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The lithiation of the chloro ketals 9 with lithium naphthalenide at -78 OC led to the corresponding masked 
lithium bishomoenolates 4, which are stable species under these conditions and react with different electrophilic 
reagents (H20, D20, i-PrCHO, PhCHO, MeCOEt, (CH2),C0, (CH2)&0, (CH2),C0, PhCOMe, c-CSH5COPh, 
PhCN, HCONM%, PrCON?H2Ir, PhCON%H2),, PhCOC1, EtOCOCl, PhCHNPh, and (PhCH&l to give, after 
hydrolysis with water, the corresponding bifunctionalized compounds 10a-22a, 10&22b, and 1Oc-15c. When 
alkyl halides were used as electrophiles the reaction failed. In the presence of a catalytic amount of the complex 
CuBr-Mea, the same reaction with a,p-unsaturated ketones (methyl vinyl ketone or 2-cyclohexanone) yielded 
the expected products of a 1,Caddition 25a-c and 26b. The deprotection of the masked carbonyl group was 
easily done by treatment with 2 N hydrochloric acid in THF, so as examples, compounds 27a-29a, 30b, 31b, 
32c, and 33c were isolated. The transformation of hemiacetals of the type 27a into substituted tetrahydropyrans 
was carried out by means of compounds of the type W i N u  (Nu = H, allyl, CN) in the presence of BF3, 80 products 
34a-41a, 42b, and 43b were prepared. Finally, the in situ oxidation of the deprotected products of the type 
27a-arising from the reaction of bishomoenolate 4a with carbonyl compounds-with Jones reagent (for ketones 
derivatives) or PCC (for aldehydes derivatives) led to the corresponding &lactones 44-57. 

- - -  

Introduction 
The chemistry of functionalized organometallic com- 

pounds derived from metals of the main groups has been 
the subject of great attention because these intermediates 
can react with electrophiles, yielding directly polifunc- 
tionalized molecules.’ In the case that the functionality 
is a carbonyl group and the metal atom is lithium,2 the 
stability of these species depends strongly on the relative 
position of the metal atom and the carbon-oxygen double 
bonds3 Thus, since enolate intermediates‘ of the type 1 
are stable species, which give C-coupling reactions: the 
corresponding homoenolate intermediates of the type 2 
behave as typical alcoho1atese6 The problem of using 
homoenolate intermediates in organic synthesis, mainly 
in homoaldolic-type reactions, has been overcome by em- 
ploying two different strategies: (a) forming more stable 
homoenolates derived from less electropositive metals, such 
as Ti, Sn, Sb, Bi, Te, Hg, or Zn,7 or (b) protecting the 
carbonyl group as a ketal of the type 3.e In relation to 
the corresponding lithium biehomoenolates of the type 4: 

(1) See, for inetance: (a) Comprehensive Organic Chemistry; Barton, 
D. H. R., Ollis, W. D., Ma.; Pergamon Press: Oxford, 1979; Vol. 3, Part 
15. (b) Negishi, E.-I. Organometallics in Organic Synthesie; J. Wiley & 
Sone: New York, 1980. 
(2) (a) Wakefield, B. J. Organolithium Methods; Academic Press: 

London, 1988. (b) Methoden der Organischen Chemie (Houben- Weyl), 
4th ed.; George Thieme Verlag: Stuttgart, 1970; Vol. 13/1. 
(3) Umpoled Synthons; HW, T. A., Ed.; J. Wiley & Sons: New York, 

1987. 
(4) For an excellent review, see: Seebach, D. Angew. Chem. 1988,100, 

1686, Angew. Chem., Int. Ed. Engl. 1988,27,1624. 
(6) See, for instance: Batan, R. B.; Ogle, C. A. Carbanion Chemistry; 

Springer Verlag: Berlin, 1983, Chapter V. 
(6) (a) Wentiuk, N. H. Tetrahedron 1983,39,205. (b) Stowell, J. C. 

Chem. Reu. 1984,84,409. (c) Hoppe, D. Angew. Chem. 1984,96,930; 
Angew. Chem., Int. Ed. Engl. 1984,23,932. 
(7) See, for imtance: Nakamura, E.; Shimada, J.; Kuwajima, I. Or- 

ganometallics 1986, 4, 841. 
(8) (a) Barlwnga, J.; Rubiera, C.; Fernbadez, J. R.; Yus, M. J. Chem. 

Soc., Chem. Commun. 1987,425. (b) Barluenga, J.; Femhdez, J. R.; Yue, 
M. Ibid. 1987,1534. (c) Barluenga, J.; FemAndez, J. R.; Rubiere, C.; Yus, 
M. J.  Chem. SOC., Perkin Dans. 1 1988, 3113. 

(9) The corresponding bishomoenolatee of other lesa electropositive 
metals such as magnesium,’O copper,” or zinc1* have been already de- 
scribed. 

(10) (a) Bnl, S. A.; Marfat, A.; Helquist, P. J. Org. Chem. 1982,47, 
5045. (b) Jwhi, N. N.; Mandapur, V. R.; Chadha, M. S .  J. Chem. SOC., 
Perkin TTOns. I 198S, 2963. (c) Achmatmicz, B.; Wicha, J. Liebigs Ann. 
Chem. 1988, 1136. 
(11) Wehmeyer, R. M.; Rieke, R. D. Tetrahedron Lett. 1988,29,4513. 
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in the literature are described stabilized species of the type 
5,13 6,14 and 7.1b To our best knowledge, only one example 
of a masked nonstabilized intermediate 8 is known,’6 which 
has been used in the synthesis of (f)-porantherine17’ and 
substituted piperidines.’”’ This species must be prepared 
at  low temperature, and its yield is quite sensitive to the 
reaction  condition^'^^ (see Chart I). In this paper,18 we 
describe the general preparation of different lithium 
masked bishomoenolates of the type 4, which represent 
convenient synthonslg for the unit C-C-C-C=O and 
can be considered as d‘ reagents, following Seebach’s no- 
menclatureSm 

(12) (a) Ochiai, H.; Nishihara, T.; Tamaru, Y.; Yoehida, 2. J. Org. 
Chem. 1988,53, 1343. (b) Tamaru, Y.; Tanigawa, H.; Yamamoto, T.; 
Yoehida, 2. Angew. Chem. 1989,101,358; Angew. Chem., Int. Ed. Engl. 
1989,28,353. (c) Tamaru, Y.; Ochiai, H.; Nakamura, T.; Yoehida, 2. Org. 
Synth. 1988,67,98. 
(13) Camps, F.; Sanchez, F. J.; Meweguer, A. Synthesis 1988, 823. 
(14) Thomson, C. M.; Frick, J. A. J. Org. Chem. l989,54, 890, and 

references cited therein. 
(15) Beak, P.; Hunter, J. E.; Jung, Y. M.; Wallii, A. P. J. Am. Chem. 

SOC. 1987,109. 5403. 
(16) In our preliminary communication,’8 we unintentionally omitted 

the citation of this sole example. We thank Dr. D. M. Ryckman for 
calling our attention to his previous publications,” in which thin inter- 
mediate was involved. 
(17) (a) Ryckman, D. M.; Stevens, R. V. J. Am. Chem. SOC. 1987,109, 

4940. (b) Ryckman, D. M.; Stevens, R. V. J. Org. Chem. 1987,62,4274. 
(18) For preliminary communications, see: (a) Ram6nn, D. J.; Yus, M. 

Tetrahedron Lett. 1990,31,3763. (b) Ram6n, D. J.; Yus, M. Ibid. 1990. 
31, 3767. 

(19) Corey, E. J. Pure Appl. Chem. 1967, 14, 19. See also ref 3. 
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E+- H20, DZO, i-PeCHO, PhCHO, MeCOEt, (CH2)4C0, (CH2)5C0,- 

( C W C O ,  PhCOMe, c-CjH5COPh, PhCN, HCONMe2, 

PrCONqH2)4, PhCONTCH2CH2)4, PhCOC1, EtOCOC1, PhNCS, 

PhCHNPh, lPhCH2S)2 

Ramdn and Yus 

Table I. Reaction of Marked Birhomoenolates 4 with 
Electrophiler (eq 1) 

entry enolate4 E+ no. X yieldb (%) 
bishomo- productn 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

4a 
4a 
4a 
4a 
4a 
4a 
4a 
4a 
4a 
4a 
4a 
4a 
4a 
4a 
4a 
4b 
4b 
4b 
4b 
4b 
4b 
4b 
4b 
4b 
4b 
4b 
4b 
4b 
4b 
4b 
4c 
4c 
4c 
4c 
4c 
4c 

HZO 
i - P r C H 0 
PhCHO 
MeCOEt 
(CHz)4CO 
- 

c c ~ c o  . 
(CHz)iCO 
PhCOMe 

PhCN 
PhCON%Hz)4 
PhCOCl 
PhNCS 
P h C H N P h 
(PhCHzSh 
HZ0 
DZO 

c-CsH&OPh 

i-PrCHO 
PhCHO 
(CHz)&O 

PhCN 
HCONMez 
PrCONyCH2), 
PhCOTCHz), 
PhCOCl 
EtOCOCl 
PhNCS 
PhCHNPh 

PhCHO 

. 
c - C ~ H ~ C O P ~  

(PhCHzS)z 

10a 
1 la 
12a 
13a 
l4a 
15a 
16a 
17a 
18a 
19a 
19a 
1 sa 
20a 
21a 
22a 
10b 
llb' 
12b 
13b 
14b 
15b 
16b 
17b 
18b 
16b 
16b 
19b 
20b 
21b 
22b 
100 
1 IC 
12c 
13c 
14c 
1 sc 

H 
i-PrCH (OH) 
PhCH(0H) 
MeC(0H)Et 
(CHz)4C(W 
(CH,)sC(OH) 
(CHz)iC(OH) 
PhC(0H)Me 

PhCO 
PhCO 
PhCO 
PhNHCS 
PhCH(PhNH) 
PhCHa 
H 
D 
i-PrCH (OH) 
PhCH(0H) 
(CHz)sC(OH) 

PhCO 
HCO 
PrCO 
PhCO 
PhCO 
EtOCO 
PhNHCS 
PhCH(PhNH) 
PhCHa 
PhCH(0H) 

. . . 
c-CsH&(OH)Ph 

. 
c-C3H&(OH)Ph 

. 
(CHz)sC(OH) 
c-CSHSC(OH)Ph 
PhCO 
PhNHCS 
PhCHtS 

85 
61 
60 
62 
67 
62 
60 
64 
57 
56 
57 
36 
65 
61 
85 
90 
80 
52 
51 
61 
78 
62 
42 
53 
55 
24 
42 
73 
82 
62 
75 
70 
49 
55 
80 
75 

products were 295% pure (GLC and NMR). *Isolated yields 
295% after flash chromatography based on the starting material 9. 

deuterium from mass spectrometry. 

Results and Discussion 
The reaction of the chloro ketals 9 with lithium na- 

phthaIenide2la in THF at -78 "C led to the corresponding 
masked lithium bishomoenolates 4, which were stable 
species at  this temperature, and reacted with different 
electrophilic reagents (-78 "C to room temperature) to give, 
after hydrolysis, the expected products 10a-22a, 10b-22b, 
and 1Oc-15c (see eq 1 and Table I). Dioxalanylpropyl- 

9a: R = H  4a-c 
9b: R = M e  
9c: R - P h  

loa-228 
1Db-22b 
1oc -1% 

(20) Seebach, D. Angew. Chem. 1979,91,259; Angew. Chem., Int. Ed. 
Engl. 1979, 18, 239. 

(21) The lithiation with lithium powder at -78 OC failed: Flbrez, J. Ph. 
D. Thesis, University of Oviedo, 1984. 

(22) (a) Barluenga, J.; Flbrez, J.; Yue, M. J.  Chem. SOC., Chem. Com- 
mun.. 1982, 1153. (b) Barluenga, J.; FIQez, J.; Yus, M. J. Chem. SOC., 
Perkin Trans. 1 1983, 3019. 

Table  11. Reaction of Organolithium Reagents 4 with 
ad-Unsaturated Ketones 24 Catalyzed by CuBr * M e t S  (eq 

2\ 

carbonyl producta 
bishomo- compound yieldb 

entry enolate 4 24 no. R1 R2 (%) 

1 4a 24b 25a -(CH2)a- 61 
2 4b 24a 25b Me H 41 
3 4b 24b 26b -(CHz)3- 63 
4 4c 24b 2 5 ~  -(CH& 54 

"8bSee footnotes a and b in Table I. 

lithium reagents 4 have to be manipulated at  low tem- 
perature in order to avoid their partial or total decompo- 
sition under the reaction conditions mainly by abstraction 
of a proton from the solvent.n*2s 

The reaction of lithium reagents 4 with alkyl chlorides 
or bromides failed. Thus, when the bishomoenolate 4b was 
treated with 2-chloropropene or ethyl, isopropyl, or allyl 
bromide under the same conditions as in the previous text 
or even in the presence of a copper(1) salt (bromide or 
cyanide) or TMEDA only the corresponding product lob, 
arising from a proton abstraction from the reaction media, 
was isolated. On the other hand, when methyl iodide was 
used as electrophile, the corresponding Wurtz-type product 
23 was isolated in 32% yield. Finally, the use of nitriles 
or anhydrides containing hydrogen atoms in the a position 
(acetonitrile or acetic anhydride) led also to a lithium- 
hydrogen interchange; in these cases, the acidity of the 
mentioned hydrogen atoms could explain this behavior. 

n 

U 
23 

We have also studied the reaction of organolithium 
reagents 4 with a,P-unsaturated ketones 24, such as methyl 
vinyl ketone or 2-cyclohexenone, in the presence of a 
catalytic amount (1/0.25 molar ratio) of the complex 
copper(1) bromide-dimethyl sulfide1On under the same 
reaction conditions as in the previous text. Thus, the 
expected products 25 or 26 were isolated (eq 2 and Table 

24a: &Me, R2=H 

24b : ~ l - 2  = ( C H ~  ) 

25a, 25b, 26b, 25c 

11). 
From the results summarized in both Table I and 11, we 

think that compounds 11-22, 25, and 26 are interesting 
from a synthetic point of view because they contain, in 
general, two functional groups, one of them (the masked 
carbonyl group arising from 4) in a protected form, so they 
are regioselectively protected bifunctional compounds. 
The deprotection of these compounds can be carried out 
easily by acid hydrolysis (20 "C), yielding the corre- 
sponding functionalized carbonyl compounds in high 
yields. Thus, as examples, the treatment of compounds 
17a, 19a, 22a, lab, 26b, 13c, and 1Sc with 2 N hydrochloric 
acid in THF afforded products 27a (99%), 28a (93%), 29a 
(95%), 30b (87%), 31b (94%), 32c (98%), and 33c (99%), 
respectively (see Chart 11). On the other hand, compounds 

(23) (a) Bates, R. B.; Kropoeki, L. M.; Potter, D. E. J. Org. Chem. 1972, 
37,560. (b) Mills, N. S.; Shapiro, J.; Hollingsworth, M. J. Am. Chem. SOC. 
1981,103, 1263. 
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the oxidation of compound 27a with different reagents 
such as m-CPBA,“ MIVIPP,~ PCCtl or Fetizon’s reagent.32 
In all cases, surprisingly, the reaction failed, recovering the 
starting material. However, the use of Jones’s reagents 
worked very well giving the expected lactone 50 in 82% 
isolated yieldlEb (eq 4). We then applied this procedure, 

Chart I1 

2 7a 28a  29a  

Ph UPh 
3 lb 

3 2 c  33c 

Table 111. PreDaration of Substituted Pyrans 34-43 (ea 3) 
carbonyl 

com- product” 
bishomo- pound yieldb 

entry enolate 4 R’ R2 Nu no. (%I) 

1 4a -(CH&,- HC 34a 61 
2 4a Et Et CHz=CHCHz 35a 55 
3 4a -(CHz)4- CH2=CHCHz 36a 47 
4 4a -(CH&- CH2=CHCHz 37a 50 
5 4a Et Et CN 38a 62 
6 4a -(CHz)4- CN 39a 41 
7 4a -(CHJ5- CN 40a 47 
8 4a P h  H CN 41ad 53d 

10 4b -(CHz)5- CN 43b 38 

a*b See footnotes a and b in Table I. Et,SiH was used instead of 
MeaSiH. d A  43%/10% mixture of trans/& diastereoisomers was 
obtained after isolation by flash chromatography. 

of the type 31b have been successfully employed in an- 
nulation reactions.’Oa 

Compounds of the type 27a can be used as precursors 
of substituted tetrahydropyrans.24 Thus, by the use of 
silane derivatives it is possible to obtain the reduction,25 
allylation,% and introduction of a cyano group2’ in the 
tetrahydropyran ring. By this methodology, and starting 
from carbonyl compounds and the intermediates 4, com- 
pounds 34a-41a, 41b, and 42b were isolated (see eq 3 and 

9 4b -(CHz)5- CHz=CHCHz 42b 40 

2 .  1. RlR2m E1 
R’QR 5 :  rc-’.’ RlQR ( 3 )  

OK R 2  NU 
4 

27 34a-4la 
42b,43b 

Table 111). On the other hand, it is knownB that there 
is the possibility of transforming compounds of the type 
27a into the corresponding alkylated ones by treatment 
of the 2,4-dimethoxybenzoyl derivatives with organo- 
cuprates. 

Finally, we have studied the possibility of carrying out 
the oxidation of compounds of the type 27a in order to 
obtain the corresponding We first studied 

(24) Tetrahydropyram are common structural elementa in many bio- 
logically active natural products. See, for instance: Buchanan, J. G. Prog. 
Chem. Nat. Org. Prod. 1983,44, 234. 

(25) Kraus, G. A.; Frazier, K. A.; Roth, B. D.; Taschner, M. J.; 
Neuenschwander, K. J.  Org. Chem. 1981,46, 2417. 

(26) Schmitt, A.; Reissig, H.-U. Synlett. 1990, 1,  40 and references 
cited therein. 

(27) See, for instance: (a) Murakami, M.; Kato, T.; Mukaiyama, T. 
Chem. Lett. 1987,1167. (b) Kazmi, S. N.-ul-H.; Ahmed, Z.; Khan, A. Q.; 
Malik, A. Synth. Commun. 1988, 18, 151. 

(28) Bolitt, V.; Mioakowski, C.; Falck, J. R. Tetrahedron Lett. 1989, 
30, 6027. 

4 4 :  R1= H ,  R 2 = i - P r  4a  
45 :  R ~ =  H ,  R * = ~ - C ~ H ~ ~  

4 6 :  R1= R 2 =  Me 

41: R 1 = M e ,  R 2 =  E t  

4 8 :  R 1 = M e ,  R 2 =  1-Bu 
4 9 :  ~ l = M e ,  R ~ =  L - B ~  
5 0 :  R 1 = M e ,  R 2 =  Ph 
51 :  R 1 = R 2 = E t  

52 :  R1= E t ,  R 2 =  Ph 
5 3 :  R1= “PI, Rz= Ph 
54 :  R1= R 2 =  Ph 
55 :  R ~ - R ’ =  ( c H ~ ) ~  
56:  R ~ - R ’ =  ( c H ~ ) ~  

57 :  R’-R’= ( C H ~ ) ,  

but carried out the reaction in situ, without isolation of 
the intermediates of the type 15a or 27a. Thus, the 
treatment of the intermediate 4a with different ketones 
followed by hydrolysis with 2 N hydrochloric acid and final 
oxidation with the Jones’s reagent gave the expected lac- 
tones 46-57 (33432% overall yield;’” 28% for 54; eq 4). 
When the same process was performed with aldehydes as 
electrophiles, the corresponding lactones were not isolated. 
Thus, for instance, with benzaldehyde the only reaction 
product isolated was 5-phenyl-5-oxopentanoic acid (35%), 
which arises from the total oxidation of both the secondary 
alcohol and the aldehyde functionalities. This problem 
was overcome (after trying the other previously mentioned 
oxidants) by using PCC31 in the final step of the in situ 
method, so the corresponding &lactones 44 and 45 were 
isolated (eq 4). In some cases, mainly when the carbonyl 
compound is a phenone (products 50,52, and 53), the low 
overall yields obtained can be explained due to the com- 
petition of an enolization process, which leads to 2- 
propyl-1,3-dioxolane loa instead of the corresponding 
compound of the type 15a. 

Conclusions 
From the results described in this paper, we conclude 

that inter-mediates of the type 4 are useful synthons for 
the unit C-C-C-C=O that can be adequate for the 
synthesis of biologically active compounds of the brevi- 
comins type.34 On the other hand, and considering the 
products prepared with anions 4, we find especially in- 
teresting the compounds derived from aldehydes because 
there are important biologically active substances having 

(29) Lactonic functionality is fairly common among natural producta 
and in a variety of biologically active molecules, the corresponding 6- 
lactones occurring preferentially in products from animal origin. See, for 
instance: Ohloff, G. B o g .  Chem. Nat. Org. Prod. 1978,35,431. 

(30) Brougham, P.; Cooper, N. S.; Cummerson, 0. A.; Heany, H.; 
Thompson, N. Synthesis 1987, 1015. 

(31) Fujiaawa, T.; Itoh, T.; Nakai, M.; Sato, T. Tetrahedron Lett. 1987, 
28, 1015. 

(32) Loozen, H. J. J.; Godefroi, E. F.; Beater, J. S. M. M. J. Org. Chem. 
1975, 40, 892. 

(33) Canonne, P.; Foscoloa, G. B.; Belanger, 0. J. Org. Chem. 1980,45, 
1828. ~~~~ 

(34) See, for instance: (a) Ref. lob. (b) Chong, J. M.; Mar, E. K. 
Tetrahedron 1989,45, 7709. 
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water (5 mL), neutralized with 2 N HC1, and extraded with ether 
(2 X 5 mL) and the organic layer dried (Na804). Solvents were 
removed in vacuo (15 Torr), and the resulting residue was 
chromatographed (silica gel; hexane/ethyl acetate) to give the 
corresponding products 10a-22a, 10b-22b, lOc-l5c, and 23. In 
the case of using a,B-unsaturated ketones 24 as electrophiles, 
CuBr-Mea complex (0.6 "01) was added after formation of the 
intermediates 4 and the mixture stirred for 30 min before adding 
the electrophile 24 (2.5 mmol); in these cases and final hydrolysis 
was carried out with a saturated aqueous NH4C1. Yields are 
reported in Tables I and 11. Physical, spectral, and analytical 
data follow. Full spectral data for the known compounds 
12a,& 17a," lob,* 13b," 16b,4B 17b,S0 19b,6i and 251°. are given 
as supplementary material. 
2-(4-Hydroxy-5-methylhexyl)-l,3-dioxolane (lla): t, = 11.87 

min (B), R, = 0.43 (3/2); IR 3420 (OH), 1250,1030 (CO) cm-'; 
lH NMR (60 MHz) S 0.85 (d, J = 7, 6 H, 2 CHs), 1.2-1.7 (m, 6 
H, (CH&.), 3.0-3.4 (m, 3 H, CHCHOH), 3.6-3.8 (m, 4 H, 

(12), 99 (E), 73 (loo), 45 (91),43 (86). Anal. Calcd for Cl,,HmO9: 
C, 63.80; H, 10.70. Found C, 64.0; H, 10.7. 
2-(4-Hydroxy-4-methylhexyl)-l,3-dioxolane (13a): t, = 10.32 

min (B), R, = 0.38 (3/2); IR 3440 (OH), 1130,1030 (CO) cm-'; 
lH NMR (60 MHz) 6 0.75-1.0 (m, 3 H, CHsCH2), 1.05 (8 ,  3 H, 
CH3C), 1.15-1.7 (m, 9 H, CH2C(OH)(CH2)3), 3.6-3.9 (m, 4 H, 
OCH2CH20), 4.7 (t, J = 5 , l  H, CH); MS 188 (M+, <l), 159 (29), 
101 (34),73 (loo), 45 (83),43 (81). Anal. Calcd for Cl&,OS: C, 
63.80; H, 10.70. Found: C, 63.45; H, 10.5. 
2-[3-( 1-Hydroxycyclopentyl)propyl]-l,3-dioxolane (14a): 

cm-'; 'H NMR (60 MHz) S 1.3-1.9 (m, 15 H, (CH,),C(OH)- 
(CH.&), 3.6-3.9 (m, 4 H, OCH2CH20), 3.7 (t, J = 5, 1 H, CH); 
MS 200 (M+, <l), 138 (14), 99 (21), 88 (27), 73 (loo), 45 (59). And 
Calcd for Cl1HmOs: C, 65.95; H, 10.06. Found C, 65.9; H, 9.7. 
2434 l-Hydroxycyclohexyl)propyl]-l,3-dioxolane (15a):" 

t, = 13.74 min (A), R, = 0.42 (3/2); IR 3420 (OH), 1120,1020 (CO) 
mi1; 'H NMR (60 MHz) S 1.1-1.7 (m, 16 H, (CH,),C(CH,),), 2.15 
(8, 1 H, OH), 3.6-3.8 (m, 4 H, OCH,CH,O), 4.7 (t, J = 5 , l  H, CH); 

2434 l-Hydroxycyclooctyl)propyl]-l,3-dioxolane (16a): tr 
= 14.91 min (B), R, = 0.30 (3/2); IR 3440 (OH), 1130,1020 (CO) 
cm-'; 'H NMR (60 MHz) S 1.1-1.9 (m, 21 H, (CH&C(OH)- 
(CH&), 3.6-3.85 (m,4 H,0CH2CH20), 3.65 (t,J= 5, 1 H,CH); 
MS 242 (M+, <l), 181 (30), 127 (loo), 101 (82), 96 (46), 63 (62). 
Anal. Calcd for Cl4HNO9: C, 69.38; H, 10.81. Found C, 69.0; 
H, 10.9. 
24 4-Cyclopropyl-4-hydroxy-4-phenylbutyl)- lJ-dioxolane 

(Ma): t, = 17.05 min (A), R = 0.61 (3/2); IR 3460 (OH), 3010, 
1600,1480 (Ph), 1200,1030 (60) cm-'; 'H NMR (60 MHz) 6 0.35 
(t, J = 7, 4 H, 2 cyclopropyl CH,), 1.05-1.6 (m, 6 H, CHC- 
(OH)CH,(CH,),), 1.85 (t, J = 7 ,2  H, CH2COH), 3.6-3.9 (m, 4 H, 
OCH,CH,O), 4.6 (t, J = 5 , l  H, OCHO), 7.0-7.5 (m, 5 H, Ph); MS 
262 (M+, <l), 148 ( l l ) ,  147 (loo), 105 (63), 73 (38). Anal. Calcd 
for CleHzzOs: C, 73.25; H, 8.45. Found C, 73.2; H, 8.4. 
2-(3-BenzoyIpropyl)-lP-diozolane (19a): t, = 14.76 min (A), 

R = 0.43 (4/1); mp 77 "C (hexane/ether); IR (melted) 3040,1590 
(hh), 1660 (C=O), 1240,1020 (CO) cm-'; 'H NMR (60 MHz) 6 
1.61.9 (m, 4 H, CH2CHzCH), 3.0 (t, J = 7,2 H, CH,C--O), 3.6-4.0 
(m, 4 H, OCH2CH20), 4.8 (t, J = 5 , l  H, OCHO), 7.3-7.6,7.8-8.1 
(2 m, 5 H, Ph); MS 220 (M+, 4), 105 (661, 77 (1001, 73 (50), 45 
(35). Anal. Calcd for C13HlsOa: C, 70.89; H, 7.32. Found C, 
71.2; H, 7.5. 

OCH,CH,O), 4.7 (t, J = 5 , l  H, OCHO); MS 187 (M' - 1, l), 101 

t, = 11.85 min (B), R, = 0.32 (3/2); IR 3400 (OH), 1120,1010 (CO) . 

- 
MS 213 (M' - 1, l), 153 (231, 101 (31), 73 (loo), 45 (38). 

. 

this skeleton.% Thus, for instance, compound 45 is a 
constituent of massory bark (Cryptocarya massoica).% 
Moreover, spirolactones of the type 55-57 are also key 
structural features of many natural products,97 and, in 
general, &lactonesa are interesting materials for other 
types of functionalities.s*M Finally, if one considers that 
starting material 9a is easily available from tetrahydro- 
furan (tandem opening with hydrogen chloride followed 
by PCC oxidation and final ketalization), the whole syn- 
thetic operation for 44-67 is that shown in eq 5. 

R*' 

Experimental Section 
General Methods. Melting points are uncorrected. Flash 

column chromatography was done on Merck grade 60 silica gel 
(230-400 mesh), and TLC analyses were carried out on alumi- 
num-backed plates coated with a 0.2-cm layer of silica gel 60H 
with a mixture of hexane/ethyl acetate as eluant (rates are given 
in each case); R, values are given under these conditions (visu- 
alization by W or/and vanillin). IR spectra were as f i b ,  unless 
otherwise stated. 'H NMR spectra were obtained at  60 MHz in 
CC14 or at  300 MHz in CDCIS. lSC NMR spectra were obtained 
at 75 MHz in CDCl,. Mass spectra (MS) were obtained at 70 eV. 
Microanalyses have been done for selected new compounds; for 
other new compounds the level of purity is indicated by the 
inclusion of copies of 'H (300 MHz) and (75 MHz) NMR 
spectra as supplementary material. The purity of all isolated 
compounds (195%) was determined by GLC with the following: 
(a) a 25-m WCOT capillary column (0.22-mm diameter, 2.2-rm 
film thickness OV-101 stationary phase), Tm1 = 270 OC, Td- 
= 80 "C (3 min) and 80-270 "C (15 OC/min) (A conditions); (b) 
a 12-m HP-1 capillary column (0.20." diameter, 0.33-pm film 
thickness OV-1 stationary phase), T- = 270 OC, 2'4- = 60 
"C (3 min) and 60-270 "C (15 OC/min) (B conditions); (c) the 
same column as forb but T w I  = 270 "C, T-1- = 150 "C (3 
min) and 150-270 OC (15 OC/mm) (C conditions). N, (2 mL/min) 
was used as the carrier gas in all cases. Retention times (t,) are 
given under these three conditions. 

Electrophiles and other reagents were commercially available 
(Aldrich, Fluka, Merck) of the best grade and were used without 
further purification. PropanoylpyrroIidine,99 benzoylpyrrolidine," 
benzylideneaniline," and lithium na~hthalenide~' were prepared 
according to the literature methods. Starting materials 4a and 
4b were commercially available (Fluka), and 4c was prepared 
according to the described method.', Tetrahydrofuran (THF) 
was dried succeasively with Na and W4 under reflux and stored 
under Ar. Reactions that involved organolithium derivatives were 
carried out under Ar with use of oven-dried glassware. 
Preparation of Bishomoenolates 4 and Reaction with 

Electrophiles. Isolation of Products 10-23, 25, and 26. 
General Procedure. To a solution of the correaponding dioxolane 
9 (2.5 mmol) in THF (5 mL) was added a solution of lithium 
naphthalenide (6.0 mmol) in THF at -78 "C under Ar, and the 
mixture was stirred for 7 h at  the same temperature. Then, the 
corresponding electrophile (2.5 m m ~ l ) ~ ~  was added and the re- 
sulting solution was stirred overnight, allowing the temperature 
to rise to 20 "C. Then, the resulting mixture was hydrolyzed with 

(35) Dictionnry of Organic Comttounds: Chaoman and Hall: New - .  - , -  
York, 1982. 

(36) Meyer, T. M. Recl. Trau. Chim. Pays-Etas 1940,69, 191. 
(37) Desma&le, D.; d'bgelo, J. Tetrahedron Lett. 1989,30, 345. 
(38) Lehmann, J.; Marquardt, N. Liebigs Ann. Chem. 1988,827. 
(39) Sandler, S. R.; Karo, W. Organic ELnctionnl Croup Preparations; 

(40) Sandler, S. R; Karo, W. Organic ELnctional Croup Preparations; 

(41) Screttas, C. G.; Micha-Screttas, M. J. Org. Chem. 1978,43,1061. 
(42) Wills, M. T.; Wills, I. E.; von Dollen, L.; Butler, B. L.; Porter, J. 

(43) In the caee of using H20 or D20 as electrophilea a large exma (ca. 

Academic Press: New York, 1968; Vol. 12, Chapter 11. 

Academic Press: New York, 1971; Vol. 12-11, p 255. 

J.  Org. Chem. 1980,45, 2489. 

100 mmol) was added. 

(44) Barton, D. H. R.; D r e d r e ,  G.; Willis, B. J.; Barret, A. G. M.; 
Pfeffer, M. J.  Chem. SOC., Perkin n a m .  1 1982,665. 

(45) Kondo, K.; Tsunemoto, D.; Saito, E. Jpn. Patent 76 36,408, Chem. 
Abstr. 1976,85, 77998~.  

(46) Kuznetaov, N. V.; Myreina, R. A. Ukr. Khim. Zh. 1971,41,1296; 
Chem. Abstr. 1976,84, 105443j. 

(47) Kov+ev, B. G.; Wad, L. A.; Al'tmark, E. M.; Shamshwin, A. A. 
Zh. Org. Khrm. 1969,5, 1290; Chem. Abstr. 1969, 71, 10164311. 
(48) Feugeas, C1. Bull. Soc. Chim. h.. 1969,2568. 
(49) Narasaka, K.; Soa, K.; Mukaiyama, T. Chem. Lett. 1974,1223. 
(50) Stork, G.; Ganem, B. J.  Am. Chem. SOC. 1973,96,6152. 
(51)  Santiago, A.; Montes de Mpez-Cepero, I.; Larson, G. L. Synth. 

Commun. 1986,16,705. 
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4 H, CH2CH2C02), 2.3 (t, J = 6, 2 H, CH~CHZS), 3.55 (8, 2 H, 
CHZPh), 3.75 ( ~ , 4  H, OCH&H20), 7.1 ( 8 , 5  H, Ph); MS 252 (M+, 
18), 161 (76), 115 (65), 99 (68), 91 (loo), 87 (100), 43 (63). And. 
Calcd for C14Hm02S: C, 66.63; H, 7.99. Found C, 66.7; H, 8.1. 
2-(4-Hydroxy-4-phenylbutyl)-2-phenyl-l,3-d.ioxolane ( 1Oc): 

t ,  = 11.58 min (C), R, = 0.39 (4/1); IR 3400 (OH), 3020,1600 (F'h), 
1170,1030 (CO) cm-'; 'H NMR (300 MHz) 6 1.15-1.85 (m, 6 H, 
(CH2)3), 2.72 (8 ,  1 H, OH), 3.35-3.85 (m, 4 H, OCH2CH20), 
4.35-4.45 (m, 1 H, CHO), 6.90-7.40 (m, 10 H, 2 Ph); 13C NMR 
6 19.8, 38.9,39.9,64.15,64.2, 110.2,125.5, 125.6, 127.05,127.55, 
127.85,128.1,142.3,144.8; MS 254 (M+ - 44, <l), 149 (loo), 105 
(54), 79 (17), 77 (45). 
2-[3-( l-Hydroxycyclohexyl)propyl]-2-phenyl-l,3-dioxolane 

(Ilc): t,  = 10.63 min (C), R, = 0.48 (4/1); IR 3400 (OH), 3040, 
1600 (Ph), 1070,1040 (CO) cm-l; 'H NMR (300 MHz) 6 1.20-1.95 
(m, 17 H, (CH2)6C(OH)(CH2)3), 3.70-4.00 (m, 4 H, OCH2CH20), 
7.20-7.50 (m, 5 H, Ph); '% NMR 6 16.95,22.1,25.75,34.8,37.25, 
40.9,63.55,64.35,110.4, 124.4,125.6,127.95, 142.55; MS 290 (M', 
<l), 150 (lo), 149 (loo), 105 (51), 77 (27), 55 (11). 
2-( 4-Cyclopropyl-4-hydroxy-4-phenylbutyl)-2-phenyl- 1,3- 

dioxolane (12c): t,  = 13.01 min (C), R, = 0.54 (4/1); IR 3460 
(OH), 3040,1590 (Ph), 1170,1030 (CO) cm-'; 'H NMR (300 MHz)  
6 0.20 .50  (m, 4 H, 2 cyclopropyl CHJ, 1.15-1.45 (m, 3 H, CHCO, 
CH2CH2C02), 1.59 (8, 1 H, OH), 1.70-2.00 (m, 4 H, CH2CH2CH , 

NMR 6 0.55,1.4,21.8,40.4,42.25,84.35,84.4,110.45,125.5,125.65, 
126.45, 127.7, 127.9, 128.0, 142.6, 146.5; MS 193 (M+ - 145, l), 
149 (83), 147 (24), 105 (loo), 77 (54). 
2-(3-Benzoylpropyl)-2-phenyl-l,3-dioxolane (13c): t, = 11.82 

min (C), R, = 0.71 (4/1); IR 3040,1580 (Ph); 1660 (C=O), 1180, 
1030 (CO) cm-'; 'H NMR (300 MHz) 6 1.65-1.74 (m, 2 H, 
CH2CH2C=O), 1.84-1.89 (m, 2 H, CH2C02), 2.79 (t, J = 7.3, 2 
H, CH2C=O), 3.57-3.86 (m, 4 H, OCH2CH20), 7.15-7.84 (m, 10 
H, 2 Ph); '% NMR 6 18.2,38.1,39.5,64.2,110.0,125.5,127.6,127.8, 
127.9,128.3, 128.4, 134.6,136.8,199.7; MS 296 (M+, <l), 150 (lo), 
149 (loo), 105 (65), 77 (52). 
2-Phenyl-2-[3-[ (phenylamino)thiocarbonyl]propyl]-1,3- 

dioxolane (14c): t,  = 16.29 min (C), R = 0.37 (4/1); IR 3240 
(NH), 3040,1540 (Ph), 1380,1140 (C=S\, 1210,1040 (CO) cm-'; 
'H NMR (300 MHz) 6 1.75-2.10 (m, 4 H, CH2CH2C02); 2.8 (t, 
J = 7.05, 2 H, CH2C=S), 3.65-4.10 (m, 4 H, OCH2CH20), 
7.15-1.80 (m, 10 H, 2 Ph), 9.40 (br s, 1 H, NH); 13C NMR 6 23.3, 
37.95,43.3,64.0,110.1,123.35,125.25,126.25,127.65,127.85,128.35, 
138.5,141.75,204.25; MS 327 (M', 71,282 (37), 178 (47), 149 (80), 
105 (94), 77 (100). 
2-[3-(Benzylthio)propyl]-2-phenyl-l,3-dioxolane (154: t, 

= 12.46 min (C), R = 0.82 (4/1); IR 3040,1580 (Ph), 1180,1030 
(CO) cm-'; 'H NMk (300 MHz) 6 1.55-1.70 (m, 2 H, CH2CH2S), 
1.90-2.00 (m, 2 H, CH2C02), 2.35 (t, J = 7.35, 2 H, CH2CH2S), 
3.59 (e, 2 H, CH2Ph), 3.63-4.0 (m, 4 H, OCH2CH20), 7.20-7.41 
(m, 10 H, 2 Ph); 'Bc NMR 6 23.1,31.0,35.7,39.2,64.3,109.9,125.5, 
126.6, 127.9,128.3,128.6, 128.7,138.3,142.3; MS 314 (M+, 31,149 
(1001, 121 (201, 105 (57),91 (59), 77 (30), 65 (12). Anal. Calcd 
for Cl&2202S: C, 72.57; H, 7.05. Found: C, 72.9; H, 7.2. 
2,9-Bis(ethylenedioxy)decane (23): t ,  = 7.10 min (A), Rj = 

0.57 (4/1); IR 1220,1040 (CO) cm-'; 'H NMR (60 MHz) 6 1.25 
(s, 6 H, 2 CH3), 1.5-2.2 (m, 8 H, (CH2)4CH2C02), 3.0-3.3 (m, 4 

241 (12), 87 (100),43 (44). Anal. Calcd for C14HaO4: C, 65.09; 
H, 10.14. Found C, 64.7; H, 10.1. 
2-Met hyl-2-( 6-oxohepty1)- 1,3-dioxolane (25b): t,  = 11.94 

min (A), R, = 0.36 (4/1); IR 1700 (C=O), 1210,1060 (CO) cm-'; 
'H NMR (60 MHz) 6 1.2 (8,  3 H, CH3C02), 1.3-1.7 (m, 8 H, 
(CH2)4CO2), 2.05 ( ~ , 3  H, CH&O), 2.35 (t, J = 7, 2 H, CHtCO), 
3.75 ( ~ , 4  H, OCH2CH20); MS 185 (M+ - 15,6), 87 (43), 55 (ll), 
43 (loo), 42 (lo), 41 (10). Anal. Calcd for CllHmO3: C, 65.97; 
H, 10.06. Found: C, 66.0; H, 9.8. 
2-Methyl-2-[3-(3-oxocyclohexyl)propyl]-l,3-dioxolane 

(26b): t, = 14.30 min (B), Rf = 0.55 (3/2); IR 1690 (C=O), 1220, 
1050 (CO) cm-'; 'H NMR (60 MHz) 6 1.25 (8, 3 H, CH3), 1.3-2.4 
(m, 15 H, CH2CO(CH2)3CH(CH2)S), 3.8 (s,4 H, OCH2CH20); MS 
211 (M+ - 15,2), 87 (loo), 55 (lo), 43 (38),41 (14). Anal. Calcd 
for C13H22O9: C, 68.99; H, 9.80. Found: C, 68.9; H, 9.9. 
2-[3-(3-0xocyclohexyl)propyl]-2-phenyl-l,3-dioxolane 

(25c): t ,  = 10.99 min (C), R, = 0.50 (4/1); IR 3040, 1600 (Ph), 

. 

3.60-4.00 (m, 4 H, OCH2CH20), 7.10-7.45 (m, 10 H, 2 Ph); ' 3 C 

H, 2 CH2COJ, 3.85 ( ~ , 8  H, 2 OCH2CH2O); MS 243 (M+ - 15, <l), 

, 

2434 (Phenylamino)thiocarbonyl]propyl]- 1 f-dioxolane 
(20a): t,  = 20.56 min (A), Rj = 0.41 (3/2); IR 3460, 3250, 1580 
(NH), 3040,1600 (Ph), 1380,1140 (C-S), 1210,1050 (CO) cm-'; 
'H NMR (60 MHz) 6 1.5-2.1 (m, 4 H, CH2CH2CH), 2.7 (t, J = 
7, 2 H, CH2CS), 3.6-3.95 (m, 4 H, OCH2CH20), 4.75 (t, J = 5, 
1 H, OCHO), 6.9-7.8 (m, 5 H, Ph), 9.5 (br s, 1 H, NH); MS 251 
(M+, 9), 218 (100), 147 (38), 99 (38), 77 (53), 73 (37). Anal. Cdcd 
for ClSH1,NOZS C, 62.12; H, 6.82; N, 5.57. Found: C, 62.4; H, 
6.8; N, 5.2. 
2-[4-Phenyl-4-( phenylamino)butyl]- l,3-dioxolane (21a): t, 

= 23.65 min (A), R, = 0.43 (4/1); IR 3390,1590 (NH), 3020,1490 
(Ph), 1250,1030 (CO) cm-'; 'H NMR (60 MHz) 6 1.4-1.95 (m, 
6 H, (CH2)3), 3.6-4.0 (m, 5 H, OCH2CH20, NH), 4.2 (t, J = 7, 1 

(3 m, 5 H, PhN), 7.1-7.3 (m, 5 H, PhC); MS 297 (M+, 5),  183 (12), 
182 (loo), 104 (15),77 (12), 73 (10). Anal. Calcd for Cl9HBNO2: 
C, 76.74; H, 7.79; N, 4.70. Found: C, 77.1; H, 8.0; N, 4.7. 
2-[3-(Benzylthio)propyl]-l~-dioxolane (22a): t ,  = 15.71 min 

(A), R, = 0.58 (4/1); IR 3010,1590 (Ph), 1130,1030 (CO) cm-'; 
'H NMR (60 MHz) 6 1.5-1.8 (m, 4 H, CH2CH2CH), 2.4 (t, J = 
7, 2 H, SCH2CH2), 3.65 (s, 2 H, CH2Ph), 3.7-3.9 (m, 4 H, 

(M+, 3), 147 (67), 91 (loo), 73 (141, 45 (30). Anal. Calcd for 
C13H18O3: C, 65.51; H, 7.61. Found: C, 65.8; H, 7.9. 
24 3-Deuteriopropyl)-2-met hyl- 1 ,J-dioxolane (1 1 b): t ,  = 

5.03 min (A), R, = 0.69 (4/1); MS 131 (M+, <l), 116 (19), 115 (12), 
87 (100),85 (14), 43 (51). 
24 4-Hydroxy-5-met hylhexyl)-g-met hyl- 1,3-dioxolane (1 2b): 

t, = 17.40 min (A), R = 0.60 (3/2); IR 3420 (OH), 1230,1050 (CO) 

(s,3 H, CH3C), 1.3-1.7 (m, 6 H, (CH2)3), 3.0-3.4 (m, 2 H, CHCH), 

97 (lo), 87 (loo), 55 (lo), 43 (34). Anal. Calcd for CI1HnO3: C, 
65.31; H, 10.96. Found: C, 65.6; H, 10.9. 
24 34 l-Hydroxycyclohexyl)propyl]-2-methyl-l,3dioxolane 

(14b)? t ,  = 23.59 min (A), R = 0.23 (3/2); IR 3440 (OH), 1240, 
1050 (CO) cm-'; 'H NMR (60 hHz)  6 1.25 (s,3 H, CH3), 1.45 (m, 
14 H, (CH2)5C(CH2)2), 1.85 (8,  1 H, OH), 2.25 (m, 2 H, CH2C02), 

(loo), 71 (22), 43 (39). 
24 4-Cyclopropyl-4-hydroxy-4-phenylbutyl)-2-methyl-1,3- 

dioxolane (1Sb): t,  = 17.18 min (A), R, = 0.33 (4/1); IR 3460 
(OH), 3010,1600 (Ph), 1220,1065 (CO) cm-'; 'H NMR (60 MHz) 
6 0.35 (t, J = 6,4 H, 2 cyclopropyl CHJ, 1.15 (s,3 H, CHd, 1.25-1.6 
(m, 5 H, CHCCHzCH,), 1.8 (m, 2 H, CH2C02), 2.0 (8,  1 H, OH), 
3.75 (s,4 H, OCH2CH20), 7.0-7.5 (m, 5 H,Ph);MS 276 (M+, 2), 
147 (93), 115 (32), 105 (loo), 87 (971, 43 (43). Anal. Calcd for 
Cl7HU0& C, 73.88; H, 8.75. Found: C, 73.9; H, 8.4. 
2-Methyl-2-(4-oxoheptyl)-l,3-dioxolane (18b): t ,  = 11.57 

min (A), R = 0.47 (4/1); IR 1700 (C=O), 1200,1060 (CO) cm-'; 
'H NMR (60 MHz) 6 0.9 (t, J = 7, 3 H, CH3CH2), 1.25 (s, 3 H, 
CH3C), 1.45-1.8 (m, 6 H, CH3CH2, CH2CH2C02), 2.15-2.50 (m, 

2),99 (15), 87 (100),43 (54), 41 (10). Anal. Calcd for CllHmO3: 
C, 65.97; H, 10.06. Found C, 65.6; H, 10.0. 
24 34 (Phenylamino)thiocarbonyl]propyl]-2-methyl-l,3- 

dioxolane (20b): t ,  = 20.67 min (A), R, = 0.22 (4/1); IR 3460, 
3250,1580 (NH), 3040,1600 (Ph), 1380,1140 (C=S), 1210,1050 
(CO) cm-'; 'H NMR (60 MHz) 6 1.35 (8 ,  3 H, CHd, 1.6-2.1 (m, 
4 H, CH2CH2C02), 2.9 (t, J = 7, 2 H, CH&=S), 7.0-7.8 (m, 5 
H, Ph), 9.25 (br s, 1 H, NH); MS 265 (M', 20), 220 (68), 130 (74), 
87 (76), 77 (68), 43 (100). Anal. Calcd for C14H&lO#: C, 63.36; 
H, 7.22; N, 5.28. Found: C, 63.2; H, 7.2; N, 5.6. 
2-[4-Phenyl-4-( phenylamino) butyl]-2-methyl-1,3-dioxolane 

(21b): t ,  = 39.09 min (A), R = 0.52 (4/1); IR 3380, 1580 (NH), 
3020,1600 (Ph), 1210,1060 (do) an-'; 'H NMR (300 MHz) 6 1.35 
(8, 3 H, CH3), 1.52-1.95 (m, 7 H, (CH2)3, NH), 3.90-4.00 (m, 4 H, 

7.10-7.20 (3 m, 5 H, PhN), 7.35-7.45 (m, 5 H, PhC); MS 311 (M+, 
7), 183 (14), 182 (loo), 117 (13), 104 (22), 87 (19),77 (29). Anal. 
Calcd for C&IBNO2: C, 77.14; H, 8.09; N, 7.50. Found C, 76.8 
H, 8.3; N, 7.3. 
2-[3-(Benzylthio)propyl]-2-methyl-1,3-dioxolane (22b): t, 

= 15.77 min (A), R = 0.67 (4/1); IR 3020,1595 (Ph), 1210,1050 
(CO) cm-'; 'H N d R  (60 MHz) 6 1.2 (8, 3 H, CH3), 1.5-1.8 (m, 

H, CHN), 4.7 (t, J =  5 , l  H, OCHO), 6.15-6.35,6.4-6.6,6.7-7.05 

OCH&HZO), 4.7 (t, J = 1 H, OCHO), 7.3 ( ~ , 5  H, Ph); MS 238 

cm-'; 'H NMR (60 h H  Z) 6 0.9 (d, J = 7, 6 H, (CH&CH), 1.25 

3.5 ( ~ , l  H, OH), 3.8 ( ~ , 4  H, OCH~CHZO); MS 187 (M+ - 15,3), 

. 
3.8 (s, 4 H, OCH2CH2O); MS 228 (M', <l), 115 (26), 99 (33), 87 

4 H, 2 CHZC-O), 3.85 ( ~ , 4  H, OCHZCH2O); MS 185 (M+ - 15, 

OCH&H20), 4.50 (t, J 6.7, 1 H, CHN), 6.55-6.60, 6.65-6.75, 



3830 J.  Og. Chem., Vol. 56, No. 12, 1991 Ram6n and Yus 

1695 (C-O), 1180, 1030 (CO) cm-'; 'H NMR (300 MHz) 6 
1.15-2.65 (m, 15 H, dHzCO(CH2)3CH(CHz)3), 3.65-4.20 (m, 4 H, 
OCHzCHzO), 7.00-7.70 (m, 5 H, Ph); '8c NMR 6 20.75, 25.25, 
31.25,36.6,39.05,40.5,41.45,48.1,64.45,110.3,125.7,127.8,128.0, 
142.5,206.75; MS 288 (M+ - 77, <l), 149 (loo), 105 (40),77 (231, 
55 (10). 
Deprotmtion of Dioxolanea 17% 19a, 22% 18b, 26b, and 15c. 

Isolation of Compounds 27a-29a, 30b, 31b, 32c, and 33c. 
General Procedure. The corresponding dioxolane (2 m o l )  was 
dissolved in THF (5 mL) and 2 N HCl(5 mL) and the solution 
stirred for 2 h at room temperature. Then, it was extracted with 
ether (2 x 10 mL) and the organic layer dried (Na#04). Solvents 
were removed in vacuo (15 Torr), giving a residue, which contained 
pure title compounds. Yields are given in the text. Physical, 
spectral, and analytical data follow. 
2-Methyl-2-phenyltetrahydrofuran-6-01 (27a):6z t, = 11.97 

min (A), R, = 0.55 (4/1); IR 3400 (OH), 3040, 1580 (Ph), 1060, 
1010 (CO) cm-'; 'H NMR (60 MHz), 6 1.0-2.3 (m, 9 H, (CHz),, 
CHJ, 3.3-3.9 (m, 2 H, CHOH), 6.8-7.3 (m, 5 H, Ph); MS 174 (M+ 

443enzoylb~tanal(28a):~ t, = 12.70 min (A), R, = 0.35 (4/1); 
mp 117 OC (hexane/ether); IR (melted) 3040, 1590 (Ph), 2700, 
1705 (HC=O), 1660 (C=O) cm-l; 'H NMR (60 MHz) 6 1.6-2.2 
(m, 2 H, CHzCH&O), 2.3-2.7 (m, 2 H, CHZCHO), 2.95 (t, J = 
7, 2 H, CHzCOPh), 7.3-7.6, 7.8-8.0 (2 m, 5 H, Ph), 9.75 (t, J = 
1.5,l H, CHO); MS 171 (M+ - 1,7), 147 (lo), 105 (100), 77 (991, 
51 (38), 42 (43). 
4-(Benzylthio)butanal(29a): t,  = 13.56 min (A), R, = 0.53 

(4/1); IR 3050, 1600 (Ph), 2700, 1705 (HC=O) cm-'; 'H NMR 
(60 MHz) 6 1.5-1.9 (m, 2 H, CHzCHzS), 2.2-2.6 (m, 4 H, 

1.5, HCO); MS 194 (M+, 8), 92 (13), 91 (lOO), 65 (2'7). Anal. Calcd 
for CllH140S; C, 68.00; H, 7.26. Found C, 68.4; H, 7.1. 
2,6-Nonanedione (30b)? t ,  = 9.10 min (A), R = 0.33 (4/1); 

IR 1700 (C-0) cm-'; 'H NMR (60 MHz) 6 0.9 f t ,  J = 7 , 3  H, 
CH,CH,), 1.4-1.9 (m, 4 H, CH3CHz, CHzCHzCHz), 2.05 (8, 3 H, 
CH,CO), 2.15-2.55 (m, 6 H, 3 CHzCO); MS 156 (M+, 2), 85 (201, 
71 (38), 55 (14), 43 (100). 
3(4-Oxopentyl)cyclohexanone (31b): t, = 12.79 min (A), R, 

= 0.45 (3/2); IR 1700 ( C 4 )  cm-'; 'H NMR (60 MHz) 6 1.1-2.5 
(m with a s at 2.05, all H); MS 182 (M+, l), 98 (loo), 97 (84), 55 
(34),43 (1001, 41 (36). Anal. Calcd for CllHl8OZ: C, 72.49; H, 
9.95. Found C, 72.3; H, 9.9. 
4-Benzoylbutyrophenone (32~):~ t,  = 10.99 min (C), R, = 

0.66 (4/1); IR 3040,1590 (Ph), 1660 ( ( 2 4 )  cm-'; 'H NMR (300 

2 CH,CO), 7.25-7.85 (m, 10 H, 2 Ph); '9c NMR 6 18.45,37.3,127.7, 
128.4, 132.75, 136.55,199.55; MS 252 (M+, 5), 120 (12), 105 (loo), 
77 (91), 50 (17). 
4-(Benzylthio)butyrophenone (33c): t ,  = 11.54 min (C), R, 

= 0.74 (4/1); mp 67 "C (hexane/ethyl acetate); IR (melted) 3040, 
1580 (Ph), 1660 (C-0) cm-'; 'H NMR (300 MHz) 6 2.01 (t, J = 

7.15, 2 H, CHzCHzS), 3.71 (8 ,  2 H, CHzPh), 7.25-7.34 (m, 5 H, 
PhCHz), 7.37-7.98 (m, 5 H, PhCO); '8c NMR 6 23.3,30.85,36.05, 
35.05,126.9,128.0,128.45,128.55,128.8,132.95,136.9,138.4,199.5; 
MS 270 (M', 3), 179 (16), 150 (12), 105 (43), 91 (loo), 77 (56). 

In Situ Reaction of Hydroxytetrahydropyrans of the Type 
27 with Silyl Derivatives. Isolation of Products 24a-40a, 
41b, and 42b. The dioxolane (2.5 mmol) was first hydrolyzed 
according to the preceding general procedure. The crude hy- 
drolyzed product was then dissolved in dry CHzClz (15 mL) and 
cooled at  -78 OC, and to the resulting solution was added tri- 
ethylsiie, trimethylsiiyl cyanide, or allyltrimethylsilane (5 "01) 
and BF3.Eh0 (7.5 mmol). The mixture was stirred for 1 h at the 
same temperature and overnight allowing the temperature to rise 
to 20 "C. Then, it was hydrolyzed with saturated aqueous 

- 18, ll), 118 (loo), 117 (84), 115 (46), 103 (461, 77 (62). 

CHZCHZCHZ), 3.6 (8,  2 H, CHzPh), 7.2 (8, 5 H, Ph), 9.8 (t, J = 

MHz) 6 2.05 (t, J = 6.9,2 H, CHZCHZCO), 2.95 (t, J = 6.9,4 H, 

7.05,2 H, CHZCHZS), 2.53 (t, J 7.0,2 H, CHZCO), 3.05 (t, J = 

(52) We found a eole diaetereomer both in GLC and TLC. However, 

(53) Omori, T.; Iehigmka, H.; Mimoda, Y. Agric. Biol. Chem. 1988,62, 

(54) Ferard-Brunner, J.; Keravec, M.; Cas&, P. F. C. R. Acad. Sci. 

(55) Owaley, D. C.; Nelke, J. M.; Bloodmfield, J. J. J.  Org. Chem. 1973, 

we do not know the stereochemistry of this compound. 

503; Chem. Abstr. 1988,108,201474e. 

Ser. C. 1972,274, 2114; Chem. Abstr. 1972, 77, 114906~. 

38,901. 

NaHC03 (10 mL) and extracted with ether (2 X 10 mL) and the 
organic layer dried (Na2S04). Solventa were removed in vacuo 
(15 Torr), and the resulting residue was purified by flash chro- 
matography (silica gel; hexane/ether) to give the corresponding 
products 34a-40a, 41b, and 42b. Yields are reported in Table 
111. Physical, spectral, and analytical data follow. 

l-Oxaspiro[5.5]undecane (Ma):= t, = 8.05 min (B), R, 
0.75 (19/1); IR 1080, 990 (CO) cm-'; 'H NMR (300 MHz) 6 
1.00-1.80 (m, 16 H, (CHz)5C(CH2)3), 3.57 (t, J = 5.35,2 H, CHzO); 
l3C NMR 6 18.95, 21.6, 26.3, 26.35, 34.85, 35.6, 60.7, 71.75; MS 
154 (M+, 13), 111 (loo), 98 (76), 86 (61), 84 (99), 43 (46). 
6-Allyl-2,2-diethyltetrahydropyran (35a): t, = 8.41 min (B), 

R = 0.67 (19/1); IR 3060,1630 (HC=C), 1200,1080 (CO) cm-'; lk NMR (300 MHz) 6 0.77, 0.82 (2 t, J = 7.5, 6 H, 2 CHJ, 
1.05-1.85 (m, 10 H, 2 CH3CHz, 3 tetrahydropyran CHJ, 1.95-2.30 
(m, 2 H, CH,C=C), 3.30-3.50 (m, 1 H, CHO), 4.90-5.10 (m, 2 H, 
CH,-CH), 5.75-5.95 (m, 1 H, CH=CHz); 13C NMR 6 7.05,7.6, 
19.4, 22.45, 31.9, 32.2, 32.4, 41.55, 69.2, 75.4, 115.95, 135,7; MS 

6-Allyl-5-oxaspiro[4.5]decane (36a): t, = 9.02 min (B) R 
= 0.74 (19/1); IR 3060,1630 (HC-C), 1080,1010 (CO) cm-';)'Ef 
NMR (300 MHz) 6 1.05-1.90 (m, 14 H, (CHz)4C(CHz)8), 2.00-2.30 
(m, 2 H, CH,C=C), 3.25-3.45 (m, 1 H, CHO), 4.65-5.05 (m, 2 
H, CHz=CH), 5.65-5.85 (m, 1 H, CH=CH,); 13C NMR 6 21.25, 
~3.15,24.3,31,3,32.6,34.95,41.25,41.55,71.3,83.75,115.9,135.55; 
MS 180 (M+, l), 139 (50), 121 (loo), 67 (67), 55 (59), 41 (81). 
2-Allyl-1-oxaspiro[5.5]undecane (37a): t, = 10.00 min (B), 

R = 0.43 (19/1); IR 3060,1630 (HC-C), 1080,990 (CO) cm-'; 
NMR (300 MHz) 6 0.80-2.30 (m, 18 H, 9 aliphatic CHJ, 

3.30-3.60 (m, 1 H, CHO), 4.90-5.15 (m, 2 H, CHflH),  5.80-6.00 
(m, 1 H, CH=CHJ; '% NMR 6 19.3,21.35,21.7,26.45,29.75,31.7, 
35.55,40.55,41.6,69.0, 72.15, 115.85, 136.0; MS 194 (M+, l), 135 
(53), 81 (58), 67 (61), 55 (70), 41 (100). 
2,2-Diethyltetrahydropyran-6-carbonitrile (a): t, = 9.34 

min (B), R, = 0.56 (19/1); IR 2240 (CEN), 1190,990 (CO) cm-'; 
'H NMR (300 MHz) 6 0.74, 0.78 (2 t, J = 7.5, 6 H, 2 CH ) 
1.25-1.90 (m, 10 H, 5 CHz), 4.73 (dd, J = 9.5,3.1,1 H, CH); 
NMR 6 6.95,7.25,17.65,23.8,29.6,30.35,30.95,59.8,77.9,119.35; 
MS 166 (M+ - 1, <l), 139 (lo), 138 (loo), 111 (29), 57 (59), 55 
(E!), 41 (10). Anal. Calcd for C10H17NO: C, 71.81; H, 10.24; N, 
8.37. Found C, 71.5; H, 10.2; N, 8.5. 
5-0xaspiro[4.5]decane-6-carbonitrile (39a): t,  = 10.01 min 

(B), R, = 0.35 (19/1); IR 2240 (CrN) ,  1210,1010 (CO) cm-'; 'H 
NMR (300 MHz) 6 1.30-2.20 (m, 14 H, 7 CHz), 4.41 (dd, J = 9.5, 
3.4,l H, CH); 13C NMR 6 19.8, 23.4, 24.05,29.8,33.9,40.0,61.3, 
85.95, 119.3; MS 165 (M+, 13), 137 (12), 136 (85), 123 (1001, 67 
(30), 55 (56), 41 (27). 
l-Oxaspiro[5.5]undecane-2-carbonitrile (40a): t, = 10.92 

min (B), R, = 0.39 (19/1); IR 2240 (C=N), 1140,990 (CO) cm-'; 
'H NMR (300 MHz) 6 1.24-1.88 (m, 16 H, 8 CH,), 4.48 (dd, J = 
9.1, 3.25,l H, CH); 13C NMR 6 17.6.21.3, 21.45,25.9,29.9,31.3, 
34.25,38.15,59.55,74.6,119.5; MS 179 (M+, 9), 137 (26), 136 (1001, 
123 (67), 55 (46), 41 (19). 
trans-2-Phenyltetrahydropyran-6-carbonitrile (trans- 

41a):@ t ,  = 12.12 min (B), R = 0.30 (19/1); IR 3040,1590 (Ph), 
2240 (C=N); 1080, 1030 (60) cm-'; 'H NMR (300 MHz) 6 
1.50-2.10 (m, 6 H, 3 CHJ, 4.81 (dd, J = 11.55,2.0,1 H, CHCN), 
4.95-5.05 (m, 1 H, CHPh), 7.25-7.45 (m, 5 H, Ph); lSC NMR 6 
20.05, 28.3, 32.6, 65.3, 76.6, 117.7, 126.0, 127.95, 128.45, 145.15; 
MS 187 (M+, 31), 158 (25), 133 (18), 105 (loo), 91 (22), 77 (51). 

cis -2-Phenyltetrahydropyran-6-carbonitrile (cis -4lap 
t ,  = 12.42 min (B), R = 0.20 (19/1); IR the same as for trans-ala; 
'H NMR (300 MHz( 6 1.50-2.10 (m, 6 H, 3 CH,), 4.35-4.40 (m, 
2 H, 2 CHO), 7.25-7.45 (m, 5 H, Ph); 13C NMR 6 23.1, 29.9, 32.5, 
66.5,80.8, 118.15, 125.75, 127.9, 128.4, 141.05; MS 187 (M', 2% 
158 (23), 133 (21), 105 (loo), 91 (21), 77 (51). 
2-Allyl-2-methyl-l-oxaspiro[5.5]undecane (42b): t, = 10.74 

min (B), R, = 0.77 (19/1); IR 3060,1630 ( H M ) ,  1120,1030 (co)  
cm-'; lH NMR (300 MHz) 6 1.17 (a, 3 H, CH3), 1.20-1.75 (m, 16 
H, 8 ring CHz), 2.20 (d, J = 7.1, 2 H, CH2C=C), 4.95-5.05 (m, 
2 H, CHz=CH), 5.8-6.0 (m, 1 H, CH=CH,); 13C NMR 6 16.0, 

. 

154 (M+ - 28, 9), 153 (79), 81 (57), 57 (1001, 55 (361, 41 (30). 

. 

(56) The stereochemistry of this compound WEE assigned according to 
the literature data: Ctinther, H. NMR Spectroscopy; J. Wiley & Sons: 
New York, 1980. 
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22.45,22.75, 26.3,27.8, 34.9,35.0,37.4,40.9,49.2,72.2,72.7,116.5, 
135.65; MS 208 (M+, I), 167 (61), 149 (loo), 67 (46), 55 (30), 41 
(44). Anal. Calcd for C14HuO: C, 80.71; H, 11.61. Found C, 
80.7; H, 11.3. 
2-Methyl-l-oxaspiro[5.5]undecane-2-carbonitrile (43b): t, 

= 10.47 min (B), R, = 0.44 09/11; IR 2240 (C=N), 1080,980 (CO) 
cm-'; 'H NMR (300 MHz) b 1.15-2.10 (m with a s at 1.56, all H); 
'% NMR 6 16.8, 21.75,22.0, 26.05, 30.25, 31.55,34.5, 36.9, 41.25, 
66.7,75.45,123.15; MS 194 (M+, 2), 151 (38), 150 (loo), 137 (981, 
55 (39), 41 (34). 
In Situ Oxidation of Hydroxytetrahydropyrans of the 

Type 27a. Isolation of &Lactones 44-57. For general proce- 
dure'* and details for the analytical and spectral characterization 
of compounds 44p1 45,% 46,% 47,68 48,49, 50,m 51,% 52,53,54,% 
55,@ 56,% and 57 (see eq 4); see the the supplementary material. 
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The l,%addition of cyclopentenyllithium to a series of three five-membered aldehydo esters and their hemiacylala 
has been examined in order to assess the level and direction of facial selectivity surrounding nucleophilic attack 
at  the aldehyde carbonyl and to clarify possible electronic and steric contributions stemming from neighboring 
functional groups. Neither methyl substitution of the acetic acid (ester) side chain nor the interchange of ester 
for carboxylate anion serve as important diastereocontrol elements. Instead, diastereofacial selectivity in these 
and related cyclic carboxaldehydes is governed by the inherent structural features of the ring system to which 
the functional group is attached. The convenient preparation of a complete subset of isomerically pure bicyclic 
lactones carrying five stereogenic centers is reported. 

Major uncertainties persist in understanding the 
diastereofacial selectivities associated with addition reac- 
tions involving cyclic carboxaldehydes. Sound predictive 
knowledge concerning, and reasonable control of, the 
stereochemical outcomes underlying such nucleophilic 
processes is an unsolved problem. The specific issue is 

(1) Poetdoctoral Fellow, Wigner-Stiftung der Technischen Univemitiit 
Berlin (1989-1990) and the Deutsche Forachungagemeinachaft 
(1990-1991). 

0022-3263191 / 1956-3831$02.50/0 

exemplified by (+)-l, a compound believed to be blocked 
from nucleophilic capture along that direction cofacial with 
the dithioketal.2 However, the illustrated Grignard ad- 
dition proceeds with formation of a 1:l mixture of 2 and 
3. 

The three observations grouped in Scheme I hold similar 
interest. The addition of 3-furyllithium to aldehydo ester 

(2) Paquette, L. A.; Wiedeman, P. E.; Bulman-Page, P. C. J.  Org. 
Chem. 1988,53, 1441. 
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