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Application of the SAMP-/RAMP-hydrazone method offers 
an efficient and flexible access to compounds with a quater- 
nary stereogenic center. Examples bearing silyl, thio, phenyl, 
aldo, keto, ester, and alkyl functionalities are described. The 
2-phenylaldehydes and -ketones and the P-keto esters 4 
were obtained in good overall yields and with variable enan- 
tiomeric excesses. The synthesis of the thiolated 2-formyl and 
3-formyl carboxylic esters 12 was achieved in high overall 

yields and with high enantiomeric excesses. The silylated 
carboxylic ester and acids 16 were produced in moderate to 
high overall yields and with moderate to excellent enantio- 
meric excesses, depending on the electrophile used for the 
quaternization. The absolute configurations of the com- 
pounds 12 and 16 were determined by X-ray structure analy- 
ses, and the mechanism of the quaternization is postulated. 

The design of asymmetric syntheses for molecules with a 
quaternary carbon center as chirons for the generation of 
natural products and biologically active compounds is an 
attractive and challenging field in synthetic organic chemis- 
try. Since Martin's review"] of the creation of quaternary 
carbon centers a number of efforts have been made during 
the last decade to extend the range of enantioselective 
methods[2]. Since highly regio-, diastereo-, and enantiose- 
lective electrophilic substitutions at the C, position of the 
carbonyl group of ketones and aldehydes by the SAMP-I 
RAMP-hydrazone method"] are well established, it was de- 
cided to explore the high potential of this methodology in 
the asymmetric creation of small polyfunctional building 
blocks bearing a quaternary carbon ~ e n t e r [ ~ ~ s ~ ] .  Our re- 
search group has already reported on a highly enantioselec- 
tive synthesis of 2-alkyl-2-cyanocycloalkanones D with a 
quaternary stereogenic centeri5] and demonstrated in a 
short communication[6] an efficient enantioselective route 
to quaternary 2-formyl esters and carboxylic acids. The en- 
antioselective synthesis of the small polyfunctional building 
blocks A, B, and C using the SAMP-/RAMP-hydrazone 
method is described in this paper in full detail. 

The racemic 2-phenyl aldehydes and ketones and the ra- 
cemic 2-0x0 carboxylic acids were easily transformed into 
the corresponding SAMP- and the (S)-l-amino-2- 
{[(methoxyethoxy)methoxy]methyl}pyrrolidine (SAMEMP)- 
hydrazones 2 (for the synthesis of SEMEMP see scheme 2). 
The P-keto ester SAMP-hydrazones exist as a 1:2 mixture 
of the hydrazonelene hydrazine tautomeric form. The 2- 
phenyl derivatives 2a-c were added to a solution of LDA 
in THF at -78°C and after alkylation with alkyl halides at 
- 100°C the 2-phenylhydrazones 3a-d were prepared in 

X R2 
HQ" R'S R2 

A B 

X : Ph, C02Me, C02Et 

R2: Me n-Dec, n-Undec, CH2C&(OMe)3 
R3: Me, Et, Allyl, n-Pr 

RI: Me, Ph 
R2: Et, n-Pr, n-Bu, n-Hex, n-Oct, 

R3 : C02Me, CH2C02Me 

H' Met-(CH?)3-, -(CH2)4- 

0 

C D 

Y:H,OH 
R': Me, Et, n-Pr, n-Bu, n-Hex, 

R2: C02Me, Me, Et, n-Pr, i-Pr, 

R: Me, Et, n-Pr, n-Ru, n-Hex 

n-Oct, n-Undec, n-Dodec 

good yields. Metalation of the P-keto ester SAMP- and the 
SAMEMP-hydrazone~[~",~] with nBuLi in THF at - 100°C 
followed by trapping of the intermediate aza-ally1 anion 
with alkyl halides furnished the corresponding hydrazones 
3e-1 in good yields. After hydrazone cleavage (3a, b: acidic 
hydrolysis via the methiodide in a two-phase system; 3c, d: 
acidic hydrolysis in a two-phase system; 3d-1: ozonolysis) 
the optically active 2-phenyl aldehydes and ketones and the 
P-keto esters 4 were obtained in good yields (53-80%) with 
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enantiomeric excesses ranging between 18 and 93% were determined by LIS-NMR techniques using the achiral 
(Scheme 1). shift reagent Eu(fod), and the chiral shift reagent Eu(hfc)3, 

respectively. The absolute configuration of the hydrazones 
Scheme 1 3 were not determined. 

Scheme 2 
SAMP 

(SAMEMP) 

81-89% 

( 9 - 6  

X X 

Forrnylprolin~ll~~ (57-5 
ruc-1 (sj-2 

I 

39 - 59 % t 

R' & R3 

X R2 
4 

1 .  Base, THF, -78 'C 
66 96 % 2. R3Hal, - 1  00 "C I 

R' & R3 

X R2 

LiAIH4, THF, 0 O C  
- 

90 % 

EtONO, 
THF, 0 O C  

95 % 

I 
NO 

( 9 - 7  

R CH20CH2CH20CH3 

X : Ph, COZMe, C02Et 
R : CH3, CH~OCHZCH~OCH~ 

R2: Me 
R3: Me, Et, Allyl, n-Pr 

The diastereomeric and the enantiomeric excesses of the 
hydrazones 3 and the quaternary carbonyl compounds 4 

SAMEMP 8 was used as a chiral auxiliary in an attempt 
to achieve a stronger chelation by the increased number of 
oxygens in the pyrrolidine side chain. A comparison of the 
results (3a versus 3k, 3b versus 31) revealed no significant 
effect on the degree of asymmetric induction (Table 1). Al- 
though the ee values of the quaternary carbonyl com- 
pounds 4 are in general relatively low (18-93%) the excep- 

H' Met -(CH2)3-,-(CH2)4- 

Table 1. SAMP- and SAMEMP-hydrazones 3 and a-quaternary carbonyl compounds 4 

2ca1 RI R2 X $4 R3 yield cQRTneat or deb] yield [ C ~ ] D ~ ~  eekl 

["A] (C,C&j) [%] ["h] (c, CHCl3) ["h] 

(S)-2a H Me Ph (S)-3a Allyl 85 -76.6 30 4a 64 -35.2 (1.39) 30 

(S)-2b H Me Ph (S)-3b Et 83 -78.9 28 4bW 76 -2.9 (4.19) 25 

(S)-2c -(CH2)3- Ph (S)-3c Me 69 +289.5 (1.19) [e1 4c[d] 73 +69.5 (1.24)M 77 

(S)-2d -(CH2)4- Ph (57-3d Me 66 +402.8 (1.42) 4d[dl 80 +200.4(2.38)k] 93 

(S)-2e -(CH2)3- C02Me (S)-3e Me 85 +240.2 60 4e 78 -7.4 (1.16) 60 

(S)-2f -(CH2)3- C02Me (S)-3f Et 96 1-233.5 23 4f 73 +3.7 (1.21) 18 

('9-2g -(CH2)4- COzMe (S)-3g Et 93 +211.6 42 4g 68 +67.6 (3.04) 43 

(S)-2h Me Me C02Et (S)-3h Et 85 +232.7 Le1 4h 62 +1.8 (1.33) 27 

(S)-2i -(CH2)4- C02Et (S)-3i Allyl 73 +163.8 20 - - - - 

(S)-2jb] Me Me C02Et (S)-3j[hl n-Pr 83[11 +193.5 [el 4iN 76 +2.1 (1.46) 31 

(S)-2k[hl H Me Ph (S)-3k[hl Allyl 86 -62.5 "d 4a[hl 76 -27.6 ( I  .17) 24 

(S'-2lbl H Me Ph (S)-31[hl Et 90 -66.0 [el 4b[d,hl 53 -3.2 (1.36) 28 

The absolute configuration was not determined. - cb] Determined by Eu(fod), shift. - ['I Determined by Eu hfc)s shift. - Ld] The absolute 

[gl Measured in C6H,2. - Ih] SAMEMP [(S)-8] was used instead of SAMP as auxiliary [R = CH20CH2CH20CH3]. - Li] 50% of the substance 
was starting material. 

configuration was determined to be (R) by a comparison with literature data[16,17]. - Ce] Not determined. - [ d Measured in CH3CH20H. - 
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tional case of (R)-4d (ee = 93%) demonstrated the possibil- 
ity of high induction by using the SAMP-/RAMP-hydra- 
zone method. This prompted us to optimize the results of 
this method not only by a variation of the reaction param- 
eters (temperature, solvent, cosolvent, base) but also by 
changing the neighboring anion-stabilizing groups. Instead 
of phenyl and ester groups, thio, silyl, and cyano['] groups 
were investigated. 

Scheme 3 

1.  LDA. THF. 0 "C 

lCH3 

2. K'X, -1 10 'C 
_____) 

72 - 92 % 
H 

!RI 
Y . .  

(9-9 

.c 31 - 6 7 %  

(S,S)-lO 
-4 

I .  Base, THF, -78 "C 

- 1  10 "C 

V. 

H w 4 0 3 ,  petroleum ether 

R'S R2 0 62 - 95 Yo 

(S)-11 12 

p z z q  
RI: Me, Ph 
K2: Et, n-Pr, n-Bu, n-Hex, n-Oct, n-Dec, n-Undec, CH2C&(OMe)3 
n 0, 1 

Table 2. SAMP- and RAMP-hydrazones 11 and thiolated 2-formyl and 
3-formyl methyl esters 12 

11 R' Rz n yield aDR' neat decal 12 yield [ a ] ~ ~ ~  

I%] or (c,  CsHs) [%I [4h] (c,C&) [%L 
(S,Ri-lla Ph Et 0 91 -22,911.13) 90 (Ri-lZa 90 +1556(1.06) 90 

IR,S)-lla[cl Ph Et 0 69 +23.3 (1.00) 92 (Si-lZa~cI 95 -161.7(1.03) 92 

(S,RI-llh Ph n-Pr 0 91 -27.1 92 iRl-12h 80 +127.8(0.98) 92 

fX,R)-llc 

(R.9-I lclcl 

LS,R)-lld 

(S.R)-lle 

i S R J - I  I f  

fS,R)-llg 

(S,R)-I Ih 

(S,RJ-lli 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph  

Me 

n-Bu 

n-Ru 

n-Hex 

n-Oct 

pi-Dec 

n-Undec 

kl 

Et 

0 90 

0 73 

0 85 

0 77 

0 94 

0 91 

0 60 

0 82 

-25.3 

+9.9 (0.87) 

- I  I .7 ( I  .06) 

-19 2 

-14.4 

-14.5 

-26.3 (1.14) 

-85.0 

92 (R)-12e 83 

92 (S)-12e[d 75 

92 (R)-12d 95 

92 IR)-12e 95 

91 (RJ-IZf 83 

93 (Ri-12g 82 

93 (R)-12h 62 

88 (RI-IZi 79 

+162.7(1.10) 92[dl 

-158 5 (1.05) 92 

+I36 I (0.98) 92 

+112.7(1.15) 92 

+100.8(1.07) 91 

+109.4(1.20) 93 

1141 9 (0.94) 93 

+I09 9 (1.38) 88 

(.W-Ilj Me Et 1 26 -79.3 ( I  13) 91 (S)-12j 80 -20.9(0.23) 91 

(SSJ-Ilk Ph Et I 75 -31.1 (0.97) 83 (S)-12k 63 4 2 6 ( l  01) 83 

(SS-111 Ph n-Hex I 64 -15.9(1.06) 87 (S)-121 251q -57.5 (1.05) 87 

La] Determined by I3C-NMR spectroscopy. - Ib] Indirectly determined 
by 13C-NMR spectroscopy of the hydrazone 11. - RAMP was used 
instead of SAMP as auxiliar Cd] Determined by 19F-NMR spectros- 
copy of the Mosher estertsY of - the corresponding alcohol. - Le] R2: 
CH2C6H2(0Me)3. - [fl Byproduct methyl 3-formylnon-3-enoate. 

The a-thiolated hydrazones 9t71, easily prepared from the 
corresponding aldehyde and SAMP, were metalated with 
LDA in THF at 0°C and the lithio derivatives converted 
diastereoselectively to the hydrazones lOI7]  (de = 83 -96%) 
in high yields (72-92%) by alkylation with various electro- 
philes at - 110°C. Deprotonation with a base (nBuLi, LDA, 
or MeLi) in THF at -78°C followed by quaternization of 
the azaallyl anion with methyl chloroformate or methyl 
bromoacetate at - 1 10°C yielded the a-thiolated hydrazones 
11. Acylation with methyl chloroformate furnished the 2- 
formyl ester derivatives l la - i  in good yields (60-94%) and 
with high diastereomeric excesses (de = 88-93%). The 
quaternization with methyl bromoacetate afforded the hy- 
drazones llj-1 with good diastereomeric excesses (de = 
83-91%) but only in moderate yields (2645%) due to the 
lower reactivity of methyl bromoacetate compared with 
methyl chloroformate. The hydrazones l la - i  were hydro- 
lytically cleaved with 5 N HC1 in a two-phase system with 
diethyl ether to the enantiomerically enriched 2- and 3-for- 
my1 esters 12a-i (ee = 88-93%) in good yields (62-95%). 
Since the hydrolytic cleavage of 111 led to the formation of 
methyl 3-formylnon-3-enoate as a byproduct, resulting in a 
low yield (25%) of the desired product 12k, the hydrazone 
Ilk was oxidatively cleaved with ozone. The antipodes of 
the R enantiomers of the 2-formyl esters were synthesized 
by using RAMP instead of SAMP as a chiral auxiliary [(R)- 
12a versus (59-12a and (R)-12c versus (Q-12~1. 

The diastereomeric excesses of hydrazones 10 and 11 
were determined by I3C-NMR spectroscopy. The enantiom- 
eric excesses of the 2- and 3-formyl esters 12 were deter- 
mined indirectly by 13C-NMR spectroscopy of the hydra- 
zones 11. The hydrolytic cleavage of the quaternary hydra- 
zones took place without racemization, as proven by the 
determination of the enantiomeric excess of (R)-12c by I9F- 
NMR spectroscopy of the 3,3,3-trifluoro-2-methoxy-2- 
phenylpropionic acid ester (Mosher's ester[']) of the corre- 
sponding alcohol, which was obtained by reduction of (R)- 
12c with NaBH4 in ethanol. 

c20 
c12 Cll  

._ 

C18 

Figure 1. Molecular structure of (R)-12g in the solid statdgI. Only one 
component of the disordered carbon atom C19 is shown (ORTEP""] 

P W  

Since all 2- and 3-formyl esters 12 were previously un- 
known in optically pure form, the absolute configuration 
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needed to be determined. Suitable crystals of (R)-12g for 
the X-ray structure analysis were obtained from diethyl 
ethedpetroleum ether (1 :2) at room temperature (Figure 1). 
The R configuration found at the quaternary stereogenic 
center confirmed the postulated mechanism for electro- 
philic substitutions via SAMP-/RAMP-hydrazone~[~~~l l]. 

The a-silylated hydrazone 13L61 was prepared by silylation 
of the deprotonated acetaldehyde SAMP-hydrazone with 
tert-butyldimethylsilyl chloride. Metalation of this hydra- 
zone with LDA in diethyl ether at -50°C and subsequent 
reaction with different alkyl iodides at - 100°C afforded the 
a-alkylated a-silylated hydrazones 14 in good yields 
(65-96%) and with high enantiomeric excesses (81 -96%). 
After deprotonation of 14 with MeLi and quaternization 
with various electrophiles, the hydrazones 15 were obtained 
with moderate to excellent diastereomeric excesses (de = 
32-98%) and in good yields (32-82%). After oxidative 
cleavage with ozone, the 2-formyl esters 16a-f were ob- 
tained in good yields (66-82%) and with high enantiomeric 
excesses (ee = 90-98%). Ozonolysis of hydrazones 15g, j, 
1, and m (R2: alkyl) gave the corresponding carboxylic acids 
instead of the aldehydes. The a-quaternary carboxylic acids 
16g-j were obtained in good yields (64-74%) and with 
high enantiomeric excesses (85 -93%). 
Scheme 4 

I .  LDA, EtzO, -50 "C K O C H 3  qcH3 
2.  R'X, - 100 "C 2) - H :  J L R '  

65 - 99 % 
SitBuMez SitBuMez 

(S)-13 KSI-14 

1 15-51 % 

0 

0 3 ,  petroleum ether 

64 - 82 96 
tBuMe2Si R' 

16 

1. MeLi, THF, - I  10 "C 
32 82 %12.  R'X, -1 10 "C 

(S)-15 

-1 
RI: Me, Et ,  n-Pr, n-Bu, n-Hex, n-Oct. n-Undec, n-Dodec 
K2: CO2Me, Me, Et, n-Pr, i-Pr 

The highest diastereomeric excesses for the quaternary 
hydrazones 15 were obtained by treatment with methyl 
chloroformate as the electrophile (de = 90-98%), but only 
moderate yields were achieved (32-62%) because of a com- 
peting N-acylation of the metalated species, providing the 
corresponding methyl N-[2-(tevt-butyldimethylsilyl)-l-alk- 
enyll-N-SMP-carbamate. Concerning quaternization with 
alkyl iodides, the best results were obtained with ethyl io- 
dide (Table 3). Using starting materials with a short side 

Table 3. SAMP- and RAMP-hydrazones 15 and silylated quaternary 
carbonyl compounds 16 

~ 

1.5 RI R2 yield anRT neat vr debl 16 yield eebl 

Et CO2Me 

n-Pr C02Me 

n-Bu COzMe 

n-Hcx C02Me 

n-Ocl CO2Mc 

n-Oct COzMe 

n-lindec C02Me 

Mc El 

Ft Me 

56 

47 

62 

52 

43 

32 

62 

82 

66 

(C, C6H6) 

+7.1 (1.48) 

-12 0 

+7.1 (0 98) 

0.0 (0.95) 

+4.3 il 20) 

-5.6(1 18) 

+4 I ( I  02) 

-120.5 (1.00) 

-68.7 (1.07) 

[SA] I%] (c. CgHg) [%I 
YO (Rj-16a 77 -183 l(1.00) 90 

96 (Rj-16h 66 -167.Y(0.97) 96 

97 (RI-16e 82 -124.9(l.l8) 97 

98 (R)-16d 75 -126.1 (0.93) 98 

96 /Rj-l6e 75 -131 1 (0.97) 96 

98 fS)-16e[Cl 71 +1076(1.2?) 98 

96 (Rh16f 74 -112.1 (1.00) 96 

Y3 (Sj-16g 70L"l -12.3 (0.971 93 

32 - - - - 

~ (SRj-1Sh (I~Bu M e  63 -55.6i1.18) 48 - - - 

IS,RI-lSi n-Pr Et 87 -75.0(1.09) 86 - - -. ~ 

iS.,S-lSi Et n-Pr 66 -96 6i1.04) 79 ~ ~ - 

f.Y,RI-lSj n-Bu Et 79 -78.8 (1.03) 85 (R)-l6h 7414 -19 0 (0 92) 85  

~ ~ 

~ (S,Si-lSj Et ~ l -Bu 69 -91.7(1.03) 75 - - 

(SRI-1Sk n-Oct E l  39 4 1 . 3  (0971 84 - ~ - - 

(SRI-151 n-Dodec El 41 -57.4(1.031 88 (R)-16i 64"4 +11.6(1.09) 88 

(SSi-ISm n-Dodec i-Pr 41 -85.7 i1.05) 91 (S-16.1 h6idl +8.7 (0.98) 93 

La] Determined by 13C-NMR spectroscopy. - Ib] Indirectly determined 
by I3C-NMR spectroscopy of the h drazone 15. - RAMP was used 

was isolated instead of the aldehyde after ozonolysis. 
instead of SAMP as auxiliary. - Ld 7 The corresponding carboxylic acid 

chain such as 14a, c, and d, we synthesized the hydrazones 
15g, i, and j in good yields (79-82%) and with high diaster- 
eomeric excesses (de = 85-93%). If starting materials with 
a long side chain were used for the alkylation with ethyl 
iodide the resultant yields were lower (39-41%), whereas 
the diastereomic excesses were in a similar range (de = 
84-88%). In comparison with ethyl iodide, the use of the 
other homologues (propyl and methyl iodide) and the 
branched homologue (isopropyl iodide) resulted in lower 
chemical yields (39-41%), but with still high asymmetric 
inductions (de = 84-93%). Quaternization with methyl 
iodide proceeded only in moderate yields (32-48%) with 
low diastereomeric excesses (de = 63-66%). The diastere- 
omeric excesses of the hydrazones 14 and 15 were deter- 
mined by 'C-NMR spectroscopy. The enantiomeric ex- 
cesses of the 2-formyl ester and carboxylic acids 16 were 
determined indirectly by "C-NMR spectroscopy of the hy- 
drazones 15. Racemization by oxidative cleavage with ozone 
was not observed[3]. 

The absolute configurations of the 2-formyl esters and 
carboxylic acids 16 were determined by X-ray structure 
analysis of the carboxylic acid (s>-16g (Figure 2). The S 
configuration found at the new stereogenic center was in 
agreement with that predicted by the postulated mechanism 
for electrophilic substitutions via SAMP-/RAMP-hydra- 

In conclusion, the application of the SAMPJRAMP-hy- 
drazone method to asymmetric syntheses of highly enanti- 
omerically enriched polyfunctional chirons bearing a qua- 
ternary stereogenic center has been shown. The absolute 
configuration of B and C and the mechanism of the electro- 

zonesW 111. 
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C6 0 
c2 
n 

Figure 2. Molecular structure of S 16gI9] in the solid state (SCHAKAL[1 6 I )- plot) 

philic substitution to give a quaternary carbon center by 
using SAMP-/RAMP-hydrazone has been proven. The use 
of these building blocks for the enantioselective synthesis of 
P,P-disubstituted y-lactones and y-quaternary oxiranes has 
already been investigated[4e]. Further applications to the en- 
antioselective synthesis of biologically active compounds 
and natural products can now be studied. 

This work was supported by the Fonds der Chemischen Industrie. 
We thank BASF AG, Degussa AG, Bayer AG, and Hoechst AG for 
generously providing us with chemicals. A.Z. thanks the Konrud- 
Adenuuer-Stifturzg for a fellowship. 

Experiment a1 
'H and I3C NMR: in CDCI,, TMS as internal reference, Varian XL 100, 

Varian EM-390, Varian VXR 300 or a Unity 500. - IR: Beckman Acculab 
4 or Perkin-Elmer Infracord 337. - MS: Kratos MS-30 or Varian MAT 
212 (70 eV). - Optical rotation: Room temperature, Perkin Elmer P 241 
polarimeter. - Microanalyses: Heraeus CHN-0-RAPID element analyzer. 
- Ozonolyses: Fischer ozone generator type 502. - TLC analyses: Merck 
TLC plates silica gel 60 F254. - All solvents were dried and distilled accord- 
ing to standard procedures. - Bromoacetaldehyde diethyl acetal was pur- 
chased from Janssen, Beerse, Belgium. (8- and (R)-l-Amino-2-(methoxy- 
methy1)pyrrolidine (SAMP and RAMP) were synthesized according to the 
literature procedure[""] from (9- and (R)-proline. 

( S )  -1 -Formyl-2- {I (2-methoxyethoxy) methoxy]methyl~pyrrolidine (5): To 
a solution of 1.29 g (10 mmol) of N-formylprolinol in 20 ml of acetonitrile 
was added a solution of 3.39 g (IS mmol) of triethyl[(2-methoxyethoxy)meth- 
yl]ammonium chloride["l in 25 ml of acetonitrile. After refluxing of the reac- 
tion mixture for 14 h and storage at 2°C overnight the precipitate of triethyl- 
ammonium chloride was filtered, washed with diethyl ether, and the com- 
bined organic phases were concentrated in vacuo. Reduced-pressure distil- 
lation of the residue afforded 1.86 g (86%) of a colorless oil; b.p. 121 - 122"Cl 
0.25 Torr, a:: = -31.0 (neat). - IR (neat): 0 = 2930 cm-', 2880,2810, 1665, 

(CDCI,): 6 = 2.03 (m, 4H, CH,,,), 3.32-3.97 (m, 8H, NCH2, OCH2, 
OCH2CH20), 3.54 (s, 3H, OCH3), 4.00-4.20 (m, IH, NCH), 4.84 (s, 2H, 
OCH20), 8.39, 8.46 (s, 1 H, CHO, EIZ = 3:l). - MS, mlz (%): 218 (1) [Mf 

59 (72), 55 (28), 45 (39), 43 (49, 41 (49). - CI0Hl9NO4 (217.3): calcd. C 
55.28, H 8.81, N 6.45; found C 54.85, H 8.81, N 6.70. 

( S )  -2- {[ (2-Methoxyethoxy) methoxy]methyl)pyrrolidine (6): To a solution 
of 6.31 g (112.5 mmol) of KOH in 55 ml of water was added slowly 16.30 g 
(75 mmol) 5. The resultant mixture was refluxed for 4 h until completion of 
the reaction (TLC control). After repeated extraction with CH2C12 the com- 
bined organic extracts were dried with Na2S04 and concentrated in vacuo. 
Reduced-pressure distillation of the residue afforded 13.88 g (98%) of a col- 

1455, 1410, 1380, 1345, 1240, 1110, 1040, 845, 750, 720. - 'H NMR 

+ I], 217 (2) [M+], I12 (73), I I 1  (53), 98 (100) [CSHaNO+], 70 (90), 68 (27), 

orless oil; b.p. 78"C/0.15 Torr, a$? = -3.5 (neat). - IR (neat): Q = 3350 
(NH) cm-', 2930, 2875, 1455, 1410, 1365, 1280, 1240, 1195, 1170, 1110, 
1045, 980, 930, 845. - 'H NMR (CDCI,): 6 = 1.75 (m, 4H, CHZpyr), 2.06 
(s, 1 H, NH), 2.90 (m, 2H, NCH2), 3.06-3.82 (m, 7H. OCH,, NCH, OCH2- 
CH20), 3.40 (s, 3H, OCH3), 4.71 (s, 2H, OCH,O). - MS, m/z (%): 190 (1) 

(31), 55 (32), 45 (41), 43 (39, 41 (32). - C9HIYNOZ (189.5): calcd. C 57.11, 
H 10.21, N 7.40; found C 56.85, H 10.08, N 7.20. 

(S)-2-{[(2-Methoxyethoxy)methoxy]methyl}-l-nitrosopyrrolidine (7): 
12.36 g of a 85% solution of ethyl nitrite (140 mmol) was dissolved in 50 ml 
of THF and the solution cooled to 0°C. To this solution was added dropwise 
13.31 g (70.33 mmol) of 6. The reaction mixture was allowed to warm to 
room temp. overnight and stirred for 22 h at this temp. (TLC control). After 
concentration in vacuo the product was distilled under reduced pressure to 
afford 14.61 g (95%) of a yellow oil; b.p. 118"C/0.1 torr, a:: = -65.6 (neat). 
- IR (neat): it = 2930 cm-', 2880,2820, 1665,1450, 1415, 1360, 1300, 1195, 

(CDCI,): F = 2.06 (m. 4H, CHZpyr), 3.20-3.82 (m, 6H, NCH,, OCH2- 
CH20). 3.43 (s, 3H, OCH,), 3.96 (d, 2H, OCH2),4.52-4.83 (m, IH, NCH), 
4.74 (s, 2H, OCH20). - MS, mlz (%): 218 (<I)  [M+], 89 (27), 70 (37), 59 
(loo), 55 (39), 45 (63), 42 (37), 41 (55). - C9HI2NZO4 (189.5): calcd. C 49.53, 
H 8.31, N 12.84; found C 49.76, H 8.41, N 12.49. 

( S )  -1-Amino-2- {[ (2-methoxyethoxy)methoxy]methyl)pyrrolidine 
(SAMEMP)[4al (8): In a 250-ml three-necked flask 5.28 g (139.1 mmol) of 
LiA1H4 was suspensed in 120 ml of THF, then 14.02 g (64.24 mmol) of 7 in 
30 ml of THF was added dropwise to the suspension during 2 h. The result- 
ant reaction mixture was refluxed for 4 h and stirred overnight. After hy- 
drolysis with 2 ml of a 10% KOH solution and 18 ml of water, the resulting 
slurry was filtered with suction, and the precipitate was refluxed in THF 
(150 ml) for 4 h, filtered and then the process repeated with fresh THF (150 
ml). The combined THF extracts were concentrated in vacuo. The resultant 
oil was dissolved in CH2C12 and the solution dried with Na2S04. After con- 
centration of the solution, reduced-pressure distillation of the residue af- 
forded 11.85 g (90%) of a colorless oil; b.p. 87-88"C/O.l Torr, a:: = -71.5 
(neat). - IR (neat): it = 3350 (NH,) cm-', 3150, 2930, 2880, 2820, 1605, 

NMR (CDCI,): 6 = 1.75 (m. 4H, CH,,,,), 2.40 (m, 2H, NCH,), 2.82-3.86 
(m, 7H, NCH, OCH20, OCH2CH20), 3.18 (s, 2H, NCH2), 3.42 (s, 3H, 

[M' + 11, 114 (24) [C6H,2NO'], 84 (42) [C5HloN+], 70 (100) [C,H,N+], 59 

1170, 1150, 1110, 1040, 980, 965, 940, 890, 845, 805, 770. - 'H NMR 

1460, 1410, 1365, 1280, 1240, 1200, 1170, 1110, 1050, 980, 930, 850. - 'H 

OCH,), 4.76 (s, 2H, OCH2O). - ',C NMR (CDCI,): 6 = 20.9 (NCH,CH2), 

70.3 (CH,O), 71.9 (OCHzCH,), 95.8 (OCH,O). - MS, rnlz ("/n): 205 (2) [M+ 
+ I], 204 (12) [M+], 97 (40), 85 (79), 83 (52), 70 (100) [C4HaN+], 68 (30). 59 
(51), 45 (37), 44 (20), 41 (56). - C9H2,,N203 (204.3): calcd. C 52.92, H 9.87, 
N 13.72; found C 52.90, H 9.94, N 13.36. 

(RS, S )  -2- ( Methoxymethyl) - 1-1 (2-phenylpropyliden) amino]pyrrolidine 
(Za): To 2.60 g (20 mmol) of SAMP was added dropwise 2.68 g (20 mmol) 
of (?)-2-phenylpropanaI at 0°C. After refluxing at 60°C until completion of 
the reaction (TLC control) the reaction mixture was extracted with CH2C12/ 
H20 (4:l). The organic phase was dried with NaS04 and concentrated in 
vacuo. Reduced-pressure distillation of the residue afforded 4.30 g (87%) of 
a light yellow oil; b.p. 112-113"C/0.15 Torr, a:: = -91.5 (neat). - IR (neat): 
Q = 3080-2780 cm-', 1600, 1490, 1450. 1370, 1355, 1300, 1280, 1190, 

3H, CH,), 1.80 (m. 4H, NCHZpyr), 2.65 (m, 1 H, NCH2), 2.95-3.75 (m, 5H, 

(m, 5H, C6H5). - MS, mlz (%): 246 (3) [M+], 201 (100) [M+ - CH20CH,], 
105 (47), 70 (33). - CI5H2,N20 (246.4): calcd. C 73.13, H 9.00, N 11.37; 
found C 73.10, H 8.71, N 11.33. 

(RS ,S)  -2- ( Methoxymethyl) -1 -1 (2-phenylcyclopentyliden) amino]pyrroli- 
dine (Zc): 7.25 g (89%) of 2c was prepared from 3.91 g (30 mmol) of SAMP 
and 4.81 g (30 mmol) of (k)-2-phenylcyclopentanone according to the pro- 
cedure described for the synthesis of Za; b.p. 135"C/0.2 Torr, a:: = +234.8 
(neat). - IR (neat): Q = 3080 cm-', 3055, 3020, 2960, 2870, 2820, 2720, 
1640(CN), 1600, 1490, 1445,1420, 1375, 1335, 1270, 1190, 1100, 1040, 1025, 
1000,964,905,840,750,695. - IH NMR (CDCI,): F = 1.14-2.88 (m, 1 1  H, 
NCHzpyn NCH2, CH2), 2.90-3.94 (m, 5H, NCHZ, NCH, CH20, CH), 3.33, 
3.37 (s, 3H, OCH3), 7.33 (m, 5H, C6H5). - MS, mlz ("/U): 273 (2) [M+ + I], 
115 (23), 91 [C,Hj], 70 (47), 45 (23). - CI7HZ4NZO (272.4): calcd. C 74.96, 
H 8.88, N 10.29; found C 75.10, H 8.75, N 10.25. 

(RS, S) -2- (Methoxymethyl)  -1 -[ (2-phenylcyc1ohexyliden)aminoj- 
pyrrolidine (2d): 6.92 g (8lY0) of Zd was prepared from 3.91 g (30 mmol) of 
SAMP and 5.23 g (30 mmol) of (?)-2-phenylcyclohexanone by the same 
procedure as described for the synthesis of Za; b.p. 132-133"C/0.03 Torr, 
ag = +234.6 (neat). - IR (neat): C = 3090 cm-', 3060, 3030, 2940, 2860, 
1635 (CN), 1600, 1495, 1450, 1195, 1125, 1050, 1030, 1000, 970, 920, 845, 
770, 725, 700. - 'H NMR (CDCI,): 6 = 1.40-2.08 (m, 10H, NCH2,,, 

26.6 (CH,CH), 58.8 (OCHj), 60.2 (CH,N), 66.8 (CHZOCH,), 68.3 (CH), 

1140-1080, 1050, 1010,970,900, 760, 695. - 'H NMR (CC14): 6 = 1.35 (d, 

NCH,, NCH, CHzO, CH), 3.25 ($ 3H, OCH,), 6.48 (d, IH,  CHN), 7.15 

272 (8) [M+], 227 (100) [Mf - CH*OCH,], 158 (70) [CiiHi,N+], 117 (83). 
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CH2), 2.20-2.68 (m, 3H, NCH2, CH2), 2.90-3.56 (m, 4H, NCH, NCH,, 
CHzO), 3.32, 3.37, 3.39 (s, 3H, OCH,), 3.75, 4.85 (m. I H ,  CH, EIZ), 7.30 
(m, 5H, C6H5). - MS, m/z (%): 286 (<I) [M+], 172 (83), [C12H14N+], 171 
(42), 145 (53), 144 (93), 129 (27), 91 (36), 82 (40), 70 (82) [C4H8N+], 45 (100) 
[CH,OCH:], 41 (43). - c18H26N~O (286.4): calcd. C 75.48, H 9.15, N 9.78; 
found C 75.22, H 9.02, N 9.69. 

(RS,  S)-1- {[2- (Methoxycarbonyl) cyclopentyliden]amino)-2-(methoxy- 
methy1)pyrrolidine (2e): 7.52 g (84%) of 2e was prepared from 4.56 g (35 
mmol) of SAMP and 4.47 nil (36 mmol) of methyl (+)-2-oxocyclopentane- 
carboxylate by the same procedure as described for 2a. The product was a 
2: 1 mixture of the ene-hydrazine (A)/hydrazone (B) tautomers. The optical 
rotation was measured directly after distillation; b.p. 11 1 - 113"C/0.03 Torr, 
a g  = -39.6 (neat). - IR (neat): 2 = 3270 (NH, A) cm-', 2950, 2875, 1735 
(C=O, B), 1665 (C=O, A), 1605 (CN, B), 1460, 1430, 1385, 1335, 1300, 
1270, 1185, 1120, 1040, 920, 770. - 'H NMR (CDCI,): F = 1.56-2.14 (m, 
6H,  NCH2pym CH2), 2.40-2.97 (m, 6H, NCH2, CH,), 3.10-3.52 [m, = 

3H, C02CH3), 7.72 [br s, ;-0.7H, NH(A)]. - MS, m/z (%): 255 ( I )  [M+ + 
82 (81), 70 (56), 55 (32). - CI3HZ2N2O3 (254.3): calcd. C 61.39, H 8.72, N 
11.02; found C 61.59, H 8.70, N 10.89. 

(RS,S)  -I- J[Z-(Methoxycarbonyl) cyclohexyliden]amino)-2- (methoxy- 
methy1)pyrrolidine (2g): 9.43 g (87%) of 2g was prepared from 5.21 g (40 
mmol) of SAMP and 6.40 g (41 mmol) of methyl (?)-2-oxocyclohexanecar- 
boxylate by the same procedure as described for 2a. The product was a 2: 1 
mixture of the ene-hydrazine (A)/hydrazone (B) tautomers; b.p. 1 I5"C/O.O7 
Torr, a" = +24.5 (neat). - IR (neat): 2 = 3220, 3160 (NH, A) cm-', 2940, 
2860, 1735 ( G O ,  B), 1655 (C=O, A), 1595 (CN, B), 1445, 1380, 1240, 1185, 

NMR (CDCI,): F = 1.34-2.97 (m, 13H, NCHZpyn CH2, NCH2), 3.02-3.58 
(m, 4H, NCH2, NCH, OCH,), 3.38 (s, 3H, OCH,), 3.70, 3.73 (s, 3H, 
C02CH,, A/B = 2:1), 4.60 [m, -0.3H, CH (B)], 9.42 [br s, =0.7H, NH 
(A)]. - MS, m/z ("A): 269 (2) [M+ + I], 268 (14) [M+], 223 (100) [M+ - 

- C14H24N203 (268.4): calcd. C 62.66, H 9.01, N 10.44; found C 62.45, H 
8.98, N 10.46. 

(RS, S )  -I  - {[2- (Ethoxycarbonyl) -1 -methylpropyliden]amino}-2- (methoxy- 
methyl)pyrrolidine (2j with SAMP): 4.00 g (16.5 mmol) of (RS,S)-1-{[2- 
(ethoxycarbony1)- 1 -methylethyliden]amino 1 -2-(methoxymethyl)pyrrolidine, 
which was prepared from SAMP and ethyl 3-oxobutyrate according to the 
procedure described for 2a, was metalated with nBuLi (16.5 mmol) at -78°C 
for 30 min and alkylated with 1.03 ml( l7  mmol) of methyl iodide at -78°C. 
After stirring at this temp. for 3 h the reaction mixture was allowed to warm 
to room temp. The reaction was quenched with diethyl ethedwater (2: 1). 
After twofold extraction of the aqueous phase with diethyl ether, the com- 
bined organic phases were dried with MgS04. The product was purified by 
reduced-pressure distillation yielding 3.76 g (89%) of a yellow oil; b.p. 
95-96"C/0.3 Torr, a:: = +252.7 (neat). - IR (neat): i j  = 2980 cm-', 2940, 
2880, 2830, 2730, 1730 (C=O), 1635, 1595, 1450, 1365, 1325, 1295, 1250, 
1180, 1095, 1020,990,965,910,860. - 'H NMR (CDCI,): 6 = 1.24 (t, 3H, 
OCH2CH3), 1.30 (d, 3 H, CH,), I SO-2.13 (m, 4 H, NCHZpyr), 1.88 ($ 3 H, 
CH,), 2.42 (m. l H ,  NCH,), 2.80-3.56 (m, 5H, NCH,, NCH, OCH,, CH), 
3.35 (s, 3H, OCH,), 4.15 (9. 2H,  OCH2CH,). - MS; mlz ("0): 257 (2) [M+ 

45 (30), 42 (62). - C13H24N203 (256.3): calcd. C 60.91, H 9.44, N 10.93; 
found C 61.02, H 9.57, N 10.84. 

(RS,S) -  I - {[2-(EthoxycarbonyI)cyclohexyliden]amino~-2-(methoxy- 
methy1)pyrrolidine (2i): 2.50 g (89Y0) of 2i was prepared from 1.30 g (10 
mmol) of SAMP and 1.87 g (1 1 mmol) of ethyl (f)-2-oxocyclohexanecarbox- 
ylate by the same the procedure as described for 2a. The product was a 2:1 
mixture of the ene-hydrazine (A)/hydrazone (B) tautomeres; b.p. 118-1 1 9 W  
0.25 Torr, a:: = +46,4 (neat). - IR (neat): 0 = 3220, 3160 (NH, A) cm-I, 
2975,2930,2860, 1730 (C=O, B), 1650 (C=O, A), 1590 (CN, B), 1445, 1420, 
1360, 1340, 1240, 1170, 1120, 1090, 1070, 1060, 970, 910, 986, 770. - 'H 
NMR (CDCI,): 6 = 1.24 (t. 3 H, CH3), 1.35-2.98 (m, 13 H, NCHZpyn CH,, 
NCH2), 3.00-3.62 (m,4H, NCH2, NCH, OCH2), 3.31 (s, 3H, OCH,),4.08, 
4.12 (q, 2H, OCH2CH3), 4.56 [m, -0.3H, CH (B)], 9.25 [br s, =0.7H, NH 
(A)]. - MS, mlz ("/U): 282 (4) [M'], 137 (41) [M' - CH20CH3], 122 (32), 
94 (34), 70 (54), 55 (29), 45 (68), 44 (36). - CI5HZ6N2O3 (282.4): calcd. C 
63.80, H 9.28, N 9.92; found C 64.01, H 9.30, N 9.87. 

(R$S)-I- {[2-(Ethoxycarbonyl)-I-methylpropyliden]amino)-2- {[ (2-meth- 
oxyethoxy)methoxy]methyl)pyrrolidine (2j with SAMEMP): To a solution of 
2.57 g (8.12 mmol) of (RS,S)-l-{[2-(ethoxycarbonyl)-l-methylethyliden]- 
amino}-2-{[2-(methoxyethoxy)methoxy]methyl}pyrrolidine (prepared from 
SAMEMP and ethyl 3-oxobutyrate according to the procedure described for 
2a) in 20 ml of THF was added 5.1 ml (8.12 mmol) of nBuLi at -78°C. 
After stirring for 30 min at this temp. 0.60 (10 mmol) of methyl iodide was 

3.3H, NCH, CHZO, CH (B)], 3.34, 3.35 (s, 3H, OCH,, A:B = 2:1), 3.68 (s, 

I], 254 (1) [Mf], 209 (24), 177 (31), 151 (100) [M+ - CHZOCH, - CO,H,], 

1170, 1120, 1070, 1060, 1005, 980, 965, 910, 880, 855, 820, 770, 630. - 'H 

CH*OCH, - C02H31, 122 (56), 100 (28), 94 (69), 70 (65), 55 (41), 45 (53). 

+ I], 256 (9) [M+], 211 (100) [M+ - CH20CH31, 73 (42), 70 (40), 55 (27), 

added. The reaction was quenched with CH2Cl,lwater (2: 1). After extraction 
of the aqueous phase twice with CH2C12, the combined organic phases were 
dried with Na2S04. Reduced-pressure distillation yielded 2.14 g (80%) of a 
light yellow oil; b.p. 13O0C/O.08 Torr, a:: = +191.7 (neat). - IR (neat): 2 = 
2980 cm-', 2940, 2880, 1735 (C=O), 1640, 1455, 1365, 1330, 1250, 1175, 

1.30 (d, 3H, CH3), 1.48-2.20 (m, 4H,  NCH,,,), 1.86 (s, 3H, CH,), 2.44 
(m, l H ,  NCH2), 2.80-3.80 (m, 9H, NCH,, NCH, OCH,, CH, OCH2- 

- MS, ndz (%): 331 (1) [M' + I], 330 (3) [M '1, 211 (100) [M+ - CH,OCH,- 

(39). - ClbH30N~05 (330.4): calcd. C 58.16, H 9.15, N 8.48; found C 58.40, 
H 9.25, N 8.50. 

(RS,S) -2-  {[ (2-Methoxyethoxy)methoxy]methyl)-l-[ (2-phenylprop- 
yliden)amino]pyrrolidine (2k): 4.22 g (82%) of 2k was prepared from 3.27 g 
(16 mmol) of SAMEMP and 2.15 g (16 mmol) of (+)-2-phenylpropanal by 
the same the procedure as described for 2a; b.p. 150-17O0C/O.03 Torr, a# 
= -77.6 (neat). - IR (neat): 0 = 3095 cm-', 3070, 3035, 2980, 2940, 2880, 

2825, 1605 (CN), 1495,1455,1410, 1365, 1340, 1300, 1280, 1240, 1200, 11 15, 

(m, 4H,  NCHlpyr), 2.75 (m, IH,  NCH,), 3.16-3.96 (m, 9H, NCH2, NCH, 

OCH,O), 6.72 (d, 1H, CHN), 7.34 (m, SH, C6H5). - MS, m/z (%): 321 (1) 

(320.4): calcd. C 67.47, H 8.81, N 8.74; found C 67.74, H 8.82, N 8.53. 

( S )  -I  -[ (2-Allyl-2-phenylpropyliden) amino]-2- (methoxytnethy1)pyrrolidine 
(3a): To 5.05 mmol of LDA in 30 ml of THF at -78°C was added 1.23 g (5 
mmol) of 2a. After warming to 0°C and stirring for 7 h at this temp. the 
reaction mixture was cooled to - 100°C. and 0.50 ml(5.8 mmol) of 3-bromo- 
propene was added. After stirring at this temp. for 3 h the reaction mixture 
was allowed to warm to room temp. The reaction mixture was poured into 
diethyl ethedwater (2: 1) and the aqueous layer extracted twice with diethyl 
ether. After drying of the combined organic phases with Na2S04 the product 
was purified by reduced-pressure distillation, yielding 1.22 g (85%) of a light 
yellow oil; b.p. 14O0C/O.06 Torr, a:: = -76.6 (neat); de = 30% [Eu(fod), 
shift]. - 1R (neat): 0 = 3075 cm-', 3060, 3025, 2975, 2930, 2875, 2825, 2730 
(CH), 1640 (CN), 1600, 1490, 1460, 1440, 1370, 1340, 1300, 1280, 1190, 
1120, 1070, 1030, 990, 970, 910, 760, 700. - 'H NMR (CDCI,): F = 1.46 (s, 
3H, CH,), 1.90 (m, 4H, CHzPyr), 2.62 (d, 2H, CH2CH=CH,), 2.85 (m, 
l H ,  NCH2), 3.10-3.74 (m, 4H, NCH,, CH, OCH2), 3.40 (s, 3H, OCH,), 
4.80-5.12 (m, 2H,  CH=CH2), 5.35-5.88 (m, 1 H, CH=CH2), 6.68 (s, 1 H, 
CHN), 7.00-7.48 (m, 5H, C6H5). - MS, mlz (%): 245 (33) [M+ - 

114 (55), 103 (53), 70 (79), 45 (94), 41 (70). - C18H26NZ0 (286.4): calcd. C 
75.48, H 9.15, N 9.78; found C 75.60, H 9.20, N 9.80. 

( S )  -2- (Methoxymethyl) -1 -[ (2-methyl-2-phenylbutyliden) aminolpyr- 
rolidine (3b): 1.23 g (5.0 mmol) of 2a was transformed by treatment with 
5.05 mmol of nBuLi and 0.46 ml (5.8 mmol) of iodoethane into 1.14 g (83%) 
of 3b by the same procedure as described for 3a; b.p. 150-16O0C/O.05 Torr, 
a" = -78.9 (neat); de = 28% [Eu(fod), shift]. - IR (neat): F = 3090 cm-I, 
3060,3025,2970,2930,2880,2825 (CH), 1600, 1490, 1455, 1380, 1340, 1300, 
1190, 1120, 1070, 1030, 970, 900, 760, 700. - 'H NMR (CDCI,): 6 = 0.78 
(t, 3H,  CH3), 1.43 (s, 3H, CH3), 1.92 (m, 6H, CHZPYn CH2), 2.72 (m, 1 H, 
NCH,), 3.10-3.85 (m, 4H,  NCH2, CH, OCH,), 3.41 (s, 3H, OCH,), 6.72 
(s, 1 H, CHN), 7.04-7.52 (m. 5H, C6H,). - MS, mlz (%): 275 (2) [M+ + 
11, 274 (7) [M+], 229 (100) [M+ - CH20CH31, 133 (58), 130 (54), 117 (39), 

1115, 1045, 930, 855. - 'H NMR (CDCI3): 6 1.24 (t, 3H, OCHZCH,), 

CHZO), 3.42 (s, 3H, OCH3), 4.12 (q, 2H, OCH,CH,), 4.70 (s, 2H, OCH20). 

OCH&H,OCH3], 125 (22), 70 (33), 59 (59), 55 (30), 45 (30), 42 (55), 41 

1045, 930, 850, 760, 700. - 'H NMR (CDCI,): F = 1.43 (d, 3H,  CH,), 1.85 

CH, OCH2, OCH>CH20), 3.41, 3.42 (s, 3H, OCH-J, 4.76, 4.78 (s, 2H, 

[M' + 11, 320 (4) [M+], 201 (58), 105 (100) [CxH:], 77 (23). - Cl8H28N203 

CH2CH=CH2], 241 (100) [M+ - CH,OCH3],200 (30), 130 (100) [C9H8Nf], 

103 (30), 91 (76) [CTH?], 77 (28), 70 (73), 55 (33), 45 (45). - C17H26N20 
(274.4): calcd. C 74.41, H 9.55, N 10.21; found C 74.65, H 9.55, N 9.73. 

( S )  -2-( Methoxymethy1)-I-[ (2-methyl-2-phenylcyclopentyliden) aminolpyr- 
rolidine (3c): 1.36 g (5.0 mmol) of 2c was transformed by treatment with 4.9 
mmol of nBuLi and 0.31 ml (5.1 mmol) of methyl iodide into 0.97 g (69%) 
of 3c by the same procedure as described for 3a. The product was purified 
by flash chromatography (SO,, diethyl ether); [a]:: = +289.5 (c = 1.19, 

2730 (CH), 1640 (CN), 1600, 1490, 1445, 1420, 1370, 1340, 1275,1195, 1120, 

(m, I IH,  CHlpyn CH,, NCH,), 1.45, 1.46 (s, 3H, CH,), 3.00-3.64 (m, 4H,  
NCH2. CH, OCH,), 3.40, 3.41 (s, 3H, OCH3), 7.01-7.52 (m. 5H,  C6H,). - 
MS, m/z ("/o): 287 (2) [Mf + 11, 286 (7) [M+], 241 (71) [M+ - CHZOCHJ, 

C&). - IR (neat): 2 = 3085 Cm-', 3060, 3020, 2960, 2925, 2870, 2825, 

1045, 1030, 970, 940, 910, 760, 700. - 'H NMR (CDCI,): F = 1.17-2.88 

172 (70) [CIZH14Nf], 131 (69), 130 (30), 104 (97), 103 (30), 91 (100) [C,H?], 
78 (32), 77 (37),70 (60), 45 (67) [CH,OCH:], 41 (67). - C I & ~ ~ N ~ O  (286.4): 
calcd. C 75.48, H 9.15, N 9.78; found C 75.65, H 9.09, N 9.73. 

( S )  -2- (Methoxymethy1)-I-[ (2-methyl-2-phenylcyclohexyliden)umino]pyr- 
rolidine (3d): 1.43 g (5.0 mmol) of 2d was transformed by treatment with 4.5 
mmol of nBuLi and 0.31 ml (5.1 mmol) of methyl iodide into 0.89 g (66%) 
of 3d by the same procedure as described for 3a. The product was purified 
by flash chromatography (SO2, diethyl etherln-pentane, 1 :l); [a]g = +402.8 
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(c = 1.42, C6H6). - IR (neat): B = 3090 cm-', 3060, 3025,2965,2935,2860, 
2825 (CH), 1630 (CN), 1600, 1490, 1450, 1370, 1195, 1120, 1025, 1000, 970, 
910, 760, 700. - 'H NMR (CDC1,): 6 = 1.28 (s. 3H, CH,), 1.30-2.16 (m, 
IOH, CHzPYD CH,), 2.28-2.70 (m. 3H, CHZpyn NCH,), 2.90-3.65 (m, 4H, 
NCH,, CH, OCH2), 3.39 (s, 3H, OCH,), 7.20 (m, 5H, C6HS). - MS, m/z 

(42), 186 (99) [CI3Hl6N+], 130 (97), 117 (44), 105 (87), 104 (56), 91 (79) 
[C7H:], 70 (71). - C1yH28N20 (300.4): calcd. C 75.95, H 9.39, N 9.33; found 
C 75.73, H 9.34, N 9.05. 

( S )  -I  - ((2- (Methoxycarbonyl) -2-methylcyclopentyliden]amino}-2- (meth- 
oxymeth,yllpyrrolidine (3e): 1.27 g (5.0 mmol) of 2e was dissolved in 20 ml 
of THF and the solution cooled to - 100°C. To this 5.5 mmol of nBuLi was 
added dropwise. To complete the metalation the reaction mixture was stirred 
at -100°C for 5 min. Alkylation was performed with 0.35 ml (5.7 mmol) of 
methyl iodide and purification according to the procedure described for 3a 
yielding 1.14 g (85%) of a yellow oil; b.p. 130-14OoC/0.1 Torr, a g  = +240.2 
(neat); de = 60% [Eu(fod), shift]. - IR (neat): 2 = 2960 cm-I, 2870, 2825, 
2730 (CH), 1735 (C=O), 1685, 1650, 1560, 1460, 1430, 1370, 1340, 1310, 
1265, 1190, 1150, 1050, 1010, 970, 905, 870, 835, 760, 740. - 'H NMR 
(CDCI,): F = 1.40 (s, 3H, CH,), 1.52-2.10 (m, 7H, CHapyrr CH,), 
2.10-2.73 (m, 4H, CHZpyn CH,), 3.08-3.56 (m, 4H, NCH,, CH, OCH,), 

("h): 301 (12) [M+ + 11, 300 (50) [M+], 255 (100) [M+ - CH20CH31, 188 

3.36 (s, 3 H, OCH,), 3.68 (s, 3 H, COZCH,). - MS, m / ~  ("A): 269 (2) [M+ + 
I], 268 (16) [M+], 223 (100) [Mi - CH20CH31, 122 (36), 94 (47), 70 (87), 
69 (32), 55 (34), 45 (43), 42 (33), 41 (82). - C14H24N203 (268.4): calcd. C 
62.66, H 9.01, N 10.44; found C 63.08, H 9.05, N 10.41. 

IS)-I- ([2-Ethyl-2-(methoxycarbonyl)cyclopentyliden]amino~-2-(methoxy- 
methy1)pyrrolidine (30: 1.27 g (5.0 mmol) of 2e was transformed by treat- 
ment with 5.5 mmol of nBuLi and 0.46 ml (5.8 mmol) of iodoethane into 
1.34 g (96%) of 3f by the same procedure as described for 3e; b.p. 
13O-15O0C/0.3 Torr, U" = +233.5 (neat); de = 23% [Eu(fod), shift]. - IR 
(neat): 0 = 2970 cm-', 2880, 2730 (CH), 1730 (C=O), 1640, 1460, 1430, 

'H NMR (CDCI,): 6 = 0.88 (t, 3H, CH,), 1.48-2.80 (m, 13H, CH,,, CH,, 
CH,CH,, NCH2), 3.08-3.60 (m, 4H, NCH,, CH, OCH,), 3.34, 3.36 (s, 3H, 
OCH,), 3.70, 3.71 (s, 3H, COZCH3). - MS, m/z (%): 283 (4) [M' + 11, 282 

(282.4): calcd. C 63.80, H 9.28, N 9.92; found C 63.75, H 9.29, N 9.88. 

( S )  -I- {(2-Ethyl-2- (n?ethoxycarbonyl) cyclohexyliden]umino)-2- (nierhoxy- 
methy1)pyrrolidine (3g): 1.34 g (5.0 mmol) of 2g was transformed by treat- 
ment with 5.5 mmol of nBuLi and 0.46 ml (5.8 mmol) of iodoethane into 
1.38 g (93%) of 3g by the same procedure as described for 3e; b.p. 
16O-18O0C/0.4 Torr, ag  = +211.6 (neat); de = 42% [Eu(fod)3 shift]. - IR 
(neat): 2 = 2940 cm-', 2875, 2730 (CH), 1730 (C=O), 1630, 1450, 1375, 
1340, 1290, 1275, 1245, 1215, 1115, 1050, 995, 970, 940, 920, 810, 790, 740. 
- 'H NMR (CDC1,): 6 = 0.90 (t. 3H, CH,), 1.16-2.72 (m, 15H, CH,,, 
CH,, CH,CH,, NCH,), 2.75-3.58 (m, 4H, NCH,, CH, OCHZ), 3.37 (s, 3H, 
OCH,), 3.72 (s, 3H, CO,CH,). - MS, mlz (%): 297 (3) [M+ + I], 296 (14) 

(54), 55 (27). - C16HZ8N203 (296.4): calcd. C 64.83, H 9.52, N 9.45; found 
C 65.32, H 9.48, N 9.45. 

( S )  - I -  {[2-(Ethoxycarbonyl)-l,2-dimethylbutyliden]amino,'-2- (methoxy- 
methy/)pjwro/idine (3h): 1.28 g (5.0 mmol) of 2h was transformed by treat- 
ment with 5.5 mmol of nBuLi and 0.42 ml (5.3 mmol) of iodoethane into 
1.21 g (85%) of 3h by the same procedure as described for 3e: b.p. 
120-14O0C/O.03 Torr, ag  = +232.7 (neat). - IR (neat): 2 = 2960 cm-', 
2935, 2875, 2825, 2730 (CH), 1730 (C=O), 1630, 1460, 1360, 1295, 1235, 
1 110, 1050, 965, 910, 855, 760. - 'H NMR (CDC13): 6 = 0.82, 0.84 (t, 3H, 
OCH,CH,), 1.23, 1.25 (t, 3H, OCH,CH,), 1.32, 1.34 (s, 3H, CH,), 
1.50-2.20 (m, 6H, CHZpYn CHzCH3), 1.83, 1.88 (s, 3H, CH,), 2.40 (m, 1 H, 
NCH,), 3.02-3.64 (m, 4H, NCH2, CH, OCHJ, 3.38 (s, 3H, OCH,), 4.38, 

1380, 1330, 1290, 1230, 1190, 1145, 1095, 1000, 970, 910, 840, 800, 770. - 

(21) [M+], 237 (100) [M' - CH2OCH,], 108 (41), 70 (92). - C,,H,6N20, 

[Mf], 251 (100) [M' - CH,OCH,], 165 (41), 150 (49), 122 (47), 96 (33), 70 

4.39 (q, 2H, OCHZCH,). MS, ("h): 285 (2) [M ' + 11, 284 (7) [M+], 
239 (39) [M+ - CHZOCH,], 153 (98), 85 (63), 73 (38), 70 (46), 58 (53), 57 
(71), 43 (44), 42 (100). - C1SH28N203 (284.4): calcd. C 63.35, H 9.92, N 
9.85; found C 63.06, H 9.08, N 10.26. 

(S)-1- ~f2-Allyl-2-(eihoxycarbonyl)cyclohexyliden/amino~-2- (methoxy- 
methy1)pyrrolidine (3i): 2.80 g (10 mmol) of 2i was transformed by treatment 
with 5.5 mmol of nBuLilll mmol of HMPA and 1.20 g (10 mmol) of 3- 
bromopropene into 2.35 g (73%) of 3i by the same procedure as described 
for 3e; b.p. 125-135W0.02 Torr, a g  = +163.8 (neat); de = 20% [Eu(fod), 
shift]. - IR (neat): 0 = 3080-2780 cm-' (CH), 1730 (CO), 1640 (C=C), 
1460, 1450, 1370, 1290, 1270, 1220, 1140, 1130, 1100, 1040, 1010, 980, 920. 
- 'H NMR (CDCI3): 6 = 1.23 (1. 3H, CHZCH3), 1.40-2.75 (m, 14H, CH,, 
CHZpyp CH2CH=CH2), 2.85-3.60 (m. 5H,NCH2,CH, OCH,), 3.35 (s, 3H, 
OCH,), 4.10 (q, 2H, OCH,CH,), 4.82-5.14 (m, 2H, CH=CH,), 5.50-6.15 
(m, 1 H, CH=CH2). - MS, m/z eh): 322 (0.5) [M 'I, 307 (23), 277 [IOO, M+ 
- OC,H,], 210 (41), 136 (30), 70 (42), 45 (23). - CI8HmN2O3 (322.4): calcd. 
C67.05,H9.37,N8.68;foundC67.12,H9.64,N9.08. 

( S )  -I  - 112- (Ethoxycarbonyl) -1,2-ditnethylpentyliden]amino) -2- {[ (2-meth- 
oxyethoxy)methoxy]methyl)pyrrolidine (3j): 1.65 g (5.0 mmol) of 2j was met- 
alated with 3.15 ml (5 mmol) of nBuLi according to the procedure described 
for 3e. At -100°C 0.59 ml (6 mmol) of I-iodopropane was added, and the 
reaction mixture was stirred for another 30 min at this temp. After warming 
to room temp. overnight the product was purified by the procedure described 
for 3a. Distillation yielded 1.55 g (83%) of a yellow oil which consisted of 
50% starting material. A small amount of this sample was purified by flash 
chromatography (SO2, diethyl ether); a g  = + 193.5 (neat). - IR (neat): 0 = 
2965 cm-I, 2940, 2880 (CH), 1730 (C=O), 1630, 1570, 1460, 1365, 1240, 
1200, 1175, 1120, 1045, 980, 930, 850. - 'H NMR (CDCI,): 6 = 0.88 (t. 
3H, CH,CH2CH3), 1.00- 1.46 (m, 8H, CH,, CH2CH2CH3, OCHZCH3), 
1.46-2.16 (m. 9H, CHzPYD CH,, CH2CH2CH3), 2.40 (m, lH,  NCH2), 
2.95-3.80 (m, 8H, NCH,, OCH,, CH, OCH2CH20), 3.40 (s, 3H, OCH3), 
4.10, 4.12 (q, 2H, OCH2CH3), 4.70 (s, 2H, OCH20). - MS, ndz ("h): 372 
(6) [M+], 254 (13), 253 (100) [M' - CH2OCH20CH&H20CH3], 140 (39), 
112 (33), 85 (66), 70 (83), 59 (93), 58 (60), 57 (71), 55 (47). 41 (81). - 
C1yH36NZOS (372.5): calcd. C 61.26, H 9.74, N 7.72; found C 60.65, H 9.64, 
N 7.87. 

(S)-I-[(2-AIlyl-2-phenylpropyliden)amino]-2- {[ (2-methosyethosy)- 
methoxy]methyl}pyrrolidine (3k): 1.28 g (4.0 mmol) of 2k was metalated at 
-78°C with 2.81 ml (4.4 mmol) of nBnLi for 30 rnin and alkylated with 0.41 
ml (4.8 mmol) of 3-bromopropene at -llO"C according to the procedure 
described for 3e. After warming to room temp. overnight the product was 
purified by the procedure described for 3a yielding 1.24 g (86%) of a yellow 
oil; b.p. 18ODC/0.O8 torr, a 8  = -62.5 (neat). - IR (neat): 2 = 3060 cm-I, 
3030,2930,2880 (CH), 1640, 1600, 1490, 1450, 1410, 1375, 1365, 1340, 1320, 

(CDC1,): 6 = 1.44 (s, 3H, CH,), 1.90 (m, 4H, CHZpyr), 2.54-2.97 (m. 3H, 
NCH2, CHZCH=CH2), 3.10-3.96 (m, 8H, NCH2, OCH2, NCH, OCH2- 
CH,O). 3.42 (s, 3H, OCH,), 4.78 (s, 2H, OCH,O), 4.85-5.17 (m, 2H, 
CH=CH,), 5.40-5.92 (m. 1 H, CH=CH,), 6.72 (s, 1 H, CHN), 7.05-7.48 
(m, 5H, C,H,). - MS, m/z ("h): 361 (1) [M' + I], 360 (1.5) [M+], 319 (80), 
241 (100) [M+ - CHZOCH2OCHZCH20CH31, 201 (99). 188 (27). 145 (36), 
130 (48), 117 (23), 112 (47), 105 (77), 91 (37), 89 (30), 70 (67), 59 (63). - 
&,H32N203 (360.5): calcd. C 69.96, H 8.95, N 7.77; found C 70.39, H 9.15, 
N 7.72. 

(S)-2- {f (2-Methoxyetho.uy)methoxy]methyl}-l-( (2-methyl-2-phenylhut- 
yliden)umino]pyrrolidine (31): 1.28 g (4.0 mmol) of 2k was metalated at 
-78°C with 2.81 ml (4.4 mmol) of MBuLi for 30 min and alkylated with 0.38 
ml (4.8 mmol) of iodoethane at -110°C according to the procedure de- 
scribed for 3e. After warming to room temp. overnight the product was 
purified by the procedure described for 3a yielding 1.25 g (90%) of a yellow 
oil; b.p. 160-18O0C/O.03 torr, ag = -66.0 (neat). - IR (neat): 0 = 3085 
cm-', 3060, 3030, 2965, 2930, 2880, 2820 (CH), 1600. 1490, 1450, 1410, 
1380, 1360, 1340, 1280, 1240, 1200, 1170, 1150, 1115, 1095, 1045, 930, 900, 

CH,), 1.85 (m, 6H, CH,, CH,,,), 2.70 (m, 1 H, NCH,), 3.12-3.92 (m, 8H, 

OCH,O), 6.68 (s, 1 H, CHN), 7.08-7.45 (m, 5H, C,H,). - MS, m/z (?'U): 

OCH,], 201 (16), 91 (16). - C20Hl,N203 (348.5): calcd. C 68.93. H 9.26, N 
8.04; found C 68.85, H 9.25, N 7.79. 

(-)-2-Methyl-2-phenyIpent-4-ennl (4a). - a) Cleavage of' the SAMP Hy- 
drozone 3a: 1.25 ml (20 mmol) of methyl iodide was added to 0.74 g (2.58 
mmol) of 3a, and the mixture was refluxed for 10 h at 60°C (TLC control). 
After cooling to room temp. the methyl iodide was removed under reduced 
pressure, and the precipitated hydrazonium iodide was dissolved in 12.5 ml 
of 6 N HCI. After stirring of the solution for 5 rnin 50 ml of n-pentane was 
added, and the mixture was stirred vigorously for another 30 min. After 
separation of the phases the organic layer was washed twice with water, dried 
with Na2S04, and concentrated in vacuo. Reduced-pressure distillation of 
the residue yielded 0.29 g (64%) of a colorless liquid: b.p. 60-7OoC/0.3 Torr 
(ref.["] 120°C/16 Torr), [a]:: = -35.2 (c = 1.39, CHCI,); ee = 30% [Eu(hfc), 
shift]. The spectroscopic data were in agreement with the literature data[14,'51. 
- b) Cleavage of the SAMEMP Hydrazone 3k: According to the procedure 
described under a) 0.85 g (3.10 mmol) of 3k was refluxed with methyl iodide 
(20 h) and cleaved with 6 N HCI. Reduced-presure distillation yielded 0.38 g 
(76%) of a colorless liquid: b.p. 90- 1OO0C/0.6 Torr, [a]:: = -27.6 (c = 1.17, 
CHC1,); ee = 24% [Eu(hfc), shift]. The spectroscopic data were in agreement 
with those obtained from the cleavage of 3a. 

(R)-(-)-2-Methyl-2-phenylbutanal(4b). - a) Cleavage of the SAMP Hy- 
drazone 3b: 0.85 g (3.10 mmol) of 3b was refluxed with methyl iodide for 20 
h. Cleavage with 6 N HC1 by the procedure described for 4a yielded 0.38 g 
(76%) of a colorless liquid; b.p. 11O-13O0C/2 Torr 65"C/0.5 Torr), 
[a]g = -2.9 (c = 4.19, CHCI,); ee = 25% [Eu(hfc), shift]. The spectroscopic 
data were in agreement with the literature - b) Cleavage of rhe 
SAMEMP Hydrazone 31: According to the procedure described for 4a 0.97 

1300, 1280, 1240, 1200, 1115, 1050, 910, 850, 760, 700, 640. - 'H NMR 

850, 760, 700. - 'H NMR (CDCI,): 6 = 0.74 ( t ,  3H, CH,), 1.38 (s,  3H, 

NCH2, OCH,, NCH, OCHZCH~O), 3.38 (s, 3H, OCH3), 4.72 (s, 2H, 

349 (1) [M'  + 11, 348 (4) [Mf], 229 (100) [M+ - CH*OCH,OCH2CH- 
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g (2.78 mmol) of 31 was refluxed with methyl iodide (24 h). Cleavage with 6 
N HCI and reduced-pressure distillation yielded 0.24 g (53%) of a colorless 
liquid; b.p. 100-120"C/1.5 Torr, [a]? = -3.2 (c = 1.36, CHCI,); ee = 28% 
[Eu(hfc), shift]. The spectroscopic data were in agreement with those ob- 
tained from the cleavage of 3b. 

(R)-(+)-2-Methyl-2-phenylcyclopentanone (4c): 10 ml of 12 N HC1 was 
added to 0.52 g (1.82 mmol) of 3c, and the mixture was stirred vigorously 
for 10 min (TLC control). After extraction with diethyl ether (3 X 50 ml) 
the combined organic phases were dried with K&O, and concentrated in 
vacuo. Reduced-pressure distillation of the residue yielded 0.23 g (73%) of a 
colorless oil; b.p. 100- 12O0C1O.5 Torr (ref.[''] 80-83W0.63 Torr), [a]:: = 
+69.5 (c = 1.24, C2HsOH); ee = 77% [Eu(hfc), shift]. The spectroscopic 
data were in agreement with the literature data[171. 

(R)-(+l-2-Methyl-2-phenylcyclohexanone (4d): 0.66 g (2.20 mmol) of 3d 
was cleaved with 10 ml of 12 N HCI by the procedure described for 4c 
yielding 0.33 g (80%) of a colorless oil; b.p. 1OO-12O0C1O.1 Torr (ref."'] 
98T11.5 Torr), [a]? = +200.4 (c = 2.38, C6HIZ); ee = 93% [Eu(hfc), shift]. 
The spectroscopic data were in agreement with the literature 

(-)-Methyl 1-Methyl-2-oxocyclopentanecnrhoxylate (4e): 0.77 g (2.87 
mmol) of 3e was dissolved in 30 ml of CH2Cl2, and the solution was cooled 
to -78°C. Ozone was bubbled into this solution at the same temp. Upon 
complete conversion (TLC control) excess ozone was removed by passing 
argon through the solution, which was then warmed to room temp. The 
solvent was removed by evaporation under reduced pressure, and flash chro- 
matography (SO2, diethyl ether) of the residue yielded (0.35 g (78%) of a 
colorless liquid; [a]? = -7.4 (c = 1.16, CHCI,); ee = 60% [Eu(hfc); shift]. 
- IR (neat): F = 2960 cm-I, 2880, 1750 (C=O), 1450, 1430, 1405, 1370, 
1315, 1270, 1235, 1190, 1150, 1060,980,940,870, 840, 810,770. - 'H-NMR 
(CDCl,): F = 1.32 (s, 3H, CH;), 1.64-2.20 (m, 3H, CH,), 2.20-2.70 (m, 
3H, CH,), 3.74 (s, 3H, OCH,). - MS, m/z (5'n): 157 (2) [M+ + I], 156 (11) 
[M+], 128 (87), 113 (41), 101 (51), 97 (40), 83 (93), 69 (100) [C4H50+], 55 
(40), 41 (70). - C8H,,03 (156.2): calcd. C 61.52, H 7.75; found C 61.54, 
H 7.78. 

(+)-Meilzyl l-Ethyl-2-oxocyclopentunecarboxylute (40: 1.24 g (4.39 mmol) 
of 3f was cleaved by the procedure described for 4e. Flash chromatography 
(SiOl. diethyl ether) yielded 0.55 g (73%) of a colorless liquid; [a]:: = +3.7 
(c = 1.21, CHC1,); ee = 18% [Eu(hfc), shift]. The spectroscopic data were in 
agreement with the literature 

(+)-Methyl Ethyl-2-oxocyclohexanecarho.xylate (4g): 1.19 g (4.01 nimol) 
of 3g was cleaved according to the procedure described for 4e. Flash chroma- 
tography (SO2, diethyl ether) yielded 0.50 g (68'Yo) of a colorless liquid; 
[a]:: = +67.6 (c = 3.04, CHCI,); ee = 43% [Eu(hfc), shift]. The spectro- 
scopic data were in agreement with the literature 

(+)-Ethyl 2-Acetyl-2-methylhutanoate (4h): 1.00 g (3.52 mmol) of 3h was 
cleaved by the procedure described for 4e. Flash chromatography (Si02, di- 
ethyl ether) yielded 0.38 g (62%) of a colorless liquid; [U]:: = + 1.8 (c = 1.33, 
CHCI,); ee = 27% [Eu(hfc), shift]. - IR (neat): 0 = 2980 cm-', 2950, 2890, 
1740, 1715 (2 C=O), 1460, 1380, 1360, 1305, 1260, 1245, 1150, 1060, 1020, 
865. - 'H NMR (CDCI?): 6 = 0.91 (t, 3H, CHZCH,), 1.18 (t, 3H, 
OCHZCH,), 1.24 (s, 3H, CH,), 1.75 (q, 2H, CH,CH;), 2.08 (s, 3H, CH,), 
4.09 (q, 2H, OCH,CH,). - MS, m/z ("/n): 172 [M+], 130, 127, 116, 115, 102, 
88, 87, 85, 73, 69, 57, 55, 45, 43. - C9HI6O3 (172.2): calcd. C 62.76, H 9.37; 
found C 62.72, H 9.36. 

(+)-Ethyl 2-Acetyl-2-meth~~lpentnnoate (4i): Oxidative cleavage of 1.15 g 
(3.09 mmol) of 3j with ozone according to the procedure described for 4e 
yielded, after purification of the crude product by flash chromatography, 
0.44 g (76%) of a colorless oil; [a:: = +2.1 (c = 1.46, CHCI,); ee = 31% 
[Eu(hfc), shift]. - IR (neat): F = 3440 cm-', 3420, 2960. 2940, 2875, 1735, 
1710, 1460, 1375, 1355, 1295, 1275, 1230, 1200, 1145, 1075, 1040, 970, 910, 
855. - 'H NMR (CDCI?): 6 = 0.86 (t. 3H, CH2CH,), 1.01-1.38 (m, 2H, 
CH,CH,), 1.18 (t, 3H, OCHzCH,), 1.26 (s, 3H, CH,), 1.68 (t, 2H, 
CH2CHzCH3). 2.12 (s, 3H, CHJ, 4.14 (q, 2H, OCHZCH,). - MS, mlz (Yn): 
186 (M+], 144, 141, 115, 99, 87, 85, 70, 69, 57, 45. - CIOH1803 (186.3): 
calcd. C 64.49, H 9.74; found C 64.56, H 9.70. 

(S ,  R )  - ( -) - I  - {[2-  ( Mrthoxycarhonyl j  -2-  (phenyl thio)  hu ty l iden l -  
nmino~-2-(metho.xymethyl)pyrrolid~ne (1 la):  To 9 nimol of nBuLi in 21 ml 
of THF was added at -78°C 1.75 g (6 mmol) of (S,s)-2-(methoxymethyl)- 
l-{[2-(phenylthio)butyliden]amino}pyrrolidine['~ (10a). After warming to 
room temp. overnight the reaction mixture was cooled to - 1 1  O T ,  and 0.96 
g (10.2 mmol) of methyl chloroformate was added with stirring. The reaction 
mixture was stirred for another 30 min at this temp. and then allowed to 
warm slowly to room temp. overnight. The solution was diluted with diethyl 
ether and washed with pH 7 buffer, then water. After drying with MgS04 
and concentration of the solution in vacuo the crude product was purified 
by flash chromatography (SOz, diethyl etherlpetroleum ether, 1 :2) yielding 

1.91 g (91%) of a yellow oil; [a]:: = -22.9 (c = 1.13, C6H6); de = 90% (I3C- 
NMR). - IR (neat): F = 3060 cm-', 3020-2800, 1725 (C=O), 1580 (CN), 
1470, 1460-1440, 1370, 1340, 1320, 1295, 1230, 1110, 1025, 1015, 775, 750, 
710, 690. - 'H  NMR (CDC1,): 6 = 0.97 (t, J =  7.4 Hz. 3H, CHZCH,), 
1.74-1.96(m, 4H, CHZPyr), 2.03 (d /q , J=  13.8/7.1 Hz, IH, CH2CH3),2.25 
(d/q, J =  13.W7.4 Hz, IH,  CH2CH,), 2.80 (m, l H ,  NCH,), 3.15-3.50 (m. 

(s, 1 H, CHN), 7.24-7.45 (m. 5H, C,H,). - '?C NMR (CDCI,): 6 = 9.9 
4H, OCH2, NCHZ, NCH), 3.33 (s, 3H, OCH,), 3.69 (s, 3H, COZCH,), 6.49 

(CH,), 22.1 (NCHlCH,), 26.9 (CH,CH), 27.8 (CHzCH,), 48.9 (CHZN), 52.2 
(COzCH,), 59.1 (OCH;), 62.5 (C), 62.8 (CH), 74.5 (CHlO), 128.4, 129.1, 
130.7 (CHarom), 131.1 (C,,,,,), 137.2 (CHN), 172.0 (CO,). - MS, mlz (Yn): 
350 (3) [M'], 241 (100) [M+ - SPh], 218 (41), 185 (45), 183 (46), 110 (44), 

(350.5): calcd. C 61.69, H 7.48, N 7.99; found C 61.46, H 7.77, N 8.02. 

(R.S) -( + ) - I  - ([2-( Methoxycarbonylj-2-(phenylthio)butyliden]amino)-2- 
(methoxynzerhy1)pyrrolidine (Ita): 1.17 g (4.0 mmol) of hydrazone (R,R)- 
10a[7] was transformed by treatment with 6 mmol of nBuLi and 0.64 g (6.8 
mmol) of methyl chloroformate into 0.96 g (69%) of a yellow oil by the 
procedure described for (S,R)-lla; [a]:: = +23.3 (c = 1 .00, C6H,); de = 92% 
(',C NMR). The spectroscopic data were in agreement with those described 
for (S ,  R)-1 1 a. 

(S ,  RI-( - ) - I  - ~[2-(Methoxycurhonyl)-2-(phenylthio)pentyliden]amino)-2- 
(methoxymethy1)pyrrolidine ( l l b ) :  0.92 g (3 mmol) of (S,S)-2-(methoxymeth- 
y1)-I- ([2-(phenylthi0)pentyliden]amino)pyrrolidine[~~ (lob) was transformed 
by treatment with 4.5 mmol of LDA and 0.48 g (5.1 mmol) of methyl chloro- 
formate into 1.00 g (91'K) of a yellow oil by the procedure described for 
(S,R)-lla; a 3  = -27.1 (neat), de = 92% (13C NMR). - IR (neat): F = 3060 
em-', 3000-2800, 1725 (C=O),  1580 (CN), 1435, 1340, 1320, 1295, 1215, 

3H, CH2CH3), 3.24-2.56 (m, 2H, CH,CH,), 1.72-1.98 (m, 5H, CHZpyn 
CH2CH2CH,), 2.09-2.20 (m, 1 H, CH2CH2CH3), 2.79 (m, 1 H, NCH2), 
3.14-3.46 (m, 4H, OCH2, NCH,, NCH), 3.34 (s, 3H, OCH,), 3.69 (s, 3H, 
CO,CH,), 6.49 (s, IH,  CHN), 7.25-7.46 (m. 5H, C,H,). - I3C NMR 

109 (47), 105 (31), 77 (27), 70 (74), 55 (35), 43 (37), 41 (60). - C ~ ~ H Z ~ N Z O $  

115, 1020, 970, 750, 705, 690. - 'H NMR (CDC13): 6 = 0.90 (t, J = 7.4 Hz, 

(CDCI?): S = 14.4 (CH,), 11.7 (CH,), 22. I (NCHzCHZ), 26.9 (CHzCH), 37.0 
(CH,), 48.9 (CHZN), 52.2 (CO2CH,), 59.1 (OCH,), 61.8 (C), 62.8 (CH), 74.5 
(CH20), 128.4, 129.1, 131.1 (CHar,,,), 131.2 (CHN), 137.2 (C,,,), 172.1 
(COz). - MS, mlz ("10): 364 (1) (Mf], 255 (100) [M+ - SPh], I14 (24), 70 
(79). - C19H28N203S (364.5): calcd. C 62.61, H 7.74, N 7.69; found C 62.39, 
H 7.89, N 1.57. 

(S ,  R )  - ( - ) -1- {(2- ( Methoxycurbony1) -2- (phenylthio)he.uyfiden]amino)-2- 
(methoxymethy1)pyrrolidine (1 Ic): 7.68 g (24 mmol) of (S,S)-2-(methoxy- 
methyl)-l-{[2-(phenyIthio)hexyliden]amino}pyrrolidine~'~ (1Oc) was trans- 
formed by treatment with 36 mmol of nBuLi and 3.63 g (38.4 mmol) of 
methyl chloroformate into 8.20 g (90%) of a yellow oil by the procedure 
described for (S,R)-lla; a8 = -25.3 (neat); de = 92% (I3C NMR). - IR 
(neat): F = 3060 cm-I, 3000-2800, 1725 (C=O), 1580 (CN), 1460, 1435, 

(CDCI,): S =  0.89 (t, J =  7.4 Hz, 3H, CH2CH,), 1.23-1.45 [m, 4H, 
(CH2),CH3], 1.72-2.01 [m, 5H, CHzPYD CH2(CH2)2CH3], 2.15 [m, I H ,  
CH2(CH2)2CH3], 2.78 (m, l H ,  NCH,), 3.24-3.50 (m, 4H, OCH2, NCH2, 

7.24-7.46 (m, 5H, C6H,). - 13C NMR (CDC13): 6 = 13.9 (CH,), 22.1 

1340, 1305, 1260, 1240, 1205, 1120, 1025, 970, 750, 705, 690. - 'H NMR 

NCH), 3.33 (s, 3H, OCH,), 3.69 (s, 3H, C02CH,), 6.48 (s, 1 H, CHN), 

(NCHZCHl), 23.0 (CH,), 26.9 (CH,CH), 27.5 (CH,), 34.5 (CH,), 48.9 
(CHIN), 52.2 (CO,CH,), 59.1 (OCH,), 61.8 (C), 62.8 (CH), 74.5 (CHZO), 
128.4, 129.1, 131.1 (CHar,,,), 131.2 (C,,,,), 137.2 (CHN), 172.1 (CO,). - 
MS, mlz (Yo): 378 (1) [M+], 269 (100) [M+ - SPh], 114 (21), 70 (62). - 
C20H30N20,S (378.5): calcd. C 63.46, H 7.99, N 7.40; found C 63.02, H 
7.98, N 7.96. 

(R,S/ - (- ) -I - {[2- (Methoxycarhonylj -2- ( phenylthio) he.w).liden]anzino)-2- 
jmrthox~~methyl)pyrrolidine ( l l c ) :  6.00 g (18.75 mmol) of ( R , R ) - l 0 ~ [ ~ 1  was 
transformed by treatment with 28.1 mmol of nBuLi and 2.84 g (30 mmol) 
of methyl chloroformate into 5.17 g (73%) of a yellow oil by the procedure 
described for (S,R)-lla; [a]g = +9.9, (c = 0.87, C6H6); de = 92% (I3c 
NMR). The spectroscopic data were in agreement with those described for 
(S,R)-lle.  

(S ,  R j  - ( - ) -1 - {[2- (Methoxycarhonyl) -2- (phenylthio) octyIiden]nniinol-2- 
(methoxymethy1)pyrrolidine ( l l d ) :  4.70 g (13.5 mmol) of (S,S)-2-(methoxy- 
methyl)-l-([2-(phenylthio)0ctyliden]amino~pyrrolidine[~] (10d) was trans- 
formed by treatment with 20.3 mmol of nBuLi and 2.04 g (21.6 mmol) of 
methyl chloroformate into 4.66 g (85%) of a yellow oil by the procedure 
described for (S,R)-lla; [a]g = -11.7 (c = 1.06, C6H6); de = 92'Yo (',C 
NMR). - IR (neat): 5 = 3060 cm-I, 3000-2800, 1730 (C=O), 1580 (CN), 

0.87 (t, J =  7.4 Hz, 3H, CH,CH,), 1.24-1.44 [m, 8H, (CH2)4CH3], 
1.74-2.01 [in, 5H, CH,,, CH,(CH,),CH,], 2.17 [m, 1 H, CH2(CH2)4CH3], 
2.78 (m, IH, NCH,), 3.12-3.48 (m. 4H.0CHZ, NCH,, NCH), 3.33 (s, 3H, 
OCH,), 3.69 (s, 3H, C02CH3), 6.48 (s, IH,  CHN), 7.24-7.54 (m, 5H, 

1445, 1320, 1295, 1240, 1190, 1130, 750, 705,690. - 'H NMR (CDCI,): 6 = 
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C,H,). - I3C NMR (CDCI,): 6 = 14.0 (CH,), 22.1 (NCHZCHZ), 22.5 (CH,), 
25.2 (CH,), 26.9 (CH,CH), 29.5 (CH2). 31.6 (CH,), 34.8 (CH,), 48.9 

128.4, 129.1, 131.1 (CHarOm), 131.2 (C,,,), 137.2 (CHN), 172.1 (COz). - 
(CH,N), 52.2 (CO,CH,), 59.1 (OCH,), 61.8 (C), 62.8 (CH), 74.5 (CH,O), 

MS, mlz ("/a): 406 (1) [M'], 297 (100) [M+ - SPh], 114 (19), 70 (52). - 
C2ZH,4NZ03S (406.6): calcd. C 64.99, H 8.43, N 6.89; found C 64.70, H 
8.47, N 6.83. 

(S,  R) -( - ) - I  - {[2-( Methoxycarbonyl)-2- (phe~yfthiu)decylidenirit.n/rrtllir?o 1-2- 
(mefho..rymethyf)pyrrolidinr ( l l e ) :  1.13 g (3.0 mmol) of (S,S)-2-(methoxy- 
methyl)-l-{[2-(phenylthio)de~yliden]amino)pyrrolidine~~~ (10e) was trans- 
formed by treatment with 4.5 mmol of nBuLi and 0.48 g (5.1 mmol) of 
methyl chloroformate into 1.00 g (77%) of a yellow oil by the procedure 
described for (S,R)-lla; a:' = - 19.2 (neat); de = 92% (',C NMR). - IR 
(neat): 3 = 3060 cm-l, 3000-2800, 1725 (C=O), 1580 (CN), 1460, 1435, 
1340, 1300, 1225, 1195, 1120, 1065, 1020, 750, 705, 690. - 'H NMR 
(CDCl,): 6 = 0.87 (br t, 3H, CH,CH,), 1.20-1.52 [m, 12H, (CH,),CH,], 
1.74-1.99 [m, 5H, CHZpyn CH2(CH2)&H3], 2.16 [m, 1 H, CH2(CH2),CH3], 
2.78 (m, IH, NCH,), 3.12-3.48 (m, 4H, OCH,, NCH,, NCH), 3.33 (s, 3H, 
OCH,), 3.69 (s, 3H, C02CH,), 6.48 (s, IH, CHN), 7.24-7.54 (m. SH, 
C6Hs). - I3C NMR (CDCI,): F = 14.1 (CH,), 22.0 (NCHZCH,), 22.7 (CH,), 
25.2 (CH,), 26.8 (CHZCH), 29.2 (CH,). 29.3 (CH,), 29.9 (CHZ), 31.9 (CH,), 
34.7 (CH,), 48.9 (CHZN), 52.2 (CO,CH3), 59.1 (OCH,), 61.8 (C), 62.8 (CH), 
74.5 (CH,O), 128.4, 129.1, 131.1 (CHarom), 31.1 (C,,,,), 137.2 (CHN), 172.1 
(CO,). - MS, PI/-.  ("A): 434 (1) [M+], 325 (100) [Mf - SPh], 114 (29, 70 
(58). - C24H38N2O3S (434.6): calcd. C 66.32, H 8.81, N 6.45; found C 66.48, 
H 8.78, N 6.81. 

(S,R)-( - / - I -  {[2- (Methoxycurhonylj -2-(phenylthiojdodecy1idenjamino)- 
Z-(mrtho~ymethyl)pyrrolidine~~~ (100 was transformed by treatment with 4.5 
mmol of LDA and 0.48 g (5.1 mmol) of methyl chloroformate into 1.30 g 
(94%) of a yellow oil by the procedure described for (S,R)-lla; a:: = -14.4 
(neat); de = 91% (I3C NMR). - IR (neat): 3 = 3060 cm-', 3000-2800, 
1730 (C=O), 1580 (CN), 1460, 1445, 1435, 1340, 1315, 1295, 1230, 1195, 
1125, 1020, 970, 750, 705, 690. - 'H NMR (CDCI,): 6 = 0.88 (br t, 3H, 
CH,CH,), 1.22-1.31 [m, 16H, (CH,)&H,], 1.74-2.00 [m, SH, CHZPYa 
CH2(CH2)8CH3], 2.16 [m, 1 H, CH2(CH2)&H3], 2.79 (m. 1 H. NCH,), 
3.12-3.48 (m, 4H, OCH,, NCH,, NCH), 3.34 (s, 3H, OCH,), 3.69 (s, 3H, 
CO,CH,), 6.48 (s, I H, CHN), 7.25-7.55 (ni, SH,  C,jHs). - I3C NMR 
(CDC13): 6 = 14.1 (CHJ, 22.1 (NCH,CH,), 22.7 (CH,), 25.3 (CH,), 26.9 
(CHzCH), 29.4 (CH,), 29.60 (CH,), 29.63 (CH,), 29.9 (CHZ), 32.0 (CH,), 
34.8 (CH,), 49.0 (CHZN), 52.2 (COZCH,), 59.2 (OCH,), 61.9 (C), 62.8 (CH), 
74.5 (CHZO), 128.4, 129.1, 131.2 (CHarom), 131.3 (C,,,,), 137.2 (CHN), 
172.2 (CO,). - MS, mlz (%): 462 (<1) [M'], 353 (100) [M+ - SPh], 114 
(24), 70 (68), 41 (21). - CZhH4,N203S (462.7): calcd. C 67.49, H 9.15, N 
6.05; found C 67.32, H 9.20, N 6.63. 

(S, R) - ( - ) -1 - {(Z- (Methoxj~curhonyl) -2- (phmnylthioj tridecyliden]umino}- 
2-(methoxymethyljpyrroliciine ( l l g ) :  1.25 g (3.0 mmol) of (S,S)-2-(meth- 
oxymethyl)-l-([2-(phenylthio)tridecyliden]amino}pyrrolidine~7~ (log) was 
transformed by treatment with 4.5 mmol of nBuLi and 0.48 g (5.1 mmol) of 
methyl chloroformate into 1.30 g (91%) of a yellow oil by the procedure 
described for (S,R)-lla; a g  = -14.5 (neat); de = 93% (I3C NMR). - IR 
(neat): 3 = 3060 cm-', 3000-2800, 1725 (C=O), 1580 (CN), 1460, 1440, 
1360, 1240, 1195, 1120, 1025, 910, 750, 730, 705, 690. - 'H NMR (CDC1,): 
6 = 0.88 (br t, 3H, CH,CH,), 1.16-1.52 [m, 18H, (CH,),CH,], 1.74-2.01 
[m, SH, CHzPYD CH,(CH2)&H3], 2.17 [m, 1 H, CH,(CH2),CH3], 2.78 (m, 
IH, NCH,), 3.12-3.50 (m, 4H, OCH2, NCH,, NCH), 3.33 (s, 3H, OCH,), 
3.68 (s, 3H, COzCH,), 6.48 (s, IH, CHN), 7.24-7.54 (m, 5H, C,H,). - "C 
NMR (CDCI,): 6 = 14.1 (CH,), 22.1 (NCH,CH,), 22.7 (CH,), 25.3 (CH,), 
26.9 (CHZCH), 29.4 (CH,), 29.6 (CH,), 29.7 (CH,), 29.9 (CH,), 32.0 (CH,), 
34.8 (CH,), 48.9 (CH,N), 52.2 (COICH,), 59.1 (OCH,), 61.8 (C), 62.8 (CH), 
74.5 (CH,O), 128.4, 129.0, 131.1 (CHa,om), 131.3 (C,,,), 137.2 (CHN), 
172.1 (CO,). - MS, M/Z ("/U): 476 (2) [M+], 415 (22), 367 (100) [M+ - SPh], 
269 (33), 168 (28), 114 (32), 110 (57), 109 (30), 77 (20), 70 (93), 55 (52), 43 
(44), 41 (73). - C27H44NZ03S (476.7): calcd. C 68.03, H 9.39, N 5.88; found 
C 67.89, H 9.41, N 6.24. 

(S, R) - (- j -1 - {[2- (Methoxycurhonylj -2- (phenylthio) -3- (3,4,5-trimethoxy- 
phenyljpropyliden]amino)-2-(metho.uym~thyl)pyrrolidine ( l lh) :  2.66 g (6.0 
mmol) of (S,S)-2-(methoxymethyl)~I-~[2-(phenylthio)-3-(3,4,5-trimethoxy- 
phenyl)propyliden]amin~)pyrrolidine[~~] (10h) dissolved in 2 ml of THF was 
transformed by treatment with 9 mmol of nBuLi and 0.96 g (10.2 mmol) of 
methyl chloroformate into 1.80 g (60%) of a yellow oil by the procedure 
described for (S,R)-lla; [a]g = -26.3 (c = 1.14, C6H,); de = 93% (I3C 
NMR). - IR (neat): 3 = 3040 cm-l, 2920, 2860, 2815, 1720 (C=O), 1580 
(CN), 1495, 1450, 1320, 1230, 1190, 1105, 1040, 1000, 965, 900, 830, 770, 
740, 720, 685. - 'H NMR (CDCI,): 6 = 1.73-2.00 (m, 4H, CHZpyr), 2.79 
(m, lH ,  NCH,), 3.10-3.52 (m. 4H,  OCHz, NCH,, NCH), 3.35 (s, 3H, 

6.43-6.52 (m, 3H,  CHN, C,H,), 7.26-7.52 (m, 5H, C,H,). - 13C NMR 
CH,OCH,), 3.66 (s, 3H, COZCH,), 3.76 (s, 6H, OCHA), 3.79 (s, 3H, OCH,), 

(CDCl,): 6 = 22.1 (NCHlCH,), 27.2 (CH,CH), 41.6 (CH,), 49.0 (CHZN), 

52.2 (C02CH3), 55.9 (OCH,), 59.2 (OCH?), 60.8 (OCH,), 61.9 (C), 62.7 
(CH), 74.6 (CHZO), 108.0, 128.4, 129.0, 131.1 (CHarom), 131.3 (C,,,), 132.7 
(C,,,), 136.6 (C,,<,,), 137.4 (CHN), 152.4 (C,,,), 171.5 (CO,). - MS, mlz 
("h): 457 (1) [Mf - CH20CH31, 394 (23) [M+ - CO,CH,], 393 (100) [M+ 
- SPh], 361 (38), 278 (25), 181 (34) [(H,CO)&,H2CH:], 129 (20), 114 (13) 
[NC6H120+], 70 (37) [NC4H;]. - C26H34NZ06S (502.6): calcd. C 62.13, H 
6.82, N 5.57; found C 61.05, H 6.90, N 5.86. 

(S, R) -( - ) -I - ~[2-(Metho.uycurbonylj-2-jmethylthio)hutyliden]u1~~in~ 1-2- 
(tnethoxymefhy1)pyrrolidirze (Il i):  0.345 g (1 .S mmol) of (S,R)-2-(methoxy- 
methyl)-l-~[2-(methylthio)butyliden]amino)pyrrolidine~~2~ (1Oi) was trans- 
formed by treatment with 2.25 mmol of MeLi and 0.24 g (2.55 mmol) of 
methyl chloroformate into 0.353 g (82%) of a yellow oil by the procedure 
described for (S,R)-lla; a:: = -85.0 (neat); de = 88% (13C NMR). - 1R 
(neat): B = 3020-2800 cm-', 1740, 1585, 1465, 1440, 1350, 1240. 1120, 1025. 

(m, 6H, CH,,, CH,CH3), 2.05 (s. 3H, SCH,). 2.85 (m, lH,  NCH,), 
3.30-3.60 (m, 4H, OCH,, NCH,, NCH), 3.35 (s, 3H, OCH,), 3.76 (s, 3H, 

- 'H NMR (CDCI,): 6 = 0.95 (t, J =  7.3 Hz, 3H,  CHZCH,), 1.75-2.25 

CO>CH,), 6.55 (s, 1 H, CHN). - 13C NMR (CDC1-I): 6 = 9.5 (CH,), 12.3 
(SCH,), 22.1 (NCHzCH,), 26.6 (CHZCH), 27.1 (CH,), 49.2 (CH2N). 52.4 
(CO,CH,), 58.6 (C), 59.2 (OCHj), 63.1 (CH), 7.74 (CHlO), 131.8 (CHN), 
172.2 (CO,). - MS, m/z ("h): 288 (4) [M+], 243 (33), 241 (79), 195 (27), 114 
(21), 87 (32), 70 (100). - C13H24N203S (288.4): calcd. C 54.21, H 8.39, N 
9.73; found C 54.04, H 8.50, N 9.85. 

(S,  S j -  I - )  - I  -( {[2- (Methoxycurhonyljmethyl]-2-(methylthio j hutyliden )- 
umino)-2-(methoxymethylipyvrolidine (llj): 0.345 g (1.5 mmol) of 10il'21 was 
transformed by treatment with 2.25 mmol of MeLi and 0.36 g (2.55 mmol) 
of methyl bromoacetate into 0.1 19 g (26%) of a yellow oil by the procedure 
described for (S,R)-lla; [a18 = -79.3 (c = 1.13, C6H6); de = 91% ( I T  
NMR). - IR (neat): 3 = 3020-2800 cm-', 1745, 1595, 1450, 1350, 1300, 
1250, 1100, 1025, 950. - 'H NMR (CDCI,): 6 = 1.00 (t, J =  7.4 Hz, 3H, 
Ch,CH,), 1.75-2.05 (m, 6H, CHZpy,, CH,CH,). 1.95 (s, 3H,  SCH2), 2.77 
(m, 3H, CHzCOz, NCH,), 3.30-3.60 (m, 4H, OCH,, NCH2, NCH), 3.37 
(s, 3H, OCH,), 3.68 (s, 3H, COZCH,), 6.43 (s, IH, CHN). - 13C NMR 
(CDCI,): 6 = 8.7 (CH,), 11.0 (SCH,), 21.9 (NCHZCH,), 26.5 (CH,CH), 28.5 
(CH,), 37.4 (CH,CO,), 49.7 (CH,N), 51.3 (CO,CH,), 51.9 (C), 59.2 (OCH,), 
63.7 (CH), 74.4 (CHZO), 138.2 (CHN), 171.3 (CO,). - MS, 4: ("/a): 302 ( I )  
[M'],  255 (38) [M' - SCHj], 209 (loo), 108 (2% 70 (52). - C,4H,6N,O,S 
(302.4): ca1cd.C 55.59, H 8.67, N 9.26; found C 55.36, H 8.54, N 9.16. 

(S, S)-( - ) - I  4 {[2- (Metha.rycurbonyl)merh~.ij-2- ( p h e n ~ ~ I ~ ~ i ~ [ ~ )  hutpliden 1- 
umino)-2-(niethoxytnerizyt)pyrrulidiPle ( I lk) :  0.88 g (3.0 mmol) of (S,s)-10a171 
was transformed by treatment with 4.5 mmol of MeLi and 0.78 g (5.1 mmol) 
of methyl bromoacetate into 0.82 g (75%) of a yellow oil by the procedure 
described for (S,R)-lla; [a13 = -31.1 (c = 0.97, ChHh); de = 83% ( I T  

NMR). - 1R (neat): 0 = 3075 cni-', 3060, 2960-2830, 1740 (CO), 1585, 

(CDCI,): 6 = 1.06 (t. J = 7.4 Hz. 3H, CH,CH,), 1.64-2.12 (m. 6H,  CHZpy,. 
CH,CH,), 2.64 (m, 1 H, NCH,), 2.78 (m, 3H, CH,C02), 2.94-3.04 (m, 1 H. 
NCH,), 3.20-3.28 (rn, 3H, OCH,, NCH), 3.28 (s, 3H, OCH,), 3.67 (s, 3H, 
COZCH,), 6.43 (s, 1 H, CHN), 7.22-7.47 (m, SH, C,H,). - "C NMR 

1475, 1460, 1440, 1340, 1290, 1200, 1175, 1125, 750, 695. - 'H NMR 

(CDC1,): 6 = 9.0 (CH,), 22.1 (NCH,CHJ, 26.6 (CHZCH), 29.2 (CHZ), 38.5 
(CH,COz), 49.2 (CHzN), 51.2 (CO,CH,), 56.8 (C), 59.1 (OCH,), 63.1 (CH), 
74.4 (CHzO), 128.3, 128.8, 137.2 (CHa,om), 131.3 (C,,,), 137.7 (CHN), 
171.3 (CO,). - MS, WI/Z ("0): 333 (2) [M+ - OCH,], 255 (100) [M+ - SPh], 
223 (26), 209 (SO), 114 (22) INChH,20+1, 110 (46), 109 (15) [SC,H:l, 70 (45) 
[NC4Hd]. - C19H2sN203S 1364S):cal& C 62.60, H 7.74, N 7.69;-found C 
62.67, H 7.72, N 7.60. 

(S ,S j  -( - ) - I  -( {[2-( Methoxycurhonyljmethyl]-2- (phenylthio) octylidenl- 
umino)-2-(mrthoxymethyl/pyrrolidine (111): 1.03 g (3.0 mmol) of (S,S)-10d171 
was transformed by treatment with 4.5 mmol of MeLi and 0.73 g (4.8 mmol) 
of methyl bromoacetate into 0.80 g (64%) of a yellow oil by the procedure 
described for (S,R)-lla; [a]:: = -15.9 (c = 1.06, C,H,); de = 87% (I3C 
NMR). - IR (neat): 3 = 3060 cm-', 2950-2850, 1740 (CO), 1590, 1455, 

NMR (CDCI,): 6 = 0.88 (t, J = 6.8 Hz, 3H, CH,CH,), 1.27-2.08 [m, 14H, 
CH,,,, (CH,),], 2.58-2.67 (m, lH,  NCH,). 2.77 (d, J =  1.7 Hz, 3H, 
CH,C02), 2.90-3.01 (m, IH, NCHZ), 3.20-3.37 (m, 3H, OCH,, NCH), 

(m, 5H, C,H,). - I3C NMR (CDCI,): 6 = 14.1 (CH,), 22.1 (NCH,CH,), 
22.7 (CH,), 24.4 (CH,), 26.5 (CH,CH), 29.7 (CH,), 31.7 (CH2), 36.5 (CH,), 

(CH), 74.4 (CH,O), 128.2, 128.8, 137.3 (CHaro,), 131.4 (C,,,), 137.7 
(CHN), 171.3 (CO,). - MS, ndz ( O h ) :  389 (1) [M' - OCH,], 31 1 (100) [M' 
- SPh], 265 (52), 114 (15) [NCbHI,O+], 110 (52), I09 (15) [SC,H{], 70 (39) 
[NC4H$]. - C23H36NZ03S (420.6): calcd. C 65.58, H 8.63. N 6.66; found C 
65.85, H 8.64, N 6.56. 

( R j - (  +)-Metliyl 2-Form~l-Z-ipheny~thio)hutunoate (12a): 0.70 g (2.0 
mmol) of (S,R)-lla was cleaved with 18 ml of 5 N HC1 (18.5 h) by the 

1435, 1340, 1300, 1280, 1200, 1170, 1120, 1020, 970, 910, 750, 730. - 'H  

3.27 (s, 3H, OCH,), 3.66 (s ,  3H, COICH,), 6.42 (s, I H, CHN), 7.21-7.45 

38.9 (CH,CO,), 49.1 (CHzN), 51.1 (CO2CH3), 56.4 (C), 59.1 (OCH,), 63.1 
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procedure described for 4c. The combined ethereal extracts were washed 
with pH 7 buffer and water. After drying with MgS04, the organic phase 
was concentrated in vacuo and the crude product purified by flash chroma- 
tography (SO,, diethyl etherlpetroleum ether, 2:3) yielding 0.43 g (90%) of 
a colorless oil; [a]:: = +155.6 ( c  = 1.04, C6H6); ee = 90% (',C-NMR analy- 
sis of the starting material). - IR (neat): 0 = 3420 cm-', 3060, 2970, 2950, 
2880,2850, 1720 (CO), 1585, 1575, 1470, 1440, 1385, 1330, 1300, 1240, 1130, 
1095, 1070, 1025, 800, 750, 705, 690. - 'H NMR (CDCI,): 6 = 0.96 (t. J = 
7.4 Hz, 3H, CH,), 1.96 (m, 2H, CH,), 3.73 (s, 3H, OCH,), 7.26-7.47 (m, 
5H, C~HS), 9.60 (s, 1 H, CHO). - ',C NMR (CDCI,): F = 9.4 (CH,), 24.7 
(CH,), 52.8 (OCH,), 66.5 (C), 128.1 (C,,,), 129.1, 130.2, 137.3 (CHarom), 
168.8 (COz), 190.7 (CHO). - MS, mlz (%): 238 (24) [M+], 210 (45), 178 
(58), 151 (33), 149 (82), 109 (100) [SPh+], 105 (94), 77 (29), 73 (48), 69 (34), 
65 (61). - CI2Hl4O3S (238.3): calcd. C 60.48, H 5.92; found C 60.78, H 5.92. 
(S)-(-)-Methyl 2-Formyl-2-(phenylthio)butanoate (12a): 0.35 g (1.0 

mmol) of (R,S)-lla was cleaved with 9 ml of 5 N HC1 (18.5 h) by the pro- 
cedure described for (R)-lta yielding 0.23 g (95%) of a colorless oil; [a]:: = 
-161.7 (c = 1.03, C6H6); ee = 92% (l3C-NMR analysis of the starting 
material). The spectroscopic data were in agreement with those described for 
(R)-12a. 
(R)-(+)-Methyl 2-Formyl-2-(phenylthio)pentanoate (1Zb): 0.47 g (1.3 

mmol) of (S,R)-1 Ib was cleaved with 12 ml of 5 N HCI (18 h) by the pro- 
cedure described for (R)-12a yielding 0.25 g (80%) of a colorless oil; [a]g = 
f127.8 (c = 0.98, C6H6); ee = 92% (I3C-NMR analysis of the starting 
material). - IR (neat): F = 3410 cm-', 3060, 2960, 2920, 2860, 1745, 1720, 
1580, 1460, 1435, 1380, 1295, 1260, 1230, 1130, 1070, 1020, 910, 750, 735, 
705, 690. - 'H NMR (CDCI,): 6 = 0.91 (t, J = 7.4 Hz, 3H, CH3), 
1.24-1.44 (m, 2H, CH,), 1.77-1.97 (m, 2H, CH,), 3.71 (s, 3H, OCH,), 
7.21-7.50 (m, 5H, C&5), 9.59 (d, J =  0.7 Hz, lH ,  CHO). - NMR 
(CDC1-J: 6 = 14.2 (CH,), 18.3 (CH,), 33.2 (CHz), 52.7 (OCH,), 66.8 (C), 
128.1 (C,,,), 129.1, 130.2, 137.2 (CHaro,,J, 168.9 (COz), 190.7 (CHO). - 

113 (41), 110 (50), 109 (95) [SPh+], 105 (99), 65 (46). - C ~ ~ H I ~ O ~ S  (252.3): 
MS, m/z ("'0): 252 (91) [M+], 224 (93), 223 (42), 192 (IOO), 163 (87), 135 (52), 

calcd. C 61.88, H 6.39; found C 61.90, H 6.52. 

(R)-( +)-Methyl 2-Formyl-2-(phenylthio)he.xanoate (12c): 6.80 g (18 
mmol) of (S,R)-llc was cleaved with 162 ml of 5 N HCI (18 h) by the 
procedure described for (R)-12a yielding 3.98 g (83%) of a colorless oil; 
[a]:: = +162.7 (c = 1.10, C6H6); ee = 92% ("F- and 'H-NMR analysis of 
the MTPA ester18j of the corresponding alcohol). - IR (neat): F = 3060 
cm-', 2950, 2930, 2860, 2740, 1725, 1470, 1440, 1305, 1270, 1240, 1210, 
1130, 1030, 750, 695. - 'H NMR (CDCI,): 6 = 0.88 (t, J =  6.7 Hz, 3H, 
CH,), 1.23-1.42 (m, 4H, CHZ), 1.80-2.07 (m, 2H, CH,), 3.71 (s, 3H, 
OCH,), 7.28-7.49 (m, 5H, C,H5), 9.59 (s, lH ,  CHO). - I3C NMR 

65.8 (C), 128.1 (C,,,), 129.1, 130.2, 137.2 (CHaro,,,), 168.9 (CO,), 190.8 
(CHO). - MS, m/z (%): 267 (13) [M+ + 11, 266 (74) [M+], 238 (IOO), 206 
(85), 177 (68) 135 (55). I10 (66), 109 (65) [SPh+], 105 (45), 55 (25), 41 (52). 
- CI4Hl803S (266.3): calcd. C 63.13, H 6.81; found C 63.08, H 6.85. 

(S)-(-)-Methyl 2-Formyl-2-(phenylthio)hexanoate (12c): 4.76 g (12.6 
mmol) of (R,S)-llc was cleaved with 63 ml of 5 N HC1 (18 h) by the pro- 
cedure described for (R)-12a yielding 2.51 g (75%) of a colorless oil; [a# = 
-158.5 (c = 1.05, C6H6); ee = 92% (I3C-NMR analysis of the starting 
material). The spectroscopic data were in agreement with those described for 

(R)-( +)-Methyl 2-Formyl-2-(phenylthio)octanoate (12d): 0.44 g (1.1 
mmol) of (S,R)-lld was cleaved with 9 ml of 5 N HC1 (16.5 h) by the pro- 
cedure described for (R)-12a yielding 0.30 g (95%) of a colorless oil; [a]:: = 

+136.1 (c = 0.98, C6H6); ee = 92% (I3C-NMR analysis of the starting 
material). - IR (neat): C = 3420 cm-', 3060, 2950, 2920, 2860, 1745, 1720, 
1580, 1440, 1380, 1240, 1195, 1130, 1095, 1070, 1045, 1025, 1000, 920, 750, 
690. - 'H NMR (CDCI,): 6 = 0.86 (t, J =  6.7 Hz, 3H, CH,), 1.25 (m, 8H, 
CH,), 1.89 (m, 2H, CH2), 3.72 (s, 3H, OCH,), 7.25-7.48 (m, 5H, C6H5), 

(CDCI?): 6 = 13.8 (CH,), 22.9 (CH,), 26.9 (CH,), 30.9.(CHZ), 52.7 (OCH3), 

(R)-12~. 

9.59 (s, 1 H, CHO). - "C NMR (CDCI,): 6 = 14.0 (CH,), 22.5 (CH,), 24.8 
(CH,), 29.4 (CH,), 31.2 (CH,), 31.4 (CHZ), 52.7 (OCH?), 65.8 (C), 128.1 
(C,,,,), 129.1, 130.2, 137.2 (CHar0,,,), 169.0 (CO,), 190.8 (CHO). - MS, 
m/z ("A): 294 (63) [M'], 267 (83), 235 (64), 206 (42), 135 (40), 123 (44), 109 
(63) [SPh+], 105 (47), 95 (IOO),  55 (59), 41 (48). - CI6H2,O3S (294.4): calcd. 
C 65.28, H 7.53; found C 65.51, H 7.52. 

(RJ-( +)-Methyl 2-Formyl-2-(phenylthio)decunaate (12e): 0.69 g (1.6 
mmol) of (S,R)-lle was cleaved with 15 ml of 5 N HCI (15.5 h) by the 
procedure described for (R)-12a yielding 0.49 g (95%) of a colorless oil; 
[a]g = + 112.7 ( c  = 1.15, C&); ee = 92% (I3C-NMR analysis of the start- 
ing material). - IR (neat): F = 3420 cm-', 3060, 2950, 2920, 2850, 1720, 
1580, 1470, 1440, 1380, 1230, 1190, 1140, 1090, 1070, 1025, 910, 750, 735, 
690. - 'H NMR (CDCI,): 6 = 0.87 (t. J = 7.1 Hz, 3 H, CH,), 1.24 (m, 12H, 
CH,), 1.79-2.02 (m, 2H, CH,), 3.70 (s, 3H, OCH,), 7.26-7.53 (m, 5H, 
C&5), 9.59 (s, IH, CHO). - I3C NMR (CDCI,): F = 14.1 (CH,), 22.6 

(CH,), 24.8 (CH,), 29.1 (CH,), 29.2 (CH,), 29.7 (CH,), 31.2 (CH,), 31.8 
(CH,), 52.7 (OCH,), 65.8 (C), 128.1 (C,,,,), 129.1, 130.2, 137.2 (CHar,,,), 
168.9 (CO,), 190.8 (CHO). - MS, mlz (54): 322 (60) [M+], 294 (loo), 262 
(64), 235 (53), 164 (43), 135 (42), 123 (61), 110 (73), 109 (69) [SPh+], 105 

calcd. C 67.05, H 8.1 3; found C 67.02, H 8.27. 

(R)-(+)-Methyl 2-Formyl-2-(phenylthio)dodecanoate (120: 0.90 g (2.0 
mmol) of (S,R)-Ilf was cleaved with 18 ml of 5 N HCI (17 h) by the pro- 
cedure described for (R)-12a yielding 0.58 g (83%) of a colorless oil; [a]:: = 
+100.8 (c = 1.07, C6H6); ee = 91% (',C-NMR analysis of the starting 
material). - IR (neat): 0 = 3420 cm-', 3060, 2970, 2920, 2850, 1745, 1720, 
1580, 1460, 1440, 1380, 1240, 1190, 1140, 1090, 1070, 1025, 1000, 815, 750, 
705, 690. - 'H NMR (CDCI,): 6 = 0.88 (t. J = 6.7 Hz, 3H, CH,), 1.24 (m, 
16H, CH2), 1.89 (m, 2H, CH,), 3.72 (s, 3H, OCH,), 7.25-7.47 (m, 5H, 

(42), 91 (38), 81 (63), 69 (61), 67 (51), 55 (64), 41 (83). - C18H2603S (322.5): 

C,H,), 9.59 (s, 1 H, CHO). - "C NMR (CDC13): 6 = 14.1 (CH,), 22.7 
(CH,), 24.8 (CH,), 29.25 (CH,), 29.30 (CH,), 29.47 (CHZ), 29.54(CH2),29.7 
(CH,), 31.2 (CH,), 31.9 (CH,), 52.8 (OCH-J, 65.8 (C), 128.1 (C,,,), 129.1, 
130.2, 137.2 (CHarom), 169.0 (CO,), 190.8 (CHO). - MS, miz (%): 350 (45) 
[Mt], 322 (loo), 290 (60), 263 (39), 164 (38), 135 (30), 123 (32), 110 (62), 
109 (43) [SPh+], 105 (39), 95 (59), 83 (33), 81 (42), 69 (40), 67 (36), 55 (63), 
43 (67). - C20H3003S (350.5): calcd. C 68.53, H 8.63; found C 68.53, H 8.70. 

( R ) - (  +)-2-h.fethyl2-Formyl-2-(phenylthio)tridecanoate (12g): 0.88 g (1.9 
mmol) of (S,R)-llg was cleaved with 22 ml of 5 N HC1 (17 h) by the pro- 
cedure described for (R)-12a yielding 0.55 g (82Y0) of a colorless oil; [a]:: = 
+109.4 (c = 1.20, C6H6); ee = 93% ('IC-NMR analysis of the starting 
material). - IR (neat): F = 3420 cm-', 3060, 2950, 2920, 2850, 1745, 1720, 

NMR (CDCI,): 6 = 0.88 (t, J = 7.1 Hz, 3H, CH,), 1.24 (m, 18H, CH,), 
1.89 (m, 2H, CH,), 3.71 (s, 3H, OCH,), 7.26-7.54 (m, 5H, C6H5), 9.59 (s, 

1580, 1465, 1440, 1380, 1240, 1130, 1090, 1070, 1025, 750, 705, 690. - 'H 

IH, CHO). - "C NMR (CDCI,): 6 = 14.1 (CH,), 22.7 (CH,), 24.8 (CH,), 
29.25 (CH,), 29.34 (CH,), 29.5 (CH?), 29.6 (CH,), 31.2 (CH,), 31.9 (CH,), 
52.7 (OCH,), 65.8 (C), 128.1 (C,,,), 129.1, 130.2, 137.2 (CHarom), 169.0 
(CO,), 190.8 (CHO). - MS, rnlz (%): 364 (41) [M+], 336 (IOO), 304 (54), 277 
(36), 164 (35), 135 (29), 123 (34), 110 (57), 109 (41) [SPh+], 105 (36). 95 (42), 
83 (37), 69 (38), 67 (35), 57 (40), 55 (66), 43 (69), 41 (71). - CZIH3203S 
(364.5): calcd. C 69.19, H 8.85; found C 68.93, H 8.96. 

(R) -( +)-Methyl Z-Formyl-Z-(phenylthio)-3-(3,4,5-trimethoxyphenyl)pro- 
panoate (12h): 1.19 g (2.4 mmol) of ($R)-llh was cleaved with 20 ml of 5 N 
HCI (18 h) by the procedure described for (R)-12a yielding 0.57 g (62%) of 
a colorless solid; m.p. 92-93"C, [a]:: = +141.9 (c = 0.94, C6H6); ee = 93% 
(I3C-NMR analysis of the starting material). - IR (KBr): 0 = 3060 cm-', 
2960-2820, 1740, 1705, 1590, 1510, 1470, 1425, 1335, 1320, 1260, 1245, 
1235, 1130, 755, 695. - 'H NMR (CDC13): 6 = 3.24 (d, J = 13.5 Hz, 1 H, 

(Cff@)$&], 6.43 [S, 2H, (CH@)3C6H2], 7.29-7.54 (m, 5 H, C6H5), 9.64 
(s, I H, CHO). - I3C NMR (CDC13): 6 = 37.8 (CH,), 52.7 (C02CH3), 56.0 
(OCH,), 60.8 (OCH3), 65.8 (C), 107.5 (CH,,,,,COCH3), 127.8 (C,,,), 129.2, 

CH3, 3.25 (d, J =  13.8 Hz, IH, CH,), 3.61 (s, 3H, OCH,), 3.79 [s, 9H, 

130.5, 137.4 (CHaro,,,), 130.5 (C,,,CHOCH,), 152.8 (C,,,,OCH,), 168.5 
(CO,), 190.9 (CHO). - MS, m/z (%): 391 (3) [M+ + I], 390 (11) [M+], 181 

5.68; found C 61.49, H 5.65. 

(R)-(+)-Methyl 2-Formyl-2-(methylthio)hutanoate (1%): 0.285 g (0.99 
mmol) of (S,R)-lli was cleaved with 9 ml of 5 N HCI(10 h) by the procedure 
described for (Rj-1Za yielding 0.135 g (79%) of a colorless liquid; [a]:: = 
+109.9 (c  = 1.38, C6H6); ee = 88% (13C-NMR analysis of the starting 
material). - IR (KBr): C = 3000-2800 cm-', 1760-1700, 1465, 1440, 1385, 
1300, 1250, 1135, 1025, 810. - 'H NMR (neat): 6 = 0.97 (t, J = 7.4 Hz, 
3H, CH,), 1.85-2.20 (m, 2H, CH,), 1.95 (s, 3H, SCH,), 3.85 (s, 3H, 
OCH,), 9.32 (s, 1 H, CHO). - MS, mlz (%): 176 (6) [M+], 148 (70), 147 (46), 

(36), 45 (45). - C7HL2O3S (176.2): calcd. C 47.71, H 6.86; found C 47.71, 
H 6.63. 

(S)-(-)-Methyl 3-Formyl-3-(methylthio)pentanoate (1Zj): 0.070 g (0.37 
mmol) of (S,R)-llj was cleaved with of 5 m16 N HCI(10 h) by the procedure 
described for (R)-l2a yielding 0.035 g (80%) of a colorless liquid; [a]g = 
-20.9 (c  = 0.23, C6H6); ee = 91% (13C-NMR analysis of the starting mate- 
rial). - IR (neat): 0 = 2960 cm-', 1740, 1715, 1440, 1410, 1340, 1260, 
1150-1000, 910, 800, 735. - 'H NMR (CDCI,): F = 1.01 (t, J =  7.5 Hz, 
3H, CH,), 1.80 (s, 3H, SCH,), 1.75-1.95 (m, 2H, CH3, 2.70 (s, 2H, 
CH2C02), 3.70 (s, 3 H, OCH,), 9.05 (s, 1 H, CHO). - MS, rnlz (%): 190 (tl) 
[M+], 162 (45), 129 (46), 115 (37), 101 (loo), 61 (29), 59 (29), 55 (46). - 
C8HI4O3S (190.3): calcd. C 50.50, H 7.42; found C 50.63, H 7.34. 

( S )  - (-) - Methyl 3-Formyl-3- (pheny1thio)pentanoute (12k): 0.50 g ( 1.4 
mmol) of (S,R)-llk was oxidatively cleaved with ozone according to the 
procedure described for 4e yielding 0.22 g (63%) of a colorless oil; [a12 = 
-62.6 (c = 1.01, C6H6); ee = 83% (I3C-NMR analysis of the starting mate- 
rial). - IR (neat): F = 3070 cm-', 2970, 2950, 2880, 2820, 2720, 1740, 1720, 

(100) [(CH,O),C6H,CH;], 168 (5). - C&2206S (390.4): calcd. C 61.52, H 

116 (100) [M+ - CZH4021, 115 (34), 91 (39), 88 (40), 87 (62), 73 (69), 59 
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1475, 1440, 1340, 1290, 1205, 1180, 755, 695. - 'H NMR (CDCI,): 6 = 1.04 
(t, J = 7.4 Hz, 3H, CH,), 1.79 (dlq, J = 14.9/7.4 Hz, 1 H, CH,), 1.92 (dlq, 
J =  14.9/7.4 Hz, IH, CH,), 2.60 (d, J =  15.9 Hz, IH, CHZCO~), 2.67 (d, 
J = 15.9 Hz, 1 H, CH,C02), 3.65 (s, 3H, OCH,), 7.25-7.42 (m, 5H, C6Hs), 
9.30 (s, 1 H, CHO). - I3C NMR (CDCI,): 6 = 8.3 (CH,), 23.3 (CH,), 34.9 
(CH2C02), 51.9 (OCH,), 61.3 (C), 128.3 (C,,,), 129.2, 130.0, 137.5 
(CHaro,,,), 170.2 (CO2), 192.9 (CHO). - MS, m/z ("/a): 253 (2) [M+ + I], 252 
(11) [M+], 224 (92), 191 (51). 163 (83), 135 (65), 115 (40), 110 (loo), 108 
(49, 83 (44), 65 (32), 55 (54). - CI3Hl6O3S (252.3): calcd. C 61.88, H 6.39; 
found C 61.79, H 6.41. 

(S)-(-)-Methyl 3-Formyl-3-(phenylthio)nonanoate (121): 0.77 g (2.2 
mmol) of (S,R)-111 was cleaved with 20 ml of 5 N HC1 by the procedure 
described for (R)-12a yielding 0.13 g (25%) of 81 and 0.07 g (16%) of methyl 
3-formylnon-3-enoate. Data for 81: [a13 = -57.5 (c = 1.05, C6H6); ee = 87% 
(',C-NMR analysis of the starting material). - IR (neat): 0 = 3060 cm-', 

(CDCI,): 6 = 0.88 (t, J =  6.8 Hz, 3H, CH,), 1.21-1.39 (m, 7H, CH,), 
1.55-1.92(m, 3H,CH2), 2.61 (d, J = 16.2 Hz, 1H,CH,C02), 2.67(d, J =  
16.2 Hz, 1H,CH2C0,), 3.80 (s, 3H,OCH,), 7.26-7.43 (m, 5H,C6H5),9.30 
(s, IH, CHO). - ',C NMR (CDCI,): 6 = 14.0 (CH,), 22.6 (CH,), 23.8 
(CH2), 29.5 (CH2), 30.4 (CH,), 31.6 (CH,), 35.2 (CH,CO,), 51.8 (OCH,), 
60.6 (C), 128.4 (Car,,), 129.1, 130.0, 137.5 (CHarom), 170.2 (CO,), 192.8 

2950-2850, 2700, 1735, 1435, 1345, 1190, 1175, 750, 695. - IH NMR 

(CHO). - MS, mlz (x): 309 (2) [M+ + I], 308 (8) [M'], 280 (58), 219 (41), 
139 (44), 110 (loo), 109 (50), 67 (34), 55 (37). - C17H2403S (308.4): calcd. 
C 66.20, H 7.84; found C 66.19, H 7.77. 

(S, S)- (- / - I -  {( (2-(tert-Butyldimethylsilyl)propyliden]amino]-2- (meth- 
oxymethy1)pyrrolidine (14a): To 10.5 mmol of LDA in 20 ml of diethyl ether 
was added dropwise at -50°C a solution of 2.70 g (10 mmol) of 
(S)-1-{ [2-(ter1-butyldimethylsilyl)ethyliden]amino}-2-(methoxyme- 
thy1)pyrrolidine (13a)r61 in 10 ml of diethyl ether. After stirring for 5 h at this 
temp. the reaction mixture was cooled to - 100°C, and 1.56 g (1 1 mmol) of 
methyl iodide was added. The reaction mixture was allowed to warm to 
room temp. overnight. After dilution with diethyl ether the organic phase 
was washed twice with water, then brine and dried with MgS04. The crude 
product was purified by flash chromatography yielding 2.49 g (88%) of a 
yellow oil; [a# = -114.4 (c = 1.25, C6H6); de = 81% (I3C NMR). - IR 
(neat): D = 2950-2820 cm-', 1460, 1365, 1340, 1250, 1200, 1120, 1010,990, 
970, 900, 830, 810, 770. - 'H NMR (CDCI,): 6 = -0.03 [s, 3H, Si(CH,),], 
-0.02 [s, 3H, Si(CH,),], 0.93 [s, 9H, SiC(CH,),], 1.16 (d, J =  7.1 Hz, 3H, 
CH,), 1.72-1.99 (m, 4H, CHZpyr), 2.00 (dlq, J = 7.4/7.4 Hz, 1 H, CH), 2.69 
(m, IH, NCH2), 3.28-3.60 (m, 4H, NCH, NCH,, OCH,), 3.35 (s, 3H, 

[Si(CH,),], -7.1 [Si(CH,),], 13.7 (CH,), 17.6 (C), 22.0 (NCH,CH,), 25.8 
(CH), 26.6 (CH2CH), 27.3 [SiC(CH,),], 50.8 (NCH,), 59.1 (OCH,), 63.8 
(NCH), 74.8 (CH20), 144.3 (CHN). - MS, m/z (%): 284 (16) [M+], 239 

73 (loo), 70 (16) [NC4Hd]. - C15H3ZNZOSi (284.5): calcd. C 63.32, H 11.34, 
N 9.85; found C 63.15, H 11.28, N 9.45. 

( S ,  S)  - ( -) -1 - {[2- (tert-Butyldimethylsilyl) butyliden]amino]-2- (meth- 
oxymethyllpyrrolidine (14b): 1 3 9  g (7.0 mmol) of (S)-13ar6] was transformed 
by treatment with 15 mmol of LDA and 2.34 g (11 mmol) of iodomethane 
into 2.03 g (97%) of a yellow oil by the procedure described for (S,S)-14a; 

3020-2780 cm-I, 1620, 1595, 1460, 1410, 1390, 1360, 1340, 1300, 1280, 

(CDCI,): F = -0.02 [s, 3H, Si(CH,),], 0.02 [s, 3H, Si(CH,),], 0.95 [s, 9H, 
SiC(CH&, 0.97 (t, J = 7.4 Hz, 3H, CH,), 1.51-2.04 (m, 7H, CH,, CH, 
CH,,,), 2.78 (m, 1 H, NCH,), 3.32-3.62 (m, 4H, NCH, NCH,, OCH,), 

6 = -6.8 [Si(CH3)2], -6.7 [Si(CH,),], 14.5 (CH,), 17.6 (C), 21.6 (CH,), 21.9 
(NCH2CHl), 26.5 (NCHCH,), 27.2 [SiC(CX,),], 34.3 (CH), 51.3 (NCH,), 
59.1 (OCH,), 63.9 (NCH), 74.9 (CH,O), 144.6 (CHN). - MS, m/z (Yo): 298 
(21) [M+], 253 (100) [M+ - CH20CH3], 128 (30), 115 (13) [SiC6Ht,], 114 
(14) [NC~HI,O+], 73 (56), 70 (13) [NC4HR+]. - C16H34N@Si (298.5): calcd. 
C 64.37, H 11.48. N 9.38; found C 64.35, H 11.35, N 9.73. 

( S ,  S)- ( - ) - I -  ((2-( tert-Butyldimethylsilyl)pen?yliden]amino~-2-(meth- 
oxymethy1)pyrrolidine (14~): 2.08 g (7.7 mmol) of (S)-13al61 was transformed 
by treatment with 15 mmol of LDA in THF and 2.55 g (15 mmol) of 1- 
iodopropane into 2.41 g (99%) of a yellow oil by the procedure described for 
(S,S)-14a; [a]:: = -89.7 (c = 0.95, C&); de = 93%1 (I3C NMR). - IR 
(neat):D = 3000-2800cm-', 1615, 1460,1390, 1375, 1360, 1250, 1195, 1120, 
1060, 1050, 970, 935, 835, 820, 805, 770, 680. - 'H NMR (CDCI,): 6 = 
-0.02 [s, 3H, Si(CH,),], 0.02 [s, 3H, Si(CH,),], 0.88-0.96 (m, 3H, CH,), 
0.95 [s, 9H, SiC(CH&], 1.20-2.00 (m. 9H, CH,, CH, CHZpyr), 2.77 (m, 1 H, 
NCH2), 3.30-3.46 (m, 4H, NCH, NCH,, OCH,), 3.38 (s, 3H, OCH3), 6.67 
(d, J = 8.4 Hz, I H, CHN). - I3C NMR (CDCI,): 6 = -6.8 [Si(CH&], 
-6.7 [Si(CH,),], 14.0 (CH,), 17.6 (C), 21.9 (NCH,CH,), 22.9 (CH,), 26.5 

OCH3), 6.73 (d, J =  7.4 Hz, lH ,  CHN). - I3C NMR (CDCI,): 6 = -7.2 

(100) [M+ - CH2OCH,], 123 (31), 115 (16) [SiC6Ht<], 114 (92) [NC6H120+], 

[a]:: = -87.4 (C = 1.06, C&); de = 96% (I3C NMR). - IR (neat): 0 = 

1250, 1195, 1115, 1035, 1005,970, 935, 885, 830, 805, 770, 685. - 'H NMR 

3.39 (s, 3 H, OCH,), 6.71 (d, J = 8.4 Hz, 1 H, CHN). - I3C NMR (CDCI,): 

(NCHCH,), 27.3 [SlC(CH,),], 30.7 (CH,), 32.1 (CH), 51.2 (NCHZ), 59.1 

(OCH,), 63.8 (NCH), 74.9 (CH20), 144.5 (CHN). - MS, m/: (%): 312 (14) 

[NC~HIZO+], 73 (100). - C I ~ H ~ ~ N ~ O S ~  (312.6): calcd. C 65.33, H 11.61, N 
8.96; found C 65.23, H 11.56, N 9.01. 

(S, S)  - (-) - I -  ("2- (tert- Butyldimethylsilyl) hexyliden]amino)-2- (meth- 
oxymethy1)pyrrolidine (14d): 2.16 g (8.0 mmol) of (S)-13ar61 was transformed 
by treatment with 12 mmol of LDA in THF and 2.21 g (12 mmol) of I -  
iodobutane into 2.30 g (88Yo) of a yellow oil by the procedure described for 
(S,S)-14a; a:: = -61.7 (neat); de = 91% ("C NMR). - IR (neat): D = 
3000-2800 cm-', 1620, 1460, 1390, 1380, 1360, 1250, 1200, 1120, 1035, 

3H, Si(CH,),], 0.06 [s, 3H, Si(CH,),], 0.88-0.98 (m, 3H, CH,), 0.95 [s, 9H, 
SiC(CH,),], 1.18-2.02 (m, 11 H, CH2, CH, CH2,,,), 2.77 (m, IH, NCH,), 
3.31-3.62 (m. 4H, NCH, NCH2, OCH,), 3.39 (s, 3H, OCH,), 6.68 (d, J =  
8.4 Hz, 1 H, CHN). - 13C NMR (CDCI,): 6 = -6.8 [Si(CH&], -6.7 
[SiC(CH,),], 14.0 (CH,), 17.6 (C), 21.9 (NCH,CH,), 22.6 (CH,), 26.4 
(NCHCH,), 27.2 [Si(CH,),], 28.0 (CH,), 32.0 (CH,). 32.2 (CH), 51.2 
(NCH,), 59.1 (OCH,), 63.8 (NCH), 74.8 (CH20), 144.6 (CHN). - MS, m/z 
("A): 326 (11) [M'], 281 (69) [M+ - CH20CH,], 115 (25) [SiC,H:,], 114 (22) 
[NC6H120+], 73 (loo), 70 (24) [NC4H,+], 59 (31). - C18H38N20Si (326.6): 
calcd. C 66.20, H 11.73, N 8.58; found C 66.23, H 11.67, N 8.89. 

(S, S)  - (- ) -1 - 112- (tert-Buty Idimethylsilyl) octyliden]amino}-2- (meth- 
oxymethy1)pyrrolidine (14e): 10.38 g (34 mmol) of (S)-13ar61 was transformed 
by treatment with 51 mmol of LDA in THF and 8.41 g (51 mmol) of 1- 
bromohexane into 9.77 g (81%) of a yellow oil by the procedure described 
for (S,S)-14a; a:: = -30.4 (neat): de = 92% (',C NMR). - IR (neat): 0 = 
3020-2780 cm-I, 1620, 1460, 1390, 1375, 1360, 1340, 1250, 1195, 1120, 

[s, 3H, Si(CH,),], 0.01 [s, 3H, Si(CH,),], 0.88-0.98 (m, 3H, CH3), 0.95 [s, 
9H, SiC(CH,),], 1.21-2.01 (m, 15H, CH,, CH, CH,,,), 2.77 (m, 1 H, 
NCH,), 3.30-3.61 (m,4H,NCH, NCH,, OCH,), 3.39 (s, 3H, OCH,), 6.71 
(d, J =  8.4 Hz, lH ,  CHN). - I3C NMR (CDCI,): 6 = -6.8 [Si(CH,)z], 
-6.7 [Si(CH,),], 14.1 (CH,), 17.6 (C), 21.9 (NCH2CH2), 22.7 (CH,). 26.5 
(NCHCH,), 27.3 [SiC(CH,),], 28.4 (CH,), 29.3 (CH2), 29.8 (CH?), 31.8 

144.7 (CHN). - MS, m/z ("h): 354 (21) [M+], 309 (100) [M+ - CH20CH,], 
115 (9) [SiC6H:5]r 114 (13) [NC6H,,0+], 73 (42). - C2,,H4,NZOSi (354.6): 
calcd.C67.73,H 11.94,N7.90;foundC67.75,H 12.25,N8.15. 

(S, S) - (-) -1- ( (2-  (tert-Butyldimethylsilyl)decyliden]amino)-2- (meth- 
oxymethy1)pyrrolidine (140: 2.70 g (10 mmol) of (S)-13ar6I was transformed 
by treatment with 15 mmol of LDA in THF and 3.60 g (15 mmol) of 1- 
iodooctane into 3.64 g (95%) of a yellow oil by the procedure described for 
(S,S)-14a; ag = -53.0 (neat); de = 93% (I3C NMR). - IR (neat): 0 = 
3000-2800cm-', 1620, 1460, 1390, 1375, 1360, 1250, 1195, 1120, 1005, 965, 
935, 830, 820, 805, 770. - 'H NMR (CDCI,): 6 = -0.02 [s, 3 H, Si(CH&], 
0.02 [s, 3H, Si(CH,),], 0.91 (t. J = 6.7 Hz, 3H, CH,), 0.95 [s, 9H, 
SiC(CH,),], 1.20-2.02 (m, 19H, CH,, CH, CHZpyr), 2.77 (m, I H, NCH,), 
3.30-3.62 (m. 4H, NCH, NCH,, OCH2), 3.39 (s, 3H, OCH,), 6.71 (d, J = 

8.4 Hz, IH, CHN). - I3C NMR (CDCI,): 6 = -6.8 [Si(CH,),], -6.7 
[Si(CH,),], 14.1 (CH,), 17.6 (C), 21.9 (NCH,CH,), 22.7 (CH,), 26.4 
(NCHCH,), 27.3 [SiC(CH,),], 28.3 (CH,), 29.4 (CH,), 29.5 (CH,), 29.6 

(NCH), 74.9 (CH*O), 144.9 (CHN). - MS, m/z ('X): 382 (19) [M+], 337 (91) 

C22H46N20Si (382.7): C 69.05, H 12.12, N 7.32; found C 69.2, H 12.03, 
N 7.64. 

(R,Rj-( - ) - I -  {[2-(tert-Butyldimetliylsil~~l)decyliden]amino~-2- (meth- 
oxymethyl)pyrrolidine (140: 0.81 g (3.0 mmol) of (R)-13arhl was transformed 
by treatment with 6 mmol of LDA in THF and 1.44 g (6 mmol) of l-iodooc- 
tane into 0.92 g (80%) of a yellow oil by the procedure described for (S,S)- 
14a; [a]:: = +59.4 (C = 1.05, C&); de = 930/0 (I3C NMR). The spectro- 
scopic data were in agreement with those described for (S,S)-14f. 

(S,S) - ( - ) - I  - {[2- (tert- Butyldimethylsilyl) tridecyliden]amino}-2- (meth- 
oxymethylipyrrolidine (14g): 2.03 g (7.5 mmol) of (S)-13arhl was transformed 
by treatment with 7.9 mmol of LDA in THF and 2.33 g (8.25 mmol) of I -  
iodoundecane into 2.92 g (96%) of a yellow oil by the procedure described 
for (S,S)-14a; ag = -51.2 (neat); de = 92% (')C NMR). - 1R (neat): 0 = 
3000-2800cm-', 1460, 1390, 1380, 1360, 1340, 1250, 1195, 1120, 1005, 970, 
935, 830, 805, 770, 735. - 'H NMR (CDCI,): 6 = 0.03 [s, 3H, Si(CH3)2], 
0.05 [s, 3H, Si(CH&], 0.92 (t, J = 6.7 Hz, 3H, CH,), 0.95 [s, 9H, 
SiC(CH,),], 1.20-2.02 (m, 25H, CH,, CH, CH,,,), 2.77 (m, 1 H, NCH?), 
3.30-3.62 (m, 4H, NCH, NCH2. OCH,), 3.39 (s, 3H, OCH,), 6.71 (d, J = 
8.4 Hz, lH ,  CHN). - I3C NMR (CDCI,): 6 = -6.8 [Si(CH,),], -6.7 
[Si(CH,),], 14.1 (CH,), 17.6 (C), 21.9 (NCH,CH,), 22.7 (CH,). 26.4 
(NCHCHJ, 27.3 [SiC(CH,),]. 28.4 (CH,), 29.4 (CH,), 29.6 (CH,), 29.68 

(OCH,), 63.8 (NCH), 74.9 (CH20), 144.8 (CHN). - MS, m/z ("A): 424 (18) 

[M+], 267 (91) [M+ - CH,OCH,], 142 (34), 115 (22) [SiC6H;,], 114 (19) 

1005, 970, 935, 830, 820, 805, 770, 680. - 'H NMR (CDCI,): 6 = 0.03 [s, 

1040, 1005, 970, 935, 830, 805, 770, 680. - 'H NMR (CDCI,): F = -0.01 

(CH,), 32.3 (CH), 51.2 (NCH;?), 59.2 (OCH,), 63.9 (NCH). 74.9 (CH,O), 

(CH,), 29.8 (CH,), 31.9 (CH,), 32.3 (CH), 51.2 (NCH2), 59.2 (OCH,), 63.8 

[M+ - CHZOCH,], 115 (22) [sic&&], 114 (32) [NC6HIZO+], 73 (100). - 

(CH,), 29.72 (CH,), 29.8 (CH,), 32.0 (CH,), 32.3 (CH), 51.2 (NCHZ), 59.2 
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[M+], 379 (100) [M+ - CH20CH,], 310 (28), 115 (13) [SiC,H&], 114 (28) 
[NC6H120+], 73 (61). - Cz5H5,NZOSi (424.8): calcd. C 70.69, H 12.34, N 
6.60; found C 70.71, H 12.30, N 7.18. 

(S ,  S )  -( - ) - I  - {[2-(tert-ButyldimethylsilyI) te1rudecyliden]arnino}-2- 
(nzethoxyrnethy1)pyrrohdine (14h): 3.21 g (1 1.9 mmol) of (S)-13d6] was trans- 
formed by treatment with 17.9 mmol of LDA in THF and 4.46 g (17.9 
mmol) of I-bromododecane into 3.39 g (65%) of a yellow oil by the pro- 
cedure described for (S,S)-14a; [a]g = -62.5 (c  = 1.12, C6H6); de = 96% 
(I3C NMR). - 1R (neat): 0 = 2960-2850 cn- ' ,  1460, 1365, 1340, 1245, 

3H, Si(CH,),], 0.03 [s, 3H, Si(CH,),], 0.92 (t, J =  7.1 Hz, 3H, CH,), 0.95 
[s, 9H, SiC(CH,),], 1.17-2.06 (m, 27H, CH,, CH, CH,,,), 2.76 (m, IH,  
NCH,), 3.09-3.58 (m, 4H, NCH, NCH2, OCH2), 3.38 (s, 3H,  OCH,), 6.67 
(d, J = 8.4 Hz, 1 H, CHN). - 13C NMR (CDCI,): F = -6.8 [Si(CH,),], 
-6.7 [Si(CH,),], 14.1 (CH,), 17.6 (C), 21.9 (NCH,CH,), 22.7 (CH,), 26.4 
(NCHCH,), 27.3 [SiC(CH,),], 28.4 (CH,), 29.4 (CH2), 29.58 (CH,), 29.60 

1195, 1120, 1010, 970, 905, 830, 805, 770. - 'H NMR (CDCI,): F = 0.02 [s, 

(CH,), 29.67 (CH,), 29.73 (CH,), 29.80 (CH,), 29.81 (CH,), 30.5 (CH,), 32.0 
(CHZ), 32.3 (CH), 51.1 (NCHz), 59.1 (OCH,), 63.9 (NCH), 74.9 (CH,O), 
144.4 (CHN). - MS, mlz ("A)): 439 (7) [M+ + 11, 438 (18) [M+], 393 (100) 
[M+ - CH20CH,], 324 (32), 115 (15) [SiC,HT5], 114 (34) [NC,H,,O+], 73 
(73). - C26H54N20Si (438.8): calcd. C 71.17, H 12.40, N 6.38; found C 
70.76, H 12.37, N 6.25. 

( S ,  R )  - ( +) - I  - {[2- (trrt-Butyldirnethylsilyl) -2- (methoxycarhonyl) - 
butyliden]amino}-2-(methoxymethyl)pyrroIidine (15a): 3.37 g (1 1.3 mmol) of 
(S,S)-14b was added at -110°C to a solution of 50 mmol of MeLi in 35 ml 
of THE After stirring for 1 h at this temp. the reaction mixture was allowed 
to warm to room temp. overnight. The metalated hydrazone was cooled to 
- 1 10°C, and 7.56 g (80 mmol) of methyl chloroformate was added. After 
stirring for 3 h at this temp. the reaction mixture was allowed to warm to 
room temp. overnight. It was subsequently diluted with diethyl ether, washed 
with pH 7 buffer, then with water and dried with MgS04. Flash chromatog- 
raphy yielded 2.27 g (56%) of a yellow oil; [a16 = +7. I (c = I .48, C6H& 
de = 90% (I3C NMR). - IR (neat): V = 3000-2800 cm-', 1705, 1590, 1460, 
1450, 1370, 1320, 1295, 1220, 1130, 1110, 1020, 970, 825,820, 770, 690, 665. 
- 'H NMR (CDCI,): 6 = 0.03 [s, 3H,  Si(CH,),], 0.1 1 [s, 3H, Si(CH,),], 
0.83 (t. J =  7.1 Hz, 3H, CH,), 0.89 [s, 9H, SiC(CH,),], 1.73-2.22 (m, 6H, 
CH2, CHZpyr), 2.76 (m. l H ,  NCh,), 3.28-3.65 (m, 4H,  NCH, NCH,, 

"C NMR (CDCI,): 6 = -6.7 [Si(CH,),], -6.5 [Si(CH,),], 10.2 (CH,), 19.3 
[SiC(CH,),], 21.9 (NCHzCH,), 23.7 (CH,), 26.5 (CH,CH), 27.6 [SiC(CH,),], 

OCH,), 3.37 (s, 3H, OChi), 3.69 (s, 3H, CO,CH,), 7.14 (s, 1 H, CHN). - 

49.7 (NCHZ, C), 51.1 (CO,CH,), 59.2 (OCH?), 63.6 (NCH), 74.9 (CHZO), 
147.4 (CHN), 175.1 (COz). - MS, ~ ~ l r  ("A,): 357 (16) [M+ + I], 356 (63) 
[M+], 311 (100) [M' - CH20CH3], 115 (15) [SiC,H;,], 73 (63). - 
CI8H,,N2O3Si (356.6): calcd. C 60.63, H 10.18, N 7.86; found C 60.59, H 
10.28, N 7.63. 

( S ,  R )  - (- j -1 - {(2- (tert-Butyldimethylsilyl)-2- (methoxycurbonylj- 
pentyliden]amino)-2-(methoxyrnelhyl)pyrroIidine (15b): 0.74 g (2.4 mmol) of 
(S,S)-14c was transformed by treatment with 11.8 mmol of MeLi and 1.19 
g (18.9 mmol) of methyl chloroformate to 0.42 g (47%) of a yellow oil by 
the procedure described for (S,R)-15a; ug = - 12.0 (neat), de value = 96%) 
(I3C NMR). - TR (neat): 0 = 3000-2800 cm-', 1710, 1590, 1460, 1435, 
1390, 1360, 1340, 1295, 1250, 1210, 11 10, 1020, 970, 905, 835, 825, 805, 775, 
690, 665. - 'H NMR (CDCI,): 6 = 0.03 [s, 3H, Si(CH,),], 0.12 [s, 3H, 
Si(CH,),], 0.87 (t, J = 7.4 Hz, 3H, CH,), 0.89 [s. 9H, SiC(CH3),], 1.00-IS2 
(m, 2H, CH,), 1.73-2.08 (m. 6H, CHZ, CHzpyr), 2.78 (m, 1 H, NCH,). 
3.27-3.62 (m, 4H, NCH, NCHz, OCH,), 3.36 (s, 3H, OCH,), 3.68 (s, 3H, 
C02CH,), 7.16 (s, 1 H, CHN). - I3C NMR (CDCI,): 6 = -6.6 [Si(CH,),], 
-6.5 [Si(CH,),], 14.7 (CH,), 19.0 (CH,), 19.3 [SiC(CH,),], 21.9 (NCH,CH,), 
26.4 (CH,CH), 27.6 [SiC(CH,),], 33.0 (CH,), 33.0 (CH,), 49.2 (C), 49.6 
(NCH,), 51.1 (CO,CH,), 59.2 (OCH3), 63.7 (NCH), 74.7 (CH,O), 137.7 
(CHN), 175.2 (CO,). - MS, mlz (%): 370 (12) [M+], 325 (35) [M+ - 
CH20CH,], 115 (25) [SiC,H?,], 114 (10) [NC6HlZO+], 89 (28), 73 (loo), 70 
(40) [NC,H$]. - C19H38NZ03Si (370.6): calcd. C 61.58, H 10.33, N 7.56; 
found C 61.60, H 10.56, N 7.80. 

(S .R)-(  + ) - I -  ~(2-tert-(Butyldimrrhylsilyl) -2- (methoxyrarbonyij- 
h e x y / ~ d e n ] ~ n z i n o } - 2 - ( ~ e t h ~ 1 , ~ y m e t h y [ / p e ( 1 5 ~ ) :  0.70 g (2. I 5  mmol) of 
(S,S)-14d was transformed with 10.7 mmol of MeLi and 1.62 g (17.2 mmol) 
of methyl chloroformate into 0.51 g (62%) of a yellow oil by the procedure 
described for (S,R)-15a; [a]g = +7.1 (c = 0.98, C6H,); de = 97Y" (I3C 
NMR). - IR (neat): i. = 3000-2800 crn-.', 1710, 1590, 1460, 1430, 1390, 
1380, 1360, 1340, 1240, 1200, 1110, 1030, 1010, 855, 835, 800, 770, 690, 665. 
- 'H  NMR (CDCI,): 6 = 0.03 [s, 3H, Si(CH,),], 0.12 [s, 3H, Si(CH,),], 
0.88 (t, J =  7.4 Hz, 3H, CH,), 0.89 [s, 9H, SiC(CH,),], 0.87-1.50 (m, 4H,  
CH,), 1.76-2.11 (m. 6H,  CH2, CHZpyr), 2.76 (m, l H ,  NCH2), 3.29-3.62 
(m, 4H, NCH, NCH,, OCH,), 3.36 (s, 3H, OCH,), 3.68 (s, 3H, CO,CH,), 
7.16 (s, 1 H, CHN). - "C NMR (CDCI,): 6 = -6.6 [Si(CH,),], -6.5 
[Si(CH,),], 14.0 (CH,), 19.3 [SiC(CH,),], 21.8 (NCH,CH,), 21.9 (CH,), 26.4 
(CH,CH), 27.6 [SiC(CH,),], 27.9 (CH,), 30.5 (CH,), 49.1 (C), 49.6 (NCH,), 

51.1 (CO,CH,), 59.2 (OCH,), 63.7 (NCH), 74.7 (CH20), 137.7 (CHN), 
175.2 (CO,). - MS, rnlz (%): 385 (13) [M+ + I], 384 (43) [M+], 339 (100) 

(35) [NC4H$]. - C20H40N203Si (384.6): calcd. C 62.45, H 10.48, N 7.28; 
found C 62.43, H 10.42, N 7.38. 

( S ,  R ) - l -  {[2-( tert-Butyldirnethylsily1)-2-(niethoxycurbonyl)octyliden]- 
amino)-2-(metho~yiymethyl)pyrrolidine (1Sd): 3.55 g (10 mmol) of (S,S)-14e 
was transformed by treatment with 50 mmol of MeLi and 7.56 g (80 mmol) 
of methyl chloroformate into 2. I5 g (52%) of' a yellow oil by the procedure 
described for (S,R)-lSa; [a]g = 0.0 (c = 0.95, C6H6); de = 98% (I3C NMR). 
- IR (neat): 0 = 3000-2780 cm-I, 1710,1460, 1390, 1380, 1360, 1340,1220, 

(CDCI,): 6 = 0.03 [s, 3H, Si(CH,),], 0.12 [s, 3H, Si(CH,),], 0.87 (t, J = 7.1 
Hz, 3H,CH3),0.89[s,9H, SiC(CH,),], 1.21-1.34(m, 8H,CH2), 1.79-2.10 
(m, 6H, CH2, CHZpyr), 2.77 (m, 1 H, NCH,), 3.27-3.63 (m, 4H, NCH, 

CHN). - ',C NMR (CDCI,): 6 = -6.6 [Si(CH,),], -6.5 [Si(CH,),], 14.1 
(CH,), 19.3 [SiC(CH,),], 21.9 (NCH,CH,), 22.7 (CH,), 25.6 (CH,), 26.5 
(CHzCH), 27.6 [SiC(CH,),], 30.0 (CH,), 30.8 (CH,), 31.8 (CH,), 49.2 (C), 

(CHN), 175.2 (CO,). - MS, mlz ("h): 413 (19) [M' + I], 412 (63) [M'], 367 
(100) [M+ - CH20CH3], 115 (15) [SiC6HT5], 114 (9) [NC6HIZO+], 73 (55). 
- CzzH44Nz0,Si (412.7): calcd. C 64.03, H 10.75, N 6.79; found C 64.18, H 
10.66, N 7.22. 

(S ,R) -  ( + ) - I -  {[ (2-tert-Butyldimethylsilyl)-2- (methoxycarbonyl)- 
decyliden]amino)-2-(methoxymethyljpyrrolidinr (15e): 1.91 g (5.0 mmol) of 
(S,S)-14f was transformed by treatment with 25 mmol of MeLi and 3.78 g 
(40 mmol) of methyl chloroformate into 0.95 g (43%) of a yellow oil by the 
procedure described for (S,R)-15a; [a]:: = +4.3 (c = 1.20, C6H6); de = 96% 
(I3C NMR). - 1R (neat): 0 = 3000-2800 cm-I, 1710, 1460, 1390, 1380, 

0.02 [s, 3 H, Si(CH,),], 0.11 [s, 3 H, Si(CH,),], 0.87 (t, J = 7.1 Hz, 3 H, CH,), 
0.89 [s, 9H, SiC(CH,),], 1.25 (m. 12H, CH,), 1.75-2.09 (m, 6H, CH2, 
CHzprr), 2.76 (m, l H ,  NCH,), 3.29-3.63 (m, 4H, NCH, NCH,, OCH,), 
3.37 (s, 3H, OCH,), 3.68 (s, 3H, C02CH,), 7.15 (s, 1 H, CHN). - "C NMR 
(CDCI,): F = -6.6 [Si(CH,),], -6.5 [Si(CH,),], 14.1 (CH,), 19.3 
[SiC(CH3),], 21.9 (NCH,CH,), 22.7 (CH,), 25.7 (CH,), 26.5 (CH2CH), 27.6 
[SiC(CH,),], 29.4 (CH2), 29.6 (CH,), 30.4 (CH,), 30.8 (CH2), 31.9 (CH?), 

[M+ - CH20CH31, 115 (24) [Sic&:,], 114 (11) [NC~HIZO+], 73 (86), 70 

1190, 1110, 1040, 1005, 970, 860, 835, 805, 770, 690, 665. - 'H NMR 

NCH2, OCH,), 3.37 (S 3H, OCH,), 3.68 (s ,  3H, CO,CH3), 7.15 (s, 1 H, 

49.6 (NCHz), 51.1 (COZCH,), 59.2 (OCH,), 63.7 (NCH), 74.8 (CHZO), 137.8 

1360, 1340, 1250, 1220, 1170, 1 1  IS, 835,820,770. - 'H NMR (CDCI,): 6 = 

49.1 (C), 49.6 (NCH,), 51.1 (COzCH,), 59.2 (OCH,), 63.7 (NCH), 74.8 
(CHZO), 137.8 (CHN), 175.2 (COz). - MS, d i  (%): 441 (19) [M+ + I], 440 
(59) [M+], 395 (100) [M' - CH20CH,], 115 (17) [SiC,H:,], 114 (10) 
[NC,jH,,O+], 73 (65). - C24H48N203Si (440.7): calcd. C 65.41, H 10.98, N 
6.36; found C 65.48, H 11.00, N 6.70. 

( R,S)  - (-  ) -1  - "2-  (tert-Buty1dirnethylsilyl)-2- (methoxycarbonyl) - 
decyliden]arnino)-2-(methoxymethyl/Wrrolidine (15e): 0.76 g (2.0 mmol) of 
(R,R)-14f was transformed by treatment with 10 mmol of MeLi and 1.51 g 
(16 mmol) of methyl chloroformate into 0.28 g (32%) of a yellow oil by the 
procedure described for (S,R)-lSa; [a]E = -5.6 ( c  = 1.18, C6H6); de = 989" 
(I3C NMR). The spectroscopic data were in agreement with those described 
for (S,R)-lSe. 

( S ,  R)-(  + ) - I -  {[2- (tert-Butyldimethylsilyl) -2-(methoxycarhonyl) tri- 
decyliden]amino}-2-(methoxymethyljpyrrolidine (150: 0.85 g (2.0 mmol) of 
(S,s)-14g was transformed by treatment with 10 mmol of MeLi and 1.51 g 
(16 mmol) of methyl chloroformate into 0.60 g (62%) of a yellow oil by the 
procedure described for (S,R)-lSa; [a]:: = +4.1 (c = 1.02, C6H6); de = 96% 
(I3C NMR): - IR (neat): 0 = 3000-2800 cm-I, 1710, 1460, 1390, 1380, 

0.02 [s, 3 H, Si(CH,),], 0.1 1 [s, 3 H, Si(CH,),], 0.88 (t, J = 7.1 Hz, 3 H, CH,), 
0.89 [s, 9H, SiC(CH,),], 1.25 (m, 18H, CH,), 1.75-2.13 (m, 6H, CH2, 
CH,,,), 2.76 (m, l H ,  NCH,), 3.29-3.62 (m, 4H, NCH, NCH,, OCH,), 

(CDCI,): 6 = -6.7 [Si(CH,),], -6.5 [Si(CH,),], 14.1 (CH,), 19.3 
[SiC(CH,),], 21.8 (NCH,CH,), 22.6 (CH,), 25.7 (CH,), 26.4 (CH,CH), 27.6 
[SiC(CH,),], 29.4 (CH,), 29.6 (CH,), 29.67 (CH,), 29.70 (CH2), 29.74 (CH,), 

1360, 1340, 1250, 1220, 1115, 860, 835, 805, 770. - 'H NMR (CDCI,): 6 = 

3.36 (s, 3H, OCH,), 3.68 (s, 3H, COZCH,), 7.15 (s, 1 H, CHN). - I3C NMR 

30.4 (CH>), 30.8 (CH,), 31.9 (CH,), 49.1 (C), 49.6 (NCHZ), 51.1 (CO,CH,), 
59.2 (OCH,), 63.7 (NCH), 74.8 (CHZO), 137.7 (CHN), 175.2 (CO,). - MS, 
mlz ("/U): 483 (25) [M+ + I], 482 (70) [M+], 437 (100) [M+ - CHzOCH3], 
115 (15) [SiC,Hr,], 114 (11) [NC6H120+], 73 (63). - C27H54N203Si (482.8): 
calcd.C67.17,H 11.27,N5.80;foundC67.26,H 11.27,N6.35. 

(S,S) - (-) -1 - {[2- (tert-Butyldimethylsilyl) -2-methylbutyliden]amino}- 
2-(rnethoxyniethyl)pyrrolidine (15g): 2.84 g (10 mmol) of (S,S)-14b was met- 
alated with 50 mmol of MeLi and alkylated with 12.50 g (80 mmol) of 
iodoethane by the procedure described for (S,R)-1Sa. The reaction mixture 
was diluted with diethyl ether, washed with brine, then with water and dried 
with MgSO,. Flash chromatography yielded 2.57 g (82%) of a yellow oil; 
[U]:: = -120.5 (c = 1.00, C6H6); de = 93% ("C NMR). - 1R (neat): ir = 
2960-2820 cm-', 1460, 1380, 1360, 1340, 1250, 1200, 1120, 1010, 970, 830, 
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765, 665. - 'H NMR (CDCI,): 6 = -0.03 [s, 3H, Si(CH,),], -0.02 [s, 3H, 
Si(CH,),], 0.80 (t, J = 7.3 Hz, 3H, CH,), 0.92 [s, 9H, SiC(CH&], 1.11 (s, 
3H, CH,), 1.53 (dlq, J =  14.517.3, l H ,  CH3, 1.72-2.00 (m, 5H, CH2, 
CHZpyr), 2.68 (m, 1 H, NCH,), 3.24-3.65 (m, 4H,  NCH, NCH,, OCH,), 
3.36 (s ,  3H, OCH,), 6.67 (s, 1 H, CHN). - I3C NMR (CDC13): 6 = -7.18 
[Si(CH,),], -7.15 [Si(CH&, 8.1 (CH,), 17.3 (CH,), 19.0 [SiC(CH,),]. 21.9 
(NCH,CH,), 26.5 (CH,CH), 27.6 (CH,), 28.3 [SiC(CH,),], 33.1 (C), 50.6 
(NCH,), 59.2 (OCH,), 63.9 (NCH), 75.0 (CH20). 146.2 (CHN). - MS, m/z 
(%): 312 (12) [M+], 267 (10) [M+ - CH,OCH,], 198 (90) [Mt - N C ~ H I ~ O ] ,  
197 (21) [M+ - SiC&15], 142 (36), 115 (15) [Sic&[5], 114 (23) 
[NC6Hl,0+], 73 (100). - C17H,6N20Si (312.6): calcd. C 65.33, H 11.61, N 
8.96; found C 65.38, H 11.87, N 8.98. 

(S .  R)-(  - )-I- {[2-( tert-Butyldinzethylsilyl)-2-methylbutyEiden]aminu)- 
2-(methoxymethyl)pyrrolidine (1Sg): 0.45 g (1.5 mmol) of (S,S)-14c was 
transformed by treatment with 7.5 mmol of MeLi and 1.70 g (12 mmol) of 
methyl iodide into 0.31 g (66Yo) of a yellow oil by the procedure described 
for (S,S)-lSg; [a]$? = -68.7 (c = 1.07, C6H6); de = 32% (I3C NMR). The 
spectroscopic data were in agreement with those described for (S,S)-lSg. 

(S ,  R) - (-) - I  - {[2- (tert- Butyldimethylsilyl) -2-methylhexyliden/amino)- 
2-(methoxymethyl)pyrrolidine (1Sh): 0.66 g (2.0 mmol) of (S,S)-14d was 
transformed by treatment with 9.1 mmol of MeLi and 1.70 g (12 mmol) of 
methyl iodide into 0.43 g (63%) of a yellow oil by the procedure described 
for (S,S)-15g; [a]g = -55.6 (c = 1.18, C6H,); de = 48% ("C NMR). - IR 
(neat): B = 2960-2820 cm-', 1460, 1375, 1360, 1340, 1250, 1195, 1120, 825, 
765. - 'H NMR (CDCl,): 6 = -0.03 [s, 3H, Si(CH,),], -0.02 [s, 3H,  
Si(CH,),], 0.85-0.97 [m, 12H, CH,SiC(CH,),], 1.15 (s, 3H, CH,), 
1.15-1.97 (m, IOH, CHZ, CHzprr), 2.61-2.74 (m, l H ,  NCH,), 3.19-3.65 
(m, 4H, NCH, NCH,, OCH,), 3.37 (s, 3H, OCH?), 6.76 (s, l H ,  CHN). - 
',C NMR (CDCI,): 6 = -7.2 [Si(CH,)2], -7.1 [Si(CH,),], 14.1 (CH,), 17.9 
(CH,), 19.2 [SiC(CH,),], 21.8 (NCH,CH,), 23.6 (CH,), 26.1 (CH,), 26.4 
(CH,CH), 28.4 [SiC(CH,),], 33.3 (C), 35.2 (CH,), 50.7 (NCH,), 59.1 
(OCH,), 64.1 (NCH), 74.7 (CH*O), 147.5 (CHN). - MS, ~ Z / Z  (%): 340 (21) 
[M'], 295 (10) [M+ - CHZOCH,], 226 (100) [M+ - NC6H1201, 225 (19) 
[MC - SiC6H151, 115 (22) [SiC&:s], 114 (28) [NC6H120f], 73 (88), 70 (27) 
[NC4Hg]. - C19H40NZOSi (340.6): calcd. C 67.00, H 11.84, N 8.22; found 
C 66.57, H 11 31, N 8.24. 

(S ,  R) - (- ) - I  - {[2-(tert-Butyldimethylsilyl) -2-ethylpentyliden]umino)-2- 
(methoxymethylJpyrrolidine (15): 2.81 g (9.0 mmol) of (S,S)-14c was trans- 
formed by treatment with 45 mmol of MeLi and 11.03 g (72 mmol) of iodo- 
ethane into 2.68 g (87%) of a yellow oil by the procedure described for (S,S)- 
1Sg; [a@ = -75.0 (c = 1.09, C6H6); de = 86Yo (I3C NMR). - IR (neat): 
0 = 2960-2820 cm-', 1460, 1390, 1380, 1360, 1340, 1250, 1200, 1120, 1010, 
970, 830, 805, 765, 670. - 'H NMR (CDCI,): 6 = 0.01 [s, 3H, Si(CH,),], 
0.03 [s, 3H, Si(CH,),], 0.85 (t, J = 7.4 Hz, 3H,  CH3), 0.89 (t. J = 7.4 Hz, 
3H, CH,), 0.91 [s, 9H, SiC(CH,),], 1.20-1.97 (m, 10H, CH,, CH,,,), 
2.61-2.71 (m, 1 H, NCH,), 3.21-3.63 (m, 4H,  NCH, NCH,, OCH2), 3.36 

[Si(CH,),], -5.3 [Si(CH,),], 9.0 (CH,), 15.1 (CH,), 17.8 (CH2), 19.3 
[SiC(CH,),], 21.9 (NCHZCH,), 24.5 (CH,), 26.5 (CH,CH), 28.3 [SiC(CH,),], 

(s ,  3H, OCH,), 6.68 (s ,  l H ,  CHN). - I3C-NMR (CDCl,): F = -5.4 

34.2 (CH,), 37.2 (C), 50.5 (NCH,), 59.1 (OCH,), 63.9 (NCH), 75.0 (CHZO), 
146.8 (CHN). - MS, mlz (%): 340 (7) [Mf], 295 (3) [Mf - CHZOCH,], 226 
(64) [M+ - NC6H120]. 225 (15) [M+ - SiC6HIS], 73 (100). - C19H40N20Si 
(340.6): calcd. C 67.00, H 11.84, N 8.22; found C 66.70, H 11.99, N 8.25. 

(S,S)-(  - ) - I - ~[2-(tert-Butyldimethylsilyl)-2-ethylprntyliden]amino)-2- 
(methoxymethyljpyrrolidine (15) :  2.99 g (10 mmol) of (S,S)-14b was trans- 
formed by treatment with 50 mmol of MeLi and 13.60 g (80 mmol) of 1- 
iodopropane into 2.27 g (66%) of a yellow oil by the procedure described for 
(S,S)-lSg; [a]: = -96.6 (c = 1.04, C6H6); de = 79% (I3C NMR). The spec- 
troscopic data were in agreement with those described for (S,R)-lSi. 

(S, R ) -  ( - ) - I -  {[2-( tert-Butyldimethylsilyl) -2-ethylhexyliden]amino,'-2- 
(methoxymethy1)pyrrolidine (ISj): 4.57 g (14 mmol) of (S,S)-14d was trans- 
formed by treatment with 70 mmol of MeLi and 15.80 g (101 mmol) of 
iodoethane into 3.92 g (79%)) of a yellow oil by the procedure described for 
(S,S)-ISg: [a]g = -78.8 (c  = 1.03, C6H6); de = 85% (I3C NMR). - IR 
(neat): 0 = 2980-2810cm-', 1590, 1465, 1390, 1380, 1360, 1340, 1250, 1200, 
1125, 1010, 975, 830, 810, 765. - 'H NMR (CDCI,): 6 = 0.02 [s, 3H, 
Si(CH,),], 0.03 Is, 3H, Si(CH,),], 0.86 (t. J =  7.4 Hz, 3H, CH,), 0.89-0.94 
[m, 12H, CH,, SiC(CH,),], 1.15-1.98 (m, 12H, CH,, CH2pyJ, 2.68 (m, 1 H, 
NCH,), 3.22-3.64 (m, 4H, NCH, NCH,, OCH2), 3.36 (s, 3H, OCH3), 6.69 
(s, 1 H, CHN). - I3C NMR (CDCI,): F = -5.4 [Si(CH,),], -5.3 [Si(CH,),], 
9.1 (CH,), 14.2 (CH,), 19.4 [SiC(CH,),], 21.9 (NCH,CH,), 23.8 (CH,), 24.4 
(CH,), 26.4 (CH,CH), 26.7 (CH,), 28.3 [SiC(CH,),], 31.5 (CHz), 37.1 (C), 

mlz ("10): 354 (15) [M+], 309 (5) [M+ - CH20CH3], 240 (100) [M+ - 
NC6H1,0], 239 (21) [M+ - SiChH15], 115 (16) [SiC6HT5], 114 (21) 
[NC6Hl,0+], 73 (85), 70 (27) [NC,H,I]. - CZoH4,N20Si (354.65): calcd. C 
67.73, H 11.94, N 7.90; found C 67.63, H 11.91, N 7.93. 

50.5 (NCH,). 59.1 (OCH,), 63.9 (NCH), 74.9 (CH,O), 146.9 (CHN). - MS, 

(S ,S) -  (-) -1 - 112- (iert-Butyldimethylsilyl) -2-ethylhex;vli~en]rrmino}-2- 
(methoxymethy1)pyrrolidine (15j): 2.21 g (7.4 mmol) of (S,S)-14b was trans- 
formed by treatment with 37 mmol of MeLi and 10.85 g (55.2 mmol) of 1- 
iodobutane into 1.81 g (69%) of a yellow oil by the procedure described for 
(S,S)-lSg; [a]g = -91.7 (c = 1.03, C6H6); de = 75?4 ("C NMR). The spec- 
troscopic data were in agreement with those described for (S,R)-lS]. 

(S, R) - (- j - I  - {[2-(1ert-Butyldimethylsilyl) -2-ethyldecyliden /amino j-2- 
(methoxynzethyl)pyrrolzdine (1Sk): 1.91 g (5.0 mmol) of (S,S)-14f was trans- 
formed by treatment with 25 mmol of MeLi and 6.13 g (39 mmol) of iodo- 
ethane into 0.80 g (39Ya) of a yellow oil by the procedure described for (S,S)- 
15g; [a]% = -61.3 (c = 0.97, C6H6); de = 84% (I3C NMR). - 1R (neat): 
B = 2960-2850 cm-I, 1460, 1390, 1380, 1365, 1340. 1250, 1200, 1120, 830, 
810, 765. - 'H NMR (CDCI,): F = 0.02 [s, 3H, Si(CH&], 0.03 [s, 3H, 
Si(CH,),], 0.83-0.94 (m, 6H,  CH,), 0.91 [s, 9H, SiC(CH&], 1.20-1.99 (m, 
20H, CH,, CH,,,,), 2.62-2.70 (m, l H ,  NCH,), 3.21-3.63 (m, 4H, NCH, 

(CDCl,): 6 = -5.4 [Si(CH,),], -5.3 [Si(CH,),], 9.1 (CH,), 14.1 (CH,), 19.4 
[SiC(CH,),], 21.9 (NCH2CHz), 22.8 (CH3, 24.5 (CH,), 26.5 (CH,CH), 28.4 
[SiC(CH,),]. 29.5 (CH,), 29.7 (CH,), 30.9 (CH,), 31.9 (CH,), 32.0 (CH?), 

NCH,, OCH,), 3.36 (s, 3H, OCH,), 6.68 (s, l H ,  CHN). - "C NMR 

37.2 (C), 50.5 (NCH,), 59.1 (OCH3), 64.0 (NCH), 75.0 (CHZO), 146.8 
(CHN). - MS, m/z (o/o): 410 (16) [M+], 365 (4) [M' - CHZOCH,], 296 
(100) [M' - NC6H1201, 295 (15) [M' - SiC6H151, 115 (19) [Sic&:,], 114 
(24) [NC6Hl20+], 73 (94). - C24H50NZOSi (410.8): calcd. C 70.18, H 12.27, 
N 6.82; found C 69.91, H 12.34, N 6.53. 

(S ,  R )  - ( -) - I -  {[2- (tert-Butyldimethylsilyl) -2-ethylteirudecyliden]- 
amino)-2-(methoxymethy1)~~~rrolidine (151): 3.76 g (8.6 mmol) of (S,S)-14h 
was transformed by treatment with 43 mmol of MeLi and 10.73 g (68.8 
mmol) of iodoethane into 1.65 g (41%) of a yellow oil by the procedure 
described for (S,S)-lSg; [a]: = -57.4 (c = 1.03, C6H6); de = 88% (I3C 
NMR). - 1R (neat): 0 = 2960-2850 cm-.', 1465, 1390, 1380, 1365, 1340, 

Si(CH,),], 0.02 [s, 3H, Si(CH,),], 0.86 (t, J = 7.4 Hz, 3H,  CH,), 0.85-0.94 
[m, 12H, CH,, SiC(CH&], 1.26 (m, 20H, CH2), 1.53-2.00 (m, 8H, CH,, 
CHZpyl), 2.67 (m, 1 H, NCH,), 3.21-3.63 (m, 4H,  NCH, NCH?, OCH2), 

[Si(CH,),], -5.3 [Si(CH,),], 9.1 (CH,), 14.1 (CH,), 19.4 [SiC(CH,),], 21.9 

[SiC(CH,),], 29.4 (CH,), 29.71 (CH,), 29.74 (CH,), 29.8 (CH,), 30.9 (CH,), 

1250, 1200, 1120, 830, 810, 765. - 'H NMR (CDC1,): 6 = 0.01 [s, 3H,  

3.36 (s, 3H, OCH,), 6.68 (s, 1 H, CHN). - I3C NMR (CDCI,): 6 = -5.4 

(NCHzCH,), 22.7 (CH,), 24.56 (CH,), 24.64 (CH2), 26.6 (CH$H), 28.4 

32.0 (CH,), 37.2 (C), 50.5 (NCH,), 59.1 (OCH,), 64.0 (NCH), 75.1 (CHZO), 
146.7 (CHN). - MS, m/z (9'0): 466 (17) [M'] ,  421 (4) [Mt - CH,OCH?], 
352 (100) [M+ - NC6H120], 351 (14) [M+ - SiC6HI5], 185 (29), I14 (22) 
[NC6HI@+], 73 (69). - C28H58NZOSi (466.9): calcd. C 72.04, H 12.52, N 
6.00; found C 72.02, H 12.53, N 5.75. 

(S ,S)  - (- )-I - {[2-( tert-ButyldimethylsiIyl) -2-isoprop.vltetrade1.L.lidmj- 
umino)-2-(methoxymethyljpyrrolidine (15m): 2.89 g (6.6 mmol) of (S,S)-I4h 
was transformed by treatment with 32 mmol of MeLi and 8.98 g (68.8 mmol) 
of 2-iodopropane into 1.65 g (41%) of a yellow oil by the procedure de- 
scribed for (S,S)-lSg; [a]: = -85.7 (c = 1.05, C6H6); de = 93% ('jC NMR). 
- IR (neat): 0 = 2960-2840 cm-', 1465,1385,1365, 1340, 1250, 1195,1120, 
825, 760. - 'H NMR (CDCl,): 6 = 0.05 [s, 3H, Si(CH,),], 0.09 [s, 3H, 
Si(CH,),], 0.88 (t, J = 7.1 Hz, 3H,  CH,), 0.92 [s, 9H, SiC(CH,),], 0.96 (d, 
J=~.~H~,~H,CH~),~.O~(~,J=~.~HZ,~H,CH~),I.~~(~,~~H,CH,), 
1.59-2.00 (m, 6H,  CH,, CHzpyr), 2.25 [sep, J =  6.8 Hz, IH,  CH(CH3)2], 
2.69 (m, l H ,  NCH,), 3.20-3.64 (m, 4H,  NCH, NCH,, OCH2), 3.37 (s, 3 H, 
OCH,), 6.77 (s, 1 H, CHN). - I3C NMR (CDCI,): F = -3.8 [Si(CH,)2], 
-3.6 [Si(CH,),], 14.1 (CH,), 19.2 (CH,), 19.8 [SiC(CH,),], 20.8 (CH,), 21.8 
(NCHzCH,), 22.7 (CHz), 26.1 (CH,), 26.5 (CH,CH), 28.5 [SiC(CH,),], 29.4 
(CHJ, 29.70 (CH,), 29.71 (CH,), 29.74 (CH,), 29.8 (CH,), 30.9 (CH,), 31.1 
(CH,), 31.3 (CH), 32.0 (CH,), 41.2 (C), 50.5 (NCHZ), 59.2 (OCH?), 63.9 
(NCH), 75.1 (CHlO), 145.4 (CHN). - MS, m/z (Yo): 480 (26) [M+], 435 (5) 
[M+ - CHZOCH~], 366 (100) [M+ - NC&120], 365 (26) [M+ - SiC6H15], 

C&&OSi (480.9). cdlcd. C 72.43, H 12.58, N 5.83; found C 72.85, H 
12.81, N 5.60. 

(R)-(  -)-Metltyl2-(~ert-Butyldimethylsilyll-2-j~rm~~lbutanoate (16a): 2.24 
g (6.3 mmol) of (S,R)-ISa was oxidatively cleaved with ozone according to 
the procedure described for 4e yielding 1.19 g (77%) of a colorless liquid; 
[a]g = -183.1 ( c  = 1.00, C6H6); ee = 90% (',C NMR analysis of the start- 
ing material). - IR (neat): 5 = 2960-2860 cm-', 2750, 1730, 1715, 1695, 
1475, 1470, 1440, 1370, 1335, 1305, 1255, 1230, 1155, 1115, 845, 825, 810, 
780, 715. - 'H NMR (CDCI,): 6 = 0.09 [s, 3H,  Si(CH,),], 0.16 [s, 3H, 
Si(CH,),], 0.79 (t. J = 7.1 Hz, 3H, CH,), 0.92 [s, 9H, SiC(CH,),], 1.92 (d/ 

199 (29), 142 (47), 115 (29) [SiC&/j], 114 (22) [NC~HIZO'] ,  73 (80). - 

q, J =  14.417.1 Hz, l H ,  CH,). 2.14 (dq, J =  13.617.1 Hz, l H ,  CH,), 3.80 
(s, 3H, OCH?), 10.19 (s, l H ,  CHO). - "C NMR (CDCl,): 6 = -7.0 
[Si(CH,),], -6.8 [Si(CH&], 11.2 (CH?), 19.3 [SiC(CH,),]. 22.0 (CH,), 27.1 
[SiC(CH,),], 51.5 (OCH,), 64.1 (C), 172.2 (CO,), 200.8 (CHO). - MS, m/z 
(%): 245 (1) [Mf + I], 244 (2) [M+], 203 (38), 187 (39), 89 (IOO), 75 (14), 73 
(24). - C12H2403Si (244.4): calcd. C 58.97, H 9.90; found C 58.95, H 10.08. 
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(R)-( -)-Methyl 2-( tert-Butyldimethylsilyl)-2-formylpentanoate(16b): 0.37 
g (1.0 mmol) of (S,R)-15b was oxidatively cleaved with ozone according to 
the procedure described for 4e yielding 0.17 g (66%) of a colorless liquid; 
[ajg = -167.9 (c = 0.97, C6H6); ee = 96% (',C-NMR analysis of the start- 
ing material). - IR (neat): 0 = 2950 cm-', 2920, 2850, 2740, 1700, 1460, 

0.09 [s, 3H,  Si(CH,),], 0.17 [s, 3H, Si(CH,),], 0.87 (t, J = 7.4 Hz, 3H,  CH), 
0.92 [d, J =  0.7 Hz, 9H, SiC(CH,),], 1.06-1.31 (m, 2H, CH,), 1.77-1.88 
(m, l H ,  CH,), 1.99-2.10 (m, l H ,  CH,), 3.78 (d, J =  0.7 Hz, 3H, OCH,), 

[Si(CH&j. -6.7 [Si(CH&], 14.5 (CH,), 19.3 [SiC(CH,),], 20.0 (CH,), 27.1 
[SiC(CH,),], 31.1 (CH,), 51.5 (OCH,), 63.3 (C), 172.5 (CO,), 201.0 (CHO). 
- MS, m/z ("/n): 257 (2) [M' - 11, 201 (61), 89 (loo), 73 (33), 59 (25) 
[CH,CO:], 44 (19). - C13H2603Si (258.4): calcd. C 60.42, H 10.14; found 
C 59.93, H 10.31. 

( R )  -( -) -Methyl 2-( tert-Butyldirnethylsi~l) -2-jormylhe.xanoate (1 6c): 0.35 
g (0.90 mmol) of (S,R)-ISc was oxidatively cleaved with ozone according to 
the procedure described for 4e yielding 0.20 g (82%) of a colorless liquid; 
[a]:: = -124.9 (c = 1.18, C6H6); ee = 97% (',C-NMR analysis of the start- 
ing material). - IR (neat): 0 = 2960-2850 cm-', 2745, 1705, 1465, 1430, 

0.09[s,3H,Si(CHI),],0.17[s,3H,Si(CH,),],0.86(t,J= 7.1Hz,3H,CH3), 
0.92[s,9H, SiC(CH,),], 1.01-1.40(m,4H, CH,), 1.80-1.91 (m, IH,  CH,), 
2.02-2.13 (m, l H ,  CH2), 3.79 (s, 3H, OCH,), 10.22 (d, J =  1.3 Hz, l H ,  
CHO). - I3C NMR (CDC13): 6 = -7.0 [Si(CH,),], -6.8 [Si(CH,),], 13.8 
(CH,), 19.3 [SiC(CH,),], 23.2 (CH,), 27.1 [SiC(CH,),], 28.8 (CH,), 29.0 
(CH,), 51.5 (OCH,), 63.3 (C), 172.5 (CO,), 201.0 (CHO). - MS, m/z (Yo): 

(46), 73 (55), 59 (30) [CH,CO:], 57 (34). - C14H2803Si (272.5): calcd. C 
61.72, H 10.36; found C 61.16, H 10.47. 

( R ) - (  -)-Methyl 2-(tert-Butyldirnethylsilyl)-2-jormyloctanoate (16d): 0.33 
g (0.80 mmol) of (S,R)-lSd was oxidatively cleaved with ozone according to 
the procedure described for 4e yielding 0.18 g (75Y0) of a colorless liquid; 
[a@ = - 126.1 (c = 0.93, C&); ee = 98% (13C-NMR analysis of the start- 
ing material). - 1R (neat): 0 = 3000-28OO0C, 1710, 1690, 1465, 1430, 1410, 
1390, 1365, 1230, 1190, 1110, 1040, 1005, 930, 875, 840, 820, 770, 675. - 'H 
NMR (CDCI,): 6 = 0.09 [s, 3H, Si(CH,),], 0.17 [s, 3H, Si(CH,),], 0.86 (t, 
J =  6.7 Hz, 3H, CH,), 0.92 [s, 9H, SiC(CH,),], 1.00-1.35 (m. 8H,  CH,), 
1.78-1.90 (m, IH,  CHJ, 2.01-2.11 (m, l H ,  CH,), 3.78 (s, 3H,  OCH,), 

[Si(CH,),], -6.7 [Si(CH,),], 14.0 (CH,), 19.3 [SiC(CH,),], 22.6 (CH,), 27.1 
[SiC(CH,),], 26.7 (CHZ), 29.0 (CH,), 29.8 (CH,), 31.6 (CH,), 51.5 (OCH,), 

[M ' - (CH2),CH,], 89 (61), 73 (31). - CI6H3,O3Si (300.5): calcd. C 63.95, 
H 10.73; found C 63.85, H 10.82. 

( R ) - (  -)-Methy/ 2- jtert-Butyldimethyl~ilyl)-2-forrnyldecanoate (16e): 0.50 
g (1.1 mmol) of (S,R)-15e was oxidatively cleaved with ozone according to 
the procedure described for 4e yielding 0.27 g (75%) of a colorless liquid; 
[a]:: = -131.1 (c = 0.97, C6H6); ee = 96% (',C-NMR analysis of the start- 
ing material). - IR (neat): F = 3000-2800 cm-', 1710, 1690, 1460, 1430, 
1410, 1390, 1360, 1250, 1225, 1110, 1070, 1000, 930, 910, 835, 820, 770, 675. 
- 'H NMR (CDCI,): F = 0.09 [s, 3H, Si(CH,),], 0.17 [s, 3H, Si(CH,),], 
0.87 ( t , J =  7.1 Hz, 3H, CH,), 0.92[s, 9H, SiC(CH,),], 1.00-1.35 (m, 12H, 
CH,), 1.78-1.89 (m. l H ,  CH3,  2.00-2.11 (m, IH,  CH,), 3.78 (s, 3H, 
OCH,), 10.22 (d, J = 1.7 Hz, 1 H, CHO). - ',C NMR (CDC1,): 6 = -7.0 
[Si(CH,),j, -6.7 [Si(CH,),], 14.1 (CH,), 19.2 [SiC(CH,),], 22.7 (CH,), 26.8 
(CH,), 27.1 [SiC(CH,),], 29.0 (CH,), 29.2 (CH,), 29.3 (CH,), 30.1 (CH,), 
31.8 (CH,), 51.5 (OCH,), 63.3 (C), 172.4 (CO,)! 201.0 (CHO). - MS, m/z 
(Yo): 329 (31) [M+ + I], 313 (41), 183 (46), 89 (loo), 81 (31), 73 (70), 59 (42), 
57 (70), 55 (49), 44 (77), 43 (65). - C1YH3603Si (328.6): cdicd. C 65.80, H 
1 1.04; found C 65.80, H I 1.34. 

(S) -  (+) -Methyl 2-(tert-Butyldimethylsilyl/ -2Tformyldecanoate (1 6e): 0.23 
g (0.50 mmol) of (R,S)-lSe was oxidatively cleaved with ozone according to 
the procedure described for 4e yielding 0.12 g (73%) of a colorless liquid; 
[u]g = + 107.6 (c = 1.22, C,H,); ee = 98% (13C-NMR analysis of the start- 
ing material). The spectroscopic data were in agreement with those of (R)- 
16e. 

(R)-( -)-Methyl 2- (tert-Butyldimethylsilyl) -2-formylrridecanoate (160: 
0.37 g (0.80 mmol) of (S,R)-ISf was oxidatively cleaved with ozone according 
to the procedure described for 4e yielding 0.21 g (74%) of a colorless liquid; 
[a]:: = -112.1 (c = 1.00, C6H6); ee = 96% (W-NMR analysis of the start- 
ing material). - IR (neat): 0 = 3000-2800 cm-', 1710, 1690, 1460, 1430, 
1410,1390,1360, 1250, 1230, 1115,840, 820,770,675. - 'H NMR (CDCI,): 
F = 0.09 [s, 3H, Si(CH,),], 0.17 [s, 3H,  Si(CH,),], 0.88 (t, J = 7.1 Hz, 3H, 
CH,), 0.92 [s, 9H, SiC(CH&], 1.00-1.35 (m. 18H, CH,). 1.75-1.90 (m. 
1H,CH~),2.00-2.11(m,1H,CH2),3.78(s,3H,OCH,),10.22(d,J= 1.7 
Hz, I H, CHO). - ',C NMR (CDCI,): 6 = -6.9 [Si(CH,),], -6.7 [Si(CH,),], 

1430, 1260, 1200, 1110, 930, 905, 860, 840, 820. - 'H NMR (CDCI,): 6 = 

10.22 (d, J =  1.3 Hz, l H ,  CHO). - NMR (CDCl,): 6 = -7.0 

1365, 1245, 1205, 1115, 900, 840, 820, 770, 675. - 'H NMR (CDCI,): 6 = 

272 (I)  IM'J, 271 (4) [M+ - I], 215 (44) [M+ - (CH2)3CH,], 89 (IOO), 75 

10.22 (d, J =  1.7 Hz, l H ,  CHO). - 'T NMR (CDCI,): F = -7.0 

63.3 (C), 172.5 (CO,), 201.0 (CHO). - MS, (%): 300 ( 1 )  [M'], 243 (100) 

14.1 (CH,), 19.3 [SiC(CH,),], 22.7 (CH,), 26.8 (CH,), 27.1 [SiC(CH,),], 29.1 
(CH,), 29.4 (CH,), 29.6 (CH3, 29.7 (CH,), 30.2 (CH,), 32.0 (CH,), 51.5 
(OCH,), 63.3 (C), 172.5 (CO,), 201.0 (CHO). - MS, WI/Z  ($6): 370 ( I )  [M+], 
314 (loo), 313 (63), 253 (28), 89 (86), 75 (36), 73 (85). 59 (34). - C21H4203Si 
(370.65): calcd. C 68.05, H 11.42; found C 68.04, H 11.37. 

( S )  - ( +) -2- (tert-Butyldimethylsilyl) -2-methylbutanoic Acid (16g): 0.72 g 
(2.3 mmol) of (S,S)-lSg was oxidatively cleaved with ozone according to the 
procedure described for 4e yielding 0.35 g (70%) of a colorless solid; m.p. 
122-124"C, [a]$? = +2.3 (c = 0.97, C6H6); ee = 93% (',C-NMR analysis of 
the starting material). - IR (neat): 0 = 3500-3050 cm-', 2970, 2940, 2905, 
2890, 2860, 1670, 1470, 1320, 1265, 1200, 1160, 1135, 860, 840, 825, 810, 
775. - 'H NMR (CDCI,): 6 = 0.06 [s, 3H,  Si(CH,),], 0.10 [s, 3H,  Si(CH,),], 
0.88 (t. J = 7.2 Hz, 3H, CH3), 0.95 [s, 9H, SiC(CH,),], 1.23 (s, 3H, CH,), 
1.39 (d/q, J = 13.U7.2 Hz, 1 H, CH,), 2.15 (dlq, J = 13.7/7.3 Hz, 1 H, CH,), 
12.31 (br s, IH,  OH). - ',C NMR (CDCI,): 6 = -7.2 [Si(CH,),], -7.1 
[Si(CH,),], 8.8 (CH3), 16.4 (CH,), 19.4 [SiC(CH,),], 27.5 (CH,), 27.7 
[SiC(CH&], 37.8 (C), 185.1 (CO,). - MS, m/z (%): 216 ( I )  [M+], 159 (25),  
84 (24), 75 (loo), 73 (36), 69 (20). - CIIHZ402Si (216.4): calcd. C 61.06, H 
11.18; found C 61.08, H 11.14. 

(R)-(+)-2-(tert-Butyldimethyl~ilyl)-2-ethyIhexanoic Acid (16h): 1.04 g 
(2.94 mmol) of (S,R)-lSj was oxidatively cleaved with ozone according to 
the procedure described for 4e yielding 0.56 g (74%) of a colorless liquid; 
[a]:: = +9.0 (c = 0.92, C6H6); ee = 85% (I3C-NMR analysis of the starting 
material). - IR (neat): 5 = 3500-3050 cm-', 2960-2800, 2605, 1670, 1465, 

(CDCl,): 6 = 0.08 [s, 3H, Si(CH,),], 0.09 [s, 3H, Si(CH,),], 0.72-0.89 [m, 
15H, CH,, SiC(CH,),], 1.12-1.24 (m, 4H, CH,), 1.45-1.80 (m, 3H, CH,), 

[Si(CH&j, -5.4 [Si(CH,),], 10.1 (CH,), 14.1 (CH,), 19.7 [SiC(CH,),], 23.7 
(CH,), 23.9 (CH,), 27.6 (CH,), 27.8 [SiC(CH,),], 30.6 (CH,), 42.1 (C), 184.5 
(CO,). - MS, miz ("h): 258 (2) [M+], 199 (26), 109 (23), 83 (50), 75 (IOO), 
73 (59), 55 (26). - C14H3002Si (258.5): calcd. C 65.06, H 11.70; found C 
64.67, H 11.47. 

(R) - (+ ) -2- (tert-Butyldimethylsilyl) -2-ethyltetradecunoic Acid (16i): 0.70 g 
(1.5 mmol) of (S,R)-151 was oxidatively cleaved with ozone according to the 
procedure described for 4e yielding 0.36 g (64%) of a colorless liquid; [a]:' 
= + 1 I .6 (c = 1.09, C6H6); ee = 88% (',C-NMR analysis of the starting 

material). - 1R (neat): 0 = 3330-3050 cm-', 2960, 2930, 2860, 2620, 1675, 
1465, 1390, 1380, 1360, 1260,1250,835,820,810, 770. - 'H NMR (CDCI,): 
6 =  0.11 [s, 6H, Si(CH3),], 0.88 ( t , J =  7.1 Hz, 3H, CH,),0.91 ( t , J =  7.1 
Hz, 3H, CH,), 0.94 [s, 9H, SiC(CH,),j, 1.26 (m, 20H, CH2), 1.64-1.90 (m. 

-5.50 [Si(CH,),], -5.46 [Si(CH,),], 10.1 (CH,), 14.1 (CH,), 19.6 
[SiC(CH,),], 22.7 (CH,), 23.8 (CH,), 25.4 (CH,), 27.7 [SiC(CH,),], 29.4 

(CH,), 42.2 (C), 184.5 (CO2). - MS, mlz (54): 370 (5) [M+], 299 (40), 157 

H 12.51; found C 71.05, H 12.59. 

Acid (16j): 
0.96 g (2.0 mmol) of (S,S)-lSm was oxidatively cleaved with ozone according 
to the procedure described for 4e yielding 0.52 g (66O/0) of a colorless liquid; 
[a]:: = +8.7 (c = 0.98, C6H6); ee = 93% (',C-NMR analysis of the starting 
material). - 1R (neat): 5 = 3200-3060 cn-',  2960, 2930, 2860, 2620, 1675, 
1470, 1390, 1370, 1265, 1255, 835, 820, 810, 770. - 'H NMR (CDCI,): 6 = 
0.09 [s, 3H, Si(CH,),], 0.12 [s, 3H, Si(CH,),], 0.88 (t. J = 6.8 Hz, 3H, CH,), 
0.96[s,9H,SiC(CH,)~],1.03(d,J=7.1Hz,6H,CH3),1.21-1.78(m,22H, 
CH,), 2.54 (sep, J =  7.1, l H ,  CH). - I3C NMR (CDCI,): 6 = -5.2 
[Si(CH,),], -4.1 [Si(CH3),], 14.1 (CH,), 19.7 (CH,), 20.0 [SiC(CH,),], 22.1 
(CH), 22.7 (CH,), 27.5 (CH,), 28.3 [SiC(CH,),], 29.4 (CH,), 29.6 (CH,), 

1390, 1380, 1365, 1250, 1220, 830, 820, 810, 770, 735, 685. - 'H NMR 

1.87 (diq, J =  14.7/7.5, IH,  CHJ. - ',C NMR (CDCI,): 6 = -5.5 

3H, CHZ), 1.98 (d/q, J 14.6/7.4, 1 H, CH2). - I3C NMR (CDC13): F = 

(CH,), 29.6 (CHJ, 29.69 (CH3, 29.72 (CH,), 30.7 (CH*), 30.9 (CH,), 32.0 

(24), 83 (61), 75 (loo), 73 (63), 55 (29). - C2,H4602Si (370.7): calcd. c 71.28, 

(S )  - ( + ) -2- ( tert- Butyldimethylsilyl) -2-bopropyltetrudecaoic 

29.70 (CH,), 29.72 (CHI), 29.74 (CH,), 29.77 (CH,), 31.5 (CH,), 32.0 (CH,), 
47.0 (C), 183.8 (CO,). - MS, m / ~  (V''): 384 (8) [Mf], 327 (38). 229 (23), 213 
(47), 140 (28), 109 (22), 98 (43), 97 @ I ) ,  95 (29). - C23H4802Si (384.7): 
calcd. C 71.81, H 12.58; found C 71.58, H 12.60. 

X- Ray Structure Determination of1 Z$": Crystals of sufficient quality were 
obtained from diethyl ether/petroleum ether ( 1  : 1) at room temp. The com- 
pound crystallizes in tee monoclinic space group P2,, a = 9.126(3), b = 
5.885(2), c = 18.511(4) A. Z = 2, V = 991.35 A3, M ,  = 390.5, resulting in a 
calculated density of pcalcd. = 1.308 gcm-', while the total number of elec- 
trons per cell amounts to F(OO0) = 412. sinO/h,,, = 0.65 for solution and 
refinement. The structure was solved by direct methods as implemented in 
the Xta13.0 package of crystallographite program~l~~] ,  employing GEN- 

to generate structure-invariant relationships and GENTANIZ51 for the 
general tangent-phasing procedure. A total number of 5653 reflections was 
collected in the range ih + k  + I ,  ih -k-1 at 0°C with an Enraf-Nonius 
CAD4 diffractometer, R, = 0.012, graphite-monochromated MO-& (A = 
0.71069 A), = 1.86 cm-', no absorption correction. 3435 reflections with 
I > 20(n  were used in the full-matrix least-squares refinement process of 
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254 variables terminating at R = 0.053 [R ,  = 0.046, w = l/oz(F)] with a final 
shiftkrror smaller than 0.0013. Residual electron density 0.3. 15 hydrogen 
positions were located in a difference Fourier map and 7 hydrogen atomic 
coordinates were caiculated by employing idealized geometric parameters. 
One methoxy group of the molecule is disordered in that carbon atom C19 
occurs in two positions with almost equal site occupation parameters (C19A: 
0.567, C19B: 0.43). 

X-Ray Structure Determination 0f16g'~I: Crystals of sufficient quality were 
obtained from diethyl ether at room temperature. The compound crystallizes 
in the orthorhombic space group [2,2,2, a = 10.849(2), b = 11.717(1), c = 
10.943(1) A. Z = 4, V = 1391.04 A3, M, = 216.4, resulting in a calculated 
density of pcalcd, = 1.033 gcm-', while the total number of electrons per cell 
amounts to F(000) = 480. sinO/h,,, = 0.631 for solution and refinement. 
The structure was solved by direct methods as implemented in the Xta12.6 
package of crystallographic programs[26], employing GENSIN[27] to generate 
structure-invariant relationships and GENTAN[281 for the general tan- 
gentphasing procedure. A total number of 5787 reflections was collected in 
the range +h +k +/, -h -k - I  at -10°C with an Enraf-Nonius CAD4 
diffractometer, RaV = 0.0147, graphite-monochromated MO-& (h = 0.71069 
A), p = I .43 cm-', no absorption correction. 3862 reflections with I > 2o(4 
were used in the full-matrix least-squares refinement process of 127 variables 
terminating at R = 0.070 [R,. = 0.059, w = I/o*(F)] with a final shiftlerror 
smaller than 0.00026. Residual electron density 0.3. The positions of the 
hydrogen atoms were calculated and held fixed during the refinement pro- 
cess. 
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