the reaction mixture was added 5% N a H S q  (40 

ml) and the solution was extracted with CHlCl? (20 ml x 2). The organic fractions were combined, dried over 

Na?S04, and evaporated in vacuo. To the residue was added CCb (5  ml). Insoluble precipitates were filtered 

and washed with cold CC14 (2 ml) to give 7 in 17% (130mg) yield. This compound 7 was partly recrystallized 

from EtOAc-hexane, which sublimated at ca. 120 "C and melted at 133- 135 "C (lit.,% 136 "C). The mother liquor 

of the above filtration, stripped of solvents in vucur, gave a mixture (429 mg) of Sa, 2-methylbenzoic acid (6a) in 

a 3:) ratio based on IH nmranalysis. 

En(~xidution of 3m with mCPBA. A solution of mCPBA (171 mg, 1.00 mol) in CH2C12 (10 ml) was added 

dropwise to a solution of 3 m  (235 mg, 0.96 mmol) in CHzCI2 (20 ml) at -5 "C for 10 min. The mixture was 

stirred at -5 "C for I h, washed with sat. NaHCO3 (30 ml), dried over Na2S04, and evaporated in vucuo to give 

crude crystals, which were recrystallized from ether to give 4m in 20% (52 mg) yield: mp 106-108 OC: ir (KBr) 

1796, 1765 cm-I; 'H nmr (CDCl3) 6 1.82 (6H, s), 2.42 (3H, s), 4.82 (IH, s, 2-CH), 7.1-7.5 (3H, m, ArH), 

7.6-7.8 (IH, m, ArH); I3C nmr (CDC13) a 19.2 (q), 28.6 (2C, q), 56.0 (s, 3-C), 67.7 (d, 2-C), 105.8 (s, 6 4 ,  

126.0 (d), 126.9 (s), 128.1 (d, 2C), 130.1 (d), 130.4 (d), 136.7 (s), 159.8 (s, COO), 167.4 (s, COO): LRms 

m/z  (rel. intensity) 262 (M+; 1 l), 120 (100). HRms: Found: m/z 262.0879. Calcd for C14H1405: M, 262.0841. 

Reaction of 4-Methvlbenzvlidene Meldrum's Acid with Hvdroren Peroxide. 

Method A. A suspension of 4methylbenzylidene Meldrum's acid (3n: 579 mg, 2.36 mmol) in acetonitrile (15 

ml) was dissolved at 50 "C for 5 min. To the solution was added 35% hydrogen peroxide (1.5 ml, 18 mmol) and 

the mixture was stirred at mom temperature for 1 h; 30 was consumed over 50% based on 'H nmr analysis. To 
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the reaction mixture was added water (30 ml) and the sollltion was extracted with CH2CI2 (30 ml x 2). The 

combined organic fractions were washed with 5% NaHS03 (40 ml), dried over Na2S04, and evaporated in 

vucuo to afford a mixture of 3n, 4-methylbenzaldehyde (5b), 7, and 2-(4-methylpheny1)-6,6-dimethyl-1,5,7- 

trioxaspirol2.5loctane-4,s-dione (40) in a 18:20:11:25 ratio based on 'H nmr analysis. The residue was 

immediately chromatographed on silica gel (50 g). The elution with 20% EtOAc-hexane afforded a mixture (137 

mg) of 5b, 4n, and 7 in a 66:24:10 ratio based on IH nmr analysis. The mlxture was dissolved in ether (30 ml) 

and slowly evaporation of the solvent gave 4n(42 mg. 13%): colorless crystals; mp 104 -105 "C; ir (KBr) 1793, 

1762 cm-I; 'H  nmr (CDCI?) h 1.75 (3H, s), 1.77 (3H. s), 2.37 (3H, s), 4.61 (IH, s, 2-CH), 7.21 (ZH, d, 

J=8.4 Hz, ArH), 7.43 (2H, d, 5 ~ 8 . 4  Hz, ArH); I3C nmr (CDCl3) 6 21.4 (q), 27.7 (q), 28.1 (q), 58.7 (s, 3-C), 

68.7 (d, 2 4 ,  105.8 (s, 6-C), 125.8 (s), 127.4 (d;2C), 129.3 (d, ZC), 140.7 (s), 159.6 (s, COO), 163.1 (s, 

COO); LRms d: (rel. intensity) 262 (M+: 101, 120 (100). HRms: Found: mlz 262.0885. Calcd for CI4Hi4O5: 

M, 262.0841. 

MethodB. A suspension of 3n (1 .15  g, 4.71 mmal) in acetonitrile (17 ml) was dissolved at M T for 5 min. To 

the solution was added 35% hydrogen peroxide (3 ml, 3 5  mmol) and then allowed to stand at room temperature 

for 72  h. To the reaction mixture was added 5% N a H S q  (40 ml) and the solution was extracted with CH2Cl2 

(20 ml x 2). The organic fractions were combined, dried over Na?SO4, and evaporated in vacuo. To the residue 

was added CC14 (5 ml). Insoluble precipitates were filtered and washed with cold CCb(2  ml) to give 7 in 24% 

(195 mg) yield. The mother liquor of the above filtration, stripped of solvents in vucuo gave a mixture (376 mg) 

of 5b, 4-methylbenzoic acid (6b). and 7 in a 1: 1:0.3 ratio hased on 1H nmr analysis. 

Epoxidation of3n with mCPBA. A solution of mCPBA (177 mg, 1.03 mol) in CH2CI2 (10 ml) was added 

dropwise to a solution of 3 n  (233 mg, 0.95 mmol) in CH2CI? (20 ml) at -5 'C for 10 min. The mixture was 

stirred at -5 "C for I h, washed with sat. NaHC03 (30 ml), dried over Na2S04, and evaporated in vacuo to give 

crude crystals, which were recrystallized from ether to give40 in 44% (1 10 mg) yield. 

Reaction of 2-Melhoxvhmzvlidene meld rum',^ Acid with Hvdroren Peroxide. 

Merhod A. A solution of 2-methoxybenzylidene Meldrum's acid (30: 664 mg, 2.53 mmol) and 35% hydrogen 

peroxide (1.0 ml, 8 mmol) in acetonitrile ( I 0  ml) was stirred at room temperature for 90 min; 30 was consumed 

over 50% hased on 'H nmr analysis. T o  the reaction mixture was added water (30 ml). The mixture was 

extracted with CHzC12 (20 ml x 2) and the combined organic fractions were washed with 5% NaHS03 (20 ml), 

dried over NazS04, and evaporated in vucuo to give a mixture of 30, 2-methoxybenzaldehyde ( 5 ~ ) .  7, and 2-(2- 

methoxyphenyl)-6,6-dimethyl-l,5,7-trioxaspiro~2.5~octane-4,Bdione (40) in a 50: 17:12:21 ratio hased on IH 

nmr analysis. The mixture was dissolved in ether (3 ml) and slowly evaporation of the solvent gave 40 in 4% 

(14 mg) yield: colorless crystals; mp 88-90 'C; ir (KBr) 1793, 1764 cm-1; 'H nmr (CDC1-J b 1.78 (3H, s), 1.88 

(3H, s), 3.82 (3H, s), 4.92 (IH, s, 2-CH), 6.88 ( IH,  d, J=8.0 Hz, ArH), 7.07 (IH, dd, J=7.6 and 7.6 Hz, 

ArH), 7.39 ( IH,  ddd, J=2.2, 8.0, 8.0 Hz, ArH), 7.60 (IH, dd, J=2.2 and 7.6 Hz, ArH); LRms ml i  (rel. 

intensity) 278 (M+; 361, 136 (100). HRms: Found: mlz 278.0762. Calcd for C14HI4O6: M. 278.0790. 
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Method 6. A solution of 30 (1.25 g, 5.0 mmol) and 35% hydrogen peroxide (3 ml, 35 mmol) in  acetonitrile (17 

ml) was allowed to stand for 72 h and then added with water 50 ml. The mixture was extracted with CH2CIz (50 

ml x 2) and the combined organic layers were washed with 5% NaHS03 (40 mi), dried over Na2S04, and 

evaporated in  vucuo. To the residue was added CC4 (4 mi). Insoluble precipitates were filtered and washed 

with cold CC14 (2 ml) to give 7 in  1.6% (13 mg) yield. The mother liquor of the above filtration, stripped of 

solvents in  vucuo gave a mixture (166 mg) of 5c and 2-methoxybenzoic acid (6c) in a 47:lO ratio based on l H  

nmr analysis. 

Reucrion of 4-Mefhoxvbenzvlidene Meldrum's Acid with Hvdrozen Peroxide. A solution o f  4- 

methoxyhenzylidene Meldrum's acid (3p: 658 mg, 2.51 mmol) and 35% hydrogen peroxide (3 rnl, 35 mmol) in  

acetonitrile (17 ml) was allowed to stand for 72 hand then added with water 30 ml. The mixture was extracted 

with CH2CI2 (50 ml x 2) and the combined organic layers were washed with 5% NaHS@ (40 ml), dried over 

Na2SO4, and evaporated in vucuo. To the residue was added CCL4 (4 ml). Insoluble precipitates were filtered 

and washed with cold CC14(2 ml) to give a mixture (35 mg) of 7 and 4methoxybenzoic acid (6d) in a l:2 ratio 

based on I H  nrnr analysis. The mother liquor of the above filtration, stripped of solvents in vucuo gave a mixture 

( I  I I mg) of4-methoxybenzaldehyde (5d) and 6d in a 16: 1 ratio based on ' H  nmr analysis. 

Reuction of3m-D with Hvdropen Peroxide in  Acetonitrile-d3. To an acetonitrile-d3 solution (0.4 ml) of 3m-p 

(cu. 10 mg) in  an nmr tube was added 35% hydrogen peroxide (0.05 ml, 0.06 mmol). The progress of the 

reaction was monitored by 1H nmr. 

Erx~xidufion o f  Chirul4-Nitrobmzvlidene S~irocvclic Acvlul. 

MethodA. To a solution of the mixture of chiral (El- and (Z)-4nltrobenzylidene spirocyclic acylals (11s-Z and 

I la-E. cu. I :  l ratio; 1.00 g, 2.69 mmol) in  acetonitrile (70 rnl) at room temperature, 35% hydrogen peroxide ( I 0  

ml, 0.1 18 moll was added slowly dropwise and stirred continuously for40 min. A half volume of solvent was 

evaporated in vucuo below 40 T. To the reaction mixture was added CHzClz (20 mi) and the organic layer was 

separated. The aqueous layer was further extracted with CHzC12 (20 ml). The combined organic layers were 

washed with 10% NaHS@ (100 mi), dried (MgS04), and evaporated i n  vucuo to give a mixture of 

(2S,3S,6S,7S, IOR)-7-i~opropyl-IO-methyl-2-(4nitrophenyl)- 1.5.1 2-trioxadispiro[2.2.5.2itridecane-4,13-dione 

(12a-S) and (2R.3S,6R,7S,IOR)-7-isopropyl-lO-methyl-2-(4-nitrophenyl)-1,5,12-trioxadispiro~2.2.5.21tride- 

cane-4,13-dione (12a-R) whose ratio was measured as cu. 1%-S:12a-R=l: I by 'H nmr analysis. The epoxides 

were isolated by sil ica gel column chromatography (100 g) using hexaneIEtOAc (13:87, vlv) as an eluent. The 

first elution afforded 1 2 - R  (158 mg, 15%): colorless crystals; mp 189-191 "C (from ether); [alb2+155" (c  1.03, 

acetone); i r  (KBr) 1795, 1764, 1528 (NO2) cm-1; 1H nmr (CDCI,) h 0.94 (3H, d, k 7 . 0  Hz, isopropyl Me), 

0.97 (3H. d, J=7.0 Hz, isopropyl Me), 0.98 (3H, d, J 5 . 3  Hz, 10-Me), 1.1-2.1 (8H, m), 2.27 (IH, m, 

isopropyl CHI, 4.75 (IH, s, 2-CH), 7.75 (ZH, ddd, J=2.0, 2.0, and 8.8 Hz, ArH), 8.29 (ZH, ddd, J=2.0, 2.0, 

and 8.8 Hz, ArN); '3C nmr (CDC13) a 18.3 (q), 21.7 (q), 21.9 (q), 23.3 (q), 25.0 (d), 29.6 (dl, 33.4 (t), 47.6 

(I), 49.3 (d), 61.8 (s, 3-C), 66.5 (d, 2-C), 109.5 (s, 6-C), 123.7 (d, ZC), 128.8 (d, 2C), 135.7 (s), 149.0 (s), 

159.7 (s, COO), 162.4 (s, COO). Anal. Calcd for C2nH23N07: C, 61.68; H, 5.95; N, 3.60. Found: C, 61.59; 
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H, 5.95: N. 3.51. The next elution afforded 1Za-S (179 mg, 17%): colorless crystals; mp 182-185 "C (from 

ether); lal? -91" (c 1.04, acetone); ir (KBr) 1800, 1764, 1522 (NOz) cm-1; IH nmr (CDCI3) 6 0.83 (3H, d, 

J=5.7 Hz, 10-Me), 0.97 (3H, d, J=7.1 Hz, isopropyl Me), 0.98 (3H, d, J=7.1 Hz, isopropyl Me), 1.0-2.1 (8H, 

m), 2.25 (IH, m, isopropyl CH), 4.75 (IH, s, 2-CH), 7.74 (2H, ddd, J=2.0, 2.0, and 8.8 Hz, ArH), 8.30 

(2H, ddd, J=2.0, 2.0, and 8.8 Hz, ArH); I3C nmr (CDC13)a 18.3 (q), 21.5 (q), 21.9 (q), 23.3 (q), 25.0 (d), 

29.4 (d), 33.2 (I), 47.7 (t), 49.3 (d), 58.0 (s, 3-C), 66.4 (d, 2-C), 109.5 (s, 6-C), 123.6 (d, 2C), 128.7 (d, 

ZC), 135.8 (s), 149.1 (s), 159.1 (s, COO), 162.9 (s, COO). Anul. Calcd for C ~ O H ~ ~ N O ~ :  C, 61.68, H, 5.95: 

N, 3.60. Found: C, 61.50; H, 5.96; N, 3.59. The 'H nmr spectra of 12a-S and 1Za-R using the chiral shift 

regent showed the absence of a chiral isomer. 

Method B. The chiral acylal (lla-Z: 177 mg, 0.47 mmol) was dissolved in EtOAc (10 ml) at -20 "C and then 

cooled to -78 "C. NazCQ (61 mg, 0.58 mmol) was added to the cooling solution. The temperature of the 

solution was maintained at -78 "C and a solution of mCPBA (91 mg, 0.53 mmol) in CHzCl2 (20 ml) was slowly 

added dropwise for 10 min to the solution of l l a - Z  and further stirred for I h. The reaction mixture was 

allowed to slowly warm to room temperature and was then washed with 10% NaHS03 (20 ml). The aqueous 

layer was extracted with CHzCI2 (20 ml x 2). The organic fractions were combined, washed with sat. NaHCQ 

(100 ml), dried (MgSOd), and evaporated in vucuo. The residue crystals were slowly recrystallized from ether to 

give 1Za-S (170 mg, 92%). 

Enoxidtrtion of Chirul4-Chlorobenzvlidene Soirocvclic Acvhl. 

MerhodA . In a manner similar to that described for the preparation in Method A, the epoxidation of a mixture of 

chiral (E)- and (2)-4chlorobenzylidene spirocyclic acylals ( l lb-E and l l b Z :  ca. 1:l ratio; 1.00 g, 2.76 mmol) 

with 35% hydrogen peroxide (10 ml, 0.118 mol) in acetonitrile (50 ml) gave (ZR,3S,6R,7S,IOR)-2-(4- 

chlorophenyl)-7-isopropyl-10-methyl- 1,5,12-trioxadispiro[2.2.5.2jtridecane-4,13-dione (1Zb-R: 289 mg, 28%) 

from the first elution and (2S,3S,6S,7S,10R)-2-(4-chlorophenyl)-7-isopropyl-lO-methyl- 1,5,12-trioxadispiro- 

12.2.5.21tridecane-4,Wdione (12b-S: 290 mg, 28%) from the second elution. 

1Zb-R: Colorless crystals; mp 131-134 "C (from ether); Ialg' +150" (c 1.54, acetone); ir (KBr) 1800, 1761 cm-1; 

IH nmr (CDC13) b 0.93 (3H, d, J=7.0 Hz, 10-Me), 0.96 (6H, d, J=6.7 Hz, isopropyl Me), 1.0-2.1 (8H, m), 

2.27 (IH, m, isopropyl CH), 4.61 (lH, s, 2-CHI, 7.3-7.6 (4H, m, ArH): I3C nmr (CDC13) 6 18.3 (q), 21.5 

(q), 21.9 (t), 23.3 (q), 24.9 (d), 29.5 (d), 33.4 (I), 47.2 (t), 49.3 (dl, 58.4 (s, 3-C), 67.6 (d, 2-C), 109.2 (s, 6- 

C), 127.4 (s), 128.8 (2C, dl, 129.0 (2C, d), 136.4 (s), 160.0 (s, COO), 162.8 (s, COO). Anal. Calcd for 

C2fl2305CI: C, 63.41; H, 6.12. Found: C 63.29; H, 6.03. 

12b-S: Colorless crystals; mp 133- 136 OC (from ether); [all: -87" (c 0.51, acetone); ir (KBr) 1797, 1763 cm-1; 

'H nmr (CDCb) a 0.81 (3H. d, J=5.8  Hz, 10-Me), 0.90 (3H, d, J=7.1 Hz, isopropyl Me), 0.98 (3H, d, J=7.1 

Hz, isopropyl Me), 1.1-2.2 (8H, m), 4.60 (IH, s, 2-CH), 7.3-7.6 (4H, m, ArH) 13C nmr (CDCh) 6 18.3 (q), 

21.3 (q), 21.9 (I), 23.3 (q), 25.0 (d), 29.4 (d), 33.3 (t), 47.4 (t), 49.3 (dl, 58.5 (s, 3-C), 67.5 (d, 2-C), 109.2 

(s, 6-C), 127.3 (s), 128.8 (2C, d), 128.9 (2C, d), 136.6 (s), 159.3 (s, COO), 163.3 (s, COO). Am!. Calcd for 

C20H2305CI: C, 63.41; H, 6.12. Found: C, 63.39; H, 6.02. 
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Method B. In a manner similar to that described for the preparation in Method B, the epoxidation of llb-E (262 

mg, 0.72 mmol) with mCPBA (141 mg, 0.82 mmol) gave 12b-R in 71% (192 mg) yield. 

X-Ruv Structure Analv~es. All crystals used for the X-ray measurements were grown from ether solutions. All 

measurements were made on an MAC Science MXC18 diffractometer with graphite monochromated Cu-KU 

radiation (h ; I  ,54178 A). 

Table 5. Atomic Coordinates and Equivalent Isotropic Thermal Parameters of Non-Hydrogen Atoms of 128-S 

Atom x Y z ~ . q / A 2  Atom x Y z ~4~ 

Table 6. Selected Bond Lengths (//A) and Angles (w") of lk .5  

IZa-S: A crystal of C 2 0 H ~ N D ,  having approximate dimensions of 0.40 x 0.40 x 0.30 mm was mounted on a 

glass fiber. Cell constants and an orientation matrix for data collection, obtained from a least-squares refinement 

using the setting angles of 22 carefully centered reflections in the range 5.00<2e60.00" corresponded to a 

triclinic cell with dimensions: a=5.882(3) A, h=7.740(3) A, GI 1.901(4) A, n=99.35(3r, p=98.59(3)', 
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109.01(3), V=493.5(4) A3. ForZ=l and F.W.=389.40, the calculated density is 1.31 g cm-3. Based on a 

statistical analysis of intensity distribution, and the successful solution and refinement of the structure, the space 

group was determined to be PI .  The data were collected at a temperature of 22+1 "C using the ar26 scan 

technique to a maximum 26 value of 126.6". Omega scans of several intense reflections, made prior to data 

collection, had an average width at half-height of 0.63". Scans of (2.82+0.2 tanH)O were made at speed of 14" 

min-I (in omega). The weak reflections [F<7.06(F)I were rescanned (maximum of 3 scans) and the counts were 

accumulated to ensure good counting statistics. Of the 1746 reflections which were collected, 1610 were unique 

(Rtn1=0.079). The intensities of three representative reflections were measured after every 100 reflections. No 

decay correction was applied. The linear absorption coefficient, c, for C U - K ~  radiation was 8.4 cm-I. The data 

were corrected for Lorentz and polarization effects. A correction for secondary extinction was applied 

(coefficient=3.44119e-0.5). The structure was solved by direct methods (SAP191)?7 and expanded using 

Fourier techniques (DIRDIF92).28 The non-hydrogen atoms were anisotropically refined. Hydrogen atoms 

were included but not refined. The final cycle of full-matrix least-squares refinement was based on 156.5 

observed reflections 11>3.006(I)J and 251 variable parameters and converged (largest parameter was 0.00 times 

its esd) with unweighted and weighted agreement factors of R=0.047 and Ro~0.047. The standard deviation of 

an observation of unit weight was 6.53. The weighting scheme was based on counting statistics and included a 

factor (p=0.005) to downweight the intense reflections. Plots of TdlF,,l- IF# vs. IF,,I, reflections order in data 

collection, sinH/.Xand various classes of indices showed no unusual trends. The maximum and minimum peaks 

on the final difference Fourier map corresponded to 0.19 and 0.22e-iA3, respectwely. Neutral atom scattering 

facton were taken from Cromer and Waber.2y Anomalous dispersion elfects were included in F ~ d c ; ~ "  the values 

for AP and hf' were those of Creagh and McAuley.30 The values for the mass attenuation coefficients are those 

of Creagh and H ~ b b e l . 3 ~  All calculations were performed using the TW(SAN3? crystallographic software 

package of Molecular Structure Corporation. The atomic coordinates are listed in Table 5 and selected bond 

lengths and angles in Table 6. 

Table 7. Atomic Coordinates and Equivalent Isotropic Thermal Parameters of Non-Hydrogen Atoms of 121-R 

Atom x Y . BdA? Atom x Y z BCqi,@ 
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Table 8. Selected Bond Lengths (UA) and Angles (@) of 1%-R 

qI) -C( I )  1 41Y3) MI)-C(2) 1.423(3) qZ)-C(3) 
43)-C(4) 1 W 3 )  q4)-C(4) 1.437(3) M4)-C(5) 
Wh)-NO) I 22x4) qn-N( I )  1.220(4) N(1)-C(14) 
C(I)-C(1I) 1.477(4) C(2)-C(3) 1.485(4) CWC(5) 
c(~)-c( I~)  I 5 1 ~ 4 )  c(6)-c(n 1.52q4) c(~)-c(Ix) 
C(8)-C(9) 1535(4) C(9)-C(I0) 1.51M4) C(9)-C(17) 
C(18)-C(20) 1.518(4) 
C( 1 ) -q l  )-C(?) 63.7(2) C(3)-M3)-C(4) 1?1.?(2) 
qh)-N( I ) -qn 123.32) q6)-N(1)-C(14) 118.fX3) 
q I)-C(I)-C(2) 584(2) q I)-C(l)-C(l I )  119.32) 
O( I )-C(2)-C( I )  57.9(2) o(I)-C(Z)-C(3) 115.1(2) 
C( I )-C(2)-C(3) 1 19.4(3) C(1)-C(2)-C(5) 1 17.5(2) 
q?)-C(3)-43) 119.X3) q2)-c(3)-C(2) 125.4(2) 
0(3)-C(4)-44) 110.2(3) 43)-C(4)-C(6) 105.33) 
0(4)-C(4)-C(6) 107.9(2) q4)-C(4)-C(10) 110.4(2) 
M4)-C(5)-0(5) 121.0(3) q4)-C(5)-C(2) 114.4(2) 
C(4)-C(6)-C(7) 1 0 9  5(?) C(4)-C(6)-C(18) 1 14 5(2) 
C(6)-C(7)-C(8) 11 1.9(3) C(7)-C(8)-C(9) 1 11 3(3) 
c(x)-c(9)-c(1n I I I . ~ ~ )  C( IO)-C(Y)-C(I~ 111.4(5) 
C(l)C(l I)C(l2) l l87(3) C(1)-C(l1)-C(l6) 122 l(3) 
( I - C ( 4 C ( 5  l I8 h(3) C(h)-C(l8)-C(19) I I0 0(3) 
C(19)-C(I8)-C(20) ITr) l(3) 

12a-R: A crystal of C2"Hz3N@ having approximate dimensions of 0.50 x 0.50 x 0.40 mm was mounted on a 

glass fiber. Cell constants and an orientation matrix for data collection, obtained from a least-squares refinement 

using the setting angles of 22 carefully centered reflections in the range 5.00<2fk60.00° corresponded to a 

orthorhombic cell with dimensions: a=10.896(2) A, h=17.652(4) A, ~=10.081(2) A, V=1939.1(6) A3. For Z=4 

and F.W.=389.40, the calculated density is 1.33 g ~ m - ~ .  The systematic absence of hOll ht2n, Oklk 11+2n, 001: 

k2n, uniquely determine the space group to be P~IPZIP~I. The data were collected at a temperature of 22&1 "C 

using the w2H scan technique to a maximum 28 value of 128.5". Omega scans of several intense reflections, 

made prior to data collection, had an average width at half-height of 0 .22" .  Scans of (l .Ol+O.Z tans)" were made 

at speed of 14" min-I (in omega). The weak reflections IF<7.0MF)I were rescanned (maximum of 3 scans) and 

the counts were accumulked to ensure good counting statistics. A total of 1884 reflections was collected. The 

intensities of three representative reflections were measured after every 100 reflections. No decay correction was 

applied. The linear absorption coefficient, M, for C u - K ~  radiation was 8.5 cm-I. The data were corrected for 

Lorentz and polarization effects. A correction for secondary extinction was applied (coefficient=l.79519e-0.5). 

The structure was solved by direct methods (MITHRIL84)33 and expanded using Fourier techniques 

(DIRDIF92).2X The non-hydrogen atoms were anisotropically refined. Hydrogen atoms were included but not 

refined. The final cycle of full-matrix least-squares refinement was based on 1786 observed reflections [I> 

3.00t(I)] and 254 variable parameters and converged (largest parameter was 0.01 times its esd) with unweighted 

and weighted agreement factors of R=0.036 and R ~ 0 . 0 3 6 .  The standard deviation of an observation of unit 

weight was 4.19. The weighting scheme was based on counting statistics and included a factor (p=0.007) to 

downweight the intense reflections. Plots of Zo(lF,,I - IF# vs. IF,I, reflections order in data collection, sinah 

and various classes of indices showed no unusual trends. The maximum and minimum peaks on the final 
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difference Fourier map corresponded to 0.15 and -0.16e-/A3, respectively. Neutral atom scattering factors, 

anomalous dispersion effects, the values for the mass attenuation coefficients, and all calculations were were 

worked up in a similar manner previously mentioned. The atomic coordinates are listed in Table 7 and selected 

bond lengths and angles in Table 8 
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