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-- The thermal and photochemical [2+2]-cycloadditions of ethyl 

pyruvate. diethyl mesoxalate and biacetyl with 1.1-diethoxyethene. 

2.2-diisopropyl-1.3-dioxole and 1.1-dimethoxy-2-methylpropene have been 

studied. 1.1-Diethouyethem forms oxetanes at room temperature with all 

carbonyl compounds as well as l,l-dimethoxy-2-methylp1.opene and diethyl 

mesoxalate whereas the other electron-rich olefins generally react only 

in presence of Lewis-acids as catalysts.These observations indicate the 

D A energetic preference of the [lS+ls] geometry of the transition state 

D A according to Houk's MO-treatment rather than the [2 +1 1 geometry for S S 

sywnetrical olefins. In general the photoreaction is complementary co the 

therrnal oxerane formation in bath the reactivity and the regioselectivi- 

ty. Only the electron poorest acceptor diethyl mesoxalate did not show 

any photochemical addition onto these olefins. 

Oxetanes have been already synthesized at the beginning of our century by dehydrohalogenation 

of 7-halogenated alcohols or similar cyc1i7ations~~~. In modern synthesis ring contraction 8 

9 and ring expansion methods have been successfully applied as well. Oxetane formation from 

electronically excited carbonyl compounds and olefins is a more elegant and flexible method 

and belongs to the most extensively studied photoreactions 10'll. A recently reported in- 

vestigation of chiral induction in the Paterno-Biichi reaction again demonstrated its impart- 



ance both as a synthetic route to natural products and their precursors, respectively, and as 

a model for mechanistic studies 12'13. However. during the last years the thermal [2+2]-cy- 

cloaddirions under formation of oxetanes became more applicable 14-17. Preliminary invesfi- 

gations of these both types of reactions were already carried out by us showing that the 

regiochemistry of the photochemical or thermal reactions between biacetyl and ketene acetal 

18 
are complementary to each other (Scheme 1). 

Scheme 1 

In this contriburlon we describe further results of the therrel and photochemical [2+2]-cy- 

cloadditions between carbonyl compounds and electron rich olefins. Especially the oxetane 

from diethyl mesoxalate and 2.2-diisopropyl-1.3-dioxole (7.7-diethylorycarbonyl-3.3-di- 

isoprapyl-2.4.6-triaxabicy~10[3.2.0]-heptane), which has been synthesized catalytically in 

3 
84% yield, can be used as precursor for branched-chain erythronalactanes . 

1. GENERAL REMARKS 

According to Turro l9 electronically excited ketones in their nlrx-stare and alkenes in their 

ground state form axetanes either via an exciplex or via a radical ion pair, forming a dira- 

dical. Most recent investigations support the exciplex intermediate 20'21. The involvement of 

exciplexes of some CT-character and biradicals as intermediates may eqlain the relatively 

low ~~giasel~~tivity of these reactions at least for en01 ethers and ketene acetals 
11.22 

The exclusive formation of the oxetane 3 in nonpolar solvents, as shorn in Scheme 1, was 

rationalized by the formation of an exciplex of high CT-character followed by photoinduced 

18 
electron transfer or a contact ion pair leading to a zwitterionic intermediate 5 . 
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In contrast to the photoreactions the thermal cycloadditions proceed better in polar sol- 

vents. Eased on a frontier MO treatment of cycloadditions by ~ o u k ~  the HOMO (2)-LUMO (1) 
D 

interaction (Is + 1;) should lead to 2 (Scheme 1) via the dipolar intermediate 5 which is 

stabilized in polar solvents. On the other hand symmetrical substituted alkenes such as 

D A23 1.3-dioxoles should prefer a three centered transition state (2 + 1 ) . 
S S 

2. RESULTS AND DISCUSSION 

The photochemical and thermal reactions of biacetyl, ethyl pyruvate and diethyl mesaxalate as 

acceptor partners and ketene acetal. 2.2-diisopropyl-1.3-dioxole and 1.1-dimethoxy-2-methyl 

propene as donor partners have been investigated. The results such as products and yields are 

summarized in Table 1 together with the reaction conditions and leave the following canclus- 

ions: 

2.1. THERMAL REACTIONS 

2.1.1 Reactions with 1.1-diethowethene 2 

Ethyl pyruvate 1 reacts with 2 even at room temperature but the oxetane intermediate was not 

isolable. On the basis of the products (Scheme 2) and according to the above mentioned 

D A (IS +IS)- geometry of the transition state we assume first the formation of the dipolar 

intermediate 8 (see  Scheme 2) which leads either directly to 13 - eventually via the oxetane 

after mtramolecular ring closure or which may be scavenged by a second olefin under 

format~on of 9 .  Alternative mechanisms especially concerning the consecutive reactions 

leading to the 1:2 products have been discussed earlier for the biacetyl/l,l-diethoxyethene 

system% The corresponding photoreaction exclusively leads to the regioisomeric metane 10. 

Dierhyl mesoxalate 14 and b~aceryl 1 also form 1:l and 1:2 adducts with 2 under similar 
25 conditions (Scheme 1,  3 and Ref. ) .  However the oxetane 25 is isolable only in benzene as 

solvent. 

2.1.2 Reactions with l,l-dimethoxv-2-methvl~ro~enn 26 

Alkyl-substituted ketene acetals such as l,l-dimethoxy-2-methylp~openn 26 only react therm- 

ally with the electron poorest carbonyl compound 4 forming the oxetane 20 (see Scheme 3). 

Weaker electron acceptors such as hiacetyl require catalytic conditions even with the less 

24 substitured 1.1-dimethoxyprapene . 



Scheme 2 

2.1.3 Reaction with 2.2-diiso~rowl-1.3-diaxole 15 

A thermal cycloaddition of the symmerrical cyclic olefin 15 is observed only with 14 in the 

presence of a Lewis-acid as catalyst. In order to optimize the yields of 21 several experi- 

ments have been carried out by varying the reaction conditions such as reaction times and 

temperatures and by using different catalysts. The yields and product ratios are listed in 

Table 2 leaving the conclusion that here ZnC12 is the catalyst of choice. 

Sumrizing these observations both the charge-transfer (CT) character and the substitution 

pattern of the starting materials have to be considered in thermal reactions of carbonyl 
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 compound^ with olefins: In general only carbonyl compounds which are strong electron accepr- 

D A ors may add thermally to electron rich olefins. The (IS + IS) geometry of the transition 

D A 22 state seems to be favoured energetically rather than the corresponding (2 + 1 ) geometry , S S 

since symmetrically substituted olefins require the support of a catalyst even with the 

strongest acceptor used here. Only the highly unsynanetrical 1.1-diethoxy ethene add thermally 

to all carhonyl compounds even in the absence of a catalyst. 

In general the corresponding photoreactions are complementary to the thermal additions. High 

yields of oxetanes are observed under photochemical conditions preferentially in systems 

which are thermally As examples. even the strong donor 15 only forms oxetanes 



Table 1: Products and yields of photochemical and thermal reactions of 
biacetyl 1, ethyl pyruvate 1 and diethyl mesaxalate 14 with elec- 
tron-rich olefins 2. 15 and 26 
(NR = no reaction) 

A (25"C.benzene) 
16(42%) =(58%) - 

hu (25'~. benzene) 

NR 

hu (25%. benzene) 1'". .k=CH.' 

Table 2: Optimization of =-preparation 

(8o0c,cH,cN) 
(R,=H.Rz=CH3) 
Oxetane 

catalyst(60X) 24 

- 

(O-S0"C.cH,cN, (10-sooc.cH,cN. 
catalyst) NR lcatagt) 

a) Mol. ratio with regard to 14. b) 1-3 by products. c) The thin layer 
control experiments show a large amount of polmer products. 

Oxetane 21 

8 
20 
0 
84 
62 

25 
28 

b) 
By-Products 

rxl 
5 
8 
0 
2 
15 

14 
13 

Catalyst 

ZnC1, 

TiC1, 

Reaction 
Temp. roc] 

0 
20 
-10 
80 
80 

0 
20 

Reaction 
Time 

10 d 
5 d 
10 d 

4 d.9 h 
4 d 

5 d 
46 h 

Conc. Catalyst 
r.01 xl 
4 
4 
4 
4 
10 

0.5-1 
3-5 
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with ethyl pyruvate 1 and trimethylpyruvic acid ethyl ester 29 under photochemical 

conditions. Alone the reaction with 1.1-diethoxyethene 2 appears to be an exception. since 

here both methods are operative, however. with diverse regioselectivity (Scheme 1 and 2). Tho 

strongest acceptor 14. however. does not show any product formtian upon irradiation with 2. 

Again, if the m-character decreases, cycloadducts are formed photochemically even with 14: 

e.g. the oxerane a from cyclopentene beside the ene-type adduct 24 (Scheme 3) and 

corresponding products from norbornene or isoprenez6. Other Paterno-Biichi reactions with 

27 various pyruvio acid esters have been reported by Scharf and coworkers . 

Scheme 4 

EXPERIMENTAL 

GEE&& 

The kero esters were synthezized accordi~ lg to methods described in the literature: Diethl I1 

29 mesoxalate ( u ) ~ ,  trimethylpyruvic acid ethyl ester (23) . The donor olefins were prepared 
30 as described in the literature: 2,2-diisopropyl-1,3-dio~01e (15) . ketene diethyl acetal 

31 32 (2) . 1,l-dimethaxy-2-methylpropene (26) . The solvents were purified by standard methods- 

33. - GC : Carlo Erba Fractovap 2101 using the OV 101 column (5% on chromosorb WAW DMCS 

80/100 mesh.) - HPLC : Gilson-303 chromarograph and Chramosorb Si 60 columns, mixtures of 

AcOEr in cyclohersne as eluent. - Flash-Chromatography: Silicagel 60 (0.04-0.063 mm) from 

1 Machery & Nagel. - H-nmr and I3c-nmr spectra: Varian EM 390 (90 MHz). Varian VXR 300 (300 

M H z ) ,  Varian W T  20 (20 MHz). Varian VXR 300 (75 MHz). - ir spectra : Perkin-Elmer 377, 

Perkin-Elmer 1700. - GC-MS spectra : Varian MAT 212. - All glass apparatus were imersed over 

night in an aqueous sodium hydroxide solution to prevent acid-catalyzed side reactions. 
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(iii) Diethvl 2-hvdrw 2-methvlsuecinate 13 - Yield 8%. Yellowish oil - 'H-mr (CC14. 90 

MHz): 1.22. 1.30 (2t. 5~7.2 Hz, CX3 ester). 1.40 ( s .  H3C-C(2)-). 2.58. 2.90, (2d. J=15.5 Hz 

-aZ). 3.72 (s. OH). 4.12. 4.25 (2q. J= 7.2 Hz, CF$ ester). - ir (CClJ: 3510 (OH). 1735 cm-I 
(C=O). - 13c- nmr: (C6D6, 20 MHz) 14.1 (2 CH3 ester). 26.5 (CH3). 44.7 (M2) 60.5. 61.6 (2 

CH2, ester), 72.6 (€(2)-0). 170.5 (2 a2). - ms: 205 (0.5, k'), 132 (5.7). 131 (84.9). 103 
(20.5). 85 (79). 43 (100). 

PRODUCr OF 7 AND 2 fPHUTCQlEHICAL REACTION1 

Erhvl 2-methyl-3.3diethowoxef-2-vl carbornlate 10. - Yield 79%. Colourless oil. - '~-nmr 

(CI1Cl3, 90 MHz): 1.20, 1.29, 1.32 (3t. J=7.2 Hz, a3 ester, acetal). 1.61 (s .  %), 3.51, 
3.61 ( 2q, k7.2 Hz, CH2 acetal), 4.12-4.65 (m. CH2 ester, oxetane). - ir (CDC13): 1745 cm-I 

(C=O). - 13c-mr (CDC13. 75 MHz): 13.07. 13.6, 13.8 (3 5 OEt). 56.9. 57.2. 59.7 (3 CH2-0). 
74.8 (a2-0. oxetane). 91.9 (-C(quat)-O), 100.4 (O-C(quat)-0). 169.6 (a2). - ms: 202 (0.3. 

M"-30). 161 (8.5). 128 (6). 116 (25). 100 (11.5). 89 (42.5). 87 (17). 72 (9.2). 70 (11.4). 

61 (28.8). 60 (27.3). 45 (18.8). 43 (100). 42 (8.4). 

F'RODLCX3 OF 7 AM) 15. - Flash chromatography: AcOEt/C6H12 10:90. 

(i) Ethvl 7-endo-methvl-3.361iso-~ro~v1-2,4.6,triorabicyclol3.2.Olhe~t-7-exolrl-carhow1afe 

27 - Yield 80%. Colourless oil. Rf 0.45. - H-mr (CC14. 90 MHz): 0.78, 0.87, 1.07 .l. 17 (4 - 
d ,  J=7 Hz. -9 i ,  1.30 (t, J=7.5 Hz, CH3 ester). 1.40 (s, H3C€(7)), 1.83-2.57 (m, 

a-iPr), 4.17 (q, J=7.5 Hz, CH2 ester) 4.77 (d, J=2.7 Hz, - H ( ) )  5.90 (d, J=2.7 Hz, 

-H-C(5)). - ir (CC14): 1735 (C=O). 1380 crn-ld (iPr). - 13c-mr (C6D6, 20 MHz): 14.1 (a3 
ester). 16.8 (H3C-C(7)). 17.6. 17.9 18.26, 18.34 (a3, iPr). 34.4. 36.0 (2a-, iPr). 61.1 

(CH2 ester). 81.5 (-C(7)-0). 83.6 (-C(1)-), 102.5 (-H-C(5)-0). 124.1 (M(3)a). 172 (a2). - 
ms: 273 (0.17, ~+.+1). 246 (12.4). 245 (100). 171 (9.4). 131 (7.4) 115 (23.1). 111 (17.6). 97 

(10.3). 73 (17.4). 71 (75.2). 69 (12.1). 43 (57.5). 41 (10.7). - Cl4HZ4O5 (2'72.3) calcd C 
61.74. H 8.88; found: C 61.48, H 9.06. 

(ii) Ethvl 7-exo-methv1-3,3-diiso~r0~~1-2,4.6-tfi0obi~~~10~3.2.01he~t-7-end0-~1-carbo~~1~te 

1 28. - Yield 20%. Colaurless oil. Rf=0.35. - H-mr (CClq. 90 MHz): 0.80. 0.87. 0.97. 1.05 - 
(4d, J=7 Hz, %. iPr), 1.30 ( r ,  5.7.5 Hz, CH3 ester), 1.53 (s, H9€(7)), 1.87-2.50 (m, Q(- 

iPr).4.13 (q, 7.5 Hz, CH2 ester), 4.77 (d, 5.2.7 Hz, 0-C(1)H-0). 5.87 (d. J=2.7 Hz, -C(5)H). 

- 13~-nmr(~6~6, 20 mz): 14.1 (%ester). 17.4, 17.7. 17.9 (4 CH3 iP r ) .  23.1 (H3C€(7)-), 

33.9 35.5 (2M-iPr), 60.3 (a2-ester), 80.9 (M(7)-). 85.5 (M(1)H-), 100.5 (@C(5)HIJ), 



124.3 (0-C(3)-0), 169.3 (a2). - ms: 245 (2, M"-28). 199 (36). 111 (11). 71 (55). 69 (15). 

55 (7). 44 (7). 43 (100). 41 (26). 

PRODUCrs OF 14 AND 2 IN Q1$%. - HPLC: AcOEt/C6H12 20:80. 

1 (i) Diethvl 2-ethylowcarhonyl-2-hvdroxysuccinate 16. - Yield 53%. Colourless oil. - H-mr 

(CHI3, 90 MHz): 1.20, 1.27 (2t, J=7.2 Hz, M3 ester): 3.10 ( s ,  Biz): 4.10 (q, J=7.2 Hz, M2 

ester). 4.23 (q, J=7.2 Hz. CH2 ester). - 1 3 ~ - m r  (COC13. 20 MHz): 12.83 (a3 ester), 12.98 
(a3 ester), 39.0 (a2): 59.9. 61.6 (2 3 ester): 75.8 (-C(2)-0). 168.3 (%). - ms: 263 
(0.5. M"), 217 (11). 190 (14). 189 (65). 144 (31). 143 (52). 116 (35). 115 (1W). 88 (26). 

43 (62). - ir (GWl3): 3500 (OH), 1740 cm-I (C=O). 
1 (ii) Diethvl 4-ethorv-2-ethvlowcarbon~lmco~te 17. - Yield 10%. Colourless oil. - H-nmr 

(CDC13, 90 MHz): 1.13-1.50 (m. M3 ester, ether) 3.87 (q. J=7.2 Hz, Biz ether); 4.03-4.47 (m. 

M ester). 5.27 ( s .  H-C(5)). 8.40 (3. H-C(3)-). - ms: 314 (15.4. x f ' ) .  269 (28). 190 (12). 2 

189 (59). 144 (28.5). 143 (48). 116 (36). 115 (100). 88 (27). 87 (20.5). 43 (48.5). - 
ir (CLK13): 3100, 1645, 1595 (a conj.), 1740 cm-'(~=O). 

1 (iii) Ethvl 2sthvloxvcarbonvl4trietho~~~~rotowte 18. Yield 6%. Colourless oil. - H-mr 

(CIK13, 90 MHz): 1.20. 1.30. 1.33 (3 t, J=7.2 Hz, Q13 ester, ether), 3.53 (q, J=7.2 Hz, CH 
2 

13 ether). 4.23. 4.27 (2q. J=7.2 Hz, M2 ester), 6.60 ( s ,  -M=C). - C-mr (COC13,20 MHz): 14.0 

(a3 ester), 14.9 (a3 ether), 58.1 (3 ether). 61.1, 61.9 (2% ester): 111.5 (-C- quat.), 

132.6 (-C=). 139.4 (-a=). 163.2 (a2). 165.20 (a2). - ir (m13): 1760 (w) .  1660 cm-l 

(M=C) . 
1 (iv) Disthvl 2-ethvloxvcarbonvlfumdratt 19. - Yield 25%. Colourless oil. - H-mr (CIK13. 90 

M H z ) :  1.07-1.47 (m. CH3 ester), 4.21. 4.23, 4.27 (3q, J=7.1 Hz, % ester). 6.83 (s, 4(-). - 

ms: 244 (0.1, EI+'); 199 (32). 171 (90.5). 154 (27.5). 143 (100). 126 (31.2). 125 (41.9). 53 

(21 .8). - ir (neat): 3040, 1650 (-M=). 1740 cm-l(~=O). 

PRODUCTS OF 14 &Q 2 IN BENZENE. - HPLC: AcOEt/C6H12 20:80. 

(i) Succinic acid derivative 16. - Yield 42%. 

(ii) Diethvl 2.2-Diethvow-4,4-oxet-4.4-divl-diearhowlate 25. - Yield (58%). Colaurless ail. 

- l~-nmr (CDC13, 90 MHz) 1.12, 1.23 (2t, k7.3 Hz, % ester/ether): 2.80 (s,W2): 3.52 (q, 

3.7.3 Hz. -cXUether): 4.13 (q. J=7.3 Hz. ester). - ir (COC13): 1740 (C=O). - ms: 291 

(17, ~+'+1); 273 (12). 245 (6). 218 (12.6). 217 (100). 203 (14.4). 199 (19). 189 (17.9). 171 

(24.1). 154 (8.1). 143 (64). 127 (16.9). 125 (11.4). 115 (40.2). 99 (11.7). 87 (11.2). 43 

(18.8). 
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PRODUCT OF 15 AND 26. - HPLC: AcOEt/C6H12 10:90. 

1 Oiethvl 2.2dimethvonr-3.3-dimethvL-oxet-4.4-divl-dicarbo*vlate 20. Colourless oil. - H-nmr 

(CXl3. 90 MHz)' 1.27 (s .  M3). 1.30 (t. J=7.5 Hz. CH3 ester). 3.33 (s. -OG3). 4.22 (q. 

13 J=7.5 Hz, M2 ester). - ir (neat): 2870. 2860 (-0-CH3). 1750 cm-' (w). - C-nmr ( W 1 3 .  20 

MHz): 14.2 (CH3 ester). 20.0 (a3), 50.1 (0-5). 54.3 (<(3)-). 61.8 (M2 ester), 83.0 

(-C(4)-0). 136.4 (O-C(2)-0). 166.6 (a2). 

Acid hvdrolvsis of 20. - Ethvl 2-Ethyloxvwirbonvl-2-h~dro~~-3-meth~l-3-meth~loxvwirbon- 

yl-butyrate 22: 

The cation exchange resins Lewatit SC 104 was added to a solution of 20 in methanol/water 

(1:l) and stirred for 3h (25'~).~fter filtration and evaporation the product was pure and 

1 satisfactory microamlytical data were obtained. Colourless oil. - H-mr (W13. 90 MHz): 

1.33 (s. CH3). 1.47 (t. J=7 Hz. M3 ester). 3.70 ( s .  0-Of3). 4.30 ( q ,  J=7 Hz. CH2 esrer). - 
ir (neat): 3490 (OH). 1740 cm-I (C=O). - C12H2004 (276.29): calcd C 52.17 H 7.30; found C 

51 87 H 1.12. 

PROOUm OF 14 AND 15. - Flash chromtography: AcOEt/C6H12 25:75. Diethyl 3.3-diisopro- 

~~l-2.4,6-rrioxabicvcloT3.2.01he~t-7.74ivl-dicarboxvlare 21. Yellowish oil. - ln-nmr ( W I 3 ,  

90 MHz): 0.80 0.87. 1.00. 1.07 (4d, J=7 Hz. CH3iPr); 1.31(t. J=7.3 Hz, 5 ester). 
1.98-2.51(m. CH iPr). 4.29 (q, J=7.3 Hz. CH2 ester), 5.26 (d, J=3 Hz HX(1)-), 6.12 (d. J=3 

Hz. H-C(5)-). - 13c-nmr (CDC13, 20 MHz): 13.9. 14.1 (2 M3 ester). 17.4. 17.6 (2 5 iPr). 
17.8 (2 M3 iPr), 34.0. 35.5 (M1- iPr), 61.8, 62.7 (2M2 ester, 82.1 (-C(7)-0), 83.5 

(HC(1)-0). 102.8 (0-H-C(5)-0): 125.7 (0<(3)-0). 165.0. 167.5 (2 W2). - ir (CDC13): 1735 

(C=O), 1380 cm- I  d (IPr). - m :  330 (0.07 M*'): 288 (10.2). 287 (70.7). 257 (12.3). 187 

(7.5). 159 (10.7). 143 (16.8). 113 (36.6). 97 (23.3). 71 (81.4). 55 (16.1). 43 (100). 41 

(12 1). 

PROWCTS OF 14 AND CICLOPENfENE -. HPLC: AcOEt/ C6HI2 15:85. 

(i) Diethvl 6-o~bicvclor3.2.01-7.7dlVI-diearbO~late 23. - Yield 37X. Colourless oil . - 
k n m r  (CC14. 90 MHz): 1.25 (t. J=7.5 Hz, CH3 ester). 1.35-2.10 (m. M2 eyclopentane). 

3.35-3.60 (m, H-C(3)-), 4.18 (q, J=7.5 Hz, GI2 ester). 5.03-5.17 (m, H€(7)-0). - i r  (CC14): 

1740 cm-' (C=O). - 13c-mr (OX4, C D ) -  13.9, 14.1 (2 CH3 ester). 24.2, 27.4, 33.7 (3 CH2), 
6 6  ' 

44.5 (H-C(3)), 60.4, 61.2 (2 CH2 ester), 84.6 (H-C(7)-0). 166.5, 168.0 (2 C02). - ms: 242 

(4.1. M+'). 176 (5.2). 170 (14). 169 (32.5). 152 (10.7), 151 (100). 141 (8.9). 123 (40.2). 

105 (12.2). 96 (9.9). 95 (41.9). 67 (30). 41 (7.1). 



1 
(ii) Diethyl 2-cvclopenten-3 vl-2-hydro-lonate 24. - Yield 54%. Colaurless oil. - H-nmr 

(El4. W MHz): 3 (t. J=7.5 Hz. ester). 1.6-2.5 (m. 3 cyclopentene). 3.4-3.6 (m, 

H-C(1')-), 3.51 (s, OH), 4.23 (q, J=7.5 Hz, O-CH2 ester), 5.46, 5.79 (2 d/q, J=5.4/1.8 Hz. 

H-C(2' -3.)). - ir (El4): 3500 (OH), 3030 (C=C). 1740 (-). - 13~-mr (W14/C6D6): 14.0 

(a3 ester). 24.2. 32.3 (2 CH2) 50.5 (H-C(1')). 61.5 (CH2-0 ester). 80.3 (<-OH). 129.1. 

133.7 (2 a=). 169.74 (%). 

PRODUCr OF T R I ~ W R W I C  ACID ETHYLESTER 29 and 15. - HPLC: AcOEt/C6H12 10:W. 

7-t-Butyl-7-eth~lo~~carbonvl-3.3-diisoyrro~~l-2,4.6-frioxabievlor3.2.0lhe~tane 30. - Yield 

1 65Z. Colourless oil. - H-nmr (CDC13. 300 MHz): 0.81. 0.93. 1.11. (3d. J=7 Hz. CH3 iPr). 1.11 

(s, 3 CH3 tBu), 1.15 (d, J=7 Hz, CH3 iPr). 1.35 (t, J=7 Hz, ester), 2.05, 2.50 (2 sept., 

J=7 Hz, CH- iPr), 4.28 (q. 5x7 Hz, CH2-0, ester). 4.99 (d. 52.5 Hz. -C(l)H-O). 5.82 (d, 

J=2.5 Hz. -C(S)H-0). - 13c-nmr (CiX13. 75 MHz): 14.3 (CH3 es te r ) .  18.2, 18.7. 18.8. 18.9 (4 

CH3 iPr). 26.6 (3 CH3. tBu). 34.0 (-Cl- iPr). 35.4 (<(quat), tBu). 37.6 (4- iPr), 61.3 

(0-CH2- ester). 86.9 (-C(1)H-O). 87.5 (C(7)-0). 101.1 (CX(5)H-0). 125.0 (O-C(3)-0). 172.6 

(W2). - ir (CDC13): 1720 (C=O). 1375 m-' d (iPr). - ms: 314 (0.12, M"), 271 (12). 156 (9). 

127 (12). 114 (7). 113 (100). 97 (13). 85 (23). 71 (70). 57 (49). 55 (17). 43 (70). 41 (23). 

- C17H3005 (314.4) calcd C 64.94, H 9.62: found C 64.85, H 9.79. 
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