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3.3-Diethoxypropyl-lithium: A Masked Lithium Propanal Homoenolate in 
Organic Synthesis 

Jose Barluenga," Jose R .  Fernandez, Covadonga Rubiera, and Miguel Yus 
Departamento de Quimica Organometalica, Facultad de Quimica, Universidad de Oviedo, 3307 I Oviedo, 
Spain 

3,3- Diethoxypropyl-lithium is prepared by lithiation of  the corresponding chlorinated precursor with 
lithium naphthalenide at -78 "C; the reaction of  this masked propanal homoenolate with different 
electrophilic reagents [H,O, D,O, (PhCH,),S,, PrCHO, Bu'CHO, PhCHO, n-C,H,,CHO, PhCH=CHCHO, 
[-Or [ W O ,  PhCOMe, PhCH=NPh, PhCONEt,, PhCN, c-C,H,,CN, 4-MeC6H,,CN] leads to 
the corresponding mono- and bi-functionalized compounds. I n  the case of  the reaction with aldehydes 
or ketones the prepared crude products are oxidized with m-chloroperbenzoic acid, yielding directly the 
y - su bst i t u ted bu tyro lacto n es. 

The chemistry of homoenolate derivatives has been the subject 
of attention recently,2 mainly in relation to the homoaldol 
reaction. In the literature have been described either stable 
(M = TiC13,3a,b,4 iZn or ZnI,3c-g GaC12,3c NbC1,,3C CdC1,3c 
SnCI, or SnBu3,'h.C*h SbC14,3C TeC1,,3c HgOAc or HgCl," 
BiCl, 3 c )  or transient [iron(III),6  copper(^^),^ ~ i l v e r , ~  lead(Iv),8 
palladium(ii),s or lanthanoid metal (La, Ce, Nd, Sm)9 species] 
systems of type (l) ,  siloxycyclopropanes being the most 
important starting materiakt However, the corresponding 
derivatives of the main-group metals are very unstable species 
and decompose spontaneously after formation yielding metallic 
cyclopropanolates (2).2 In our hands, there are only two 
examples of such a type of stable lithium homoenolate (3) 
(Y = O,", PnN; l 1  prepared by lithiation or Sn/Li-transmetal- 
lation starting from the adequate bromo or tributyltin 
derivatives). in which the intramolecular addition to the 
carbonyl group is inhibited due to the presence of the anionic 
carboxylate or amide moiety. Another possible way to 
overcome the above mentioned decomposition is the use of a 
'defensive' strategy; 2 C  thus, intermediates (4) (M = MgBr 1 2 )  

and ( 5 )  ( Z  = PhSO,," N02,13 Ph3P+,14 or Ph,PO") have 
been described. There is only one non-stabilized lithium 
derivative (6) of the type (4) with M = Li described very 
recently," which is prepared by reaction of the corresponding 
brominated system with t-butyl-lithium at - 78 "C. 

In this paper we describe the first preparation and synthetic 
application of z1 masked lithium homoenolate derived from 
propanal (8), that is a new lithium d3-reagent l 7  of type (4) with 
R = H. 

n 
R O A M  

Results and Discussion 
The reaction of 3-chloropropanal diethyl acetal(7) with lithium 
naphthalenide $ at - 78 "C led to the corresponding 3,3- 
diethoxypropyl-lithium (8). The in situ treatment of this 
intermediate with different electrophilic reagents (water, 
deuterium oxide, dibenzyl disulphide, aldehydes or ketones, 
benzylideneaniline, N,N-diethylbenzamide, or nitriles) yielded, 
after hydrolysis, the expected 3-substituted propanal diethyl 
acetals (9)-(23) (Scheme 1 and Table 1). In the case of the 

(9); X = H 
( 8 )  (10); X = D 

(11); X = PhCH,S 
(12); X = PrCHOH 
(13); X = Bu'CHOH 
(14); X = PhCHOH 
(15); X = n-C,H,,CHOH 
(16); X = PhCH%HCHOH 
(17); X = [CH,],COH 
(18); X = [CH,],COH 

(20); X = PhCHNHPh 
(21); X = PhCO 

m - 
t i  

E t O  "' (19); X = PhC(Me)OH 

(22); X = c-C,H, ICO 
( 7 )  (23); X = 4-MeC6H,CO 

Scheme 1.Reugentsundconditions: i, Li+ CIoHs- -78 "C; ii, E +  = H,O, 
D,O, (PhCH,),S,, PrCHO, Bu'CHO, PhCHO, n-C,H, ,CHO, Ph- 
CH%HCHO, [CH,],CO, [CH,],CO, PhCOMe, PhCH=NPh, 
PhCONEt,, PhCN, c-C,H, ,CN, 4-MeC,H4CN; - 78 to 20 "C; iii, 

I m 

HCl-H2O 

products (12)-(19) (Table 1, entries 4-1 1) derived from 
carbonyl compounds, they undergo intramolecular cycliz- 
ation '* at room temperature (after a time) or on distillation l 9  

under reduced pressure, affording a mixture of (12)-(19) and 
the cyclic acetals (12')-(19') (Scheme 2). When N,N- 
diethylbenzamide or benzonitrile (Table 1, entries 13 and 14) 
were used as electrophiles the same product (21) was obtained, 
the yield being higher in the second case. 

t For an excellent review on this subject see ref. 5. We thank Professor 
E. Nakamura for sending a copy of this manuscript to us prior to 
publication. 

The metallation with lithium powder at low temperature failed (J. 
Barluenga, J. Florez, and M. Yus, J. Chem. Soc., Chem. Commun., 1982, 
1153). 
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Table 1.  Formation of 3,3-diethoxypropyl-lithium (8) and reaction with 
electrophiles; preparation of compounds (9)-(23) 

Entry Elect rophile Product 7" Yield" 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

H2O 
D2O 

(PhCH J*S, 
PrCHO 
Bu'CHO 
PhCHO 

n-C7H ,CHO 
PhCH%HCHO 

[CH 2 1  5co 
[CH2]7CO 
PhCOMe 

PhCH=N Ph 
PhCON Et 

PhCN 

4- MeC, H ,CN 

m - 
c-C,H C N  

80 
82 
85 
54 
68 
63 
56 
77 
71 
81 
69 
70 
41 
52 
49 
44 

" Isolated yield based on initial amount of starting material (7). 

(12) - (19) (12') - (19') 

Scheme 2. 

In general, products (9)--(23) should be considered 
3-functionalized protected propanal derivatives, whose acid 
hydrolysis easily yields the corresponding deprotected carbonyl 
systems. 

Finally, the in situ oxidation of the initially obtained crude 
products (12)-( 19) with urz-chloroperbenzoic acid (MCPBA) 
led to y-substituted butyrolactones (24)-(30) as reaction 
products (Scheme 3 and Table 2). This class of compounds is 

i - iv 

E t O  0 

( 7 )  

(24); R '  = H, R 2  = Pr 
(25); R '  = H, R 2  = Bu' 
(26); R '  = H, R2 = Ph 
(27); R' = H, R 2  = P h C H k H  
(28); R ' R 2  = [CH,J5 
(29); R ' R 2  = [CH,], 
(30); R '  = Me, R 2  = Ph 

Scheme3. Reugcnfs (inrlconditions: i, Li + C,,H,-, - 78 "C; ii, R '  R2C=0, 
-78 to 20 "C; iii, NH,Cl; iv, MCPBA-BF,.OEt 

important not only because they are present in many natural 
products,20 but also because they may be easily transformed 
into the corresponding butenolides., Since the starting 
material (7) can be easily prepared from acrylaldehyde by 
addition of hydrogen chloride in ethanol, the tandem process 
described in Scheme 3 represents a reasonable route to 
butyrolactones 2 2  starting from acrylaldehyde and carbonyl 
compounds (Scheme 4). 

Table 2. y-Substituted butyrolactones (24)--(30) from 3-chloropropanal 
diethyl acetal (7) and carbonyl compounds 

Entry Carbonyl compound Product '',{> Yield" 

2 BU'CHO (25) 52 
3 PhCHO (26) 51 
4 PhCH%HCHO (27) 62 

1 PrCHO' (24) 44 

m 

I 
5 [CH 2 1  5co (28) 53 

7 PhCOMe (30) 59 

In 
Table 1 of our preliminary communication (ref. lb), these compounds 
were mistakenly written as EtCHO, Pr'CHO respectively (error in R 2  
column). 

6 CCH21,CO (29) 66 

Isolated yield based on initial amount of starting material (7). 

R* 

Scheme 4. 

Experimental 
The experimental techniques and spectroscopic instrumentation 
employed in the course of this work were as described in ref. 23. 

as 
Prepuration of 3,3-nietlio.~~~prop~,I-lit/liun? and Reaction with 

Electrophiles. Isolation of' Compounds (9)- (23). General Pro- 
cedure.- -To a solution of 3-chloropropanal diethyl acetal (7) 
(Aldrich, 15 mmol) in tetrahydrofuran (THF) (30 ml) was added 
a solution of lithium naphthalenide in THF (33 mmol) at 
-78 "C under argon and the mixture was stirred for 6 h at the 
same temperature. The corresponding electrophile ( 1  5 mmol) * 
was then added and the mixture was stirred for 2 h, allowing the 
temperature to rise to 20°C. The resulting mixture was 
hydrolysed with water, neutralized with aqueous hydrochloric 
acid, and extracted with diethyl ether. The organic layer was 
dried (Na,SO,) and evaporated (1 5 mmHg). Naphthalene was 
removed under reduced pressure mmHg; 60°C bath 
temperature) * to give an oily residue of pure products (11)- 
(20); products (21)-(23) were purified by distillation under 
reduced pressure. 

Propanal diethyl acetal (9), b.p. 2&22 "C (lo-' mmHg) 
[lit.,24 122.8 "C (760 mmHg)]; v(neat) 1 100 and 1 020 (C-0) 
cm-'; 6,(CC14) 0.85 (3 H, t, J 8 Hz, MeCH,CH,), 1.1 (6 H, t, J 8 
Hz, 2 x MeCH,O), 1.65-1.95 (2 H, m, CH,CH), 3.35-3.6 (4 
H, m, 2 x CH,O), and 4.3 (1 H, t, J 6  Hz, CH); 6,(CCI,) 8.6 (9, 
C'H,CH,CH,), 15.0 (q, 2 x CH,CH,O), 26.5 (t, CH,CH,OO), 
60.2 (t, 2 x CH,O), and 103.8 (d, CH); nz/z 132 ( M + .  < 1"/,), 103 
(loo), 88 (3 I ) ,  87 (89),75 (61 ), 60 (30), 59 (82), 57 ( 1  2), and 17 (31). 

3-Deuteriopropanal diethyl acetal (lo), b.p. 20-22 "C (lo-' 
mmHg); v(neat) 1 120 and 1 020 (C-0) cm-'; G,(CCI,) 0.6-0.9 
(2H,m,CH2D),1.1(6H,t,J6Hz,2 x MeCH20),1.8(2H,m. 
CH,CH), 3.2--3.6 (4 H, m, 2 x CH,O), and 4.2 ( 1  H, t, J 6  Hz, 
CH); 6,-(CC14) 7.75 (tt, J,, 19.3 Hz, CH,D), 14.5 (q, 2 x Me), 
25.8 (t ,  CH,CD), 59.6 (t ,  2 x CH,O), and 103.1 (s, CH); nziz 133 

* When H 2 0  or D 2 0  was used as an electrophile a large excess (ca. 100 
mmol) was added. In the final work up, the isolation of products (9) and 
(10) was carried out by condensation under reduced pressure (lo-' 
mmHg) prior to removing naphthalene. 
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( M t ,  < l " J ,  131 (26), 116 ( 1  I ) ,  88 (79), 87 ( 1  l), 75(8l), 60 (loo), 
59 (20), 58 (19), 57 (31), 47 (33), 42 ( 1  l ) ,  and 41 (26). 

3- Benz-vlthiopropanal diethyl metal (11) (Found: C, 66.5; H, 
9.0. C14H,,02S requires C, 66.10; H, 8.72%), oil; v(neat) 1 130 
and 1 070 (c-0) cm-'; 6H(CCI4) 0.85-1.15 (6 H, m, 2 x Me), 
1.5 - 1.8 (2  H, m, CH,CH), 2.1-2.35 (2 H, m, CH,CH,S), 
3.15--3.65 (6 H, m, 2 x CH,O, PhCN,S), 4 .2-4.5 ( 1  H, m, 
CH), and 7.0-7.3 ( 5  H, m, Ph); 6,(CCI4) 15.1 (q,2 x Me), 26.3, 
33.3 (2  t, CH,CH,S), 35.0 (t, CH,Ph), 60.7 (t, 2 x CH,O), 101.1 
(d, CH), 125.5, 126.6, and 127.7 (3 d, 5 x Arc), and 129.1 (s, Ar 

91 (loo), 89 (l6), 85 (63), 75 (29), 65 (17), 61 ( 1  l ) ,  57 (51), 17 (29 ,  
45 (14), 40 ( lo), and 32 (50). 

4-Hj~l1.0 vj-?hc~ptunul cliethyl metal (12) (Found: C, 64.4; H, 
1 1.4. C ,  , H z 4 0 ,  requires C, 64.66; H, 11.84%), oil; v(neat) 3 440 
(OH), 1 120, and I 060 (C-0) cm-'; 6H(cc14) 0.8-1.7 (1 7 H, m, 
3 x Me, 4 x CCH,C), 3.2--3.6 (6 H, m, 2 x CH,O, CHOH), 
and 4.2- 4.5 ( 1  H, m, CH); 6,(CCI4) 13.5 (9, MeCH,CH,), 15.45 
(q, 2 x MeCH,O), 19.1, 29.5, 32.5, and 39.9 (4 t, 4 x CC'H,C), 
60.6 (t .  2 x CH,O), 70.8 (d, CHOH), and 103.0 (d, CH); nz/z 158 

(26). 69 (60), 58 (43), 57 (35),56 (29), 55  (33), 47 (20), 45 (12), 43 
(46), 41 ( 5 2 ) ,  and 39 (25). 

4- H \*tlr.o ~~~-6-n7etizyli~ept~inul diethyl metal (1 3) (Found: C, 
65.7; H. 12.2. C,,H,,O, requires C, 66.01; H, 12.0273, oil; 
v(neat) 3 400 (OH), 1 100, and 1 015 (C-0) cm-'; 6H(cc14) 0.9 
(6 H, d. .I 8 Hz, Me,CH), 1.0-1.35 (6 H, m, 2 x MeCH,O), 
1.4.- 2.0 ( 7  H, m, C H , C H M e ,  CH,CH,CH), 3.1-3.8 (6 H, m, 
2 x CH CHOH), and 4 . 3 4 . 6  (1 H, m, CH); 6,(CC14) 15.2 
(q, 2 x Mc2CH,0), 22.1,23.4 (2 q, Me2CH), 24.4 (d, CHMe,), 
29.6, 32.9, 43.0 (3 t, CH2CH,CH0,  CH,CHOH), 60.1 (t, 
2 x C H 2 0 ) ,  68.7 (d, CHOH), and 102.6 (d, CH); m/z  172 (M' 

(18), 43 (23), and 41 (16). 
4- H i ~ / r n \  1.-4-piic.iij~lbutcr)iul dietiiyl acetal (1 4) (Found: C, 

70.0; H, 9.2. Ct4H22O3 requires C, 70.55; H, 9.31"/,), oil; \,(neat) 

H, m, 2 x MeCH,O), 1.3-1.7 and 1.75-2.0 (4 H, 2 m, 
CH2CH2), 3.1-3.7 (6 H, m, 2 x CH,O, CHOH), 4 . 2 4 . 5  
(1  H, m, CH), and 6.9-7.4 ( 5  H, m, Ph); 6,(CC14) 14.9 (9, 
2 x Me), 2.95 and 34.1 (2 t, CH,CH,), 60.1 (t, 2 x CH,O), 73.1 
(d, CHOH), 102.0 (d, CH), 125.6, 127.0, and 127.75 (3 d, 
5 x Arc), and 145.2 (s, Arctp,,); m/z 192 (M' - EtOH, lo%), 
148 (lo), 147 (55 ) ,  129 (33), 120 (54), 117 (16), 107 (26), 105 (24), 
104 (131, 103 (loo), 91 (38), 86 (79), 79 (41), 78 (15), 77 (51), 75 
(721, 73 (301, 58 (51), 57 (21), 47 (48), and 29 (19). 

4 - f / ~ ~ i l r ~ o . ~ ~ ~ u i i ~ ~ ~ ~ ~ ~ u ~ i u l  dietizj-l acetal (15) (Found: C, 69.3; H, 
12.8. C ,  ,H ?,O, requires C, 69.20; H, 12.40%), oil; v(neat) 3 440 
(OH), I 130. and I 070 (C-0) cm-'; 6H(cc14) 0.7-0.9 (3 H, m, 
MeCH,CH,), 0.9-1.75 (22 H, m, 2 x MeCH,O, CH,CH,, 
[CH2],).3.2--3.7(6 H , m , 2  x CH20,CHOH),and4.2-4.4(1 
H. m. CH); 6,(CC14) 13.6 (q, MeCH,CH,), 14.9 (4, 
2 x Mc~C'HLO), 22.4, 29.15, 29.4, and 31.6 (4 t, [CH,],), 25.5 
and 38.4 ( 2  t, CH,CH,), 60.0 (t, 2 x CH,O), 70.5 (d, CHOH), 
and 102.5 (d, CH); t17/=214 ( M +  - EtOH, < I;/<;), 115 (loo), 103 
(43), 87 ( 5 2 ) ,  86 (18), 75 (20), 69 (32), 58 (13), 57 (25), 55 (23), 47 
(15). 43 ( 2 5 ) .  and 41 (33). 

( E )-4- I~~~~lr.o.~j~-6-pizenj~lize.\--5-etiul diethyl acetul(l6) (Found: 
72.2; H, 8.8. C ,  ,H,,O, requires C, 72.69; H, 9.1573, oil; v(neat) 

H, m, 2 x Me), 1.4 - 1.9 (5 H, m, CH,CH,, OH), 3.15-3.7 (4 
H,  m, 2 x C'H,O), 4 . 0 5 4 . 7  (2 H, m, OCHO, CHOH),  6.1- 
6.65 ( 2  H. m, CH=CH), and 6.9--7.5 ( 5  H, m, Ph); 6,(CC14) 15.0 
(9, 2 x h.lcCH,O), 29.0 and 32.0 (2 t, CH,CH,), 60.5 (t, 
2 x CH,O), 72.0 (d, CHOH), 102.5 (d, OCHO), 127.0 and 
133.0 ( 2  d, CH=CH), 126.5, 128.5, and 130.0 (3 d, 5 x Arc), and 
137.5 (s, ArCEpJ; mi= 218 (M' - EtOH, 32%), 173 (17), 155 
( l l ) ,  146(22), 139(19), 130(11), 129(53), 128(24), 127(10), 117 

Crp\o); 208 (M'  - EtOH, 19%), 162 (lo), 137 (12), 103 (15), 

( M '  - EtOH, < I"/,,), 115 (loo), 113 (37), 95 (56), 87 (78), 75 

- EtOH, < 1%),  87 (loo), 85 (28), 71 (13), 69 (89), 57 (17), 45 

3 440 (OH), 1 040, and I 020 (C-0) Cm-'; 6H(cc14), 0.8--1.1 (6 

3 410 (OH), I 100, and I 025 (C-0) Cm-'; 6H(ccI4) I.& 1.3 (6 

31 15 

(lo), 115 (25), 105 (31), 104 (15), 103 (lo), 91 (37), 86 (22), 85 
(loo), 77 (l4), 58 (27), and 57 (27). 

3-( 1 -Hydroxycyclohe.uyl)propanal diethjll acetal(l7) (Found: 
C, 67.4; H, 11.6. C,,H,,O, requires C, 67.78; H, 11.38%), oil; 
v(neat) 3 440 (OH), 1 110, and 1 045 (C-0) cm-'; 6H(Cc14)0.8- 
1.9 (21 H, m, 2 x Me, 7 x CH,, OH), 3.1-3.75 (4 H, m, 
2 x CH,O), and 4 . 7 5 4 . 9 5  ( 1  H, m, CH); 6,(CC14) 14.5 (9, 
2 x MeCH,O), 22.0, 25.5, 27.0, 28.0, and 37.0 ( 5  t, 
7 x CCH,C), 60.0 (t, 2 x CH,O), 70.0 (s, COH), and 103.0 (d, 

121 (36), 113(15), 110(18),99(11),97(14),95 (43),93(11),86 
(35),85 (27), 83 (lo), 82 (16), 81 (40), 79 (16), 71 (19). 69 (lo), 67 
(30), 58 (22), 57 (24), 43 ( l l ) ,  and 41 (17). 

3-( 1 - H~,dro.u~v:vc.lo-oc.tl'l)prc~panal diethyl at*etui ( 18) (Found: 
C ,  69.3; H, 11.8. C],H3,03 requires C, 69.72; H, I1.70%), oil; 
v(neat) 3 440(OH), I 105, and 1 040 (C-0) cm-'; 6H(cc14) 0.8- 
1.2 (6 H, m, 2 x Me), 1.2-2.0 (19 H, m, 9 x CCH,C, OH), 
3.15-3.7 (4 H, m, 2 x CH,O), and 4.7-4.95 ( 1  H, m, CH); 
6,(CCI4) 16.0 (t, 2 x Me), 22.5, 25.0, 29.0, and 36.5 (4 t, 
9 x CCH,C), 60.5 (t, 2 x CH,O), 74.0 ( s ,  COH), and 103.0 (d, 

142(11), 141 (IOO), 128(51), 127(10), 113(13), 110(13), 109(13), 
97 (13), 95 (22), 86 (39), 85 (32), 83 (15), 82 (15), 81 (29), 79 (12), 
71 (15),69(14),67(13),58(18),57(25), 55(32),43(11),and41 
(19). 

4-Hy~lrosy-4-plzen),lpentanal diethyl metal (19) (Found: C,  
71.0; H, 9.6. C,,H,4O, requires C, 71.39; H, 9.5979, oil; v(neat) 
3 440 (OH), 1 095, and 1 000 (C-0) cm-'; 6,(CC14) 0.85- 1.2 (6 
H, m, 2 x MeCH,O), 1.2-2.2 (7 H, m, with s at 6 1.5, MeCPh, 
CH,CH,), 2.4-2.8 ( I  H, br, OH), 3.2-3.9 (4 H, m, 
2 x CH,O), 5.G-5.25 (1  H, m, CH), and 6.9--7.55 (5 H, m, Ph); 
6,(CCI4) 16.0 (9, 2 x MeCH,O), 29.0 and 31.0 (2 t, CH,CH,), 
39.5 (9, MeCPh), 61.0 and 61.5 (2 t, 2 x CH,O), 74.5 (s, COH), 
103.5 (d, CH), 126.0, 127.0, 129.0 (3 d, 5 x Arc), and 150.0 (s, 
ArC,,,,,); m/z 206 ( M +  - EtOH, < I%)), 192 (14), 191 (loo), 161 
(23), 145 (lo), 143 (21), 131 (lo), 117 (lo), 115 (14), 105 (19), 91 
(26), 86 (16), 77 (18), and 58 (22). 

4-Anilino-4-ptzen~lhutarzctl dietiiyl acetul(20) (Found: C, 76.1; 
H, 8.9; N, 4.5. C,,H,,N02 requires C, 76.64; H, 8.68; N, 4.4773, 
oil; v(neat) 3 400 (NH), 1 160, and 1 070 (C-0) cm- I ;  6,(CC14) 
1.0-1.45 (6 H, m, 2 x Me), 1.4-2.0 ( 5  H, m, CH,CH,, NH), 
3.35--3.7 (4 H, m, 2 x CH,O),4.2-4.55 (2 H, m, CH, CHN), 
and 7.0-7.5 (10 H, m, 2 x Ph); 6,.(CC14) 15.3 (9, 
2 x MeCH,O), 30.9 and 33.35 (2 t, CH,CH,), 60.4 (t, 
2 x CH,O),60.8 (d, CHN), 102.15 (d, CH), 126.2, 126.7, 128.3, 
and 128.8 (4 d, 10 x Arc), and 143.0 and 147.3 (2 s, 
2 x ArC,,,,,); m/z  313 ( M ' ,  773, 222 (25), 183 (15), I82 (loo), 
129 (17), 104 (17), 91 (14), 77 (23), and 32 (1 I ) .  

3-Benzoylpropanal dietliyl metal (21) (Found: C ,  7 1.0; H, 8.6. 
C14H2oO3 requires C, 71.15; H, 8.53%), b.p. 79-81 "C 
mmHg); v(neat) 1675 (C=O), 1 120, and 1050 (C-0) cm-'; 
6H(Ccl,) 1.0 (6 H, t, J 8 Hz, 2 x Me), 1.8-2.1 (2 H, m, 
CH,CH), 3.95 (2 H, t, J 8 Hz, CH,CO), 3.2 -3.7 (4 H, m, 
2 x CH,O), 4 . 4 4 . 5  (1 H, m, CH), and 7.2- 7.6 (5 H, m, Ph); 
6,(CC14) 16.0 (q,2 x Me), 29.0 and 34.0 (2 t, CH,CH,), 62.0 (t, 
2 x CH,O), 102.5 (d, CH), 129.0, 130.0, and 134.0 (3 t, 
5 x Arc) ,  138.5 (s, ArC,,,,,), and 199.0 (s, C=O); mi-? 191 
( M +  - EtO, 30%), 117 (29), 116(25), 105 (39), 103 (IOO), 85 (10, 
77 (38), 75 (49), 51 (lo), and 47 (24). 

3-Cyc.lolie.~~~.k.arhorz~lpr-opanal diethyl acetul (22) (Found: C,  
69.1; H, 10.8. CI4H2,O3 requires C, 69.38; H, 10.81'4), b.p. 8 0 -  
81 "C (lo4 mmHg); v(neat) I710  (C=O), I 110, and 1050 
(c-0) cm-I; 6H(cc14) 0.9 (6 H, t, J 8  Hz, 2 x Me), 1.2-1.8 (12 
H, m, CH,CO, 5 x ring CH,), 1.95-2.15 (3 H, m, 
CHCOCH,), 3.1 5-3.45 (4 H, m, 2 x CH,O), and 4.15 ( I  H, t, J 
8 Hz, CH); 6,(CC14) 15.5 (9, 2 x Me), 26.0, 26.5, 28.0, 29.0, and 
35.0 ( 5  t, 7 x CCH,C), 51.0 (d, CHC=O), 61.0 (t, 2 x CH,O), 
102.5 (d, CH), and 210.0 (s, C=O); mi-7 241 ( M +  - 1 ,  < I%), 197 

CH); ~ Z / Z  184 (M' - EtOH, 16%), 142 (20), 141 (IOO), 128 (36), 

CH); ~ Z / Z  212 (M' - EtOH, 8%), 169 (12), 167 (15), 149 (18), 
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(39), 116(51), 103(100),89(14),87(12),86(10),85(74),83(29), 
75 (391, 67 (lo), 58 (13), 57 (20), 55 (39), 47 (22), and 41 (19). 

3-(p-To/uoy/)propana/ diethy/ acetal(23) (Found: C, 71.6; H, 
9.0. C, ,H,,O, requires C, 71.96; H, 8.86%), b.p. 82-84 "C ( 
mmHg); v(neat) 1680 (C=O), 1 125, and 1070 (C-0) cm-'; 

CH,CH), 2.1 (3 H, s, MeC,H,), 2.5-2.8 (2 H, m, CH,C=O), 
2.9-3.4 (4 H, m, 2 x CH,O), 3 .9-4.3 (1 H, m, CH), and 6.7- 
7.1 and 7.4-7.7 (4 H, 2 m, ArH); 6,(CCI4) 16.5 (9, 
2 x MeCH,O), 22.0 (9, MePh), 28.5 and 33.5 (2 t, CH,CH,), 
61.5 ( t ,  2 x CH,O), 102.5 (d, CH), 129.0 and 130.0 (2 d, 
4 x Arc), 136.0 and 144.0 (2 s, 2 x ArCip,,), and 199.0 (s, C=O); 
m/z2 50 ( M ' , 373,205 (36), 1 7 5 ( 1 0), 1 59 ( 1 2), 1 34 ( 1 0), 1 3 1 (4 1 ), 
1 19 (74), 1 17 (19), 116 (37), 103 (loo), 91 (52), 89 (19), 85 (1 3), 75 
(54), 65 (19), and 47 (28). 

6H(cc14) 0.7-1.0 (6 H, m, 2 X MeCH,), 1.6-1.9 (2 H, m, 

Tandem Reaction of' Intermediate (8) bcitlr CarbonJd 
Compounds and Further 0-uidation with MCPBA. Isolation of 
y- But~~rolactones (24)-(30). General Procedure.-Once pro- 
ducts (12)-(19) were isolated as described above (here the 
final hydrolysis was carried out with aqueous ammonium 
chloride instead of hydrochloric acid), the corresponding crude 
product ( 1  5 mmol scale) was dissolved in dichloromethane (40 
ml). To the resulting solution was added MCPBA (17 mmol) 
and boron trifluoride-diethyl ether (3 mmol). After being stirred 
overnight, the resulting suspension was hydrolysed with water, 
neutralized with sodium hydrogen carbonate, and extracted 
with diethyl ether. The extract was washed with water and dried 
(Na,SO,). The solvents were evaporated off (1 5 mmHg) and the 
residue was distilled in vucwo to afford the product (24)-(30). 
4-Propylbutonolide (24) (Found: C, 65.4: H, 9.7. C,H ,02 
requires C, 65.59; H, 9.44%), b.p. 50-52 "C (lo-' mmHg); 
v(neat) 1 765 (C=O) cm-'; 6H(cc14) 0.65-0.95 ( 3  H, m, Me), 
1.1-1.55 (4 H, m, CH,CH2Me), 1.9-2.45 (4 H, m, 
CH,CH,C=O), and 4 . 1 4 . 4  ( 1  H, m, CH); 6,(CC14) 12.8 (q, 
Me), 17.7,26.9, 27.6, and 36.65 (4 t, 4 x CH,), 79.3 (d, CH), and 
175.6 (s, C=O); m/z  128 ( M ' ,  < l%), 85 (loo), and 56 (10). 

4-lsohut~lbutanolide (25) (Found: C, 67.7; H, 9.9. C,H ,402 
requires C, 67.57; H, 9.9373, b.p. 57-60 "C (lo-' mmHg); 
v(neat) 1 765 (C=O) cm-'; 6H(cc14) 0.9 (6 H, d, J 8  Hz, 2 x Me), 
1.25-1.9 ( 5  H, m, CH,CHMe, CH,CH), 2.15-2.5 (2 H, m, 
CH2C4) ,  and 4 . 2 5 4 . 5 5  ( 1  H, m, CH); 6,(CC14), 22.15 (9, 
2 x Me), 24.25 (d, CHMe), 21.4,27.65, and 43.9 (3 t, 3 x CH,), 
77.9 (d, CH), and 175.2 (s, C-); m/z 142 ( M ' ,  < 1%) and 85 
( 100). 

4-Phen~~lbutunoli~e (26) (Found: C, 73.8; H, 6.0. C ,H ,0, 
requires C, 74.05; H, 6.21%), b.p. 96-98 "C (lo-' mmHg); 
v(neat) 1 765 (C=O) cm-'; 6,(CCI4) 2.1-2.5 (4 H, m, 2 x CH,), 
5.1-5.4 ( 1  H, m, CH), and 7 . k 7 . 3  ( 5  H, m, Ph); 6,(CC14) 28.5 
and 30.5 (2 t, 2 x CH,), 80.6 (d, CH), 125.2, 128.0, and 128.4 (3 
d, 5 x Arc), 137.7 (s, Arcip,,), and 176.1 (s, C=O); mi; 162 ( M ' ,  
loo%), 161 (18), 118 (18), 117 (36), 115 (12), 107 (99), 106 (lo), 
105 (70), 91 (IS), 79 (21), 78 (18), 77 (42), 56 (65), 51 (22), and 50 
( 10). 

(E)-4-Styrylbutano/ide (27) (Found: C, 76.5; H, 6.5. 
C,,H,,02 requires C, 76.57; H, 6.43%), b.p. 62-63 "C 
mmHg); v(neat) 1 770 (C=O) cm-'; 6H(cc14) l . G l . 3  (2 H, m, 
CH,CH), 2.15-2.6 (2 H, m, CH,C=O), 3.2-3.6 (1 H, m, 
CHCH,), 6.15-6.55 (2 H, m, CH=CH), and 7.0-7.6 ( 5  H, m, 
Ph); 6,(CCI4) 28.0 and 28.5 (2 t, 2 x CH,), 80.5 (d, CHCH,), 
126.5 and 133.0 (2 d, CHXH) ,  127.0, 128.5, and 129.0 (3 d, 
5 x Arc), 136.0 (s, Arcip,,), and 177.0 (s, C=O); m/z 188 ( M ' ,  
97%),166(40), 159(34), 146(40), 145(24), 143(11), 135(13), 133 
(48), 131 (49), 129 (42), 128 (39 ,  127 (lo), 118 (12), 117 (19), 115 
(44), 105 (60), 104 (loo), 103 (40), 102 (14), 99 ( l l ) ,  92 (lo), 91 
(54), 89 (lo), 85 ( l l ) ,  78 (27), 77 (47), 65 (14), 63 (16), 55  (21), 51 
(30), 50 (lo), and 39 (12). 

4,4-Pentamethylenebutanolide * (28),9 b.p. 4 4 - 4 6  "C ( 

mmHg); v(neat) 1 760 (C=O) cm-'; 6,(CC14) 1.1-1.7 (10 H, m, 
5 x ring CH,), 1.75-2.1 (2 H, m, CH,CH,C=O), and 2.3-2.7 
(2 H, m, CH,C=O); 6,(CC14) 22.5, 25.0, 28.0, 32.5, and 37.0 ( 5  t, 
7 x CH,), 85.0 (s, C-4), and 176.0 (s, C=O); m/z 154 (M' ,  18%), 
112 (16), 111  (loo), 99 ( l l ) ,  98 (24), 83 (lo), and 55 (15). 

4,4-Heptarnethylenebutanolide t (29) (Found: C, 72.3; H, 
10.0. C, ,H1,O2 requires C, 72.49; H, 9.9579, b.p. 6&62 "C 

mmHg); v(neat) 1 760 (C=O) cm-'; 6H(cc14) 1.3-2.2 (16 
H, m, 7 x ring CH,, CH,CH,C=O), and 2.2-2.6 (2 H, m, 
CH,C=O); 6,(CC14) 22.0, 24.5, 28.0, 28.5, 33.0, and 35.5 (6 t, 
9 x CH,), 89.0 (s, C-4), and 176.0 (s, C=O); m/z 182 ( M + ,  2%), 
139 (lo), 122 112 (lo), 11 1 (loo), 98 (42), 83 (13), 82 ( l l ) ,  67 
(13), 56 ( l l ) ,  55 (22), and 41 (13). 

mmHg); v(neat) 1 770 (C=O) cm-'; 6H(cc14) 1.6 (3 H, s, Me), 
2.2-2.5 (4 H, m, 2 x CH,), and 7.1-7.6 ( 5  H, m, Ph); 6,-(CCI4) 
29.0 and 36.0 (2 t, 2 x CH,), 29.5 (9, Me), 86.5 (s, C-4), 125.5, 
128.5, and 129.5 (3 t, 5 x Arc), 145.5 (s, ArClp,,), and 176.5 (s, 
C = 0 ) ; / ~ / z  176(M+, 12%),162(10), 161 (loo), 121 (34), 117(12), 
115 (lo), 105 (43), 77 (27), 51 (lo), and 43 (13). 

4-Methyl-4-phenylbutanolide (30),9 b.p. 55-57 "C ( 

* Cyclohexanespiro-4'-butanolide. 
t Cyclo-octanespiro-4'-butanolide. 
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