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The addltlon of I-acetoxy and I-trlmethylsllyloxy-3-methylbuta-1,3-dlene with 
isopropyl glyoxylate end dlethyl oxomalonate under thermal (llO°C) and high-pressure 
(10 kbar) cond1t ion5 wss studled. It was found that sllyloxy dlene yielded only 
Dlels-Alder adducts whereas acetoxy dlene gave unsaturated esters. To ratlonallse the 
formation of the latter an ene addition wes postulated 88 the first step of the 
react lon. High pressure condltlons favoured Dlels-Alder nactlon. Small values of the 
anomerlc effect of the 0Sl(14e)3 (relative to OAc or OR) was noted. 

The utility of Dlels-Alder reaction of dlenophlles wlth activated carbonyl 

group for dlhydropyran ring construction 1s amply documented 
1) . The efficiency of the 

operation. which result5 from the reglo- and stereo- selectlvlty of the addltlon 

rendered it an object of extensive studles in search of new aethodologles for the 

total synthesls of natural products comprlslng a pyran 
2) moiety . Thus for example 

4+2 addltlon of butyl glyoxylate with 1-methoxybuta-1,3-dlene readlly furnished butyl 

6-methoxy-3,6-dlhydro-2H-pyran-2-carboxylate (1) 3, which ln turn wa5 used a5 a 

substrate in the total synthesis of monosaccharides 
4) . 

((yC02Bu H , ,C02-i-Pr 
C 

EtOzC, 
C 

902 Et 

(1) (2) (3) 

In connection wlth another proJect we required an analogue of 1 with methyl group 

at C-4 and easily removable protections of C-6 oxygen atoa. For its synthesis we 

attempted the Dlels-Alder reaction of Isopropyl glyoxylate (2) with l-acetoxy- 

3-methylbuta-I, 3-dlene (4). Instead of the desired adduct 8 an unsaturated 0x0 ester 

12 we5 obtained. 
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(4) R = Me. x = AC (8) x = Ac (10) X=Ac 

(5) R - Me. x = Slwe)3 (9) x - SlM3 (11) x = SlW3 

(8) R - H, x = AC 

(7) R = H, x = SlW)3 

a bl 

(12) (13) 

An unexpected course of the reaction induced IIE to examine on one hand another 

dlenophlle with active carbonyl group - dlethyl oxomalonate (3) and on the other a dletne 

S with C-l oxygen function protected as trlmethylsllyl ether. For comparison purpose 

reactions of dlenes 6 and 7 without C-3 methyl group with 2 ( Scheme 2 1 were also 

examined. 

Results and Dlscusslon 

Both 0x0 esters 2 and 3 uere reacted wlth 1.25 equlv. of a dlene In toluene 

solutlon.In one serles of experlments the reactions vere carried out in refluxlng toluene 

( bath temperature 120°c 1 and in the other under the high-pressure (10 kbar) 

at ambient temperature. 

The structures of all obtained compounds were deduced UnaJlblgously from their 

analytical and spectroscopic data ( Table 1 and 2 1. 

l-Acetoxy-3-methylbuta-1.3-dlene (41 

0x0 esters 2 end 3 ln thermal reactions with 4 gave unsaturated 0x0 esters 12 

and 13, respectively. Structures of the latter vere immediately apparent from thelr lH 

NMR spectra uhlch revealed the absence of the acetoxy group and the appearance of the 

aldehydlc proton (6 10.28 and 9.80 1 as ml1 as three (for 12) or tw (for 13) vlnyllc 

protons. Along with the ester 12 small amount of a slde-product 14 was isolated. Its 

structure was evldent from the ‘H NMFI spectrum. which lndlcated the presence of four 

vlnyllc protons, two of which located at the termlnal m?thylene group (6 4.82 bs, 4.80 

bs). Reported in the llterature reactions of the dlene 4 with different dlenophlles 

yielded in all cases exclusively products of 4+2 
5) 

cycloaddltlon . The presence of 12 

and 13 as well as 14 could be accounted for by the formation and subsequent 
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transformations of the not isolated ene adduct 15 (Scheme 1 1. Formatlon of the latter 

1s a consequence of the propenslty of carbonyl dlenophlles for taking. besides 

cycloaddltlon. an ene route. E.g. the Lewis acid catalyzed reaction between unsubstltuted 

lsoprene and chloral gave predominantly ene adduct 
6) 

whereas in the thermal reactions a 

mixture of ene and cycloadduct with predominance of the latter was obtained 7) . It could 

be presumed that dlene 4 reacts with 0x0 ester 2 possibly via zultterlonlc intermediate 

16a or close to It transltlon state to glve a nondetected ene adduct IS. The latter In 

a sequence of reactions, probably catalyzed by traces of adventltlous acid undergoes 

either transacetylatlon followed by the proton shift and the ellmlnatlon of acetic 

acid ( Scheme 1, path a 1 to glve 12 or cycllzatlon and then ellmlnatlon of acetic 

acid ( Scheme 1, path b 1 to afford 14. 

AcOw H\c/ E rAcoTE 1 L t - 
H a 

1 

01 (2) 

/ 

12__Ho7y’+!J- 
OAc 

path . 

‘c“ 

E 

b 
- 14 

0 

E = C02-lsopropyl 

I151 

scheme 1 

OAc 

In the analogous fashion 13 can arise from dlene 4 and dlethyl oxomalonate (3) 

We expected that by applying high-pressure condltlons the reaction of 

l-acetoxy-3-methylbuta-1,3-dlene (4) ulth carbonyl dlenophlles can be coaxed lnto 

folloulng cycloaddltlon route ( Scheme 1, path b ) leading to the dlhydropyran 

moiety. In fact ra have been fully succesfull In case of dlethyl oxomalonate (3) uhlch 

under 10 kbar pressure at r. t. afforded cleanly the desired adduct 10. Reaction of 

isopropyl glyoxylate (2) under these condltlons led to a mixture which was not 

further examined. However the ‘H NMR spectra of the crude product suggested the presence 

of dlhydropyran 8 as a main component. 

To confirm the lnvolvment of the C-3 methyl group In diverting the course of 

the reaction from the Dlels-Alder path by making the ene route possible. the reaction 

of lsopropyl glyoxylate (2) with I-acetoxybuta-1.3-dlene (8) was carried out. Indeed 

in this case thermal and high-pressure condltlons alike gave only 4+2 adduct 16. as a 

mixture of cis and trans isomers (Scheme 2). 



5 
“Y CO2-I-Pr C02-i-Pr 

+ 
a - IO 

c 
X ox 

(6) x = AC (2) (16) x = AC 

(7) x - Slme)3 (17) x = SlUle)3 

scheme 2 

1-Trlmethylsllyloxy-3-methylbuta-1,3-dlene (5) 

In contrast to the dlene 4 l-trlmethylsilyloxy-3-athylbuta-1.3-dlene (6) reacted 

smoothly with 0x0 esters 2 and 3 yleldlng dlhydropyrans B and 11. nspectlvely. In the 

case of compound B the preference of endo addltlon could be inferred flH NMR) from the 

ratio of cl.s/trans isomers amounting to 1:1.34 and 1: 1.45, respectively for thermal and 

hlgh-pressure reaction. No products which could be derlved from the ene addltlon have 

been obtalned showing that once acetyl group 1s substituted by trlmthylsllyl one 

cycloaddltlon deceldedly prevalls. 

Conflguratlon and conforaratlon of dlhydropyrans 8. 16 and 17. 

Dlhydropyrans a. 16 and 17 snalogues of 2,3-unsaturated glycosldes occur In 

half -chair conformat ions 
8) . Posltlon of the confomtlonal equlllbrlum depend on the 

sterlc and stereoelectronic lnteractlons 
9) 

.For trans-16 the equatorlal posltlon of 

C02-1-R and the anomerlc effect of the pseudoaxlal acetoxy group favour conformer 
OH2 

(Scheme 3). 

E 

OH2 
tram-B 

trans-16 

trans-17 

E - C02-lsopropyl 

This 1s confirmed 

3.00 Hz ( Table 2 

wx=wx 
R R 

% 2”O 
R = Me, x = slwe)3 cl s-9 

II = H, x = AC CLS-16 

R = H, x = slwe)3 cl s-17 

Schem 3 

by the coupling constants values J23=!3.05 Hz. J23.4i.40 Hz and J55= 

1 Indicating axial and pseudoequatorlal posltlon of H-2 and H-5 
3 

respectively. For the isomer cfs-16 ln uhlch stablllzatlon of the conformer ‘Ho due to 

tha anomerlc effect 1s opposed by the 1,3-dlaxlal lnteractlon of c02-l-F? and Ok 

groups an equlllbrlum between 
2 
Ho end “H2 should be posslble. Slmllar coupling constants 

values: J23 - 5.58 Hz and J23, =5.82Hz asuellasJ 34 = 3.78 Hz and J3.4 - 4.12 Hz 
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values indicate that the conformations “s and 2Ho am nearly evenly populated (Scheme 3) 

These results are In accord wlth those found for analogous dlhydropm ulth C-6 

alkoxy substltuent Instead of OP. Consequently the assignment of trans-cis 

conflguratlon of 16 wa5 based on the H-2 coupling constants values. 

A different conformatlonal picture emerged for dlhydropyrans B and 17 with 

OSI(MIZ)~ substltuent at C-2. Coupling con5tant5 values of H-2 ( trans-9: .J23 = 11.39 

fi. J23, = 4.04 Hz; tram-17: J23= g. 61 Hz. J23, = 6.80 Hz; cfsa: 
‘23 

= 10.69 Hz 

J23’ 
= 4.04 Hz; cts-17: 

‘23 
= 10.31 Hz, J23. = 3.92 Hz) revealed In each case Its 

axial posit Ion, lndlcatlng that for both compounds not only tr5n.s but also cis 

Isomer appears In 
OH2 

conform& lon. 

The chsnge of the conformational equlllbrlum In ca5e of cfs-9 and cis-17 a5 compared 

to cis-16 snd other analogous dlhydropyrans 
6) results from the smaller anomerlc 

effect of the 0Sl(M5)3 group 
9a) than that of AC or OR groups. Hence 1,3-dlaxlal 

Interaction of CO,-I-Pr and 0Sl(Me)3 shlfts the equlllbrlum towards “H2 conformer. Since 

the configuration of compound5 Q and 17 could not be deduced from their 
1 
H NMR spectra 

the asslgnment 15 based on the equlllbratlon experlmnts assuming trans Isomers to be 

thermodynamlcally preferred. 

Experlmental 

Melting points were determlned on a Kofler hot stage microscope and are 

uncorrected. Bolllng polnts refer to the air bath temperature. IR spectra were 

measured with Specord N-60 88 flls or In CHC13 solution. 
1 
H NIW spectra were 

recorded with Bruker EL 300 and AM 500 and Varlan EM 360 spectrometers In CDC13 

501ut Ions using W a5 Internal standard. Column chromatography was carried out on 

Merck Kleselgel 60 (230-400 Mesh) with ethyl ether - petroleum ether mlxture. TLC 

VBS performed on silica gel precoated plates. 

Starting materials. 

Isopropyl glyoxylate (2) lo), b. p. 34-36’C/16 Torr, dlethyl oxomalonate (3)11) b p . . 

102-103°C/15 Torr. l-acetoxybuta-1,3-dlene (6) 
12) b. p, 42-45’C/lO Torr. l-acetoxy- 

3-methylbuta-1,3-dlene (4) 13) b.p. 55-60°C/20 Torr, 1-trlmethylsllyloxybuta-1,3- 

dlene (7)14) b. p. S3-!B°C/2!i Torr, 1-trlmethylsllyloxy-3-methylbuta-1,3-dlene (5) 14) 

b. p. 52-60°C/20 Torr, were obtained according to literature procedures and vere 

dlstllled lmmedlately before use. High-pressure reactions were carried out at 

amblent temperature In the piston-cylinder type apparatus 
1s) 

. The pressure lnslde 

the working volume was measured by a calibrated manganlne co11 with an accuracy of 

ca 0.1 kbar. 

General Procedure for the Thermal Addltlon. 

A mixture of 8 mmoles of an 0x0 ester ( 2 or 3 ) snd 10 mwles of a dlene ua5 

dlssolved in 5 ml of dry toluene uhlch contalned several crystals of hydroqulnone. 

The mixture was heated under the atmosphere of nitrogen on the 011 bath at 120°C for 3 

hrs. Then the solvent w85 removed on the rotary evaporator and the residue 
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chromatographed on the silica gel coluan. eluted ulth ethyl ether - petroleum ether 

15 : 85 alxtum. Hoaogenous (TLC) products uem dlstllled bulb-to-bulb under reduced 

pmssum. 

General Procedure for the Hlgh-Pressure Mdltlon. 

A stoppemd teflon vessel ( ca 5 al voluv 1 contalnlng the ma&ion alxtum pmpared es 

in the theraal experlsent ua8 placed ln the cylinder of the hlgh-pressure apparatus 

fllled ulth pentane. pmssurlzed to 10 kbar and left for 20-24 hrs. After decoapmsslon 

the reaction mlxtum was worked up as described above. Yields and analytical data 

for the compounds obtalned In themal and high-pmssum mactlons am collected ln 

Table 1. 

Table 1 

Substrates 

2+4 

2+5 

2+5 

3+4 

3+4 

3+5 

2+a 

2+6 

2+7 

2+7 

React lon 
Condltlon*) Pmduct 

T 12**) 

T a 

P Q 

T 13 

P 10 

T 11 

T 18 

P 18 

T 17 

P 17 

Yleld 9. p. 
x OCITorr 

48 110/o. 2 

65 100/o. 15 

58 100/o. 15 

42 110/O. 15 

54 110/o. 2 

85 110/o. 2 

50 100/o. 2 

22 100/o. 2 

71 85/O. 1 

60 85/O. 1 

Product 
l I 

hlecular Analyses X 
formula Calcd. C H Found C H 

12 T 

ST 

BP 

13 T 

10 P 

11 T 

16 T 

18 P 

17 T 

17 P 

65.91 7.74 65.98 7.65 

57.32 8.88 56.98 8.92 

57.32 8.88 57.12 8.80 

59.99 6.71 60.09 7.01 

5s. 94 6.71 55.85 6.79 

54.52 7.83 54.49 7.81 

57.89 7.07 57.66 7.06 

57.89 7.07 57.46 7.26 

55.78 8.58 55.54 8.72 

55.78 8.58 55.62 8.85 

:!, T - thermal (llO°C). P - hlgh pressure (10 kbar). 
Column chromatography afforded saall amount of 14. characterlsed only by Its lH NMR 
spectrum. 
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Table 2 

IR and 'Ii NM data for adducts B - 17 

180propyl tr~-4-wthyl-6-~trllrathyl5llyloxy~-3,5-dlhydro-W-pyran-2-carboxylate 

(trims-B): IR (film): u_ 
-1 

1755, 1732(X=0), 155O(C-C) cm ; 'H NM (300 MHZ): 5 0.15 

(s, 9H, SiKH31,L 1.28 (d. J-5.28Hz. 5H. 2xCH3), 1.75 (5, 3H, -C-CH3), 1.95-2.39 (m, 

2H, H-3, H-3'), 4.SO (dd. J23-11.39Hz, J23,-4.04Hz. H-21, 5.12 (sep, J=5.24Hz. O-CHO, 

5.35-5.49 (la, 2H, H-5.H-5); 

Isopropyl cfs4-~thyl-5-(trlmcthyls~lylo~cy)-3,5-dlhydro-2H-pyran-2-carboxylate 

(cis-9); IR (film): u_ 1755, 1732(X-O). 158O(C=C) c.-l; 'HNMR (300 MHz): 

6 0.20 (8, SH. SlKH3)3 1, 1.27 (d. Je.28Hz. 5H. 2xCH3). 1.73 (6, 3H, =C-CH3s), 

1.95-2.39 (m. 2H, H-3, H-3'). 4.24 (dd. Jw= 10.59Hz. J23.4.04Hz, H-2). 5.08 (sep 

J=5.24Hz, lH, 0+X-H), 5.35-5.49 (m, 2H. H-5, H-5). 

Dlethyl 5-acetoxy-4-methyl-3.5-dlhydro-2H-pyran-2.2-dlcarboxylate (10): 

IR (film): u_ 
-1 

17SO(C=O), 1595(C-C), 123O(C-O) cm ; 'H NMR (50 MHz): 6 1.25 (t, 

J=7.OHz, 5H. 2xCH3). 1.55 (8, 3H, -C-CH3), 2.00 (5, 3H, CcEHg, 1.50-2.30 (m, 2H, 

H-3, H-3'). 4.25 (q. J=II.OHz. 4H. 2xOCH2), 5.47 (be. lH, H-5). 5.45 tbs. 1H. H-5). 

Dlethyl 4-methyl-5-(trleethylsllyloxy~-3.5-dlhydro-2H-pyran-2,2-dlcarboxylate (11): 

IR (film) u_ 175O(C=O). 158O(C=C), 125O(C-0). 1175(C-O) cm-l ; 'H NMR ( 300 MHz): 

d 0.15 (5, 9H, Sl(CI$),). 1.25 (t, J=7.11Hz. 5H, 2xCH3). 1.75 (bs, 3H.=C-CH3), 2.35 

(d,J33,=17.13Hz, lH, H-3). 2.54 (d,J33,-17.13Hz, lH, H-3.1, 4.23 (q, J-7.15H2, 2H, 

oCH2), 4.29 (q. 5=7.15Hz. 2H, 0CH2,, 5.37 (m, lH, H-51, 5.54 (m, lH, H-5). 

Isopropyl 4-me.thyl-5-oxohex-2,4-dlenoate (12): 1750, 1740, 
-1 

1H NMR (300 MHZ): 

IR (film): Y_ 

1550, 1505 cm ; 6 1.30(d,J=6.25Hz, 5H. 2xCH3), 2,12(d, J=l.l3Hz 

3H,=C-CH3), 5.13 (Sep. J3.25Hz. lH,O-C<-HI, 5.08 (bd,J55=7.88Hz, lH, H-51, 5.22 

(d,J23=15.52Hz, lH, H-21, 8.19 (d.J=15.53Hz, lH,H-31, 10.25 (d.JS5=7.95Hz. lH, H-5). 

Dlethyl 3-methyl-5-oxopent-1,3-dlene-l,l-dlcarboxylate (13): 

1755, 1745, 1730(X=0). 1590(X=0), 158O(C=C) cm -l; 'H NNR (50 

IR (film): u_ 

MHz): 6 1.27 

(t,J=7.OHz, 3H. CH3), 1.3O(t,J=7.OHz, 3H,CH3), 2.1O(bs, 3H, =C-CH3), 4.20 (q,J=7.0Hz, 

2H, (ML& 4.27(q, J=7.OHz, 0-CH2), 5.98(d, J34=5.0Hz. 1H. H-3). 7.58(bs, lH, H-2). 

9.80(d, Jg4=5.0Hz, 1H. H-4). 

Isopropyl 4-methylene-3,4-dlhydro-2H-pyrancarboxylate (14): 'H NMR (300 MHz): 

6 1.27 (d, J=5.23Hz, 5H. 2xCH3), 2.54-2.50 (8. 2H. H-3,H-3'1, 4.54 ( dd, J23=5.78Hz, 

J23,=4.33Hz, 1H. H-2). 4.52 ( bs. lH, EC-H, H-71, 4.90 (bs, lH, H-7,). 5.11 ( sep, 

J=5.25Hz, 1H. 0+.X-H), 5.44(d, J23=5.01Rz, lH, H-5). 5.49 (d. J=5.98Hz. 1H. H-5). 

Isopropyl trans-5-acetoxy-3,5-dlhydro-2H-pyran-2-carboxylate (trans-15). 

IR (film): u_ 1750, 174O(C=O). lSSS(C=Cc), 1235(C-0) cm -1; 1H NM (500 MHz): 5 1.28 

(d, J=6.28Hz, 3H, CH3,, 1.29 ( d, J-5.28Hz, 3H,CH3) 2.05 (s. 3H, COCH3), 2.32-2.43(m. 

2H, H-3, H-3.1, 4.49(dd.J23=9.05Hz.J23.%.39Hz. 1H. H-21, 5.13 (sep,J=5.28Hz, 1H. OCHO 

5.81 (dm, J=lO.OHz,lH, H-41, 5.15 (m, 1H. H-51, 5.41 (dm. J=3.OHz. lH, H-5). 

Isopropyl cfs-acetoxy-3,5-dlhydro-2H-pyran-2-carboxylate (cfs-15). 

IR (film): u_ 1750. 174O(C=O), 1555tC=C). 1235(C-0) m-l; 'H N?G7 ( SO0 MHz 1: 
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8 1.27 (d, J=S.28Rz, 3H, CH3,, 1.28 fd, J=&ZWz, 3H, CX3,, 2.11 ( s. 3w, cxlCH3L 

2.40 ( dddt. J33, =17.7oHz~ J23- S.WHz, J3,- 3.79&, J- 2.3OH2, lH, H-3 1, 2.54 

idddt, J,,,=l7.70&, J23,=!LQ2Hz. J3,4 4.12Hz. J-2.lOH2, lH, H-3.1, 4.47 (t, J-5.6862, 

lH, H-21, 5.07 (sep, JM3.28Hz. lH,O-C+H 1, 5.71 (dq, J4S-10.23Hz, J-2.0%~. lW, H-51, 

8.15 (dtd, J45=10.27Hz, J4.07Hz. J=l.26Sz, 1X, H-4). 6.35 (n, 1H. H-6). 

Isopropyl ~r~-6-~trl~t~ls~lylo~~-3~6~i~-~-p~-2~~~~late (lrans-171: 

IR (fila): u_ 1760, 174O~C=O). lSSO(C-C1, 1130, 107O(C-O1 cm-'; 'HNMR (5oOHHz): 

6 0.14 (6, 9X, SlW13)3), 1.23 (d, J= 6.26Hz. 3H, CR3). 1.24 (d. Jp6.26Hz. 3H. ClL& 

2.20-2.29 (i, 2H, H-3, H-3'1. 4.44 ~dd,J23-B.51Hz, J23.=8.f10Rz, lH, H-21, 5.06 (sap, 

.J=B.2BBz, lH, OC+Hl, 5.40 (do. J5s-2.6SHz. lH, H-61, 8.70 (da. Jq5=10.6Hz, 1H 

H-51, S.84-!&821r, lH, H-4). 

Isopropyl cis-8-(trfvtbylsflyloxy)-3,8-dW@ro-2H-pyrm-2-cerboxylate (cfs - 171: 

IR (film): V_ 1766, 174O(C-O), lf%O(C=m, 1180. 107s(c-O)c.-1; lH NMR m0 MHZ]: 

d 0.18 (s, SH, SWX3'3', 1.22td. JM.28Hz2, 3H. CH3). 1.23 (d, J4L28Bz, 3H, Cl&& 

2.18 (dm, J33.=17.44Hz. lH, H-31, 2.34 ( ddq, J33,= 17.44H2, J,.=10.43Hz. J=2.67W II% 

H-3’ 1, 4.24 (dd, J23-10. 3lBz, J23, -3. BZliz, lH, H-21, 5.03 (Sep. J-6.28Hz, 1H. oCH<), 

5.44 (tt, J=2.7§Hz, J=l.2OHz. 1H. H-61, 6.62 (dtt, J46=10. 18Hz. J-1.48&, J=l.x)Kz, 16, 

H-S). 5.84-5.88 (m.lH,H-4). 
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