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Abstract: The reaction of AlBu' with the title compounds was investigated. The 
reductive rearrangement of 2-ethdxy-4-alkyl-2,3-dihydrofurans proceeds in the same 
way as that of the corresponding dihydropyran compounds although a complete lack of 
stereocontrol was observed. On the basis of the experimental results obtained, a 
likely mechanism for this reductive rearrangement is suggested. 

We have already reported the stereocontrolled reductive rearrangement of 

2-ethoxy-5-alkyl-3,4-dihydro-2H-pyrans in the presence of AlBui3.2 

In order to establish whether the dynamic and stereochemical aspects of the 

reaction depend on the ring size, we decided to react 

2-ethoxy-4-alkyl-2,3-dihydrofurans (1) with A1Bu13, too. Hence the problem of 

synthesizing such heterocyclic derivatives, the preparation of which has never been 

investigated: certain authors unexpectedly obtained samples of 

2-alkoxy-3,4-dihydrofurans from the oxidation of cyclopropyl carbinols.' 

Recently, we also found that mild oxidation of 2-ethoxycyclopropyl-l-methanol, 

as well as the selective reduction of ethyl 2-ethoxycyclopropylcarboxylate with 

DBAH, leads to 2-ethoxy-3,4-dihydrofuran (la1:4 these findings showed us that the 

elusive 2-ethoxycyclopropyl-1-carbaldehyde (2a) must be considered as a formal 

equivalent of la. 4 

In this connection, the synthesis of 2b,c had to be planned, in order to 

obtain 1b.c. In Scheme 1 some reasonable retrosynthetical approaches to 2 are 

described. 

Scheme 1 

lb-c 2b-c 

R=Me(bl, Et(c) 
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The synthetic approach suggested by sequence A has been already used to prepare 

la:4 to obtain lb,c by adopting the same strategy, the corresponding 

ab-diazoesters have to be reacted with ethyl vinylether in the presence of 

Rh2(0COMe)45 but, as is well known, in such reaction conditions. U-alkyl-a-diazo- 

esters unfortunately give the corresponding f&p-unsaturated esters.6 

All attempts failed to react carbene with 2-methyl-3-ethoxypropenal (Scheme 1, 

seq. B) in the Simmons-Smith reaction conditions, 7 : the aldehyde was almost totally 

recovered from the reaction mixture. 

On the other hand the reaction of a-alkyl-a-diazoaldehydes (3b,c) with ethyl 

vinylether, in the presence of Rh2(OCOMel4, yielded (25-35%)* the expected 

2-ethoxy-4-alkyl-2,3-dihydrofurans (Scheme 1, seq. C); in this context, it must be 

stressed however that, when a-i-propyl-a-diazoethanal (3d) was used, no trace of 

Id was detected: an appreciable amount of 3-methyl-2-butenal was present in the 

reaction mixture. 
9 

The required aldehydes 3b-d were prepared by reacting the corresponding 

3-N,N-dimethylamino-2-alkylpropenals (Ib-d) with an excess of p-toluen- 

sulphonylazide, according to a procedure' already described (CAUTION: as soon as 

'the reagents are mixed, at 00 C, the reaction apparatus must be rapidly connected 

with an efficient mechanical pump in order to avoid explosionl(see Experimental). 

Since the preparation of 4b-d, in the experimental conditions described by 

Makin," failed, the reaction between acetals (5) or ethyl 1-propenyl ether (6b) 

and dimethylformamide and different acid chlorides was reinvestigated (Scheme 2). 

Scheme 2 
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5: R=Me(b),Et(cl,Pri(dl; 6: R=Me(b) 

a DMP, XC1 [X= POC13, COCl, (C012C1],CH2C12;b aq.Me2NH;C e.TsN3, 0" C 
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The Table shows the main results obtained: in the reaction of diethyl acetals 

Fib-d the corresponding Ib-d are obtained only if a molar ratio [XC1]/[5]=2.1-2.5, 

is used: the yields are better-when phosgene or oxalyl chloride are employed (the 

latter is easier to handle!). 

Table 

run Substrate xc1 molar ratio 4 yield%a t/ah 

(A) [XClI/tAl 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

5b 

5c 

!id 

6b 

POC13 

coc12 

(Cocl12 

POC13 

(COCl)* 

POCl3 

~Coc1)2 

POC13 

(COCl12 

2.3 55(66)= 0.20 

2.5 70 0.01 

2.4 80 0.09 

2.3 23 0.50 

2.1 75 0.20 

2.3 1(27jC 30.0 

2.1 60(72)= 0.2 

1.1 32(64jCrd ld 

1.2 75 0.06 

1.2 50(66Fd 0.32d 

1.2 80 0.08 

E Hydrolysis performeddwith a saturated solution of K CO - b Glc; 
Mixture of 7 and 4; Hydrolysis performed with wat t 2' r allowed 
by a saturated solution of K2C03. 

If 6b is used, an almost equimolecular ratio of reagents is required and the 

overall yields are the same irrespectively of whether POC13 or (COCl)2 is used. 

Ig all cases, the yield was observed to depend on the hydrolysis conditions: 

higher yields in 4 are obtained if a saturated solution of K2C03 is used (Table). 

Finally, larger amounts of the side products 7 were observed when POC13 was used 

and the formation of 7 also depended on the nature of the precursors (Table); 7 

can, however, been converted into 4 by treatment with an acqueous solution of 

dimethylamine.12 

Samples of chemically pure la-c (Scheme 3, seq. A) were reacted with AlBui3 (2 

molar equivalents). After hydrolysis, l/l mixtures of cis- and trans-2- 

ethoxy-1-hydroxymethyl-1-alkylcyclopropanes 8a-c (Scheme 3, seq. B) were recovered 

in good yields (75-90%). 

The results obtained show that, once again, the hydride transfer from AlBu13 to 

the C5 of the heterocyclic ring occurs regioselectively and such a transfer results 

in contraction of the ring as also happens in the case of 2-ethoxy-S-alkyl-3,4- 
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dihydro-2H-pyrans' even though, in the present case, no stereochemical control 

occurs. 

scheme 3 
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18-C 88-c 

a Rh2(OCOMe)4; b A1Bui3, E-hexane, 60°C, 20 hiC H30+. 

The lack of stereocontrol could be explained by assuming that the ring opens 

a result of the coordination of A~EzI.I~~ to the endocyclic oxygen13 of 1, followed 

an unstereocontrolled ring closure. Since the reductive rearrangements 

2-ethoxy-S-alkyl-3,4-dihydro-2H-pyrans' and 1 are unlikely to follow different 

Scheme 4 

OEt 

OEt 

as 

by 

of 

mechanistic pathways, it seems more reasonable to suppose that the new C4-C2 bonds 

are formed, in energetically similar transition states, from both the 
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C4-diastereomeric carbanions (Scheme 4, A and B) produced by the hydride transfer 

to the C5 of 1. 

The pseudoaxial or pseudoequatorial situation of both substituents and of the 

C4-electron pair makes A energetically equivalent to B. 

On the other hand, in the case of dihydropyran 

carbanionic intermediates are energetically different, 

requirements of the 2-ethoxytetrahydropyran ring, 14 

reaction products is a stereocontrolled process. 

Experimental 

derivatives, the analogous 

owing to the conformational 

so their conversion into 

All the bp are uncorrected. The IR and ' H Nmr spectra were recorded with a 
Perkin Elmer 255 spectrophotometer and with Varian spectrometer, 
respectively. The IR absorptions are reported as 8 in cm 

T1 60 
and the chemical 

shifts are expressed in b ppm with TMS as an inp#nal standard. The MS were 
obtained with a Hewlett-Packard HP-5995 GC-MS spectrometer equipped with a 
Hewlett-Packard HP-9825A data station. Glc analyses were performed on a Perkin 
Elmer F-30 instrument equipped with 2mX0.29 cm columns packed with 8% Carbowax 20M 
+ 2%KOH on 80-100 mesh Chromosorb W DMCS (CW 20 M); preparative glc purifications 
were carried out on a Perkin Elmer F-21 chromatograph equipped with 3mX0.95 cm 
columns filled with CW 20M. All the compounds described in this paper gave 
satisfactory elemental analyses. 

3-N,N-Dimethylamino-2-methylpropenal (4b):" Procedure A 
Oxalyl chloride 01.2 g, 0.245 mol) dissolved in 30 ml of 1,2-dichloroethane 

was slowly (30 min) added to a cooled t-1$ C) solution of N,N-dimethylformamide 
(18.2 g, 0.245 mol) in the same solvent (30 ml) in a 750 ml three-necked flask 
equipped with a condenser, a mechanical stirrer and a dropping funnel. The mixture 
was stirred for 15 lyQnb at room temperature and then a solution of 
l,l-diethoxypropane (5b) ’ (13.6 g, 0.103 mol) in 1,2-dichloroethane (25 ml) was 
also slowly added (30 min) at O'C. 

The reaction mixture was heated at 700 C (4 h) and then hydrolyzed at 0°C with 

~~lvmelnt"fwa~ ~~~~~~~e~yK~~~~i~~~~~~~n~n~o~~~~~s~~ue~o~t~~r,",' awta~~ "f"o",'lo,'mr",:! 

was extracted in chloroform (500 ml), after cooling. The organic phase was washed 
with a saturated solution of 

"$:A . ceadndpreZlZ (:E3ciiiiIi~j 
The excess of 

N,N-dimethylformamide was removed at and distillation 
of the ry idual oil gave chemically pure (CW 20M) 4b (9.3 g, 78%): Bp: 142'C 
/ZOmmHg; H Nmr: B.BO(lH,s), 6.47(1H,s), 3.18(6H,s), 1.85(3H,s); IR(neat): 3040, 
2920, 2870, 2810, 2720, 1600, 1490, 1440, 1395, 1360,+1290, 1195, 1125, 1070, 1015, 
870, 725: MS: m/e(I%) 41(100). 96l87.4). 113(M .85.2). 44C57.9). 45t54.2). 
38(41.3); 40(28.0), 39(24.4), 68(23.0), 84iil.l), 69.(20.3); 112(20.6j, 98(19:8); 
43(15.5), 82(14.9), 81(13.1), 7Ot11.9). 

3-N,N-Dimethylamino-2-ethylpropenal (4c)16 
Followins Drocedure A, N.N-dimethvlformamide (27.5 cr. 0.377 mol) in methvlene 

chloride (45 ml-) was treated with oxal-yl chloride -(47.8<g,~O.376 moi) in 30 il of 
the same solvent. The suspension was then reacted with l,l-diethoxybutane (5~) 
(6.5 cf, 0.182 mol) in methvlene chloride (30 ml). 

After the usual work;p, distillation of the cfude reaction mixture gave 97% 
chemically pure 4c (17.0 g, 72%); Bp 145'C/20 mmHg; H Nmr: 8.65(1H,s), 6.36(1H,s), 
3.12(6H,s), 2.30(2H,q), 0.95(3h,t); IR(CC14): 3040, 2960, 2920, 2870, 2810, 2715, 
1595, 1485, 1440, 1395, 1380, 1320, 1300, 1250, 1190, 1120, 1060, 980, 860, 815, 
790, 700. 

3-N,N-Dimethvlamino-2-i.propilpropenal (4d)" 
Using procedure A and startinq from N,N-dimethvlformamide (215 q, 0.294 mol) _ . 

in methylene chloride (40 ml) and i,l-diethoxy-3-mechylbutane (5d)" (ii.9 g, 0.137 
mol) dissolved in the same solvent (30 ml), 97% chemically pure (CW ZOM) Id (7.70 
g) and a l/1.4 mixture of Id and 7d (4.3 g) were recovered aftff distillation. This 
mixture, when reacted with an acqueous 33% solution of Me2NH, 
drop of Id. Altogether, a 62% yield was obtained. Bp: 

provided a lfurther 
137' C/20 mmHg; H Nmr: 

8.65(1H,d), 6.30(1H,s), 3.08(6H,s), 3.30-2.70(1H,m), 1.20(6H,d); IR(CC1 ): 3030, 
2980, 2950, 2920, 2870, 2815, 2685, 1650, 1600, 1480, 1450, 1380, 1330, l&O, 1200. 
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1110, 1060, 860, 770. 

3-N,N-Dimethylamino-2-methylpropenal (4b): Procedure B 
POCl (20.96 g, 0.137 mall in 40 ml of 1,2-dichloroethane was added to a 

solution af N,N-dimethylformamide (10.0 g, 0.137 mol) in the same solvent (40 ml), 
under nitrogen and at -1O'C. A solution of ethyl, prop-1-enylether (6b) (10.22 g, 
0.119 mall in 20 ml of 1,2-dichloroethane was added to the suspension, stirred at 
room temperature for 15 min and then cooled at O'C. The mixture was heated at 70°C 
for 40 min. and then hydrolyzed,using the procedure described above. After 
distillation, chemically pure (CW 20Ml 4b (10.16 g, 72 %l was recovered. 

3-N,N-Dimethylamino-2-methylpropenal (4b): Procedure C 
A large excess of dried COCl, was bubbled into a cooled (O@Cl solution of 

N,N-dimethylformamide (37.0 g, 0.507 mol) in 80 ml of 1,2-dichloroethane in a 
three-necked flask equipped with a mechanical stirrer and a condenser. 
l,l-Diethoxvpropane (Sbl(26.4 cr. 0.200 mall was slowlv added to the white 
suspension obtained; stirring was-continued and then the mixture was heated at 
7o" C (20 min). Hydrolysis was performed at room temperature with 80 g of brine 
followed by 160 ml-of a-saturated_Na CO solution. 

Most of the solvent was azeotro 6. 2 
9oa 

ic lly distilled and, after being heated at 
C for 30 min, the residue was cooled at room temperature and extracted in a 

benzene-ethanol mixture (l/l). The organic phase was dried (Na CO ), the solvent 
removed at reduced pressure and the residue distilled to give c+emLally pure (CW 
20Ml 4b (16.70 g, 70%). 

2-Diazopropanal (3b)loa 
p.Toluensulphonylazide (60 g, 0.306 mall was mixed, under nitrogen, with 4b 

(10.0 9, 0.088 mol) in an Erlenmeier flask, cooled at O'C and connected by means of 
a glass joint to a trap cooled at -78O C. The trap was rapidly joined to a 
mechanical pump (O.OlmmHg) (CAUTION). The solid mixture was magnetically stirred at 
O'C (3hl and then at room temperature (4h). Most of the product was collected in 
the trap. After restorins the atmospheric pressure with nitrooen. the mixture was 
warmed at 4O'C (2h) and then a further drop-of t$e product was -recovered at reduced 
pressure. qltogether, 6.05 g (78%) of 78% ( H Nmr) chemically pure 3b were 
recovered. H Nmr: 9.53(lH,s), 1.93(3H,sl; IR(Film1: 2920, 2870, 2740, 2080, 1630, 
1320, 1260, 1245, 980, 820, 800. 

2-Diazobutanal (3~11'~ 
Using the procedure described above, starting 

(30.0 g, 0.156 mol) and 4c (1.61 g, 0.044 mol), 
from p.toluensulplhonylazide 

94% chemically pure ( H Nmrl 3c 
(2.82 g, 60%) was recovered. H Nmr: 9.57(1H,sl, 2.40(2H,ql, 1.20(3H,t); IR(Film1: 
2970, 2930, 2870, 2830, 2750, 2070, 1630, 1455, 1330, 1300, 1210, 1050, 820, 790. 

2-Diazo-3-methvlbutanal (3dl 
Using the procedure described above for 3b and starting from 

p.toluensulphonylaqide (30.0 g, 0.156 mall and Id (6.20 9, 0.044 mall, 94% 
chemically pure ( H Nmr) 3d (2.84 g, 44%) was recovered. H Nmr: 9.46(1H,sl, 
3.08-2.52(1H,m), 1.23(6H,dl; IR(Film1: 2960, 2930, 2870, 2750, 2070, 1675, 1635, 
1460, 1340, 1330, 12250, 1215, 1060, 820, 710, 625. 

2-Ethoxy-4-methyl-2,3-dihydrofpran (lb) 
A solution of 3b (6.0 c.&" 0.069 mol) in 20 ml of ethvl vinvl ether was slowlv 

(1.5 M..l/sl'9 added to a s&pension of Rh (OCOMe) (0.0564 g, 6.13 mm011 in 40 mi 
of the same solvent, in a two-necked flask quippe $ cp with a condenser and a magnetic 
stirrer. The reaction mixture was stirred for 12 h and then filtered off through a 
short column filled with aluminaZO The solvent was removed and, by careful 
distillation, 80% chemically pure lb (3.77g) was recovered; a sample of 
chemicallv sure lb (2.70. 30%) was obtained bv means of oreoarative ale (CW 20M). 
Bp: 1240 d; -'H Nmr: -6.06ilH,mj, 5.47(1H,ddl, j.83(1H,dq),~3.?3(1H,dql; 2.73(1H,ml, 
2_31(1H,m), 1.67(3H,dt), 1.23(3H,tl; IR(Film1: 3090, 2980, 2920. 1670. 1440, 1370, 
1340 1300, 
128&+,56.51, 

1190, 1110, 1065, 1005, 930, 870, 840, 760; MS: m/e(I%l 71(100), 
84c51.61, 28(46.7), 43c30.41, 29t22.81, 41t20.71, 99(20.71, 39ll5.31, 

55c15.21, 32t12.11, 53(12.01, 82t8.91, lOO(8.71, 31(6.6), 54t6.51, 81(5.41. 

2-Ethoxy-4-ethyl-2,3_dihydrofuran (1~) 
Chemically pure lc (3.05g, 25%) was, recovered using the same procedure 

described above, starting from 3c (7.34 g,'L 0.084 mall in -ethyl vinyl ether (30 
ml1 and Rh2(0COMe14 (0.0651 g, 0.15 mm011 in 45 ml of the qame solvent, after 
purification by preparative glc (CW 20Ml. Bp: 65'C/20 mmHg; H Nmr: 6.04(1H,ml, 
5.47(lH,dd), 3.83(1H,dql, 3.53(1H,dql, 2.74(1H,ml, 2.32(1H,ml, 2.06(2H,ml, 
1.22(3H.t), l.O4(3H,tl; IR(Film1: 3090, 2960, 2920, 2880, 2860, 2840, 1660, 1460, 
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1440, 1370, 1340, 1300,+1280, 1190, 1110, 1075, 1060, 1045, 940, 870, 835, 755: MS: 
m/e(I%) 85(100), 142(M ,88.1), 41(66.7), 97(64.3), 43(57-l), 29(54.8), 32(38-l), 
67(28.6), 71(28.3), 39(21.4), 55(19.6), 81(19.4), 99(19.1), 113(18.9), 57(16.7), 
83(16.6), 53(14.3), 95(14.2), 31(8.5). 

Rection of la-c with AlBu' : General procedure 
0.5 Molar eouivalents30f la-c in n.hexane were added to a solution of AlBu', 

in the same solvent, under Argon and at--5'C. After 15 min the reaction mixture Wad 

heated at 80°C for 21 h. Hydrolysis was carried out with water and the products 
were continuously extracted with ether; the solvent was removed and distillation of 
the residue gave a chemically pure (cw 20M) diastereoisomeric mixture of the 
corresponding 8a-c. 

For 8a: Bp: 77OC/20 mmHg; 'H Nmr(CC1 ): 3.80-3.30(4H,m), 3.50(1H,s, broad), 
3.40-2_90(1H,ml, 1.40-l.O0(3H,2tl, l.OO-0.40(3H,ml; IR(Film): 3400, 3080, 2980, 
2930, 2880, 1450, 1380, 1350, 1300,11210, 1140, 1085, 1065, 1030, 980, 890. 

For 8b: Bp: 85' C/20 mmHg; H Nmr(CC1 1: 3.80-3.20(4H,ml, 3.20-2.30(1H.m), 
2.40(1H,s), 1.40-l.O0(3H,2t), 1.20(3H,s), O.sO-0.20(2H,ml; IR(Film): 3410, 3070, 
2980, 2930, 2870, 1465, 1455, 1370, 1320, 1170, 1130, 1040, 960, 890. 

For EC: Bp: 90' C/ZOmm Hg; H Nmr(CC14): 3.80-2.80(5H,m), 2.90(1H,sl, 
2.00-1.10(2H,ml, 1.20-l.l0(3H,2tl, 1.15-0.70(3H,2tl, 0.70-O.l0(2H,ml; IR(Film1: 
3420, 3070, 2970, 2940, 2880, 1450, 1375, 1355, 1300, 1170, 1135, 1070, 1040, 690. 
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