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Abstract: a,a’-Disubstituted spiroacetals were synthesized with excellent enantiome- 

ric excesses and in good overall yields from symmetrical ketones employing the 

SAMP-/RAMP-hydrazone-method for asymmetric n,a’-alkylation. 

The spiroacetal moiety 1 is part of many natural products with a broad spectrum of biological activities. 

Among them are for instance, antiparasitic agents (avermectins”3 and milbemycinsp, antibiotics (calcimy- 

cid) and many volatile spiroacetals with simple substituents used by insects as pheromones 6-8 (e.g. chufco- 

gm~~*~~. Polyether antibiotics with a spiroacetal substructure are monensin”, isodianemyci8, which 

contains two spiroacetal entities one of which is substituted at both carbons next to the spirocarbon and 

salinomyc# with its trioxadispiroketal system. Further compounds carrying the spiroacetal moiety as a 

crucial structural feature are the talaromycins 14, which are a class of mycotoxins, and okadaic acid15. 

-! 

An important aspect in dealing with spiroacetals are steric and anomeric effects, which have profound 

influence on their conformations. Equatorial substituents are favoured, as usual, over axial substituents due 

to steric effects and axial C-O-bonds over equatorial C-O-bonds due to the anomeric effect’62’7, thus making 
-- 

+Dedicated to Professor W.D.Ollis on the occasion of his 65th birthday. 
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it possible to predict the conformations of products formed in thermodynamically controlled reactions, 

especially in acid catalyzed spirocyclizations of dihydroxyketones’. 

In recent years, numerous spiroacetal syntheses have been designed7~8*‘89’9. Most of them involve the acid 

catalyzed ring closure of dihydroxyketones or their equivalents. Deslongchamps et al.t6 synthesized 5,11-di- 

methyl-1,7-dioxaspiro[S.S]undecane [Sb] by hydrolysis of the appropriate ketodiacetate and acid catalyzed 

spiroacetalization. thus providing three isomers, whose ratio could be predicted by calculation of their 

energies with respect to the anomeric effect. 

Other appropriate precursors are a,a’-alkylated dimethylhydrazones used by us to synthesize the bark- 

beetle pheromone chalcogrm via bisalkylation of acetone dimethylhydrazone with oxiranes and subsequent 

acidic cleavage and cyclization *‘. A similar approach was used by Reddy and Mitra” in the synthesis of 

1,7-dioxaspiro[S]undecane [Sal. Instead of oxiranes they used THP-protected 3-bromo-1-propanol as 

alkylating agent. We synthesized racda, the sex pheromone of the olive fruit-fly Dacus oleae, and 5,l l-di- 

methyl-1,7-dioxaspiro[SS]undecane [rat-Sb] by using l-iodo-3-trimethylsilyloxy-propane22 [2] as electro- 

phile in53 and 58% overall yield respectively from acetone andpentane3-one (scheme l)=.The appropriate 

dimethylhydrazoneswere synthesized according to known procedure?‘tVZ. Metalations and alkylations were 

jg 1. n-BuLi. THF. -76’C. lh 

2. 2, -7O’C 

,NMe2 
lb: 1. LOA. THF. 0% 4h 

N 2. 2, -70’C 

R 
OSiMe, 

&z 95%; 2 79% 

s 

a 50: 63X 1. &z KOA, THF. -76% 1.5h sa: 70% 
2: 64% &E KDA. THF. -76’C. Jh -3O’C * 95% 

2. 2. -78% 

THF, Amberlite IRl20A; 

MgSO,. 46h reflux 
,NW 

50: 95%; 5b: 05% 
M.s3SiO~pOSiMe~ 

R R 

- Scheme l- 

a: R-H 

a: R-Me 2: IwOSiMeJ (n-1) 
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carried out in ‘pHF, acidic cleavage and cyclization was effected by refluxing with amberlite IR 120 A and 

MgSOsfor two days, thus yielding the isomers with axial C-O-bonds and equatorial methylgroups exclusively. 

Evans et akXtn also used the alkylation of a dimethylhydrazone in their calcimycin synthesis. The 

stereocentre adjacent to the central spirocarbon atom was installed by an equilibration step, which took 

advantage of the enolizability and epimerizability of this position in protic media and lead to the most stable 

configuration. Employing our SAMP-/RAMP-hydrazone-methodWX we now report on an efficient and 

flexible diastereo- and enantioselective synthesis of a,a’-disubstituted spiroacetals33. Herein we hoped to 

generate the two a and a’-stereocenters by double alkylation of symmetrical SAMP-hydrazones 6, whereas 

the absolute configuration at the central spirocarbon atom should be controlled by the steric and anomeric 

effects mentioned above. 

1. LOA Et20. OX 5h 

0 ShMP =H, 2. 1 or t -1lO.C. 3h 

R R 

91-99x 8: 11-75.5x; 9: 43-88x R 

1. LDA, Et*O. RT. Sh 

2. I, 2. or lo_ 

-1lO.C. 3h 

11: <30X 

j.& 32-57.5X 

13: 24.5-57.5X 

Ir: 46-70.53 

I 

-‘h CtlCl~ PTW 

-( 0 L=&_ 
dR 

Is: 15-633, j&z 50-68X 

17: 17.6-55.7X. x: 35-49X 
jl_z n.m-O/O. 12: n.m-l/l. 

15: n.m-O/O. Is: n.m-l/l Q n.m-l/O. 14: n.m-l/2 

17: n.m-l/O. le: n.m-l/2 
(da>saxl 

Is: de - 78-100X; ae - 93.2-98.1X 

16: da - 81.4-100x: ee - 88.6-98.4% 

u: de - 30-76.53; . . - 70.3-100X tTOSi(CH& z: n+). g n-l 

le: de - 45.5-88.2X; aa - 15-89.3X 

All chemical yields ore based on the SAUP- 

hydrazoner 4 except those of 120_d. which 

- Scheme 2 - 
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As is depicted in scheme 2, the SAMP-hydrazones 6, synthesized according to literature proceduresz3r 

with chemical yields ranging from 83 to !I9%, were deprotonated by LDA in Et20 at O°C and alkylated with 

I-iodo-2-trimethylsilyloxyethaneW (7) or I-iodo-3-trimethylsilyloxypropane [2] at -1lO’C. The chemical 

Table 1. Monoalkylated SAMP-hydrazones 8 and 9 

Product R n yielda [+ deb EIZb 

(%) (9 (%) 

WPa CH3 

(S,S)-8b C2HS 

(S,.!+Sc n-C3H7 

(W-8d -(cH2)3- 

(SJz)-8e GiH5 

(SS)-9a CH3 

(SS)-9b c2Hs 

(W-9c n-WI7 

(SS)-9d -(CH2)3- 

(&We C6Hs 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

75c 

7s.sc 

41C 

34c 

llC 

88d 

87.Sd 

64.sc 

91d 

43c 

+ 153.6 (23°C. 

c = 0.93, CHC13) 

+ 140.7 (23OC, 

c = 1.70, CHCl3) 

+ 140.3 (23OC, 

c = 1.08, CHC13) 

+ 116.5 (23”C, 

c = 1.43, CHCl3) 

+ 2.5 (23OC, 

c = 0.94, CHCl3) 

+ 158.6 

(23OC neat) . 

+ 136.4 

(21OC neat) 

+ 125.9 

(26’C, neat) 

+ 153.0 (26’C, 

c = 1.48, ckH6) 

+ 155.8 (26’C, 

C= 1.41, C&k) 

+ 16 (28’C, 

c = 0.62, CjHrj) 

~98 

>98 

>98 

>98 

>98 

>98 

~98 

>98 

>98 

298 

OdY 

ZC 

1:21.4’ 

1:31sc 

1:4.s 

omy 
EC 

1:7d 

1:6d 

omy 
ZC 

1:1.4d 

only 

EC 

aBased on the unalkylated SAMP-hydrazones 6. - determined by “C NMR spectroscopy. - ‘After chroma- 

tography (SiOz; etherpentane = l:l-1:4). - dAfter distillation (Kugelrohr). 
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yields of the colourless to light yellow monoalkylated SAMP-hydrazones 8 and 9 ranged from 11 to 75.5% 

and 43 to 91% after distillation or flash-chromatography (SiOz) (Table 1). The diastereomeric excesses were 

>98% according to 13C NMR spectroscopy. The determination was simplified by careful work-up and 

chomatographic purification (SiOQ so that the hydrazones 8 and 9 were obtained almost exclusively as 

(Z)-isomers. 

To obtain the bisalkylated SAMP-hydrazones 11, 12, 13 and 14 the compounds 8 and 9 were again 

mctalated with LDA in Et20 at room-temperature and alkylated with 2, 7 or 4-iodo-1-(tea-butyl- 

dimethylsilyIoxy)propane35 [lo] at -1lO’C. Flash-chromatography (SiOz) provided 11, 12, 13 and 14 as 

colourless to pale yellow oils of > 98% de, but with lower chemical yields (11: < 30%, 1 lc (R = n-C3H7) 

decomposed completely; 12: 32-57.5%; 13: 24.557.5%; 14: 46-705%) due to partial decomposition during 

chromatography (Table 2). So, we could demonstrate that the SAMP-/RAMP-hydrazone-method is not only 

applicable for overall enantioselective monoalkylations, but for a,a’-bisalkylations of ketones too. Using two 

different electrophiles in the mono- and bisalkylations could have produced (En)-mixtures. However, the 

products we obtained were homogeneous concerning this aspect. Inview of the proposed mechanism for the 

a-alkylation of SAMP-/RAMP-hydrazones, we presume that after the alkylation the SAMP-hydrazone group 

and the alkyl group last introduced are in syn-position to each other and that (E/Z)-isomerization takes place 

very slowly. 

Table 2. Bisalkylated SAMP-hydrazones 11,12,13 and 14 

Product R n/m Yielda IaID 

(%) (“, 

deb 

(%) 

(S&S)-lla CH3 o/o 30 + 165.1 (24’C, >98 

c = 1.05, CHCl3) 

(S&S)-llb C2H5 o/o 17.5 + 131.4 (23OC, ~98 

c = 0.86, CHCl3) 

(S.&S)-12a CH3 l/l 48.5 + 167.2 (24’C, >98 

C = 1.14, C&6) 

+ 1353 

(24’C, neat) 

GAS)-12b C2HS l/1 39 + 126.9 (23’C, >98 

c = 1.20, C6H6) 



Table 2. (continued) 

Product R n/m Yielda 

(%) 

blD 
(9 

(SW)-12c n-C3H7 

(S.&S)-12d -(CH2)3- 

(VW)-12e GiHs 

(S,S,S)-13a CH3 

(S&S)-13b c2Hs 

(S,S,S)-13c n-C3H7 

(S&S)-13d -(CH2)3- 

(SM)-13e Cd-Is 

(S,SJ)-14a CH3 

(S&S)-14b c2H5 

(WJ)-14c n-cm7 

(S&Y)-14d -(CH2)3- 

l/l 

l/l 

l/l 

l/O 

1/O 

l/O 

l/O 

l/O 

Q-2 

l/-2 

l/2 

l/2 

57.5 

32 

37.5 

42.5 

57.5 

25.5 

24.5 

41 

70.5 

63.5 

68.5 

46 

+ 131.8 (22’C, 

c = 1.12, C6H6) 

+ 102.1 

(22OC. neat) 

+ 120.9 (26’C, 

C = 1.05, c&k) 

+ 179.6 (26’C, 

c = 1.02, C&6) 

+ 141.5 (24’C, 

c = 0.99, CHC13) 

+ 104.2 (29OC, 

c = 1.58, CHCI3) 

+ 103.1 (2f°C, 

c = 1.88, CHCl3) 

+ 82.2 (24OC 

c = 0.97, CHCl3) 

+ 146.1(2B°C, 

c = 1.67. CHCl3) 

+ 124.5 

(23”C, neat) 

+ 90.4 (24’C, 

c = 1.03, CHC13) 

+ 86.0 (U’C, 

c = 1.65, CHC13) 

+ 62.7 (26OC, 

c = 1.04, CHCl3) 

z-98 

>98 

>98 

>98 

>98 

>98 

>98 

>98 

~98 

>98 

>98 

>98 
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Table 2. (continued) 

Product R n/m Yielda 

(%) 

[aID 

(“> 

deb 

(%) 

(S&R)-14e C6H5 It2 53.5 + 121.3 (27’C, >98 

c= 1.10, CHCl3) 

aAfter flash-chromatography (SiD2; ether:pentane = l:l-1:4); for (S&S)-12a-d based on the monoalkylated 

SALIP-hydrazones 9a-d; for all other compounds based on the unalkylated SAMP-hydrazones 6, because 

the monoalkylated SAMP-hydrazones were used as crude products. - bDetermined by 13C NMR spectros- 

copy. 

The last step of the procedure was the acidic cleavage and cyclization of the hydrazones 11,12,13 and 14. 

As previously mentioned, the a,a’-positions of spiroacetals are enolizable under acidic conditions. Thus, in 

our work the main difficulty was to avoid the epimerization of the two established stereocentres in protic 

media. To reach our goal, we tinally used p-toluenesulphonic acid (PTSA) (Table 3). Typically, approxima- 

tely 1.5 eq of PTSA were required for reaction to occur with crude l&12,13 or 14 in CHCI3. In some cases, 

excess PTSAwas added to the hydrazone solution in one portion and work-up (saturated NaHC@) followed 

after 5 minutes; in other cases PTSA was added in small portions and the solution was stirred for 5 minutes 

each time; if enough FTSA had been added the reaction occured immediately (TLC-control) and work-up 

followed at once to avoid epimerization. Purification was carried out by flash-chromatography (Sio2). PTSA 

as cyclization agent had already been used by Deslongchamps et al.16 in their synthesis of 5.11-dimethyl-1,7- 

dioxaspiro[55]undecane [Sb] and later Ireland et al.” also found, that using PISA just for some minutes 

avoids epimerization. 

Table 3. a$-Disubstituted Spiroacetals 15,16,17 and 18a 

Product 

(S&S)-1Sa 

R 

n/m 

CH3 

o/o 

Yieldb” !U)D ded dec 

W) (%) (%) 

63 -98.7’ (22’C, 100 100 93.2 

c = 1.60, EtOH) 

(S&!+lSb C2HS 39 -62.8’ (22’C. 93 100 97.8 

o/o c = 1.02, EtOH) 

ww-J SC n-C3H7 15 -25.2°(220c, 78 100 98.1 

o/o c = 0.51, EtOH) 



4764 D. ENWRS et CI/ 

Table 3. (continued) 

Product R 

n/m 

Yieldbpc 

W) 

[QlD dec 

(%) 

(SJW16a CH3 

l/l 

(S&T)-16a CH3 

l/l 

rat-(S&R)/ 

(WWl6a 

(S&S)-16b 

CH3 

l/l 

C2f-fS 

l/l 

(SJWl6c n-C3H7 

l/l 

(S&S)-16d -(CH2)3- 

rat-(S&R)/ 
(R&S)-16d 

(RR+16e 

-(CH2)3- 

l/1 

&f-f5 

l/l 

(SPA-17a CH3 

l/O 

(S,S,S)-17a CH3 

l/O 

(SK+17b C2H5 

l/O 

(S,S,S)-17b C2HS 

l/O 

(S&Y)-17c n-C3H7 

l/O 

68 

16’ 

50 

62 

65 

12 

59 

32.3 

11.2 

47.0 

5.3 

60.1 

- 113.4O (22OC, 

c = 0.97, EtOH) 

-46.1° (22’C, 

c = 0.95, EtOH) 

-15.8°(220C, 

c = 1.10, EtOH) 

+ 31.3O (22”C, 

c = 0.99, EtOH) 

O0 

-43.2’ (22’C, 

c = 0.94, EtOH) 

-9lSO (25OC, 

c = 0.92, EtOH) 

+ 1o6.3o (2S0c, 

c = 0.87, EtOH) 

-47.8’ (24’C, 

c = 0.96, EtOH) 

+ 78.5’ (23’C. 

c = 1.18, EtOH) 

-18.70 (22”C, 

c = 0.94, EtOH) 

81.4e 

14.3e 

4.2e 

100 

100 

95.9= 

4.1e 

100 

57.2 

76.5 

72.6 

100 

86e 

14e 

100 

100 

100 

100 

100 

100 

100 

100 

100 

90.4 

97.4 

97.4 

0 

95 

h 

98.4 

0 

88.8 

96.5 

100 

98.6 

98.4 

98.2 
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Table 3. (continued) 

Product R 

n/m 

Yieldb” 

(%) 
- 

[a]D ded 

(%I (%I (%) 
dec ee 

(S,S,S)-17c 

(S&S)-17d 

(RPJV17e 

(RJR)-17e 

(SPP)-17e 

(S&S)-18a 

(S&S)-18b 

(S&S)-18d 

n-C3H7 

l/O 

-(CH2)3- 

l/O 

C6H5 

l/O 

C6HS 

l/O 

C6HS 

l/O 

CH3 

l/3_ 

-(CH2)3- 

In 

9.3 

25.8 

55.7 

14.5’ 

35 

49 

46 

+ 126.9O (21°C, 

c = 0.79, EtOH) 

-43.2’ (22’C, 3oh 

c = 0.63, EtOH) 

-14.1” (23°C 77.9e 

c = 0.82, EtOH) 

14.6’ 

7.6e 

+61.6” (28OC, 68.5 

c = 0.90, EtOH) 

+ 36.6’ (26’C, 88.2 

c = 0.59, EtOH) 

O0 45.5 

100 97.8 

100 70.3 

100 100 

35.0 100 

54.3 

100 89.3 

100 82.0 

100 15 

%Zleavage-Methods: A: F’TSA is added in several small portions, TLC-control after S mm each time: 16a, 

16c, 16e, 17a, 17e, 18a, 18d; B: FTSA is added in one portion (1.3-1.5 eq.), work-up after 5 min: lja, 15b, 

I%, 16b, 16d, 17b, 17c, 17d, 18b. - $ased on the unalkylated SAMP-hydrazones 6. - ‘After chromatography 

(SiO2; ether:pentane = l:lO-1:30). - dDetermined by GC on crude product. - eDiastereoselectivity (ds)“‘% 

is given. - ’ Diastereomers not separable. - g So far we couldn’t determine the ee of this spiroacetal. We 

suppose its value is within the scope of those of (S,R,S)-16a and (S&S)-16b.- hOther diastereomer could 

not be isolated. 

Diastereomeric and enantiomeric excesses were determined by gas chromatography; the latter by using 

chiral cyclodextrin-phases3g42 (Fig. l-4). Racemic products to test the separation were easily obtained by 

treatment of the synthesized spiroacetals with PPSA for a longer period of time. 
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& 0 

I 
(S.R.S)-ISc 

& 0 \ 
,’ 

(R.S.R)-& 

II 

Fig.1. ee-Determination of (S,R,s)-1%. Fused- 

silica capillary with 10% heptakis-(2,3,6-tri-O- 

methyl)-B-cyclodextrin in OV-1701. 11O’C; 

1 bar H2. 

0 A 0 

rat-(S.RR)/ 
(R.S,S)-lbd 

Al , 

4 0 

(S.R.S)-16d 

& 0 

(R.S.R)-z 

/ 

Fig.3. ee-Determination of (S&S)-16d. Fused- 

silica capillary with 10% heptakis-(2,3,6-tri-O- 

methyl)-Rcyclodextrin in OV-1701. 11O’C; 

0.8 bar H2 

J- -2.7 
I 

(R&R)-160 

JL 0 
I 

(S.R.S)-&3 

Fig.2. ee-Determination of (S,R,S)-16a. Fused- 

silica capillary with 10% heptakis-(2,3,6-tri-O- 

methyl)-l3-cyclodextrin in OV-1701. 1lO’C; 

0.8 bar HZ. 

(S.R.S 

L-7 0 
I 

(R.~.R)-e 

hl 

Fig.4. ee-Determination of (S,R,S)-Ma. Fused- 

silica capillary with 10% heptakis-(2,3,6-tri-O- 

methyl)-B-cyclodextrin in OV-1701. 11O’C; 

1 bar Hz 
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The configurations of the synthesized spiroacetals were deduced taking steric and anomeric effects into 

account. Actually, we found only axial C-O-bonds in our products. Further evidence was taken from the 

inspection of the received 13C NMR spectra. Though it should be possible to calculate the 13C chemical shift 

data43’44 , we found it much easier and more reliable to make comparisons of the 13C NMR data within our 

series of spiroacetals and to draw our own conclusions. The signals easiest to be found and on which we 

heavily relied were those of the central spirocarbon (OCO) in the area from 95 to 115 ppm, the carbons next 

to oxygen (CH20) in the area from 59 to 67 ppm and the substituted carbons (CH) in the area from 30 to 

55 ppm, which could be distinguished from other signals with the help of a J-modulated spinecho-experi- 

ment. 13C NMR spectra were especially simple, when the spiroacetal molecule possessed Cz-symmetry 

(Table 4). 

We found that a(OCO) normally showed no large dependence upon the substituent R. However, for the 

4,l&disubstituted 1,6-dioxaspiro[4S]decanes [17] compared to stereoisomer A a(OC0) is about 2 ppm 

larger in stereoisomer B (entry 12-21). 

For a(CH20) we found the following relationships: 

- no big dependence upon the substituent R 

- change from 6-ring, Re, to S-ring, Req: ca. + 5 to + 6 ppm 

- change from 6-ring, Ra to 5-ring, Rax: ca. +4 ppm 

- change from 6-ring, Re, to 6-ring, Rax: ca. + 0.5 ppm 

- change from 5-ring, R,, to 5-ring, Rax: ca. -0.7 to -1.2 ppm 

Furthermore we found for d(CH) the following dependences: 

- change from 6-ring, R, to 5-ring, Req: ca. + 4.5 ppm 

- change from 6-ring, Ra to 5-ring, Ra: ca. + 9 ppm 

- change from 6-ring, R, to 6-ring, Ra: ca. -3 ppm 

- change from 5-ring, Re, to 5-ring, Rax: ca. + 1.5 ppm 

-change from 6-ring, Re, (n/m:l/l) to 6-ring, Re, (n/m:l/2): ca. + 1 ppm 

- change from 6-ring, Re9 to 7-ring, Req: ca. + 9 to + 13 ppm 

With R = CH3 in the 1,7-dioxaspiro[5.5]undecane-system [16a] three diastereomers were detected by gas 

chromatography. The main product was as expected the most stable stereoisomer (S,R,S)-16a (A) with two 

axial C-O-bonds, thus gaining maximium anomeric stabilization, and two equatorial methyl groups. The 

enantiomeric excess of (S&S)-16a, which could be separated from the two other stereoisomers by chroma- 

tography on silica-gel, was determined to be 97.4% ee (Fig. 2). By reversal of the configuration at the central 

Spiro-C-atom, the thermodynamically least stable stereoisomer (S&S)-16a (B), showing the same ee was 

formed. The third diastereomer rat-(S,S,R)l(R,R,S)-16a (C, ee: 0%) was a result of the epimerization of the 

established stereocentres. Similar situations could be found concerning the 4,10-disubstituted 1,6-dioxa- 

spiro[4.5]decane.s [ 171. 
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By cleavage of (S,S,S)-1Zd two diastereomers were formed. Using 1.5 eq PTSA (3 min) the diastereose- 

lectivity was 95.9%. The stereoisomers could be separated by chromatography. We mainly got the desired 

stereoisomer (S&S)-16d (A) with its C6-ring in twist conformation thus possessing C&symmetry and a 

13C NMR spectrum with just 7 signals. The ee-value turned out to be 98.4% (Fig. 3). Under the prolonged 

influence of the protic medium it epimerized to form its thermodynamically more stable diastereomer 

rat-($$R)l(R,R.s)-16d (C) with all rings in chair conformation, and not its enantiomer. So, on lengthening 

the cleavage time with PTSA, diastereoselectivity decreased, but the optical rotation of the fraction 

containing the Q-isomer always showed the samevalue and an ee of about 98.4%. whereas the other fraction 

showed no rotation and 0% ee (Fig. 3). 

The ‘H NMR spectra of (R&R)-16e deserves a more detailed examination (Fig. 5). The signal for the 

protons Hc can be found at 2.53 ppm. Coupling with Hb (JaXeaX(Ht,-Hc) = 12.9Hz) and Ha (Jeqeax(Ha- 

Hc) = 3.9Hz) splits Hc into two doublets. For Hh the following coupling-constants can be found: Jgem(Ha- 

Hh) = JMmaX(Hh-Hc) =JaX‘aX(Hh-Hd) = 12.9Hz and Jaxdeq(Hh-He) = 4.8Hz. These result from a q/d-splitting 

of the Hh-signal at 2.1 ppm. So, the ‘H NMR spectra is in accordance with the given conformation. 

Ph 

Fig. 5 

All absolute configurations shown in the scheme and listed in the tables are in accordance with the 

postulated mechanism for SAMP-/RAMP-alkylationsz32. 

In summary, the diastereo- and overall enantioselective a,o’-bisalkylation of ketones via their correspon- 

ding SAMP-/RAMP-hydrazones opens up an efficient and flexible entry into the important class of Spiro - 

acetals. 
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EXPERIMENTAL 

Optical rotation values were measured using a Perkin-Elmer P241 polarimeter. Microanalyses were 

obtained using a Heraeus CHN-O-Rapid. IR-spectra were recorded on a Beckman Acculab 4 spectro- 

photometer. ‘H- and *3C-NMR-spectra were obtained using a Varian VXR 300 spectrometer. MS spectra 

were recorded on a Varian MAT 212 spectrometer. ee-values were determined by gaschromatography on 

heptakis-(2,3,6-tri-O-methyl)-beta-41 and octakis-(3-O-methyl-2,6-di-O-pentyl)-gamma-~cIodext~n-pha- 

ses42. 

1. Dimethylhydrazones 1 and SAMP-hydrazones 6 (general procedure) 

1.5 eq of N,N-dimethylhydrazine and 1 eq of ketone or 1 eq of SAMP and 1.25 eq of ketone in 70 ml 

cyclohexane are heated under reflux while the reaction water is removed via a Dean Stark trap. After 12 h 

the reaction is complete (TLC control) and the solvent is removed in vacua. The residue is dissolved in J&O, 

washed three times with a little water, dried over MgS0.t and evaporated in vacua. The crude hydrazone is 

purified by distillation under reduced pressure or chromatography. 

2. Metalation of DMH-hydrazones by n-BuLi and alkylation (general procedure): 

In a dried, argon-filled round-bottomed flask fitted with a septum cap, the ketone-hydrazone is solved in 

anhydrous THF. The solution is cooled to -78’C and n-Butyllithium (1.1 eq, 1.6 M solution in n-hexane) is 

added dropwise. After 1 h further stirring 2 (1.4 eq) is added dropwise at -7O’C and the mixture is allowed 

to warm up to room temperature slowly (about 15 h). THF is removed under reduced pressure, ether/pen- 

tane (1:l) is added and filtered over Al203. The crude product is purified by distillation. 

3. Metalation of DMH- and SAMP-hydrazones by LDA and alkylation (general procedure): 

In a dried, argon-filled round-bottomed flask fitted with a septum cap, anhydrous Et;?0 (lb: THF) 

(4-7 ml/mmol) is cooled to O°C and diisopropylamine (1.1 eq) and then n-Butyllithium (1.1 eq, 1.6 M 

solution in n-hexane) are added to form a LDA-solution. After 15 min the hydrazone (lb, 6,8 or 9) is added 

dropwise and the mixture stirred for 5 h at 0°C (lb, 6) or room-temperature (8 and 9). The solution of 

metalated hydrazone is cooled to -110°C (lb: -78’C), 2.7 or 10 (1.1 eq) is added dropwise, and the mixture 

is stirred for 3 h at -1lO’C (lb: -78’C) and then warmed slowly to room temperature (about 15 h). Et20 

(40 ml/mmol) is added, washed three times with a little water, dried (MgS0.t) and evaporated under reduced 

pressure. The crude product 8,9,11,12,13 or 14 is purified by distillation or column chromatography (silica 

gel, EtzO/pentane, 1:2-1:4) to give a colorless to pale yellow oil. Concerning the workup of 3b ‘IT-IF is 

removed under reduced pressure, ether/pentane (1:l) is added and filtered over Al203. The crude product 

is purified by distillation. 
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4. Metalation of DMH-hydrazones by KDA and alkylation (general procedure): 

In a dried, argon-filled round-bottomed flask fitted with a septum cap, kalium-tert.-butylate is dissolved 

in anhydrousTHF.The solution is cooled to -78’C and diisopropylamine (1.1 eq) and n-Butyllithium (1.1 eq, 

1.6 M solution in n-hexane) are added dropwise. After 30 min further stirring 3a or 3b is added dropwise at 

-78’C and stirred for 1 h at -78’C (3a) or 4 h at 0°C (3b). To the solution of metalated hydrazone 2 is added 

at -7O’C (3a) or -78’C (3b). After warm-up THF is removed under reduced pressure, ether/pentane (1:l) is 

added and filtered over Al203. The crude product is purified by distillation. 

5. Acidic Cleavage and Spiroacetalization of DMH-hydrazones 4 (general procedure): 

The bisalkylated DMH-hydrazone is dissolved in THF (7 ml/mmol) and amberlite IR 120 A 

(1.5 g/mmol) and MgS04 (1 g/mmol) are added. After refluxing for 48 h the mixture is filtered and amberlite 

and MgS04 are washed several times with THF. The solvent is removed in vacua, ether is added and the 

solution is washed with saturated sodium bicarbonate, pH-7-buffer and water. After drying (MgSOh), the 

crude product is purified by distillation. 

6. Acidic Cleavage and Spiroacetalization of SAMP-hydrazones l&12,13 and 14 (general procedure): 

To a solution of crude bisalkylated SAMP-hydrazone l&12,13 or 14 in CHCh (15 ml/mmol) p-toluene- 

sulphonic acid (about 1.5 eq) is added in: 

A: several small portions, stirred for 5 min each time and controlled by TLC or in 

B: one portion and stirred for 5 min. 

The reaction is quenched by adding saturated sodium bicarbonate. The aqueous phase is extracted with 

CHC13 three times, the organic phase is washed with saturated sodium bicarbonate, dried (Na2S04). 

evaporated under reduced pressure and purified by column chromatography (silica gel, ether/pen- 

pentane = l:lO-1:30) to give colorless oils. 

6-Trimethylsilyloxy-hexanone-2-dimethylhydrazone pa]. 2 g (20 mmol) la and 7.23 g (28 mmol) l-iodo- 

3-trimethylsilyloxy-propane [2]. 4.4 g (95 %) of a light yellow liquid after distillation, b.p. 56°U0.5 torr; IR 

(fii): 2990-2780 (CH), 1640 (CN), 1470,1462,1455,1432,1390,1360,1252,1160,1100,1028,975,875,855, 

755,645 cm-‘; ‘H-NMR (CCl4,90 MHz): d = 0 (s, 9H, Si(CH3)3), 1.32-1.55 (m, 4H, (CH2)2), 1.78 (s, 3H, 

CH3CN). 1.95-2.15 (rn, 2H, CH2CN), 2.21 (s, 6H, N(CH3)2), 337-3.57 (m, 2H, CH2OSi) ppm; ‘3C-NMR 

(CDCIz 22.63 MHz): d = -0.85, 15.90, 22.07 (E/z), 22.90,31.94 38.20, 46.59, 47.07 (E/Z), 61.85, 167.04, 

168.82 (WZ) ppm; MS: m/z (r-1. %) = 231 (16, M+ + l), 230 (84, M+), 215 (13, M+-CH3), 186 (38, 

M+ + l-&X3)3), 185 (17, M +-(CH3)3), 172 (40), 171 (87), 113 (22), IO0 (42). 98 (46), 75 (29), 73 (100, 

Si(CH3)3), 60 (52), 58 (35), 45 (32), 44 (52). (High resolution MS, Found: 230.1814. Calc for CllH26N20Si: 

230.1806). 



4772 D. Esokss $I al. 

4-Methyl-7-trimethylsilyloxy-heptanone-3-dimethylhydrazone [3b]. 3.2 g (25 mmol) lb and 

7 g (27.5 mmol) I-iodo3-trimethylsilyloxy-propane [Z]. 5.1 g (79 %) of a yellow liquid after distillation. b.p. 

8S”U0.08 torr (Kugelrohr); IR (film): 2960-2780 (CH), 1635 (CN), 1475,1465,1455,1395,1380,1265,1255, 

1200,1165,1105,1030,970.875,845,755,695 cm-‘; ’ H-NMR (CCl4,90 MHz): d = 0 (s, 9H, Si(CH3)3), 0.9 

(d, 3H, CH3). 0.99 (t, 3H, CH3). 1.27-1.42 (m, 4H, (CH2)2), 1.93-2.21 (m, 3H, CHZCN, CHCN), 2.21 (s, 6H, 

N(CH3)2), 3.34-3.58 (m, 2H, CH2OSi) ppm; 13C-NMR (CDCl3, 20 MHz): d = -0.48, 11.97, 18.15, 23.87, 

30.51,30.87,33.70,39.82 (En), 4759,47.73 (En), 62.30,62.69 (E/z), 176.19 ppm; MS: m/z (r.1. %) = 259 

(7, M+ + l), 258 (33, M +), 214 (29, M+-N(CH3)2),200 (18), 199 (24), 128 (34), 126 (21), 124 (15). 109 (36), 

98 (47). 84 (55). 75 (25), 73 (68, Si(CH3)3), 60 (70). 44 (100). (Found: C, 60.01; H, 11.73; N, 10.88. Calc for 

C13HNN20Si (258.54): C, 60.39; H, 11.72; N, 10.84 %). 

1,9-Bis(trimethylsilylo~)-nonanone-5-dimethylhydrane [4a]. 3.9 1 g ( 17 m mol) 3a and 

4.38 g (17 mmol) I-iodo-3-trimethylsilyloxy-propane [2]. 4.3 g (70 %) of a yellow oil after distillation, b.p. 

1 10°c/0.4 torr; IR (film): 2970-2790 (CH), 1640 (CN), 1470,1460,1445,1380,1270,1250,1145,1100,1025, 

845,770, 755,695 cm-‘; ’ H-NMR (CC14. 90 MHz): d = 0 (s, 18H, 2Si(CH3)3), 1.32-1.58 (m, 8H, 4CHz), 

1.98-2.20 (m, 4H, 2CH2CN), 2.20 (s, 6H, N(CH3)2), 338-3.58 (m, 4H, 2CH20Si) ppm. 

4.6-Dimethyl-l,9-bis(trimethylsilyloxy)-nonaone-5-dimethylh~drazone [4b]. 2.58 g (10 mmol) 3b and 

2.84 g (11 mmol) 1-iodo3-trimethylsilyloxy-propane [2]. 3.7 g (95 %) of a yellow oil after distillation, b.p. 

l10°c/0.05 tot-r (Kugelrohr); IR (film): 2960-2780 (CH), 1625 (CN), 1460, 1450, 1440, 1380, 1250,1240, 

1090, 1035, 1015, 975, 955, 935, 855, 835, 740, 680 cm -l; ‘H-NMR (CDCl3, 90 MHz): d = 0.07 (s, 18H, 

2Si(CH3)3), 0.95-1.13 (2d, 6H, 2CH3). 1.3fLl.62 (m, 8H, 4CH2), 1.70-l-97 (m, lH, CHCN), 2.28 (s, 6H, 

N(CH3)2), 339-3.77 (m, 5H, 2CH20Si, CHCN) ppm; “C-NMR (CDCls 20 MHz): d = -0.46, -0.42, 17.54, 

17.60,20.30,21.00,29.97,30.23,30.89,30.98,31.01,31.05,31.96, 33.00,33.99,34.02,34.33,34.64,47.68,62.45, 

62.85,62.88, 179.64, 179.86 ppm; MS: m/z (r.1. %) = 389 (12, M+ + l), 388 (39, M+), 373 (14, M+-CHs), 

344 (71, M +-N(CH3)2), 258 (IS), 229 (25), 228 (19), 149 (41), 139 (32), 138 (13), 129 (49), 124 (16), 103 (22), 

75 (27), 73 (100, Si(CH3)3), 72 (16). 69 (53), 60 (93), 59 (U), 46 (21), 45 (29), 44 (62), 41 (38). (Found: C, 

58.77; H, 11.46; N, 7.14. Calc for C19H44N202Si2 (388.72): C, 58.70; H, 11.41; N, 7.20 %). 

rat-1,7-Dioxaspiro[5S]undecane [rat-Sal. 1.80 g (5 mmol) 4a, 7.5 g amberlite IR 120 A and 5 g MgSO4. 

1.48 g (95 %) of a colorless liquid after distillation, b.p. 69OCJ12 torr; IR (fdm): 29702860 (CH), 1460,1455, 

1430.1385,1370,1355,1340,1290,1280,1260,1230,1210,1180,1105, 1100,1070,1045,990,935,915,880, 

808 cm“: ’ H-NMR (CCLt, 90 MHz): d = 1.12-2.09 (m, 12H, Hati&, 3.28-3.79 (m, 4H, 2CH20) ppm; 

13C-NMR (CDCIh 22.63 MHz): d = 18.73,25.58,35.94,60.26 (CH20), 94.90 (OCO) ppm; MS: m/z (r.1. %) 

= 156 (18, M+), 111 (12), 101 (loo), 100 (61), 98 (70), 83 (31), 55 (27). (Found: C, 68.94; H, 10.39. Calc for 

c9Hl& (156.22): C, 69.19; H, 10.32 %). 
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rat-.S,ll-Dimethyl-1,7-dioxaspiro(5.5)undecane (racJb]. 3 g (7.7 mmol) 4b, 11.5 g amberlite IR 120 A 

and 7.7 g MgS04. 1.2 g (85 %) of a colorless liquid after distillation, b.p. 120°c/15 torr. Spectroscopical data 

were in accordance with those of (&R&T)-16a. 

( + )-(2&2’s)-l-( l-Ethy1-2-methyl-4-trimethylsilyloxy-bu~lideneamino)-2-methoxymethyl-pyrrolidine 

[(S,S)-8a]. 5.1 g (25.7 mmol) (S)-6a and 6.91 g (28.3 mmol) 1-iodo-2-trimethylsilyloxy-ethane [7]. 6.05 g 

(75 %) of a pale yellow oil after flash-chromatography (SiOz, ether:pentane = 1:2); [a]~~ = -t 153.6’ 

(c = 0.93, CHCl3); IR (film): 29952820 (CH), 1630 (CN), 1460,1450,1380,1350,1300,1250,1200,1185, 

1130, 1100, 1030, 1020, 1000,970,910,880,840,750 cm-‘; t H-NMR (CDCl3, 300 MHz): 6 = 0.10 (s, 9H, 

Si(CH3)3), 1.02-1.14 (d, t, 6H, 2CH3), 1.50-1.67 (m, 2H, Hdiph), 1.53-2.08 (m, 4H, 2BNCH2), 2.16 (q, 2H, 

CHKN), 2.39 (m, lH, NCHH), 2.91-3.45 (m, SH, NCHH, NCH, CH20, CHCN), 3.32 (s, 3H, OCH3), 

3.48-3.60 (m, 2H, CHzOSi) ppm; UC-NMR (CDCILJ, 75 MHz): d = -0.23, 12.06, 17.83,21.68,23.54,26.66, 

31.25 (Z-mCN), 37.26,55X?, 58.85,60.80,65.74,75.76,175.07 ppm; MS: m/z (r.1. %) = 315 (2, M+ + 1). 

314 (7, M+),299 (3, M+-CH3),271(6),270 (21),269 (100, M+-CHzOCH3),200 (3), 199 (5), 198 (38), 197 

(3) 154 (3). 153 (29), 145 (8). 142 (3) 129 (7), 128 (44), 127 (lo), 119 (4), 115 (5), 114 (27), 112 (5), 110 (21). 

104 (8) 103 (89), 91(6), 89 (8), 85 (4) 84 (13) 83 (4), 82 (ll), 75 (15), 74 (8), 73 (85, Si(CH3)3), 71 (5). 70 

(35) 69 (4). 68 (5), 59 (7), 56 (20) 55 (32), 45 (IS), 42 (5), 41(15). (Found: C, 60.97; H, 10.64; N, 9.17. Calc 

for CtsHgN202Si (314.55): C, 61.10; H, 10.90; N, 8.91 %). 

( +)-(zS,2’S)-1-(2-Ethyl~-t~methylsily1o~-I-propy1-bu~lidenea~no)-2-metho~ethyl-p~rolidine 

[(S,S)-8b]. 5.3 g (23.4 mmol) (S)-6b and 6.3 g (25.7 mmol) 1-iodo-2-trimethylsilyloxy-ethane [7]. 

6.1 g (76 %) of a colorless oil after after flash-chromatography (Si% ether:pentane = 1:4); [a]~~ = 

+ 140.65’ (c = 1.70, CHCl3); IR (film): 2995-2820 (CH), 1630 (CN), 1460,1385, 1355, 1250, 1225, 1200, 

1190,1110,1050,970,920,880,845,750 cm -l; ‘H-NMR (CDCl3,300 MHz): 6 = 0.12 (s, 9H, Si(CI-I&), 

0.85-0.98 (2f 6H, 2CH3), 1.30-2.07 (m, lOH, 6Hatiph, 2BNCHzj,2.07 (t, 2H, CH2CN), 2.38 (m, lH, NW), 

2.92-3.45 (m, 5H, NCHY NCH, CH20, CHCN), 3.32 (s, 3H, OCH3), 3.48-3.59 (m, 2H, CHzOSi) ppm; 

13C-NMR (CDCln 75 MHz): d = -0.30, 12.29, 14.00, 2032, 21.62, 25.11, 26.78, 32.73, 35.28, 38.43 (Z- 

CHCN), 46.01 (E-CHCN),54.96,58.76,60.95,65.83,75.93,173.32ppm; MS: mkz(r.1. %) = 343 (4, M+ + l), 

342 (14, M +), 297 (8, M + -CI-I20CH3), 259 (3), 258 (14), 229 (3), 228 (16). 227 (4), 226 (24), 186 (6), 181 

(4), 170 (11). 159 (6), 138 (7). ll5 (4), ll4 (38), 113 (4), 112 (14). 103 (22), 96 (3), 91(4), 89 (5), 84 (4), 82 

(5), 75 (14), 74 (6), 73 (58, Si(CH3)3), 70 (30), 69 (lOO), 59 (4), 55 (7), 45 (14). 42 (4), 41 (21). (Found: C, 

63.22; H, 11.32; N, 8.05. Calc for C1sH38N2CWi (342.60): C, 63.11; H, 11.18; N, 8.18). 

( +)-(2S,2’S)-1-(1-Butyl-4-trimethylsi1yloxy-2-propy1-bu~~denea~no)-2-metho~ethyl-p~olidine 

[(S,s)-8~1.9 g (40 mmol) (S)-6c and 10.7 g (44 mmol) 1-iodo-2-trimethylsilyloxy-ethane [7]. 6.1 g (41 %) of 

a colorless oil after flash-chromatography (SiOz, ether:pentane = 1:2); [CI]D~ = + 140.3’ (c = 1.08, 
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CHCb); IR (film): 2990-2820 (CH), 1630 (CN), 1460.1380, 1250, 1200, 1185, 1130, 1100, 1045,975,955, 

920,880,845,750 cm-l; t H-NMR (CDCln 300 MHz): d = 0.12 (s, 9H, Si(CH3)3), 0.87-0.95 (2t. 6H, 2CH$, 

1.16-2.05 (m, 14H, lOHaliph, 28NCH2), 2.10 (t, 2H, CHzCN), 2.38 (m, lH, NCHH),2.92-3.44 (m, SH, NCHY 

NCH, CH20, CHCN), 333 (s, 3H, OCH3), 3.48-356 (m, 2H, CH@Si) ppm; 13C-NMR (CDQ 75 MHz): 

d = -0.16, 13.89, 14.25, 21.10, 21.72, 22.89, 26.95, 29.64, 30.75, 34.70, 3555, 36.90 (Z-&N), 43.00 

(E-CHCN), 55.07,58.94,61.12,65.86,76.09, 174.12 ppm; MS: mk(r.1. %) = 371 (3, M + + 1),370 (9, M+), 

355 (5, M +-CH3). 327 (7), 326 (26). 325 (100, M +-CHzOCH$, 256 (3), 255 (7). 254 (43). 225 (3). 212 (3), 

209 (12), 200 (ll), 173 (3). 168 (5), 166 (4), 157 (4), 156 (16), 155 (4), 141 (3), 140 (24), 129 (3), 114 (21), 

103 (17), 101(4), 91(3), 89 (4). 84 (ll), 83 (38). 82 (4), 75 (13), 74 (3), 73 (35, Si(CH3)3), 71(3), 70 (17). 69 

(3), 68 (3). 59 (S), 57 (6), 56 (3). 55 (27), 45 (15). 43 (4). 42 (S), 41(2S). (Found: C, 65.02; H, 11.49; N, 7.44. 

Calc for CmH4fl20& (370.66): C, 64.81; H, 11.42; N 7.56). 

[ +)-(2s;2’s)-2-Methoxymethyl-1-(2-(2-uimethylsilyloxyethyl)-cyclohexyle 

[(S,S)-8d]. 8.6 g (40.9 mmol) (s)-6d and 11 g (45 mmol) I-iodo-2-trimethylsilyloxy-ethane [7]. 4.5 g (34 %) 

of a pale yellow oil after flash-chromatography (SiOz, ethecpentane = 2:l); [a]~~ = + 116.5’ (c = 1.43, 

CHC13); IR (film): 2985-2800 (CH), 1630 (CN), 1460,1454 1390,1350,1300,1250,1200,1190,1100,1050, 

1010,970,940,920,880,845,750 cm -*; ‘H-NMR (CDCls 300 MHz): d = 0.12 (s, 9H, Si(CH3)3), 1.30-2.50 

(m, 14H, 8Hal;,h, 28NCHz, CHzCN), 2.39 (m, lH, NCEH), 2.96-3.47 (m, SH, NCHY NCH, CHCN, CH20), 

3.33 (s, 3H, OCH3), 3.54-3.66 (m, 2H, CHzOSi) ppm; 13C-NMR (CDCl3,75 MHz): d = -0.14,20.67,21.92, 

27.20,28.05,31.33,31.71,33.37 (Z-CHCN), 34.17,40.75 (E-CHCN),55.31,58.97,60.85,65.69,76.29,173.50 

ppm; MS: m/z (r.1. %) = 327 (3, M+ + l), 326 (11, M+), 311 (2, M+-CH3), 283 (6), 282 (22), 281 (100, 

M+-CHzOCH3), 213 (3). 212 (18), 211(S), 210 (58). 198 (4), 1% (3). 182 (12), 166 (4), 165 (31). 142 (3), 

133 (S), 124 (4), 122 (20), 120 (lo), 114 (14), 103 (13). 96 (4), 95 (4), 84 (3). 82 (3). 81(6), 80 (3), 79 (3), 75 

(12), 74 (4). 73 (38, Si(CH&), 71 (3), 70 (27). 68 (4), 67 (5), 59 (6), 55 (lo), 53 (3), 45 (14). 42 (6), 41 (19). 

(Found: C, 62.70; H, 10.61; N, 8.43. Calc for CuH34NzOzSi (32656): C, 62.53; H, 10.49; N, 8.58). 

< +)-(2S,2’R)-l-(l-Be~l-4-~ethylsilylo~-2-p~e~l-bu~~denea~no)-2-me~o~ethyl-p~o~d~e 

[(S,R)-8e]. 6.45 g (20 mmol) (S)-6e and 5.47 g (22 mmol) I-iodo-2-trimethylsilyloxyethane (71.0.97 g (11 %) 

of a colorless oil after flash-chromatography (SiOz, ether:pentane = 1:4); [a]~~ = +2.S” (c = 0.94, 

CHC13); IR (film): 3090-3010 (CHarom), 2990-2810 (CH), 1730,163O (CN), 1600.1585,1500, 1460,1385, 

1350,12SO, 12OO,llOO, 1060,1035,9SS, 914 840,765,705 cm -l; ‘H-NMR (CDCk 300 MHz): 6 = 0.05 (s, 

9H, Si(CH$$, 1.65-1.94 (m,4H, 2BNCH2), 2.09 (m, lH, -Cl-I), 2.31 (m, lH, CHECH), 251 (m, U-I, 

NC_HH), 2.84 (d, lH, J= 14.4H2, C_HHCN), 3.00-355 (III, 5H, NCHH, NCH, CH20, CHCN), 3.41 (s, 3H, 

OCHs), 353-3.57 (m, 2H, CH;?OSi), 4.32 (d, lH, J = 14.4Hz, CHECN), 7.00-7.30 (m, lOH, Harem) ppm; 

%-NMR (CDCls 75 MHz): d = -0.01, 22.03, 26.71, 36.54. 36.86, 46.26 (E-C_HCN), 54.49, 59.12, 60.57, 

66.32,75.84, 126.14, 126.47, 128.33, 128.36, 128.38, 129.33, 137.62, 142.34, 167.42 ppm; MS: m/z (r.1. %) = 

439 (1, M + + 1). 438 (3, M +), 423 (1, M + -CH3), 394 (6), 393 (18, M + -Cl-koCH$, 366 (3). 323 (S), 322 
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(22),321(25), 278 (7),277 (34). 190 (3), 117 (5). 115 (3), 114 (7), 105 (13), 103 (21), 92 (8), 91(100, C7H7+), 

89 (3), 73 (8, Si(CH3)s). 70 (12). 65 (5), 45 (11). 41 (5). (Found: C, 7135; H, 8.55; N, 6.44. Calc for 

Cz6HxtNzCkSi (438.69): C. 71.19; H, 8.73; N, 6.39 %). 

( + )-(25,2’s)-l-( l-Ethyl-2-methyl-5-tmethy1sily1o~-pen~1ideneamino)-2-metho~ethyl-p~olidine 

[(&.S)-9a]. 8.46 g (42.7 mmol) (S)-6a and 12.12 g (46 mmol) 1-iodo-3-trimethylsilyloxy-propane [2]. 

12.3 g (88 %) of a pale yellow oil after distillation, b.p. 120°C/0.02 torr (Kugelrohr); [a]~~ = + 158.6’ 

(neat); IR (film): 29852820 (CH), 1630 (CN), 1460,145O. 1380,1360,1290,1250,1200,1190,1110,1070, 

1040,1000,970,920,900,840,750 cm-‘; ’ H-NMR (CDCls 300 MHz): 6 = 0.12 (s, 9H, Si(CH3)3), 1.01-1.15 

(d, t, 6H, 2CH3), 1.39 (m, 4H. Caliph), 1.60-2.08 (m, 4H, 2BNCH2). 2.14 (4, 2H, CHzCN), 2.38 (m, lH, 

NCHH), 2.94-3.42 (m, 5H, NCHH, NCH, CH20, CHCN), 3.32 (s, 3H, OCH3), 3.56 (t, 2H, CHzOSi) ppm; 

13C-NMR (CDCl3,75 MHz): d = -0.13. 12.19. 18.12, 21.77, 23.42, 26.60, 30.44, 30.49, 34.13 (Z-mCN), 

39.73 (E-GHCN), 55.05.58.89.62.33.65.94, ‘75.66,175.28 ppm; MS: m/z (r.1. %) = 329 (2, M+ + l), 328 (8, 

M +), 313 (3. M+-CH$, 285 (5). 284 (21). 283 (96, M +-CHzOCH$, 134 (9), 129 (13). 128 (7). 103 (2S), 98 

(5) 75 (8), 73 (34, Si(CH3)3), 70 (21), 69 (100). 56 (6), 45 (8). 41 (20). (Found: C, 61.86; H, 11.34; N, 8.64. 

Calc for Ct7HxN202Si (328.57): C, 62.14; H, 11.04; N, 8.53 %). 

( +)-(~,2’S)-1-(2-Ethy1-5-trimethylsilyloxy-1-propyl-penty1ideneamino)-2-methoxymethyl-p~olid~e 

[(S,!+9b]. 9.5 g (42 mmol) (S)-6b and 11.93 g (46 mmol) 1-iodo-3-trimethylsilyloxy-propane [2]. 

13.1 g (87.5 %) of a pale yellow oil after distillation, b.p. 115°c/0.02 tot-r (Kugelrohr); [a]~~’ = + 136.4’ 

(neat); IR (film): 29902820 (CH), 1630 (CN), 1460,1385,1360,1250,1200,1190,1110,1050,980,925,870, 

845,750 cm-‘; ’ H-NMR (CDCls 300 MHz): d = 0.12 (s, 9H, Si(CI-I3)3), 0.85-0.97 (2t,6H, 2CH3), 1.23-2.08 

(m, 12H, 2l3NCHz, f&liph), 2.05 (t, 2H, CIWN), 2.39 (m, lH, NC%), 2.94-3.42 (m, 5H, NCI-Q NCH, 

CHzO, CHCN), 3.32 (s, 3H, OCH3), 3.56 (t, 2H, CHflSi) ppm; UC-Nh4R (CDCk, 75 MHz): d = -0.03, 

12.66,14.32,20.80,21.84,25.54,26.79,28.37,30.46,32.87,4150 (Z-CHCN), 47.32 (E-CHCN), 55.15,59.00, 

62.57,66.16,75.85,174.11 ppm; MS: m/z (r.1. %) = 357 (2, M+ + 1). 356 (7, M+), 341 (3, M+-CH$, 313 

(5). 312 (U), 311(100, M’-CHzOCHs), 173 (3). 148 (ll), 142 (8), 129 (7). 114 (S), 103 (21). 91(7), 89 (3), 

84 (6), 83 (73), 75 (8), 73 (25, Si(CH3)3), 70 (18). 69 (lOO), 56 (3), 55 (40). 45 (7), 43 (7). 41(12). (Found: C, 

64.10; H, 11.24; N, 7.90. Calc for C19H4oNfiSi (356.63): C, 63.99; H, 11.31; N 7.86). 

( +)-(~,,2’S)-1-(1-Bu~l-5-trimethylsilylo~-2-propy1-~n~1idenea~no)-2-metho~et~1-p~o~d~e 

[(S,S)-9~1.5.1 g (20 mmol) (Qtkand 5.7 g (22 mmol) 1-iodo-3-trimethylsiIyloxy-propane [2]. 5.0 g (64.5 %) 

of a colorless oil after flash-chromatography (SioZ, etherqentane = 1:3); [a]~~ = + 125.9’ (neat), [a]~~ 

= + 153.0’ (c = 1.48, GIG); IR (film): 2990-2820 (U-I), 1630 (CN), 1460,1380,1250,1200,1185,1100, 

1045,970,870,845,750 cm-‘; ’ H-NMR (CDCls 300 MHz): d = 0.12 (s, 9H. Si(CH3)3), 0.88-0.94 (2t, 6H, 

2CH3), 1.16-2.08 (rn, 16H, 2BNCHz, 12Halinh), 2.07 (t, 2H, CHzCN), 2.38 (m, lH, NCIJH), 2.92-3.41 (m, 



SH, NCHY NCH, CH20, CHCN), 3.35 (s, 3H, OCH3), 356 (t. 2H, CHzOSi) ppm; 13C-NMR (CDCl3, 

7.5 MHz):d = -0.25,13.82, 14.26,21.13,21.62.~.82,2655,~.42,29.50,30.29,30.50,34.91,39.58(Z-~HcN), 

54.92, 58.70, 62.29, 65.93, 75.59, 174.06 ppm; MS: m/z (r-1. %) = 385 (3, M + + l), 384 (10, M +), 369 (4, 

M +-CH3), 341(7), 339 (100, M+-CHzOCH$, 162 (8). 156 (6). 129 (5). 114 (5). 103 (13), 98 (4), 97 (38), 91 

(4). 89 (3), 84 (5), 82 (3), 75 (9). 73 (19, Si(CH3)3), 70 (12). 69 (6), 59 (3), 57 (3). 55 (37), 45 (7), 43 (4). 42 

(3), 41(11). (Found: C, 65.65; H, 11.55; N, 7.45. Calc for C21HMN202Si (384.68): C, 65.57; H, 11.53; N 7.28). 

( + )-(2S,2’S)-2-Metho~methyl-1-(2-(3-trimethylsilyloxy-propyl)-cyclohe~lideneamino)-pyrrolidine 

[(.S,S)-9d]. 4.3 g (20.4 mmol) (S)-6d and 5.8 g (22.4 mmol) 1-iodo-3-trimethylsilyloxy-propane [Z]. 

6.3 g (91 %) of a pale yellow oil after distillation, b.p. 11S°C/0.05 torr (Kugelrohr); [a]~~ = + 155.8’ 

(c = 1.41, C6H6); IR (film): 2985-2800 (CH), 1630 (CN), 1460, 1450, 1390,1360, 1290, 1250,1200,1190, 

1100,1050,970.860,750 cm-l; l H-NMR (CDCls300 MHz): d = 0.12 (s, 9H, Si(CH3)3), 1.30-2.10 (m, 14H, 

20NCH2, lOHat+), 2.12-2.40 (m, 2H, CHzCN), 2.42 (m, lH, NCEH). 2.95-3.45 (m, 5H, NCHHH NCH, 

CHCN, CH20). 3.35 (s, 3H, OCH3), 3.60 (t, 2H, CHzOSi) ppm; 13C-NMR (CDCln 75 MHz): d = -0.23, 

20.49,21.79,26.77,26.93,28.08,29.88,31.23,31.S9,36.06 (Z-CHCN), 43.64 (E-CHCN), 55.13,58.74,62.24, 

65.72,75.76,171.19 (E-CN), 173.61 (Z-CN) ppm; MS: m/z (r.1. %) = 341(2, M + + l), 340 (8, M+), 325 (3, 

M+-CH3),297 (6). 296 (U), 295 (100, M+-CHzOCH3), 227 (4), 226 (18),210 (5), 196 (ll), 165 (3), 142 (4), 

140 (ll), 136 (37), 135 (8). 134 (53), 132 (5), 129 (S), 119 (9), 114 (12), 110 (7), 108 (6), 103 (20), 95 (17), 94 

(8), 93 (ll), 91(14), 85 (13), 82 (lo), 79 (7), 75 (20), 74 (7). 73 (67, Si(CH3)3), 70 (70), 67 (lS), 59 (8), 55 

(20), 45 (14), 42 (8), 41(23). (Found: C, 63.70; H, 10.61; N, 8.13. Calc for Cl8Hx,NfiSi (340.59): C, 63.48; 

H, 10.65; N, 8.22). 

( + )-(2s,2’~)-1-(1-Be~l-5-~imethylsilylo~-2-phenyl-pen~~dene~no)-2-me~o~ethyl-p~o~~- 

ne [@$)-gel. 7.26 g (22.5 mmol) (S)de and 6.52 g (253 mmol) I-iodo-3-trimethylsilyloxypropane [2]. - 

4.4 g (43 %) of a colorless oil after flash-chromatography (Sio2, ether:pentane = 1:2); [a]~~ = + 16’ 

(C = 0.62, G&); IR (film): 3090-3010(CHarom ) 2990-2810 (CH), 1720.1630 (CN), 16OO,lS85,lSOO, 1465, , 

138S,l350,1290,12SO, 1200,1190,1100,1035.1010,975,915,850,750 cm“; ‘H-NMR (CDCl3,300 MHz): 

d = 0.05 (s, 9H, Si(CH3)3), 1.10-2.20 (m, 8H, 2BNCH2 4Hanph), 2.50 (m, lH, NCEH), 2.81 (d, 1H. 

J = 14.4Hz, CWCN), 3X0-3.55 (m, 5H, NCHG NCH, CH20, CHCN), 3.40 (s, 3H, OCHs), 3.53-3.58 (m, 

2H, CHzOSi), 432 (d, lH, J= 14.4H2, W_CN), 7.00-7.30 (m, lOH, Harem) ppm; lk-NMR (CDCln 

75 MHz): d = -0.52, 21.98, 26.66, 29.83, 30.64, 36.77, 49.82 (E-CHCN), 54.47, 59.10, 62.57, 66.30, 75.82, 

126.17, 126.43, 128.27, 128.36, 128.39, 129.31, 137.68, 142.75, 167.38 ppm; MS: m/z (r.1. %) = 453 (4, 

M+ + 1). 452 (11, M +), 437 (2, M+-CH3), 409 (6). 408 (22), 407 (67, M+-CH20CH$, 361(3), 196 (7), 132 

(ll), 131 (100). 129 (7), 116 (5), 115 (4), 114 (5), 103 (7). 92 (4). 91 (54, C7H7+), 89 (5), 75 (7), 74 (4), 73 

(18, Si(CH3)3), 70 (15), 59 (5), 55 (4), 45 (15), 41 (7), 28 (4). (Found: C, 71.45; H, 8.79; N, 6.39. Calc for 

Cz7H4oNfiSi (452.71): C, 71.64; H, 8.91; N, 6.19 %). 
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( +)-(2S,3’S,5’S)-2-Metho~ethyl-l-(3,5-dimethyl-l,7-bis(trimethylsilylo~)~-hep~lideneamino)-p~- 

rolidine [(S&S)-lla]. 3.15 g crude (S,S)-8a and 2.68 g (11 mmol) I-iodo-2-trimethylsilyloxyethane [7]. 

1.21 g (30.0 % based on (S)-6a) of a colorless oil after flash-chromatography (SiOz, ether:pentane = 1:4); 

[aID 
2A = + 165.1’ (c = 1.05, CHCl3); IR (film): 2995-2810 (CH), 1630 (CN), 1460,1380,1350,1250,1200, 

1100,1030, SW, 970,910,880,840,750 cm -l; ‘H-NMR (CDCls 300 MHz): d = 0.11 (2s. 18H, 2Si(CH3)3), 

1.04-1.10 (2d, 6H, 2CH3). 1.46-2.08 (m, 8H, 2t3NCHz 4&liph), 2.36 (m, lH, NCl-JH), 2.55 (m, lH, CHCN), 

2.90-3.54 (m. 5H, NCHI-J NCH, CH20, CHCN), 3.33 (s, 3H, OCH3), 3.56 (m, 4H, 2CHzOSi) ppm; 13C-NMR 

(CDCln 75 MHz): d = -0.04, 17.54,21.80,21.86,27.01,30.71,31.66,36.92,38.28.55.11,59.09, 60.74,60.97, 

65.89,76.23, 177.87 ppm; MS: m/z (r.1. %) = 431 (5, M+ + 1). 430 (13, M+), 416 (4), 415 (12, M+-CH3), 

385 (11, M+-CHzOCH$, 384 (31), 383 (loo), 316 (5),315 (13), 314 (55), 297 (6),270 (6), 269 (U), 246 (4), 

245 (lo), 244 (42). 200 (8). 199 (8), 198 (57), 172 (lo), 157 (5), 156 (31), 153 (8). 147 (5), 145 ( 13), 129 (6), 

128 (4). 115 (5). 114 (38), 110 (7), 104 (6), 103 (58), 91(7), 89 (8). 84 (9), 82 (lo), 75 (22), 73 (100, Si(CH3)3), 

71(5), 70 (30). 69 (3), 68 (5), 67 (3), 59 (9), 56 (6). 55 (34). 47 (4), 45 (25). 43 (4), 42 (6), 41(17). (Found: C, 

58.52; H, 10.70; N, 6.59. Calc for C21H&kWi2 (430.78): C, 5855; H, 10.76; N, 6.50 %). 

[ +)-(~~‘~,5’s)-l-(3,5-Diethyl-1,7-bis(~imethylsilylo~)4hep~lidenea~no)-2-metho~ethyl-p~- 

rolidine [(S,S,S)-llb]. 3.8g crude (S,S)-8b and 3g (12.2 mmol) 1-iodo-2-trimethylsilyloxy-ethane (71.0.85 g 

(17.5 % based on (S)-6b) of a colorless oil after flash-chromatography (SiOz, ether:pentane = 1:4); [a]~~ 

= + 131.4’ (c = 0.86, CHCI$; IR (film): 29952810 (CH), 1625 (CN), 1460,1380,1350,1250,1200,1100, 

1050,940,920,880,845,750 cm -l; ‘H-NMR (CDCb, 300 MHz): d = 0.12 (2s, 18H, 2Si(CH3)3), 0.90 (2t, 

6H, 2CH3), 1.38-2.10 (m, 12H, 2l3NCHz, 8Hdph), 2.31 (m, lH, CHCN), 2.38 (m, lH, NCfiH), 2.88-3.40 (m, 

5H. NCH& NCH, cH20, CHCN), 333 (s, 3H. OCH3), 3.58 (m, 4H, 2CHzOSi) ppm; lk-NMR (CD% 

75 MHz): d = -0.06, 11.59, 12.98, 21.88, 24.62, 27.11, 27.32, 34.65,36.14, 38.22.39.31, 55.35,59.05, 60.91, 

61.41,66.01,76.34,175.87 ppm; MS: m/z (r.1. %) = 459 (2, M+ + l), 458 (5, M+), 443 (6, M+-CH3), 415 

(6), 414 (17), 413 (50, M+-CHzOCH$, 344 (3). 343 (6), 342 (U), 298 (4), 297 (16), 259 (6), 258 (26). 229 

(5), 228 (W), 227 (6), 226 (36). 186 (9), 181(5), 170 (12). 159 (8), 147 (3), 138 (7), 115 (4), 114 (39), 113 (4), 

112 (14), 104 (3). 103 (26). 101(3), 96 (3). 91(4), 89 (5), 84 (3), 82 (4), 75 (12), 74 (5), 73 (55, Si(CH3)3), 70 

(29), 69 (lOO), 59 (4), 55 (6), 45 (12). (Found: C, 60.25; H, 10.82; N, 6.38. Calc for CaHsN203Si2 (458.84): 

C, 60.21; H. 10.98; N, 6.11 %). 

[ +)-(2S,4’S,6’S)-2-Methoxymethyl-l-(4,6-dimethyl-l,9-bis(trimethylsilvloxy)-5-nonyI~deneam~~o)-~yr- 

rolidine[(S,S,S)-lza]. 3g (9.1 mmol) (S,S)-9a and 2.58 g (10 mmol) 1-iodo-3-trimethylsilyloxypropane [Z]. 

2.03 g (48.5 %) of a pale yellow oil after flash-chromatography (Sim ether:pentane = 1:2); [a]~~~ = 

+ 135.3O (neat), [a]~% = + 167.2’ (c = 1.14, C&k); IR (film): 2995-2810 (CH), 1630 (CN), 1460, 1390, 

1350,1250,1200,1185,1100,1045,990,965,945,860,750cm -l; ‘H-NMR (CDCl3,300 MHz): b = 0.11 (2s, 

18H, 2Si(CH$3), 1.01-1.10 (2d, 6H, 2CH3), 1.30-2.08 (m, 12H, 2BNCH~,8Hdiph), 2.31 (m, 1H. CHCN), 2.35 

(m, lH, NCI-JH), 2.9G3.50 (m, 5H, NCHI-J NCH, CHzO, CHCN), 3.32 (s, 3H, OCH3), 3.56 (m, 4H, 
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2CHzOSi) ppm; t3C-NMR (CDCls 75 MHz): d = -0.45,17.63,21.67,21.80,26.68,30.02,30.55,30.96,31.50, 

33.81,34.22,54.87,58.89,62.36,62.79, 65.86,75.85, 178.17 ppm; MS: m/z (r.1. %) = 459 (2, M + + 1). 458 

(7, M+),443 (3, M+-CH3),415 (12),414 (33),413 (95, M+-CHzOCHs), 344 (5),258 (15) 186 (4), 171(4), 

170(16), 160 (6), 159 (32). 132 (7), 131(5), 129 (8). 114 (6). 103 (30), 96 (6). 91(6), 75 (12). 73 (33, Si(CH3)3). 

70 (22). 69 (lOO), 67 (5), 55 (6) 45 (7), 44 (lo), 43 (6), 41(16). (Found: C, 60.35; H, 11.09; N, 6.09. Calc for 

Cz3HxrNzOGi2 (458.84): C, 60.21; H, 10.98; N, 6.11 %). 

( +)-(2S,4’S,6’S)-1-(4.6-Diethyl-1,9-bis(t~methylsilylo~)-5-nonylideneamino)-2-metho~methyl-p~o- 

lidine [(S&T)-12b]. 4 g (11.2 mmol) (S,S)-9b and 3.2 g (12.4 mmol) I-iodo-3-trimethylsilyloxy-propane [2]. 

2.13 g (39 %) of a colorless oil after flash-chromatography (SiOz ether:pentane = 1:2); [a]~~ = + 126.9’ 

(c = 1.20, C&k); IR (film): 2995-2810 (CH), 1620 (CN). 1460, 1390, 1355, 1250, 1200, 1190, 1100, 1055, 

970,930,860,750 cm-‘; l H-NMR (CDCln 300 MHz): d = 0.12 (2s, 18H, 2Si(CH3)3), 0.90 (2t, 6H, 2CH3), 

1.20-220 (m, 17H, 2BNCH2, L?Hdiph, CHCN), 2.36 (m, 1H. NCH_H), 2.90-3.40 (m, 5H, NCHEJ, NCH, 

CH;?O, CHCN), 3.32 (s, 3H, OCH3), 3.58 (m, 4H, 2CHzOSi) ppm; 13C-NMR (CDCl3,75 MHz): d = -0.46, 

11.78,13.08,21.84,24.75,26.91,27.28,27.47,29.49,30.86,30.90, 41.20,41.98,55.24,59.00,62.51,63.01,66.07, 

76.11,176.35 ppm; MS: m/z (r.1. %) = 487 (4, M+ + l), 486 (9, M+), 471(5, M+-CH3), 443 (ll), 442 (30), 

441(83, M+-CHzOCHs), 372 (5), 369 (4). 272 (13), 200 (6). 185 (2), 184 (12), 174 (3), 173 (21), 129 (5), 114 

(7), 110 (3), 103 (20), 91(7), 89 (4), 84 (9). 83 PO), 75 (ll), 73 (34, Si(CHW 70 (18). 55 (43), 45 (lo), 41 

(12). (Found: C, 61.57; H, 11.30; N, 5.88. Calc for CzHs.tNzO& (486.89): C, 61.67; H, 11.18; N, 5.75 %). 

( +)-(2s,4’~,~s)-2-Meto~methyl-l-(1,9-b~(tr~e~y~ilylo~)~,6-dipropyl-5-nonylidene~o)-p~- 

rolidine [(S,Q)-12~1.3.8 g (10 mmol) (S,S)-9c and 2.8 g (11 mmol) I-iodo-3-trimethylsilyloxy-propane [& 

2.96 g (575 %) of a colorless oil after flash-chromatography (Sim ether:pentane = 1:4); [a]~” = + 102.1° 

(neat), [=]I? = + 131.8’ (c = 1.12, C&G); IR (film): 2995-2810 (CH), 1620 (CN), 1460,1385,1350,1250, 

1200, 1100, 1045,970,880,845.750 cm -l; ‘H-NMR (CDCl~ 300 MHz): 6 = 0.10 (2s, 18H, 2Si(CH3)3), 

0.84-0.94 (2t, 6H, 2CH3), 1.17-2.28 (m, 21H, 2DNCH& 16Hatiph, CHCN), 2.36 (m, lH, NCEJH), 2.93-3.39 

(m, 5H, NCHI-J NCH, CH20, CHCN), 3.38 (s, 3H, OCH3), 3.54 (m, 4H, 2CHzOSi) ppm; lk-NMR (CDCl3, 

75 MHz): b = -0.23, 14.11, 14.24, 20.32, 21.38, 21.60, 26.65, 27.72, 29.69, 30.66, 30.70, 33.96, 37.06, 39.41, 

39.74,54.95,58.68,62.23,62.73,65.82,75.83,176.57ppm; MS:m/z(r.I. %) = 516 (8, Mf + 1),515 (19,M+), 

501(3), 500 (8, MC-CH$, 473 (5), 472 (15), 470 (100, M+-CHzOCH3). 401 (7), 288 (4) 287 (13). 214 (5) 

198 (12), 187 (11). 130 (3), 129 (6). 124 (3). 114 (9). 103 (14), 98 (6), 97 (68). 91(5), 89 (4), 84 (3), 83 (3), 82 

(4), 75 (11). 73 (33, Si(CH3)3), 70 (17). 69 (8), 55 (48), 45 (lo), 43 (5). 41 (9). (Found: C, 63.09; H, 11.42; N, 

5.46. Calc for CnHxxN2O$i2 (514.95): C, 62.98; H, 11.35; N, 5.44 %). 
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( +)-(2S,2’S,6’S)-2-Methoxymethyl-l-(2,6-bis(3-trimethylsilylo~-propyl)-~clohe~lideneamino)-pyr- 

rolidine[(S,S,S)-lZd]. 2.9g (8.5 mmol) (S,S)-9d and 2.4g (9.4 mmol) I-iodo3-trimethylsilyloxypropane [Z]. 

1.28 g (32 %) of a pale yellow oil after flash-chromatography (SioZ, ether:pentane = 1:2); [a]~~ = 

+ 120.9’ (c = 1.05, CkH6); IR (film): 3000-2800 (CH), 1630 (CN), 1480,1460,1450,1390,1360,1290,1250, 

1200,1190,1100,1050,970,915,860,740 cm-‘; ’ H-NMR (CDCln 300 MHz): d = 0.12 (s, 18H, 2Si(CH3)3), 

0.95-2.30 (m, 19H, 2BNCHa 14Haliph. CHCN), 2.32 (m, lH, NCHH), 2.90-3.48 (m, 5H. NCHH, NCH, 

CHCN, CH20), 3.32 (s, 3H, OCH3), 3.59 (m, 4H, 2CHzOSi) ppm; 13C-NMR (CDCb, 75 MHz): 6 = -0.48, 

21.03.21.83,26.78,27.10,27.40,30.00,30.85,31.96,35.82,36.08, 39.67,54.80,58.94,62.44,63.16,66.12,76.05, 

173.44 ppm; MS: m/z (r.1. %) = 471 (8, M+ + l), 470 (21, M+), 455 (7, M+-CH3). 427 (13) 426 (32) 42i 

(100, M + -CHzOCH$, 357 (lo), 356 (29), 340 (4), 326 (6) 268 (5), 267 (lo), 266 (44) 250 (4) 176 (18), 130 

(9). 129 (13), 114 (11). 103 (13), 95 (6) 93 (7), 91 (7) 89 (8), 85 (6), 81 (9), 79 (7) 75 (27), 74 (8), 73 (77, 

Si(CH3)3), 70 (32). 67 (ll), 59 (8), 55 (14) 45 (13). 41 (15). (Found: C, 61.36; H, 10.58; N, 6.12. Calc for 

C24H5oN203Siz (470.85): C, 61.22; H, 10.70; N, 5.95 %). 

( +)-(2S,4’R,6’R)-2-Methoxymethyl-1-( 1,9-bis(trimethylsilyloxy)-Q,6aiphenyl-5-nonylideneamino)-p~- 

rolidine [ (.S,R,R)-12e]. 6g crude (&R)-9e and 2.3g (8.8 mmol) 1-iodo-3-trimethylsilyloxypropane [2]. 

1.2 g (37.5 % based on (S)-6e) of a pale yellow oil after flash-chromatography (Sick, ether:pentane = 1:4); 

[CI]D~ = + 179.6’ (c = 1.02, CeH6); IR (film): 3090-3010 (CH arom). 3000-2820 (CH), 1630 (CN), 1600, 

1590, 1500,1480,1460, 1395, 1360, 1290, 1250, 1210, 1190, 1100, 1040,980,920,850,750 cm-‘; ‘H-NMR 

(CDCl3, 300 MHz): d = 0.12 (s, 18H, 2Si(CH3)3), 1.25-2.20 (m, 12H, 28NCHh 8Hatiph), 2.62 (m, lH, 

NCHH), 3.12-3.67 (m, 9H, NCHI-J, NCH, CH20, CHCN, 2CHzOSi). 3.38 (s, 3H, OCH3), 4.69 (d, d, lH, 

CHCN), 6.92 (m, lOH, Harem) ppm; 13C-NMR (CDCl3,75 MHz): 6 = -0.48,21.99,26.54,26.95,30.39,31.30, 

33.07, 45.51. 47.91, 55.54, 59.03, 62.48, 62.65, 66.45, 75.16, 125.28, 126.01, 127.29, 127.67, 127.74, 128.83, 

138.76, 142.89, 172.63 ppm; MS: m/z (r.1. %) = 584 (3, M+ + l), 583 (7, M+), 568 (2, M+-CH3), 540 (7). 

539 (17), 538 (38, M+-CHzOCH3). 468 (6). 361 (7). 232 (4), 132 (ll), 131 (lOO), 129 (7), 116 (6), 114 (6), 

103 (5), 91(19, C7H7+), 75 (6), 73 (20, Si(CH3)3), 70 (13), 59 (4), 55 (3), 45 (15), 41(4), 28 (4). (Found: C, 

67.74; H, 9.62; N, 4.68. Calc for CkH~N203Siz (582.98): C 67.99; H, 9.34; N, 4.81 %). 

( +)-(2S,3’S,5’S)-2-Methoxymethyl-l-(3,5-dimethyl-l,8-b~(t~methylsilylo~)~-oc~lidenea~no)-~- 

rolidine[(S,S,S)-13a]. 5.2g crude (S,s)-9a and 4.24g (17.4 mmol) 1-iodo-2-trimethylsilyloxyethane [7]. 3.lg 

(42.5 % based on (S)da) of a colorless oil after flash-chromatography (Si@ ether:pentane = 1:2); [a]~~ 

= + 141.5’ (c = 0.99, CHCb); IR (film): 2995-2810 (CH), 1630 (CN), 1460,1380,1350,1250,1200,1100, 

1040,1@25,990,970.910,875,840,735 cm-‘; ‘H-NMR (CDCl~ 300 MHz): b = 0.12 (2s 18H, 2Si(CH3)3), 

1.07 (2d, 6H, 2CI-k). 1.30-2.08 (m, lOH, 2t3NCHz 6Haliph). 2.35 (m, 2H, NC%. CHCN), 2.89-3.40 (m, SH, 

NCHH, NCH, CH20, CHCN). 3.33 (s, 3H, OCH3), 3.53 (m, 4H, 2CHzOSi) ppm; 13C-NMR (CDCl3, 

75 MHz): d = -0.09, 17.54, 21.74, 21.76.26.90, 31.01, 31.40, 31.66, 34.30.36.88, 55.00, 59.02, 61.22, 62.82, 

65.83,76.11,178.05 ppm; MS: m/z (r.]. %) = 445 (2, M+ + l), 444 (5, M+), 429 (4, M+-CH3), 400 (17), 399 



(54. M + -CI-hOCH$, 330 (4), 329 (7), 328 (27). 284 283 259 258 244 214 (7), (30), (4), (18). (8), (6), 198 (3), 

172 (3), 170 (10). 160 (3). 159 (18), 156 (10). (8). 145 143 (3), 130 (6), 129 (lo), 124 (4). 115 (4). 114 (26). 

105 (3). 104 (6), 103 (59). 101(4), 96 (5). 91(8), 89 (7). 85 (6), 84 (S), 83 (4), 82 (7), 75 (16), 74 (7), (76, 73 

SW-W), 71(4), 70 (35), 69 (100). 68 (3). 67 59 56 55 45 42 41 (3). (6), (3). (19). (14), (4), (21). (Found: C, 

59.55; H, 10.96; N, 6.40. Calc for Cti48N203si2 (444.81): C, 59.41; H, 10.88; N, 6.30 %). 

( + )-(~~‘~,5’s)-l-(3,5-Diethyl-1,8-bis(trimethylsilylo~)~-oc~lideneamino)-2-metho~methyl-~~o- 

lidine [(S,S,S)-13bl. 7.Og crude (S,S)-9b and 5.3g (21.6 mmol) 1-iodo-2-trimethylsilyloxy-ethane [7]. 5.34 g -- 

(57.5 % based on (S)-6b) of a colorless oil after flash-chromatography (Si@, ether:pentane = 1:3); [a]~~ 

= + 1O4.2o (c = $58, CHCl3); IR (film): 2995-2810 (CH), 1625 (CN), 1460, 1380.1350, 1250,1200,1100, 

1050,970,920,880,840,750 cm-‘; 1 H-NMR (CDCls 300 MHz): d = 0.11 (2s, 18H, 2Si(CH3)3), 0.90 (2t, 

6H, 2CH3), 1.37-2.20 (m, 15H, 2BNCHz 10Haliph. CHCN), 2.37 (m, lH, NCEH), 2.88-3.40 (m, SH, NCHY 

NCH, CH20, CHCN), 3.32 (s, 3H, OCH3), 3.55 (m, 4H, 2CHzOSi) ppm; 13C-NMR (CDCln 75 MHz): d = 

-0.46,11.68,12.98,21.84,24.68,27.10,27.19,29.49, 30.87,34.64,39.12,41.58,55.31,59.08,61.49,62.97,66.00, 

76.35, 176.13 ppm; MS: m/z (r.1. %) = 472 (2, M+), 457 (2, M+-CH3), 429 (5). 428 (12), 427 (35, 

M + -CHzOCH3), 358 (S), 357 (6). 356 (24). 312 (7). 311(29), 273 (4), 272 (17). 259 (3). 258 (1 l), 243 (6), 

242 (28), 200 (6), 186 (6), 184 (ll), 173 (17). 170 (ll), 159 (8). 157 (3). 152 (4), 147 (4), 130 (7), 129 (12), 

115 (4), 114 (38), 110 (5). 104 (4), 103 (40), 101(5), 96 (3), 91 (lo), 89 (8), 85 (7), 84 (12). 83 (100). 82 (6), 

75 (20), 74 (7), 73 (81, Si(CH3)3), 71(5), 70 (40), 69 (85). 68 (4). 67 (4), 59 (6), 56 (4), 55 (SO), 45 (19). (Found: 

C. 60.84; H, 11.18; N, 5.75. Calc for C24HszN203Si2 (472.87): C, 60.96; H, 11.08; N, 5.92 %). 

( + )-(2&3’&5’S)-2-Methoxymethyl-l-( 1,8-bis(ttimethylsilyloxy)-3~-dipropyl_4 

I- [(S&s)-13~1.4.4 g crude (S,s)-9c and 4.3 g (17.7 mmol) I-iodo-2-trimethylsilyloxy-ethane [7]. 1.43 g 

(25.5 % based on (s)-6c) of a colorless oil after flash-chromatography (Sia ether:pentane = 1:3); [a]~~ 

= + 103.1° (c = 1.88, CHCl3); IR (film): 2995-2810 (CH), 1625 (CN), 1460,1380,1350,1250,1200,1100, 

1045,975, 945,920, 880.840.750 cm-‘; ’ H-NMR (CDCls 300 MHz): d = 0.11 (2s, 18H, 2Si(CH3)3), 0.87 

(2t,6H, 2CH3), 1.17-2.25 (m, 19H. 2BNCHz MHdiph, CHCN), 2.38 (m, lH, NCI-JH), 2.89-3.40 (m, SH, 

NCHIJ NCH, CH20, CHCN), 3.32 (s, 3H, OCH3), 3.54 (m, 4H, 2CHzOSi) ppm; 13C-NMR (CDCln 

75 MHz): d = -0.01, 14.24, 14.44, 20.51, 21.49, 21.82, 27.15,29.92,30.97, 34.01,34.99, 37.09, 37.21, 40.06, 

55.23,59.11,61.44.62.99,65.91,76.41,176.85 ppm; MS: m/z(r.I. %) = SOl(4, M+ + l), 500 (11, M+), 486 

(3). 485 (8, M + -CH3), 457 (9), 456 (24), 455 (64, M + -CHzOCH$, 384 (8). 383 (14), 382 (Sl), 367 (4). 340 

(7). 339 (U), 287 (3), 286 512). 272 (lo), 271(6), 270 (27), 214 (4), 200 (4). 198 (11). 187 (8), 184 (12), 173 

(4). 147 (7), 130 (7), 129 (9), 124 (4). 115 (4), 114 (31), 103 (Z!), 101(7), 98 (S), 97 (Sl), 91(7), 89 (lo), 85 

(6). 84 (lo), 83 (38), 82 (9). 75 (29), 73 (100, Si(CH3)3), 71 (7). 70 (35), 69 (12), 67 (7). 59 (1 l), 56 (7). 55 

(97), 45 (31). 43 (12), 42 (8), 41(29). (F ound: C, 61.91; H, 11.31; N, 5.80. Calc for CxHxN203Si2 (500.92): 

C. 62.34; H, 11.27; N, 5.59 %). 
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( + )-(~,2’S,6’S)-2-Methoxymethyl-l-(2-(2-trimethylsilyloxy-ethyl)-6-(3-trimethylsilyloxy-propyl)-cyclo- 

hexylideneamino)-pyrrolidine [(S,S,S)-13d]. 5.3 g crude (S,S)-9d and 4.2 g (17.2 mmol) !-iodo-Ztrimethyl- 

silyloxyethane [7]. 1.75 g (24.5 % based on (S)-6d) of a colorless oil after flash-chromatography (Si@, 

ether:pentane = 1:2); [a]~~ = + 82.2’ (c = 0.97, CHC13); IR (film): 2990.2820 (CH), 1630 (CN), 1480, 

1460,1450, 1410.1390, 1350,1260,1250,1200,1190,1100, 1050, 1020, 970,910, 875,845, 810,740 cm.‘; 

‘H-NMR (CDCl3,300 MHZ): d = 0.11 (s, 18H,2Si(CH3)3), 1.4b2.18 (m, 16H, 213NCHz 12Haliph), 2.20-2.38 

(m, 2H. NCHH, CHCN), 2.90-3.42 (m, SH, NCHl-J NCH, CHCN, CH20), 3.34 (s, 3H, OCH3), 3.56 (m, 4H, 

2CH20Si) ppm; 13C-NMR (CDCls, 75 MHz): d = -0.04,21.16,21.92,27.11,27.14,30.89,31.97,33.39,34.63, 

35.67.39.88, 54.94,59.10, 60.97, 63.20, 66.05,76.49, 173.22 ppm; MS: m/z (r.1. %) = 457 (2, M + + l), 456 

(6, M+), 441 (4, M+-CHs), 413(g), 412 (20), 411(61, M+-CHTOCH~), 343 (5), 342 (15), 340 (lo), 312 (7), 

296 (3). 295 (13) 254 (4), 253 (7), 252 (33), 224 (4). 163 (4), 162 (23), 136 (lo), 134 (6), 130 (5) 129 (8) 120 

(7), 114 (27), 108 (6), 105 (4), 103 (18), 97 (lo), 95 (6). 93 (8). 91 (7), 89 (8), 85 (7), 84 (6) 83 (6) 82 (7), 81 

(lo), 80 (S), 79 (9). 75 (28). 74 (10). 73 (100, Si(CH3)3), 71(6), 70 (39), 67 (13), 59 (lo), 55 (18) 45 (17) 41 

(19). (Found: C, 60.80; H. 10.58; N, 6.17. Calc for CBH&k@Si2 (456.82): C, 60.47; H, 10.59; N, 6.13 %). 

( + )-(2S,3’R,5’R)-2-Methoxymethyl-l-( 1,8-bis(trimethylsilyloxy)-3,5-diphenyl-4-oc~lidenea~no)-p~ro- 

lidine [(S&R)-13e]. 8.1 g crude (S-R)-Be and 5.44 g (22.3 mmol) 1-iodo-Ztrimethylsilyloxypropane [7]. 

4.1 g (41.0 % based on (5).6e) of a pale yellow oil after flash-chromatography (SiO;?, ether:pentane = 1:2); 

bb 
28 

= + 146.1’ (c = 1.67, CHCl3); IR (film): 3090-3010 (CH arom), 3000.2820 (CH), 1650 (CN), 1600, 

1580,1495,1455,1385,1250,1200,1190,1100,1050,970,950,910,880, 845,760,735,700 cm.‘; ‘H-NMR 

(CDCl3, 300 MHZ): d = 0.08 (s, 18H, 2Si(CHs)s), 1.40-2.33 (m, lOH, 28NCHg 6Hdiph), 2.64 (m, lH, 

NCI-JH). 3.15-3.52 (m, 5H, NCHHH NCH, CH20, CHCN), 3.37 (s, 3H, OCH3), 3.61 (m, 4H, 2CH20Si), 4.66 

(d, d, lH, CHCN), 6.93 (m, lOH, Hwo~) ppm; 13C-NMR (CDCl3,75 MHz): d = -0.03,22.06,26.64,27.05, 

30.46,39.48,43.76,45.87,55.62,59.08,60.46,62.53,66.46,75.2.5. 125.35,126.02,127.32,127.75,127.86,128.94, 

138.90,142.57,172.62 ppm; MS: m/z @.I. %) = 568 (15, M +), 554 (3), 553 (6, M + -CH3), 525 (lo), 523 (49, 

M +-CH20CH3). 454 (9), 453 (ll), 452 (30). 407 (lo), 361(7), 320 (7), 232 (4), 132 (12), 131 (loo), 129 (8), 

117 (13). 116 (6). 115 (5), 114 (28), 105 (5), 104 (7), 103 (43). 91(19, C7H7+), 89 (5), 84 (5) 82 (5), 75 (lo), 

73 (44, Si(CH3)3), 70 (18), 59 (4). 55 (5), 45 (U), 44 (6), 41 (5). (Found: C, 67.74; H, 9.26; N, 4.86. Calc for 

C32Hs2N2Ch.Q (568.95): C, 67.56; H, 9.21; N, 4.92 %). 

( + )-(2W’S,6’s)-l-( l0-tert-Butyl-dime~yhylsilyloxy-4,6-dimethyl-l-t~methylsilylo~-5-de~lidenea~no)- 

2-methoxymethyl-pyrrolidine [(S,S,S)-14a]. 3 g crude (S,S)-9a and 3.14 g (10 mmol) 4-tert-butyl-dimethyl- 

silyloxy-1-iodo-butane [lo]. 3.71 g (70.5 % based on (S)da) of a pale yellow oil after flash-chromatography 

(SioZ, ether:pentane = 1:2); [a]~~ = + 124.5O (neat); IR (film): 2990.2810 (CH), 1625 (CN), 1460,1390, 

1360,1250, 1200,1185, 1100,1045, 1010,980,960.940,840,780 cm-‘; ‘H-NMR (CDCls, 300 MHz): d = 

0.04 (s, 6H, Si(CHs)$, 0.11 (s, 9H, Si(CH&), 0.89 (s, 9H, SiC(CHs)s), 1.05 (2d, 6H, 2CHs), 1.18-2.08 (m, 

14H, 21)NCHh 10Htiph), 2.34 (m, 2H, NCI-JH, CHCN), 2.90-3.52 (IQ 5H, NCHE, NCH, CH20, CHCN), 
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3.32 (s, 3H, OCH3). 3.57 (m, 4H, 2CHzOSi) ppm; 13C-NMR (CDClx, 75 MHz): d = -5.34, -0.08,17.56, 18.24, 

2l.72,2l.85.23.75,25.89,26.72,30.97,3l.55,33.00,33.76,33.90, 34.58,54.93,58.94,62.82,63.03,65.91,75.88, 

178.38ppm;MS:m/z(r.I.%) = 515(2,M+ + 1),514(14,M+).500(3),499(6,M+-CH3),471 (5),471(16), 

469(lOO, M+-CH20CH3),457(4),400(3). W(9), 170(10), lS9(14), 133(S), 129(5), 115 (8), 114 (9), 110 

(3). 103 (15). KU(~), 96 (4), 91 (4), 89 (22). 84 (8) 83 (59), 82 (5), 81(4), 75 (26), 74 (6) 73 (64, Si(CH3)3), 

71(4), 70 (28). 69 (60). 68 (3), 67 (S), 59 (8) 56 (5) 55 (40). 45 (12) 43 (4). 42 (S), 41(25). (Found: C, 62.90, 

H, 11.59; N, 5.74. Calc for C27Hs8N203Si2 (514.95): C, 62.98; H, 11.35; N, 5.44 %). 

( +)-(2S,4’S,6’S)-1-(10-tert-Butyl-dimethylsilyIo~~,6-diethyl-l-trimethylsilyloxy-5-decylideneamino)- 

2-methoxymethyl-pyrrolidine [(S.&S)-14b]. 2 g crude (SJ)-9b and 1.9 g (6.17 mmol) 4-tert-butyl- 

dimethylsilyloxyl-iodo-butane [lo]. 1.84 g (63.5 % based on (S)-6b) of a colorless oil after flash-chromato- 

graphy (SiOz, ether:pentane = 1:6); [CZ]D~ = +90.4’ (c = 1.03, CHCl3); IR (film): 29952810 (CH), 1620 

(CN), 1460, 1390, 1360, 1250, 1200, 1190, 1100, 1050, 1005,970,940, 920,875,840,780 cm-‘; ‘H-NMR 

(CDCls 300 MHz): d = 0.04 (s, 6H, Si(CH3)2). 0.1 (s, 9H, Si(CHs)J), 0.89 (s, 9H, SiC(CH3)3), 0.89 (2t, 6H, 

2CH3), 1.20-2.19 (m, 19H, 28NCHa l4Haliph, CHCN), 2.38 (m, lH, NCHH), 2.90-3.40 (m, SH, NCIM_, 

NCH, CH20, CHCN), 3.31 (s, 3H, OCH3), 3.59 (m, 4H, 2CHzOSi) ppm; 13C-NMR (CDCls, 75 MHz): b = 

-5.32, -0.49,11.75,13.03,18.27,21.80,24.13,24.63,25.92,26.86, 27.25,29.48,30.77,31.23,33.19,41.25,42.34, 

55.20,58.90,62.92,63.11,66.05,76.05, 176.32ppm; MS: rn/z(r.I. %) = 543 (12, M+ + l), 542 (25, M+),527 

(7, M +-CH$, 500 (4). 499 (18), 497 (100, M +-CHzOCH3), 485 (6), 481 (7), 428 (6), 328 (7), 200 (5) 198 

(l3), 185 (2). 184 (lo), 174 (2), 173 (14). 133 (S), 129 (5), 115 (6). 114 (lo), 110 (3), 103 (ll), 97 (36), 91(4), 

89 (13). 84 (7), 83 (45). 75 (19), 74 (5), 73 (47, Si(CH3)3), 70 (21), 69 (6) 59 (S), 55 (55), 45 (11). 41 (14). 

(Found: C, 64.31; H, 11.56; N, 5.32. Calc for C29H&zN2@Si2 (543.00): C, 64.15; H, 11.51; N, 5.16 %). 

( + )-(2&4’S,6’s)-l-( l0-tert-Butyl-dimethylsilyloxy-l-trimethylsilyioxy-4,6-dipropyl-5-decylidenea~o~ 

2-methoxymethyl-pyrrolidine [(S+S,s)-14~1. 3.2 g crude (S,s)-9c and 2.86 g (9.1 mmol) 4-tert-bu@-di- 

methylsilyloxy-1-iodo-butane [lo]. 3.02 g (68.5 % based on (S)dc) of a colorless oil after flash-chromato- 

graphy (SioZ, ether:pentane = l:4); [CZ]D~ = + 86.0’ (c = 1.65, CHC13); IR (film): 29952800 (CH), 1620 

(CN), 1460,1380,1360,1350,1250,1200,1185,1100,1110,970,940,920,880, 840,780,750 cm-‘; ‘H-NMR 

(CDCk 300 MHz): d = 0.04 (s, 6H, Si(CH3)2), 0.10 (s, 9H, Si(CH3)3), 0.89 (s, 9H, SiC(CH3)3), 0.84-0.92 

(21, 6H, 2CH3), 1.18-2.26 (m, 23H, 2BNCHx, 18Haliph, CHCN), 2.37 (m, lH, NCHH), 2.88-3.37 (m, SH, 

NCHEJ, NCH, CH20, CHCN), 3.30 (s, 3H, OCHs), 3.57 (m, 4H, 2CHzOSi) ppm; UC-NMR (CDCln 

75 MHz): 6 = -5.36, -0.13, 14.20, 14.34, 18.21,20.45, 21.51,21.73, 24.07.25.87, 26.85, 29.83,30.79, 31.63, 

33.11,33.96,37.18,39.66,40.26,55.10,58.83,62.87,63.04,65.93, 76.03,176.91 ppm; MS: m/z (r.1. %) = 572 

(7, M + + 1), 571 (16, M +), 556 (5, M + -CHs), 529 (6), 528 (17). 527 (44), 526 (100, M + -CHzOCH3), 457 

(8). 343 (ll), 270 (S), 243 (S), 214 (8), 212 (17), 198 (14), 187 (19), 133 (7) 130 (6), 129 (9). 124 (4), 115 (9), 

ll4 (2l), l11(34), 103 (16). 101(9), 98 (7). 97 (84), 91(8), 89 (21), 85 (5). 84 (8), 83 (9). 82 (lo), 81(5), 75 



(48), 74 (7). 73 (67, Si(CH3)3), 71(5). 70 (40), 69 (98), 67 (10). 59 (9), 57 (9), 56 (8), 55 (90), 45 (21), 43 (lo), 

41 (24). (Found: C, 65.36; H, 11.74; N, 4.99. C&z for C3tH&kO$i2 (571.06): C, 65.20; H, 11.65; N, 4.91 

%). 

( +)-(~,2’S,6’S)-1-(6-(4-tert-Butyl-dimethylsilyloxy-butyl~2-(3-trimethylsilylo~ropyl)-2-metho~e- 

thyl-cyclohexylideneamino)-pyrrolidine [(S,S,s)-lJd]. 2.0 g crude (SS)-9d and 2.0 g (6.5 mmol) cl-tert-bu- 

tyl-dimethylsilyloxyl-iodo-butane [lo]. 1.34 g (46.0 % based on (S)-6d) of a pale yellow oil after flash- 

chromatography (SiOz, ether:pentane = 1:6); [CZ]D~ = +62.7’ (c = 1.04, CHCl3); IR (film): 3000-2800 

(CH), 1630 (CN), 1470, 1460, 1450,1390, 1360,1250,1200, 1185,1100,1005,970,940,915,870,840,775, 

760 cm-‘; ‘H-NMR (CDClh 300 MHz): d = 0.04 (s, 6H, Si(CH3)2), 0.11 (s, 9H, Si(CH3)3), 0.89 (s, 9H, 

SiC(CH3)3). 0.95-2.10 (m, 20H, 2BNCH2, ltjHz+h), 2.21 ( m, lH, CHCN), 2.31 (m, lH, NCEH), 2.90-3.45 

(m, 5H, NCHEJ, NCH, CHCN, CH20), 3.32 (s,3H, OCH3), 3.58 (m, 4H, 2CH20Si) ppm; 13C-NMR (CDCb, 

75 MHz): d = -5.31, -0.46, 18.25,21.09, 21.86, 23.27, 25.92, 26.81, 27.17, 30.87, 31.15, 31.86, 33.05, 35.91, 

36.56,39.77,54.84,58.93, 63.03,63.17, 66.20, 76.07, 173.48 ppm; MS: m/z (r.1. %) = 527 (9, M+ + l), 526 

(20, M+), 511 (6, M+-CHs), 483 (14), 482 (39), 481 (100, M+-CHzOCH3), 469 (5), 413 (4), 412 (11). 322 

(5), 280 (7), 190 (6), 129 (3), 114 (4). 103 (3), 89 (5), 75 (lo), 74 (3), 73 (25, Si(CH3)3), 70 (lo), 67 (4), 55 (5), 

45 (3), 41 (5). (Found: C, 63.86; H, 11.33; N, 5.61. Calc for CzHs8N203Si2 (526.96): C, 63.82; H, 11.09; N, 

5.32 %). 

( +)-(~,4’R,~R)-1-(lO-tert-ButyI-d~mcthyIsilyloxy-l-trimethylsilyloxy-4,6-diphenyl-5-decylideneamino)- 

2-methoxymcthyl-pyrrolidine [(S&p)-14e]. 3 g crude (S,R)-9eand 2.3 g (7.3 mm01) 4-tert-butyl-dimethyl- 

silyloxy-1-iodo-butane [lo]. 2.23 g (53.5 % based on (S)-6e) of a pale yellow oil after flash-chromatography 

(Sio2, ether:pentane = 1:4); [a]~” = + 121.3’ (c = 1.10, CHCl3); IR (film): 3090-3010 (CHuom), 3000- 

2800 (CH), 1630 (CN), 1600,1585,1495,1470,1460,1455,1390,1360,1290,1250,1200,1185, 1100,1030, 

1010,970.940,875,840,780,760,700 cm -I; ‘H-NMR (CDCk, 300 MHz): d = 0.03 (s, 6H, Si(CH3)2), 0.07 

(s, 9H, Si(CH3)3), 0.88 (s, 9H, SiC(CH$3), 1.22-2.16 (m, 14H, 28NCHz 10Haliph), 2.63 (m, lH, NC_HH), 

3.13-3.67 (m, 9H, NCHIJ, NCH, CH20, CHCN, 2CHzOSi), 3.37 (s, 3H, OCH3), 4.70 (d, d, lH, CHCN), 

6.88-7.00 (m, lOH, Harem) ppm; UC-NMR (CDCl% 75 MHz): d = -5.28, -0.04, 18.24, 22.00,23.47, 25.92, 

26.97,30.00,31.08,32.99,33.08,45.85,47.97,55.54,58.99,62.63, 62.96,66.40,76.16, 125.25. 125.94, 127.26, 

127.64, 127.70, 128.86, 138.75, 142.87, 172.84 ppm; MS: m/z (r.1. %) = 639 (1, M+ + l), 638 (5, M+), 623 

(2, M + -CH3), 595 (6), 593 (28, M +-CHTOCH~), 52.5 (3). 524 (6), 376 (l), 361(4), 277 (7), 246 (4), 232 (4), 

221(5), 145 (31), 132 (ll), 131 (loo), 129 (lo), 117 (14), 116 (6), 115 (8). 114 (12), 104 (4), 103 (5), 91(30, 

C7H7+), 89 (8), 75 (11). 73 (35, Si(CH3)3), 70 (20), 59 (4), 55 (4), 45 (14), 41(4). (Found: C, 69.65; H, 9.98; 

N, 4.48. CaIc for C37H&k!&!k (639.09): C, 69.64; H, 9.78; N, 4.38 %). 
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(-)-(4S,SR,9S)-4,9-Dimethyl-l,~dioxaspiro[4.4]nonane [(S&S)-lSa]. 0.7 g crude (S,S,S)-lla and approx. 

1.5 eq PTSA in one portion. 140 mg (63 % based on (S)-6a) of a pale yellow liquid after chromatography 

(SiOz, ether:pentane = 1:2); [a]~~ = -98.70 (c = 1.60, EtOH); IR (film): 2995-2860 (CH). 1460. 1380, 

1345,1230,1180,1160,1140,1105,1070,1034 990,920 cm-‘: ‘H-NMR (CDCls 300 MHz): d = 1.03 (d, 6H, 

J=6.4Hz,XH3), 1.76(m,2H,2CH),2.02(m,4H,2CH2),3.69(d,d,d,2H, Jl=6.7Hz, J2=8.1Hz,J3=9.48~, 

2CHfiO); 3.99 (1, d, 2H. Jt =9.1Hz, J2=2.4Hz, 2CEHO) ppm; “C-NMR (CDC13,75 MHz): d = 12.96 

(CH3), 3250 (CH2). 37.46 (CH), 65.99 (CH20). 114.84 (OCO) ppm; MS: m/z (r.1. %) = 157 (03, M ’ + l), 

156 (0.6, M+), 112 (6). 111(35), 102 (6), 101 (lOO), 100 (5). 86 (4). 83 (16), 73 (ll), 69 (4). 59 (3), 57 (28), 

56 (18). 55 (U), 45 (7), 43 (1 l), 42 (3), 41 (19). (Found: C, 69.22; H, 10.33. Calc for C9Hr602 (156.23): C, 

69.19; H, 10.32 %). 

(-)-(4S~R,9S)-4,9-Diethyl-1,6-dioxaspiro[4.4]nonane [(S&S)-lSb]. 15 g crude (S&S)-llb and approx. 

1.5 eq FTSA in one portion. 204 mg (39 % based on (S)-6b) of a colorless liquid after chromatography (SiOs 

ether:pentane = 1:4); [a]~~ = -62.8’ (c = 1.02, EtOH); IR (film): 29952860 (CH), 1465,1450,1380,1175, 

1155,1140,1070,1030,1000,980,960,940,900cm~’; ’ H-NMR (CDCln 300 MHz): d = 0.96 (t, 6H, J = 7.4Hz, 

2CH3), 1.30-1.64 (m, 4H, 2CHKI-&-CH), 1.70 (m, 2H, 2CH), 1.86 (m, 2H, 2CHg.2.07 (m, 2H, 2CI-$-I), 

3.68 (d, d, d, 2H, Jl = 7.1Hz, J2 = 8.1Hz, J3 = 9.4Hz, 2CHHO); 3.99 (t, d, 2H, JI = 8.7Hz, 52 = 2.7Hz, 2CEHO); 

UC-NMR (CDCl3,75 MHz): (CH3), d = 13.13 21.89,30.49,45.55 (CH), (CH20), 66.06 114.64 (OCO) ppm; 

MS:m/z(r.I.%) = 185(0.4,M++l), 184(0.6,M+),183(0.7),139(4),126(4), 125(34), 116(11),115(100), 

112 (3), 97 (9). 84 (3), 73 (4), 71(4), 70 (lo), 69 (26), 59 (4). 57 (16), 55 (27), 45 (17), 43 (6), 42 (16), 41(24), 

39 (7). (Found: C, 71.68; H, 11.07. Calc for CllHti (184.28): C, 71.70; H, 10.94 %). 

(-)-(4S,SR,9S)-4,9-Dipropyl-l$-dioxaspiro]4.4]nonane [(S&S)-15~1. 2 g crude (S,S,S)-llc and approx. 

1.5 eq ITSA in one portion. 92 mg (15 % based on (S)-6c) of a colorless liquid after chromatography (SiOz, 

etherzpentane = 1:4); [a]~~ = -2S.2°(c = 0.51, EtOH); IR (film): 29952860 (CH), 1470,1455,1380,1360, 

1330, 1245, 1220, 1180, 1140, 1110, 1040, 1030, 1010, 980, 950, 930, 885, 735 cm“; ‘H-NMR (CDCI3, 

300 MHz): b = 0.95 (t, 6H, J =6.7Hz, 2CH3), 1.38 (m, 8H, H&t&, 1.71 (m, 2H, CH), 1.93 (m, 2H, 2CI-IHH; 

2.00 (m, 2H, ZCHH), 3.66 (d, d, d, 2H, Jt=7.1, J2=81, J3=9.4,2CHEO), 3.99 (t, d, 2H, Jl=8.6, J2=2.4, 

2CEHO) ppm; ‘3C-NMR (CDCh 75 MHz): d = 14.40 (CH3), 21.87, 30.85, 31.20, 43.37 (CH), 66.13 

(CHzO), 114.87 (OCO) ppm; MS: m/z (r-1. %) = 213 (0.2, M+ + l), 212 (0.4, M+), 139 (8), 130 (7) 129 

(lOO), 84 (S), 83 (14), 71(4), 69 (6), 67 (2), 59 (2), 57 (3), 56 (8), 55 (18), 45 (4), 43 (S), 42 (4), 41(9). (Found: 

C, 73.42; H, 1150. CaIc for CUI-IZ&? (212.34): C, 73.54; H, 1139 %). 

(-)-(SS,6R,11S)-S,11-Dimethyl-1,7-dioxaspiro[S.S~undecane [(S&S)-16a]. 0.40 g crude (S,S,S)-12a and 

approx. 1.5 eq ITSA in several small portions (TLC control). 133.5 mg (68 % based on (S)-6a) of a colorless 

liquid after chromatography (SiOh ether:pentane = 1:30); [a]~= = -113.4’ (c = 0.97, EtOH); IR (film): 



29952860 (CH), 1465, 1450,1440,1390,1380,1360,1345,1290,1240,1195, 1180,1150,1100,1085, 1060, 

1045, 1030, 990, 945, 920, 900 cm-‘: * H-NMR (CDCk, 300 MHz): b = 0.87 (d, 6H, J = 6.8Hz, 2CH3), 

137-1.65 (m, 8H, Hatiph), 1.74-1.87 (m, 2H, 2CH), 3.52-3.65 (m, 4H, 2CH20) ppm; 13C-NMR (CDCl3, 

75 MHz): d = 16.13 (CH3), 2632.27.22.34.44 (CH), 59.88 (CH20). 99.75 (OCO) ppm; MS: m/z (r.1. %) = 

185 (4, M+ + l), 184 (33, M+), 142 (ll), 139 (3). 126 (lo), 116 (7), 115 (lOO), 114 (48), 111 (4) 99 (3), 97 

(18), 70 (7), 69 (28), 59 (6). 57 (ll), 56 (3). 55 (18). 45 (17). 43 (8). 42 (18), 41 (22). (Found: C, 71.60; H, 

11.26. Calc for C11H2002 (184.28): C, 71.70; H, 10.94 %). 

(5S,6S,llS)-5,1l-Dimethyl-1.7-dioxaspiro[5.5]undecane ((S,S,S)-16aJ. ‘H-NMR (CDCln 300 MHz): d = 

1.01 (d, 6H, J =7Hz, 2CH3), 1.2-2.2 (m, lOH, Caliph), 3.50-3.72 (m, 4H, 2CH20) ppm; 13C-NMR (CDCl3, 

75 MHz): d = 13.54 (CH3), 19.53,25.30,31.92 (CH), 60.67 (CH20), 99.34 (OCO) ppm. 

rac-(5S,6S,11R)l(5R,6R,11S)-5,1l-Dimethyl-1,7-dioxaspiro[5.5]undecane [rat-(.S,S,R)l(R,R,S)-16a]. ‘H- 

NMR (CDCl3,300 MHz): b = 0.98 (d, 3H, J = 6.7Hz, 2CH3), 1.09 (d, 3H, J = 7.4H7,2CH3), 1.2-2.2 (m, lOH, 

Caliph), 3.50-3.72 (m, 4H, 2CH20) ppm; ‘3C-NMR (CDCl3,75 MHz): d = 16.73 (CH3), 17.42 (CH3), 20.54, 

24.76,26.57,29.19,35.78 (CH), 35.92 (CH), 59.40 (CH20), 60.53 (CH20), 100.02 (OCO) ppm. 

L_)-(5S,6R,llS)-5,1l-Diethyl-1,7-dioxaspiro[5.5]undecane [(S,R,S)-16b]. 0.52 g crude (S,S,S)-12b and ap- 

prox. 1.5 eq PTSA in one portion. 138 mg (50 % based on (S)-6b) of a colorless liquid after chromatography 

(Si& ether:pentane = 1:30); [CZ]D~ = -46.1’ (c = 0.95, EtOH); IR (film): 2995-2860 (CH), 1465, 1450, 

1390,1295,1240,1195,1170,1150,1100,1070,1050,1020,950,875,840 cm-‘; ‘H-NMR (CDCb, 300 MHz): 

d = 0.85 (t, 6H, J=7.4Hz, 2CH3), 1.13 (m, 4H, 2CH3-C&-CH), 1.38-1.71 (m, lOH, Hdiph), 3.57 (m, 4H, 

2CH20) ppm; lk-NMR (CDCln 75 MHz): d = 11.97 (CHs), 22.80,23.42,26.16,40.94 (CH), 59.79 (CH20), 

100.30 (OCO) ppm; MS: m/z (r.!. %) = 213 (5, M+ + I), 212 (32, M+), 197 (2, M+-CH3), 167 (2), 156 (5), 

154 (2). 141(8), 139 (2), 130 (7), 129 (lOO), 128 (24). 126 (5), 113 (6), 111(6), 100 (lo), 98 (3), 84 (2), 83 (23), 

71 (5), 69 (6), 59 (3), 57 (4), 56 (7), 55 (20), 45 (6), 43 (5), 42 (4). 41 (14). (Found: C, 73.68; H, 11.27. Calc 

for C13H2402 (212.34): C, 73.54; H, 11.39 %). 

I-)-(5S,6R,llS)-5,11-Dipropyl-1,7-dioxaspiro(5.5]undecane [(S&S)-16~1. 1.03 g crude (S&S)-12c and 

approx. 1.5 eq PTSA in several small portions (TLC control). 198 mg (62 % based on (S)-6c) of a colorless 

liquid after chromatography (SiOz, ether:pentane = 1:30); [a]~~ = -15.8’ (c = 1.10, EtOH); IR (film): 

2995-2860 (CH), 1465,1450,1390,1380,1340, 1295,1240,1230,1190,1170,1140,1100,1070,1050, 1040, 

1030, 950, 875, cm-‘; ’ H-NMR (CDQ 300 MHz): d = 0.89 (t, 6H, J = 6.7Hz, 2CH3), 1.04-1.22 (m, 4H, 

2CH3-C&), 1.31-1.76 (m, 14H, &hph), 3.51-3.65 (m, 4H, 2CH20) ppm; ‘“C-NMR (CDClx 75 MHz): 6 = 

14.39 (CH3), 20.38,24.06,26.12,32.42,38.75 (CH), 59.79 (CH20), 100.29 (OCO) ppm; MS: m/z (r.1. %) = 

241(2, M + + l), 240 (14, M +), 210 (14). 153 (3), 144 (8), 143 (loo), 142 (8), 141(12), 140 (5) 125 (3), 113 
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(12), lOl(3), 100 (lS), 98 (ll), 97 (29), 85 (3), 83 (4), 71(6), 70 (4), 69 (9), 67 (4), 59 (4). 56 (6), 55 (39), 46 

(5). (Found: C, 74.47; H, 11.81. Calc for CtsHzKk (240.39): C, 74.95; H, 11.74 %). 

[ + )-(6S,1R,105)-2,14-Dioxatricyclo~8.4.0.~~tetradecane [(S&S)-16d]. 0.51 g crude (S&S)-12d and 

approx. 1.5 eq ITSA in one portion. 131.5 mg (65 % based on (S)-6d) of a colorless liquid after chromato- 

graphy (Sick, ether:pentane = 1:30); [a]~~ = + 31.3’(c = 0.99, EtOH); IR (film): 2995-2840 (CH), 1460, 

1450,1380,1370,1350,1330,1300,1290,1260,1240,1200,1190,1165,1144 1100,1070,1045,1030,1000, 

970, 950, 940, 930, 890, 880 cm“; ’ H-NMR (CDcI3,300 MHz): d = X40-1.92 (m, 16H. 7CH2,2CH), 

3.53-3.62 (m, 2H, ZCHHO), 3.94-4.04 (m, 2H, 2CHHO) ppm; 13C-NMR (CDCln 75 MHz): d = 20.4L22.78, 

24.05,28.34,3S.12 (CH), 61.62 (CH20), 98.43 (OCO) ppm; MS: m/z (r.1. %) = 197 (6, Mf + l), 196 (51, 

M+), 166 (5), 152 (6), 151 (SZ), 150 (3), 139 (17), 138 (98), 137 (32), 124 (6), 123 (11X 114 (7), t13 (RIO), 

110 (19), 109 (6), lO1(7), lo0 (59), 99 (7), 97 (7), 96 (4), 95 (29). 93 (4), 91(4), 86 (4), 83 (3), 82 (4), 81(g), 

79 (7), 77 (4), 71(5), 69 (IO), 68 (9), 67 (19), 56 (4). SS (24), 54 (7), 53 (7), 43 (ll), 42 (4), 41(39). (Found: 

C, 73.30; H, 10.30. Calc for C12H2oQz (196.29): C, 73.43; H, 10.27 %). 

rac-(1S,1OS,6R)/(1R,l0R,6S)-2,14-Dioxatricyclo~8.4.O.~~tetradecane [rat-(S,S,R)/(R,R,S)-16d]. ‘H- 

NMR (CDCI& 300 MHz): d = 1.17-2.20 (m, 16H, 7CHz 2CH), 3.28-3.78 (m, 4H, 2CH20) ppm: lk-NMR 

(CDCis, 75 MHz): d = 19.96,23.2S,24.52,25.67,26.56,27.86,29,48,38.S1 (CH), 44.86 (CH),60.01 (CHzO), 

60.32 (CH20), 96.86 (OCO) ppm. 

~-)-(SR,6R,ltR)-S,ll-Diphenyl-1,7-dioxaspiro~5.S~undecane [(R&R)-16e]. 0.53 g crude (S&S)-X2e and 

approx. 1.5 eq PTSA in several small portions (TLC control). 144.2 mg (59 % based on (S)-6e) of a colorless 

solid after chromatography (Sio2, ether:pentane = 1:30); m.p. 150-152°C, [a]~? = -43.2’ (c = 0.94, 

&OH); IR (KBr): 3100-3020 (CHarbm), 2980-2840 (CH), 1600,1490? 14SO,l444 1380,1350,1330,1290, 

1240,1220,1170,1150,1l00,1080,106S, 1040,970,9SO, 910,880,850,810,760,700 cm-‘; ‘H-NMR (CDQ, 

300 MHz): d = 1.45-1.52 (m, 6H, 2Ha, 2Hd, 2He), 2.1 (d, q, 2H, 2Hb, J(Ha-Hb)=J(Hb-Hc) =J(Hb- 

Hd) = 12.9Hz, J(Hb-He) = 4.8Hz), 2.53 (d, d, 2H, ~Hc, J(Hb-He) = 12.9Hz, J(Ha-Hc) = 3.9Hz), 3.8 (m, 4H, 

2CHzO), 7.27 (m, lOH, Harom) ppm; uC-NMR &DC& 75 MHz): 6 = 26.27, 27.95, 48.86 (CH), 59.92 

(CH@), 99.19 (OCO), 126.20, 127.67, 129.87, 142.93 ppm; MS: m/z (r.1. %) = 309 (6, M + + l), 308 (24, 

M+), 178 (4), 177 (2S), 176 (19), 132 (5), 131(9), 117 (11). 115 (5), 105 (ll), 104 (lOO), 103 (6). 91 (10. 

C7H7+), 78 (6), 77 (4), 51 (3). (Found: C, 81.88; H, 7.69. Cak for C21H2402 (308.42): C 81.78; H, 7.84 %). 

i *- ) (4~,S~,l~~,l~Dimethyl-l,6-dioxaspiro[4.5~unde~ne [(&R/i’)-17af. 1 g crude (S,S,S)-13a and ap 

prox. 1.5 eq FTSA in several small portions (TLC control). 142.8 mg (32.3 % based on (S)-6a) of a colorless 

liquid after chromatography (SiOz, ether:pentane = 1:lO); [a]~~ = -91.5O (c = 0.92, EtOH); IR (film): 

29952840 (CH), 1460, 1375, 1240, 1210, 1190.1160, 1145, 1085. 1070, 1030, lOlO,990,980,970,930,9~ 



cm “: ‘H-NMR (CDCin 300 MHz): d = 0.86 (d, 3H, J = 6.7Hz, CH3), 1.00 (d, 3H, J = 6.7Hz, CH3), 1.45-1.83 

fm,6H,Ha~iph),1.95(m,1H,CII),2.f2(m,1H,CH),3.57(m,1H,CH~O),3.71-3.93(m,3H,C~HO,CH20) 

ppm; 13C-NMR (CDCls, 75 MHz): d = 12.68 (CH3), 16.59 (CH3), 26.34.28.94, 31.67, 33.59 (CH), 37.97 

(CH), 60.50 (CH20). 65.59 (CHzO), 107.27 (OCO) ppm; MS: m/z (r.1. %) = 170 (1, M+), 129 (3), 128 (36), 

101(9), 99 (s), 98 (73), 9’7 (46), 96 (12), 95 (11). 84 (7), 83 (100). 81(6), 71(11), 70 (13), 69 (13), 68 (8),67 

(12). 66 (9). 57 (9). 56 (47), 55 (35), 54 (17), 53 (8), 45 (62). 44 (4). 43 (U), 42 (31), 41(61), 40 (17), 39 (34). 

(Found: C, 70.68; H, 10.26. Qlc for CtoHtSO;! (170.25): C, 70.55; H, 10.66 %). 

( +)-(4S,5S,1OS)-4,lO-~imethyI-l,6-dioxaspiro~4.S]decane [(S&S)-17a]. 49.6 mg (11.2 % based on (S)- 

6a) of a colorless liquid after chromatography (SiOz, ether:pentane = 1:lO); [a]~~ = + 106.3’ (c = 0.87, 

EtOH); IR (film): 2995-2850 (CH), 1470, 1450,1380, 1360,1210,1160, 1145, 1100,1090, 1070, 1050,1@20, 

1000, 960, 925, 890 cm-‘: t H-NMR (CDCb, 300 MHz): d = 0.91 (d, 3H, J=7.lHz, CH3), 1.11 (d, 3H, 

J = 6.7Hz, CH3), 1.21-2.40 (m, 8H, (iHa&& 2CH), 3.56 (m, lH, CHEO), 3.76-4.02 (m, 3H, CEHO, CH20) 

ppm; 13C-NMR (CDCl3, 75 MHz): d = 14.70 (CH3), 15.72 (CH3), 19.79, 26.36,30.46 (CH), 31.57,39.52 

(CH), 60.99 (CH20), 65.02 (CHzO), 109.47 (OCO) ppm; MS: m/z (r.1. %) = 170 (1, M+ f, 128 (2), 125 (8), 

115 (14), 112 (15), 102 (5), 101 (lOO), 100(17), 97 (7), 83 (14), 71(8), 70 (S), 69 (14), 57 (25), 56 (ll), 55 (24), 

45 (lo), 43 (ll), 42 (13), 41(22), 39 (7). 

(-)-(4S,5R,lOS)-4,lO-DiethyI-1,6-dioxaspiro[4.5]decane [(.S,R,S)-17b]. 2 g crude (S,S,S)-13b and approx. 

1.5 eq F’TSA in one portion. 429,9 mg (47.0 % based on (S)-6b) of a colorless liquid after chromatography 

(SiOz, ether:pentane = I: 10); [.z]D~~ = -47.8’ (c = 0.96, EtOH); IR (film): 29952850 (CH), 1465, 1450, 

1380,1230,1210,1190,1160,1140,1085,1040,1&?0,980,955,910,885, 845,740 cm-‘; ‘H-NMR (CDCI3, 

300 MHz): d = 0.88 (t, 3H, J = 7.4H2, CH3), 0.93 (t, 3H, J =7.7Hz, CI-I$, 1.02-1.84 (m, IOH, Hali& 2.00 

(m, 2H, 2CH), 3.53 (m, lH, CHEO) 3.69-3.91 (m, 3H, CEHO, 2CH20) ppm; 13C-NMR (CDCI3,75 MHz): 

6 = 11.94 (CH3), 13.23 (CH3),21.69,23.31,2530,26.17,29.71,40.76 (CH), 45.40 (CH), 60.34 (CH20), 65.55 

(CH20), 107.47 (OCO) ppm; MS: m/z (r.1. %) = 199 (4, Mi + l), 198 (23, M+), 183 (1, M +-CH3), 153 (9). 

140 (8). 139 (9), 130 (3), 129 (30), 125 (lo), 116 (8), 115 (loo), 114 (9), 112 (9), 111(5), 97 (6), 84 (3), 83 (7), 

69 (6), 55 (4),40 (7). (Found: C, 72.68; H, 11.21. Calc for C12H2202 (198.31): C, 72.68: H, 11.18 %). 

( +)-(4S,SS,lOS)-4,1O-Diethyl-l,6-dioxaspiro~4.S]decane [(S&T)-17b]. 48,5 mg (5.3 % based on (S)-6b) 

of a colorless liquid after chromatography (SiOz, ethet:pentane = 1:lO); [a]~~ = +78.!i” (c = 1.18, 

&OH); ‘H-NMR (CDCls 300 MHz): d = 0.90 (2t, 6H, J =6.7Hz, J = 6.4Hz, 2CH$, 1.20-1.98 (m, llH, 

IOHfalinh, CH), 2.17 (m, lH, CH), 3.57 (m, lH, CHHO) 3.76-3.95 (m, 3H, CEHO, CH20) ppm; UC-NMR 

(CDQ75 MHz): d = 11.9f_l (CH3). 11.97 (CH3), 19.77, 19.84,20.67,20.87,27.11,37.87 (CH), 47.02 (CH), 

60.78 (CH20), 64.87 (CH20), 109.53 (OCO) ppm; MS: m/z (r.1. %) = 199 (1, M+ + 1), 198 (9, M +), 153 

(6). 140 (7), 139 (7), 130 (2), 129 (22), 12.5 (8), 116 (7), 115 (loo), 114 (7), 112 (9), 111(3), 97 (4), 84 (5). 83 

(9), 71(4), 69 (16), 57 (9), 56 (8), 55 (19). 45 (lo), 43 (5). 42 (7). 41(19). 
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~-)-(4S,5R,lOS)-4,10-Dipropyl-1,6-dioxaspiro~4.5]decane [(S&S)-17~1.1 g crude (S,S,S)-13c and approx. 

1.5 eq F’ISA in one portion. 211.6 mg (60.1 % based on (S)-6c) of a colorless liquid after chromatography 

(SiOz ether:pentane = 1:15); [a]~~ = -18.7’ (c = 0.94, EtOH); IR (film): 29952840 (CH), 1470, 1460, 

1210. 1190, 1160, 1090, 1060, 1035, 1015,960,890, cm-‘; ’ H-NMR (CDC13,300 MHz): d = 0.91 (2t,6H, 

J = 7.OHz, J =7.OH7,2CH3), 1.02-1.81 (m, 14H, H+h), 2.04 (m, 2H, 2CH), 3.55 (m, lH, CHHO), 3.69-3.93 

(m, 3H, CEHO, CH20) ppm; 13C-NMR (CDCln 75 MHz): d = 14.37 (CH3), 14.45 (CH3), 20.48,21.95, 

26.01,26.19,29.98,31.02,32.94,38.63 (CH), 43.29 (CH), 60.34 (CHzO), 65.62 (CH20), 107.59 (OCO) ppm; 

MS: m/z (r.1. %) = 227 (2, M + + 1), 226 (13. M +), 197 (4). 153 (4) 144 (3), 143 (36), 139 (7). 130 (11). 129 

(loo), 128 (8), 127 (S), 126 (8), 111 (4). 99 (4), 98 (5), 97 (11), 86 (6), 84 (7), 83 (20), 71 (7), 70 (5) 69 (lo), 

67 (4), 59 (4), 57 (4) 56 (8), 55 (33), 45 (5), 43 (8). 42 (7). 41 (19). (Found: C, 73.99; H, 11.60. Calc for 

C14H21j02 (226.36): C, 74.29; H, 11.58 %). 

( +)-(4S,5S,lW)-4,1O-Dipropyl-l,6-dioxaspiro[4.5]decane [(S&S)-17~1.32.7 mg (9.3 % based on (5+)-k) 

of a colorless liquid after chromatography (SioZ, ether:pentane = 1:15); [a]rr21 = + 126.9’ (c = 0.79, 

EtOH); d = 0.93 (2t, 6H, J =7.OHs J =7.OHz, 2CH3), 1.12-1.84 (m, 14H, Hd+h), 1.91 (m, lH, CH), 2.17 

(m, lH, CH), 3.55 (m, lH, CHHO) 3.76-3.96 (m, 3H, CWO, CH20) ppm; 13C-NMR (CDCln 75 MHz): d 

= 14.10 (CH3), 14.24 (CH3), 19.92,20.31, 20.42,21.19,27.66,29.05, 30.08,35.58 (CH), 44.65 (CH), 60.80 

(CH20), 64.90 (CH20), 109.62 (OCO) ppm. 

( ) (6S,lR,1OS)-2,13-Dioxatri~clo[8.3.O.&$.ridecane [(S&S)-17d]. 0.8 g crude (S&S)-Ud and approx. _ - 

1.5 eq FTSA in one portion. 80.9 mg (25.8 % based on (S)dd) of a colorless liquid after chromatography 

(SiOz+ etherzpentane = 1:lO); [a]~ 
22 

= -43.2’ (C = 0.63, EtOH); IR (film): 2995-2820 (CH), 1454 l380, 

1350,1340,1285,1270,1260,1240,1210,1170,1160,1145,1105,1070, 1045,1020,995,970,960,930,920, 

890,880 cm“; ‘H-NMR (CDCk, 300 MHZ): d = 1.00-1.78 (m, 12H, 6CH2), 1.88 (m, lH, CH), 2.24 (m, lH, 

CH), 3.58 (m, lH, CHHO), 3.82-4.04 (m, 3H, CgHO, CHzO)ppm; ‘3C-NMR (CDCh, 75 MHz): d = 25.12, 

26.18,26.79,29.27,29.67,30.54,41.56 (CH), 42.61 (CH), 61.06 (CH20), 64.78 (CH20), 106.30 (OCO) ppm; 

MS: m/z (r.1. %) = 183 (5, M+ + l), 182 (43, M+), 165 (6), 164 (46), 163 (ll), 154 (5). 152 (8), 151(6), 150 

(4) 149 (31), 139 (4), 138 (14), 137 (76). 136 (lo), 135 (20), 125 (ll), 124 (loo), 123 (16), 121(6), 114 (3), 

113 (32), 110 (8), 109 (lo), 108 (5), 107 (5), 100 (33), 99 (52). 98 (5), 97 (8), 96 (32), 95 (18), 93 (9). 91(7), 

87 (5), 86 (70), 85 (6), 83 (4), 82 (4), 81(15), 79 (ll), 77 (5), 69 (12), 68 (lo), 67 (23). 58 (8), 56 (4), 55 (36) 

54 (lo), 53 (lo), 43 (1 l), 42 (7), 41(44), 40 (4). 39 (20). (Found: C, 72.25; H, 9.75. Calc for CnHtsO2 (182.26): 

C, 72.49; H, 9.95 %). 

( ) (4R,5R,lOR)-4,1O-Diphenyl-1,6-dioxaspiro[4.5]decane __ [(R&R)-17eJ. 1 g crude (.S&S)-13e and ap- 

prox. 1.5 eq ITSA in several small portions (TLC control). 309 mg (55.7 % based on (S)-6e) of a colorless 

oil after chromatography (SiOz, ether:pentane = 1:20); [a]~~ = -14.1’ (c = 0.82, EtOH); IR (KBr): 
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3100-3020 (CHaro,,,),298@-2840(CH), 1600,1490,1455,1440,1380,1355,1320,1300,1270,1230,1210,1180, 

1140,1100,1070,1050,1030,1015,970,950,910,880,820,760,740,700 cm-‘; ‘H-NMR (CDQ 300 MHz): 

d = 1.50-2.44 (m, 6H, 3CH2).2.75 (m,2H,2CH), 3.74 (m,2H, CH20), 4.05 (m,2H, CH20), 7.30 (m, lOH, 

Harem) ppm; lk-NMR (CDCln 75 MHz): 6 = 26.07.28.97.31.49.47.58 (CH), 50.59 (CH), 60.66 (CH20), 

65.58 (CH20), 106.17 (OCO), 126.52, 126.59, 127.74, 128.13, 129.48, 129.97, 138.38, 142.85 ppm; MS: m/z 

(1.1. %) = 295 (2, M + + l), 294 (10, M +), 163 (9), 162 (7) 132 (13) 131 (3) 119 (4) 118 (31) 117 (27), 115 

(7). 105 (1 l), 104 (lCO), 103 (6). 91 (11, C7H7+), 78 (6), 77 (4) 51 (3). (Found: C, 81.28; H, 7.46. Calc for 

CzoH2202 (294.40): C, 81.60; H, 7.53 %). 

14R,5S,lOR)-4,10-Diphenyl-l,6-dioxaspiro[4.5]decane [(R,S,R)-17e] and (4S,5R,lOR)-4,10-Diphenyl-1,6- 

dioxaspiro[4.5ldecane [(S,R,R)-17e]. 80.2 mg (14.5 % based on (S)-6e) of a colorless solid after chromato- 

graphy (Sia ether:pentane = 1:20) containing2 diastereomers; 13C-NMR (CDCl3.75 MHz): d = 19.45, 

27.85,33.15,43.53 (CH), 52.98 (CH), 61.06 (CH20), 65.71 (CH20), 109.27 (OCO), 125.68, 125.78, 127.40, 

127.45, 128.44, 129.42, 138.08, 142.05 ppm for (R,S,R)-14e; UC-NMR (CDC13,75 MHz): b = 26.01,29.50, 

30.23,47.95 (CH), 54.93 (CH), 62.63 (CH20). 66.60 (CH20), 109.02 (OCO), 125.96, 126.43, 127.17, 127.66, 

128.47, 129.64, 138.00, 141.89 ppm for (S,R,R)-14e. 

( +)-(5S,6R,12S)-5,12-Dimethyl-l,7-dioxaspiro(5.6]dodecane [(S&S)-18a]. 0.5 g crude (S&S)-14a and 

approx. 1.5 eq ITSA in several small portions (TLC control). 68.9 mg (35 % based on (S)-6a) of a colorless 

liquid after chromatography (SiOz ether:pentane = 1:30); [a]~~ = + 61.6’ (c = 0.90, EtOH); IR (film): 

2995-2840 (CH), 1460. 1440,1380,1360, 1290, 1240,1220,1180, 1160, 1150, 1130,1100, 1080, 1060, 1035, 

990, 960, 940, 920 cm-‘: ’ H-NMR (CDCl3, 300 MHz): d = 0.93 (d, 3H, J=6.7Hz, CH3), 1.05 (d, 3H, 

J =7.4Hz, CH3), 1.20-1.90 (m, 12H, 5CHg 2CH), 3.58 (m, 3H, CH20, CHHO), 3.78 (m, lH, CHHO) ppm; 

?-NMR (CDCln 75 MHz): d = 17.54 (CH3), 18.81 (CH3), 26.21,28.48,30.36,30.39,32.83,35.40 (CH), 

45.55 (CH), 60.44 (CH20), 60.67 (CH20), 103.24 (OCO) ppm; MS: m/z (r.1. %) = 199 (3, M+ + l), 198 

(20, M+), 156 (9), 140 (15), 139 (12), 129 (37), 128 (lo), 126 (16), 125 (11) 116 (8), 115 (loo), 114 (6) 112 

(11) 111 (21), 102 (4), 98 (6), 97 (18), 83 (17), 69 (16), 55 (9), 44 (6), 41 (5). 40 (4). (Found: C, 72.42; H, 

11.30. Calc for C12H2202 (198.31): C, 72.68; H, 11.18 %). 

( +)-(5S,6R,12S)-5,12-Diethyl-l,7-dioxaspiro[5.6]dodecane [(S&S)-18b]. 0.5 g crude (S&S)-14b and 

approx. 1.5 eq ITSA in one portion. 92.5 mg (49 % based on (S)-6b) of a colorless liquid after chromatogra- 

phy (Sia ether:pentane = 1:30); [a]~~ = + 36.6’ (c = 0.59, EtOH); IR (film): 2995-2840 (CH), 1460, 

1440.1380, 1290, 1260,1230, 1215,1180,1160,1150,1110, 1090,1070, 1045, 1010,995,975,950,880,835 

cm-‘; ‘H-NMR (CDCb 300 MHz): d = 0.82 (t, 3H, J =7.4Hz, CH3), 0.96 (t, 3H, J =7.OHz, CH3), 1.08-1.70 

(m, 15H, 7CHz,CH), 1.84 (m, lH, CH), 3.58 (m, 3H, CH20, CfiHO), 3.79 (m, lH, CHHO) ppm; 13C-NMR 

(CDCln 75 MHz): d = 11.26 (CH3), 13.36 (CH3), 23.09,23.28,24.68,25.99,28.71,30.37,30.90,42.27 (CH), 

53.89 (CH), 60.58 (CH20), 60.68 (CH20), 103.60 (OCO) ppm; MS: m/z (r.1. %) = 227 (2, M+ + l), 226 



(14, M+). 211 (1, M+-CH3), 197 (3). 170 (6), 168 (4), 167 (6), 155 (S), 154 (6), 143 (48), 140 (6), 139 (6). 

130 (7). 129 (100). 128 (3), 126 (7), 125 (12), 114 (S), 113 (5). 112 (5). 111(8), 98 (8). 97 (27), 84 (7) 83 (34). 

73 (5). 71(11), 69 (15). 67 (5), 59 (7), 57 (9). 56 (14), 55 (54). 53 (4), 46 (9). (Found: C, 73.94; H, 11.42. Calc 

for C1&?eo2 (226.36): C, 74.29; H, 11.58 %). 

( +)-(7S,lR,llS)-S15-Dioxatricyclo[9.4.O.~]~ntadecane [(S&S)-Md]. 0.66 g crude (S,S,S)-14d and 

approx. 1.5 eq PTSA in several small portions (TLC control). 114.9 g (46 % based on (S)-6d) of a colorless 

liquid after chromatography (SiOz, ether:pentane = 1:lO); IR (film): 2995-2850 (CH), 1470, 1440, 1380, 

1370,1355,1290,1260,1245,1210,1190,1150,1130,1110,1090,1065, 1050,1030,1005,960,945,930,900, 

890 cm-‘; ’ H-NMR (CDClh 300 MHz): d = 1.17-1.92 (m, 19H, 8CH2, ICH), 2.14 (m, lH, CH), 3.55 (m, 

2H, 2CHEO), 3.80 (m, 2H, 2CHHO) ppm; 13C-NMR (CDCl3, 75 MHz): d = 20.44, 21.10, 24.31, 28.48, 

29.54,30.25,30.59,32.18,36.02 (CH), 44.76 (CH), 59.95 (CHfl), 60.91 (CHzO), 100.56 (OCO) ppm; MS: 

m/z (r.1. %) = 211(15, M+ + l), 210 (90, M+), 181(3), 180 (16). 165 (4). 152 (17), 151(78), 139 (16). 138 

(42). 137 (20), 127 (4). 124 (5), 123 (6), 114 (12), 113 (lOO), 110 (9), 109 (13), 101 (15), 100 (64), 99 (5), 97 

(10). 96 (4), 95 (20), 93 (5), 91(5), 83 (4), 82 (4), 81(15), 79 (0 77 (4), 71(5), 69 (8), 68 (6), 67 (19), 56 (3), 

55 (25), 54 (7), 53 (7), 43 (8), 42 (6). (Found: C, 74.01; H, 10.70. Calc for Ct3H2202 (210.32): C, 74.24; H, 

10.54 %). 

Acknowledpement: This workwas supported by the Fonds derchemischen Industrie. We thank Degussa AC, 

BASF AC, Bayer AC and Hoechst AC for providing us with chemicals and Professor W.A.Konig, Hamburg, 

Professor W.Keim, A.Kohnes and Dr. W.Meltzow, RWIH Aachen, Institut fiir Technische Chemie und 

Petrolchemie, for the ee-determination of some of our spiroacetals. 

REFERENCES AND NOTES 

1. AIbers-Schonberg, G., Arison, B.H., Chabala, J.C., Douglas, A.V., Bskol, P., Fisher, M.H., Lusi, A, 

Morzik, H., Smith, J.L., Tolman, R.L.J. Am. Chem. Sot. 198l,ZO3,4216. 

2. Springer, J.P., Arison, B.H., Hirshfield, J.M., Hoogsteen, K.1 Am. Chem. Sot. 1981,103.4221. 

3. Baker, J., Swain, C.J. Chemdy in Britain 1989,25,692. 

4. Mishima, H., Kurabayashi, M., Tamura, C., Sato, S., Kuwano, H., Saito, A. Tetrahedron Lett. 1975,7 

5. Chaney, M.O., Demarco, P.V., Jones, N.D., Occolowitz, J.L.J. Am. Chem. Sot. 1974,96,1932. 

‘11. 



z.rr’-D15ubstitutcd splroacetals 4791 

6. Alves, L.F., in: Progress in the Chemistry of Organic Natural Products, Springer-Verlag, 1981, p.1 and ref. 

cited. 

7. Mori, K., Tetrahedron 1989.45.3233 and ref. cited. 

8. Perron, F., Albizati, K.F. Chem. Rev. 1989,89,1617 and ref. cited. 

9. Francke, W., Heemann, V., Gerken, B., Renwick, J.A.A., Vi& J.P. Naturwkenschaften 1977,64,590. 

10. Chalcogran is a component of Chafcoprar, which is distributed by Shell Agrar Co., Germany, and used 

successfully to control the bark beetle Pityogenes chafcographus. 

11. Agtarap, A., Chamberlin, J.W., Pinkerton. M., Steinrauf, L. /. Am. Chem. Sot. 1967,89,5737. 

12. Hauske, J.R., Kostek, G.I. 0%. Chem. 1989,54,3500. 

13. Kinashi, H., Otake, N., Yonehara, H., Sato, S., Saito, Y. Tetrahedron Lett. 1973,4955. 

14. Lynn, D.G., Phillips, NJ., Hutton, W.C., Shabanowitz, J., Fennell, D.I., Cole, RJ.J. Am. Chem. Sot. 

1982,104,7319. 

15. Tachibana, K., Scheuer, PJ., Tsukitani, Y., Kikuchi, H., Van Engen. D., Clardy, J., Gopichand, Y., 

Schmitz, F.J. _I. Am. Chem. Sot. 1981,103,2469. 

16. Deslongchamps, P., Rowan, D.D., Pothier, N., SauvC,T., Saunders, J.K. Can. /. Chem. 1981,59,1105. 

17. Deslongchamps, P. Stereoelectronic Effects in Organic Chemistry (Baldwin, J.E., Ed.) Organic Chemi- 

stry Series, Vol. I, Pergamon Press, Oxford 1983. 

18. Kluge, A.F. Heterocycles 1986,24, 1699 and ref. cited. 

19. Boivin, T.L.B. Tetrahedron 1987,43,3309 and ref. cited. 

20. Enders, D., Dahmen, W., Dederichs, E., Weuster, P. Synth. Commun. 1983,13,1235. 

21. Reddy, G.B., Mitra, R.B. Synth. Commun. 1986,16,1723. 

22. l-Iodo-3-trimethylsilyloxypropane23 [2] was prepared in two steps from 1-chloro-3-propanol in the fol- 

lowing way: 1. CC14 Si(CH3)3Cl, Lutidin, 3h (80%) - 2. acetone, NaI, reflux 48h (100%). ‘H-NMR 

(CDCl3): 6 = 0.13 (s, 9H, Si(CH3)3), 2.05 (m, 2H, CH2), 3.27 (t, 2H, CH21), 3.64 (t,2H, CH20). %- 

NMR (CDC13): d = 0.49, 4.02,36.47,62.33. 

23. Dederichs, E., Dissertation RWIH Aachen 1986. 

24. Corey, EJ.,Enders, D. Chem. Ber. 1978,111,1337. 

25. Enders, D., Weuster, P. Tetrahedron I.&t. 1978.2853. 

26. Evans, DA, Sacks, C.E., Whitney, R.A., Mandel, N.G. Tetrahedron Lett. 1978,727. 

27. bans, DA, Sacks, C.E., Kleschick, W.A., Taber, T.R. J. Am_ Chem. Sot. 1979, ZOI, 6789. 

28. Enders. D. in Asymmetric Sj7zthe.k (Morrison, J.D., Ed.) Vol.3, Academic Press, Orlando 1984, p.275. 

29. Enders, D., Eichenauer, H., Baus, U., Schubert, H., Kremer, K.A.M. Tetrahedron 1984,40,1345. 

30. Enders, D., Eichenauer, H. Chem. Ber. 1979,112,2933. 

31. Enders, D., Eichenauer, H. Angew. Chem. 1976,88,579; Angew. Chem. Int. Ed En& 1976,15,549. 



32. Enders, D., Bachstadter, G., Kremer, K.A.M., Marsch, M., Harms, K., Boche, G. Angav. Chem 1988, 

100,158O; Angew. Chem. ht. Ed EngL 1988,27,1522. 

33. Gatzweiler, W. Dissertation RWT’H Aachen in preparation. 

34. I-Iodo-2-trimetbylsilyloxyethane [7] was prepared from I-chloro-2-trimethylsilyloxyethane in the follo- 

wing way: acetone, NaI, reflex 48h (58%). ‘H-NMR (CDC13): d = 0.15 (s, 9H, Si(CH3)3), 3.19 (t,2H, 

CHd), 3.81 (t, 2H, CH20). 13C-NMR (CDC13): d = 0.44,65,63.71. 

35. Nystr6m. J.-E., McCanna, T.D., Helquist, P., Amouroux, R. Sjmthesir 1988,56. 

36. Ireland, R.E., Daub, J.P.J. Org. Chem. 1983,4&l, 1303. 

37. Seebach, D., Naef, R.Helv. Chim. Acta. 1981,64,2704. 

38. Thaisrivongs, S., Seebach, D. J. Am. Chem. Sot. 1983,105,7407. 

39. Kbnig, WA., Lutz, S., Wenz, G. Angew. Chem. 1988,100,989. 

40. K&rig, WA. Nachr. Chem. Tech. Lab. 1989.37,471. 

41. Keim, W., Kohnes, A., Meltzow, W. RWlli Aachen, private communication. 

42. Kiinig, WA. University of Hamburg, private communication. 

43. Potbier, N., Rowan, D.D., Deslongchamps, P., Saunders, J.K. Can. /. Chem. 1981,59,1132. 

44. Francke, W., Reith, W., Sinnwell, V. Chem. Ber. 1980.113,2686. 


