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The hydroxyalkylation of lithiated 3-[(S)-2-(methoxymethyl)- 
pyrrolidino]-1,3-diphenylpropene (2) with aldehydes is corn- 
pletely regioselective giving homoaldol adducts in good 
yields. The simple diastereoselectivity is low with typical ra- 
tios ranging between 1 : 1 and 1 :3 with the syn isomer predo- 
minating. The induced diastereoselectivity is much higher 
and is strongly solvent-dependent, The reaction predomi- 

nantly proceeds according to a metalloretentive mechanism 
from the si side of the allylic system in THF as well as in 
TBME. The induced diastereoselectivity obtained by the use 
of the less solvating TBME is considerably higher than in the 
strongly solvating THF, selectivities of up to 97 % ee being 
reached. 

Alkylation of metallated chiral allylamines with (9-2-  
(rnethoxymethy1)pyrrolidine (SMP) as the aliphatic amino 
component leads to 3-chiral enamines and, after hydrolysis, 
to 3-chiral aldehyded2] and ketones[3]. The enantiomeric ex- 
cess is quite good, and the course of induction can be con- 
trolled by the choice of the solvent. In some cases both 
configurations can be generated with equal selectivity with- 
out changing the chiral auxiliary. Therefore, it was interest- 
ing to test the reaction of metallated allylamines with car- 
bony1 compounds in order to achieve an asymmetric homo- 
aldol reactionL4]. 

Asymmetric homoaldol reactions are scarce, one of the 
few examples being the addition of benzaldehyde to op- 
tically active ~tannanes[~] with an almost complete transfer 
of chirality. In order to obtain high diastereoselectivities in 
homoaldol reactions of lithiated allyl compounds, lithium 
is exchanged for titanium[4]. Enantioselective l i th ia t i~n[~ ,~]  
of an enantiomerically pure secondary 2-alkenylcarbamate 
or deprotonation of primary alkenylcarbamates in the pres- 
ence of (-)-~parteine[~~,'], followed by a lithiumltitanium 
exchange results in homoaldol products with >95% ee after 
reaction with aldehydes and ketones. 

Hydroxyalkylation of achiral metallated allylamines[sa~b] 
and enamines[xb,c] leads to 4-hydroxy enamines. After acid- 
promoted cleavage of the amino group, a cyclisation fol- 
lows, and dihydrofurans are obtained with moderate dia- 
stereoselectivity. Reactions of metallated chiral allylamines, 
which represent aldehyde homoenolate equivalents, with al- 
dehydes result in tetrahydrofurans without loss of the 

[*I Part IV: Ref.[?']. 

amino group. The resulting diastereomeric ratios are also 
moderate and cannot be increased by use of titanium de- 
rivatives[']. 

This work describes the reaction of the lithiated allyl- 
amine 2 with different aldehydes and thus contributes further 
to the field of reactions of chiral homoenolate equivalents. 

Deprotonation and Hydroxyalkylation 
3-Lithio- 1 -[( S)-2-(methoxymethyl)pyrrolidino]- 1,3-di- 

phenylpropene (2) is by treatment of allyl- 
amine 1 with 1 equiv, of nBuLi at 0°C in tetrahydrofuran 
(THF; 1 h) or in tert-butyl methyl ether (TBME; 12 h). If 
the potassium salt is desired, 2 equiv. of tBuOK is added 
to the solution of the lithium compound after metallation. 
Further stirring for 1 h results in the formation of the po- 
tassium compound. 

Reaction of 2 with different aldehydes leads to the 4-(1i- 
thiooxy) enamines 3 which were not isolated. Hydrolysis 
with 2 N HC1 produces the 4-hydroxy ketones 4 which are 
in equilibrium with their cyclic tautomers 5 that under these 
conditions partially dehydrate to 2,3-dihydrofurans 6. Dis- 
tillation completes the dehydration process, and the pure 
2,3-dihydrofurans 6 can be obtained. However, these com- 
pounds are not suitable for the determination of enantio- 
meric purity because no separated signals for monitoring 
could be induced with chiral lanthanide shift reagents. It 
turned out to be more useful to protect the alcoholate 
group of the adduct 3 by acetylation[2a]. Then the ( E )  ena- 
mines 7 are obtained as the only products, as can be seen 
from the typical C-2 13C-NMR shifts occurring at 6 = 

99.3- 103. 1[3b~c~"'l. Addition of acetyl chloride increases the 
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polarity of the solution and permits the isorneri~ation[~~,~] 
of the ( Z )  enamines 3 obtained first to the more stable ( E )  
isomers 7. 
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The ( E )  enamines 7 were isolated after the addition of 
anhydrous methanol followed by removal of all solvents in 
vacuo and are suitable for the determination of the induced 
diastereoselectivity (see below). 

When 7 is hydrolysed with 2 N HC1, the 4-acetoxy ketones 
8 are obtained as mixtures of the syn and anti diastereo- 
mers[* ‘I. The observed selectivity is low; the ratio varying 
from approximately I : 1 to 1 :3, depending slightly on the 
reaction conditions employed. The chemical yields are fairly 

good (Table 1). If enolisable aldehydes are used, the yield 
can be remarkably increased by the addition of 1 equiv. of 
LiBr[12] to the aldehyde before reaction (Table 1, entry 17). 

Table 1. Chiral 4-acetoxy-l,3-diphenyI ketones 8 

En- 8 R Solvent Temp. Yield ~~ti,-Ja] ee [%] 
try [“Cl 1x1 syn:anti S Y ~  anti 

2 a Ph THFlHMPT -78 84 54:46 36[c] @,el 
3 a Ph TBME 0 80 59141 >goIC.dl >g&,dl 
4 a Ph TBMWLiBr 0 66 68:32 >90[cl >goIcl 

1 a Ph THF -78 74 5050 g[CI g[Cl 

6 a  
7 b  
8 b  
9 c  
10 c 
I1 c 
12 c 
13 c 
14 c 
15 d 
16 d 
17 d 
18 e 
19 e 
20 e 
21 e 
22 e 
23 f 
24 f 

25 g 
26 9 
27 h 
28 h 
29 i 
30 i 

TBME/LiI’ 
TBME 

TBMElLiBr 
THF 

TBME 
TBME 
TBME 

TBMElLiBr 
diethyl ether 

THF 
TBME 

TBMElLiBr 
THF 

TBME 
TBME 

TBMWLiI 
TBMULil 

THF 
TBME 
THF 

TBME 
THF 

TBME 
THF 

TBME 

0 52 43:57Ibl 
0 73 84:16 
0 50 95:5 

-78 64 60:40 
0 72 61:39 

-78 70 38:62[bl 
+30 66 66:34 

0 74 58~42 
0 79 72:28 

0 66 56:44 
0 76 53:47 

0 76 58:42 
-78 69 51:49 

0 68 5050 
-78 61 37:63[b] 
-78 70 64:36 

0 77 56:44 
-78 62 61~39 

0 77 59:41 
-78 71 55:45 

0 79 57:43 
-78 60 6535 

0 72 63:37 

-78 69 60140 

-78 69 67:33 

31 j H TBME 0 45 - 48b1 

la] Determined by integration of the signals of the acetoxy roup 
in the ‘H-NMR spectra of 8 (400 MHz; CDC1,/TMSint). - 81 Re- 
versed simple diastereoselectivity. - Determned by the signal 
height of the methyl signals of the acetoxy group in the ’H-NMR 
s ectra of 8 (100 MHz; CDC13/TMSi,J, shift reagent: Pr(hfc)3. - 
spectra of 7 (400 MHz; CDC13/TMSi,,). - Reversed course of 
asymmetric induction. - K+ used as counterion. - [d Determi- 
ned by the signal height of C-4 in the I3C-NMR spectrum of 8 (25 
MHz; CDC13/TMSi,,), shift reagent: Pr(hfc)3. 

[ 8 Determined by integration of the vinylic signals in ‘H-NMR 

Simple Diastereoselectivity 

The simple diastereoselectivity of the reaction could be 
determined by ‘H-NMR spectroscopy for the acetoxy ke- 
tones 8 by using the sharp singlet of the acetoxy group lo- 
cated at about 6 = 2. 

In addition, the assignment of the relative configuration 
was possible on the basis of the magnitude of the coupling 
constants beween the protons at C-3 and C-4, which res- 
onate at about 6 = 5-6. Two constants were observed; one 
of the order of magnitude of 4-5 Hz, the other being 9- 10 
Hz. From the work of House et al.[”] the coupling con- 
stants of 2,3-chiral aldol products are known. The anti 
coupling constant is nearly twice as large (6-9 Hz) as the 
syn coupling constant (2-4 Hz). This behaviour seems to 
be valid for homoaldol products, too. In one case, Hoppe 
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et al.[l4] found an anti coupling constant of 3.2 Hz and a 
syn coupling constant of 1.8 Hz. In analogy to these results, 
we therefore assign the syn configuration to the isomer exhi- 
biting the smaller coupling constant. The acetoxy ketone 8 
isomer with the larger coupling constant then possesses the 
anti configuration. The 3-H/4-H coupling constant may 
only be determined in the case of adducts with a-branched 
aldehydes (8b, 8c, 8h, 8i). No separation of the 4-H signals 
of the syn and anti isomers could be achieved with the p- 
branched (8g) or the unbranched aldehydes (Sd-f). In these 
cases we used chemical shift differences for the assignment. 

For the acetoxy ketones 8b, 8c, 8h, and Si, a synlanti 
assignment of the acetoxy singlet at about 6 = 2 is possible 
on the basis of the 4-H signal intensities. With all aliphatic 
compounds, the signals of the syn diastereomers are located 
downfield compared to the signals of the anti diastereo- 
mers. If one assumes that the relative acetoxy proton signal 
positions for the syn and anti isomers are not changed by 
less branched alkyl groups, assignment of the syn and anti 
configurations to 8d, 8e, Sf, and 8g is possible. 

This assumption was shown to be valid in the case of the 
acetoxy ketone 8e. Here decoupling experiments reveal two 
4-H doublets with dserent coupling constants. Compari- 
son of the signal intensities results in an assignment of the 
downfield signal of the acetoxy protons to syn-8e. 

The stereochemical assignment for the benzaldehyde ad- 
duct 8a is only tentative. In this case, the difference in the 
observed coupling constants is small (7.7B.6 Hz), and the 
chemical shifts of the acetoxy group reveal a behaviour op- 
posite to that of the aliphatic derivatives with the lower 
coupling derivative resonating downfield. 

The simple diastereomeric ratios listed in Table 1 favour 
the syn isomers slightly (entries 2-4, 7-10, 12-21, 
23 -30). All attempts to increase the selectivity were less 
successful. The choice of solvent and/or addition of LiBr 
(entries 4, 8, 13, 17) to the aldehyde before addition has 
little influence on the diastereomeric ratios. On the other 
hand, addition of LiI or a decrease of the temperature or a 
combination of both leads to a predominance of the anti 
isomer in TBME (entries 6, 11, 22). However, since com- 
pound 2 could not be completely dissolved in TBME at 
-78 "C a heterogeneous reaction occurred. 

The anti-8a diastereomer can be obtained in high excess 
by using the potassium instead of the lithium compound in 
TBME (entry 5). 

As expected, the size of the alkyl group influences the 
selectivity; the smaller the group, the smaller the ratio (e.g. 
entries 10, 16, 19). High selectivity in favour of the syn dia- 
stereomer was observed only with the bulky tert-butyl 
group. 

Preparative separation of the diastereomers with HPLC 
is possible. For example, compound 8a can be separated 
under the following conditions: LiChrosorb RP 18, 
CH3CN/H20 (50: 50). 

Induced Diastereoselectivity 
The induced diastereoselectivity of the homoaldol reac- 

tion of enamines 7 was determined by 'H-NMR spec- 
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troscopy. Alternatively, the use of chiral shift reagents like- 
tris[3-(2,2,3,3,4,4,4-heptafluoro- 1 -hydroxybutylidene)-d- 
campherato]praseodym(III) [Pr(hf~)~]  with the acetoxy ke- 
tones 8 was found to be less successful, since partial over- 
lapping of the acetoxy signals with the shift reagent signals 
in the 'H-NMR spectra occurs and, in addition, a high con- 
centration of Pr(hfc)3 is necessary. 

Because the enamines 7 are very easily hydrolysed, they 
can only be isolated by nonaqueous workup before being 
analysed. The '13-NMR spectra obtained show four doub- 
lets for the vinyl proton (see Table 2). The stereocentre of 
the SMP group of 7 is fixed; therefore, the diastereomeric 
ratios of the enamines 7 reflect the enantiomeric ratios of 
the acetoxy ketones 8. The well-known synlunti ratios of 8 
allowed the assignment of the two upfield signals of 7 to 
the syn diastereomer. 
Table 2. Signals (main diastercomers marked italic) of the Xjinylic 

protons in the 'H-NMR spectra of 7 (400 MHz, C6D6/TMSInt) 

. .. 

6 J [Hzl 6 J IHzl 
a Ph 4.56 10.6 4.94 10.6 

4.57 10.5 4.95 10.4 
c iC3H7 4.62 10.1 4.80 10.4 

4.67 10.4 4.90 10.4 

4.73 10.5 4.93 10.5 
e nC3H7 4.67 10.3 4.83 10.4 

4.74 10.5 4.90 10.5 

4.73 10.6 4.89 10.6 
g iC4H9 4.70 10.3 4.82 10.6 

4.76 10.5 4.89 10.6 
h iC5Hft 4.63 10.1 4.79 10.5 

4.69 10.4 4.86 10.4 
i &HII 4.65 10.2 4.81 10.4 

4.69 10.4 4.93 10.5 

d C ~ H S  4.65 10.4 4.86 10.9 

f nceH13 4.66 10.4 4.81 10.6 

Absolute Configuration 
No example could be found in the literature for homoal- 

do1 products of 1,3-diphenyl ketones with known absolute 
configuration. However, the Configuration of some 3-alkyl- 
ated 1,3-diphenyl ketones is k n o ~ n [ ' ~ , ~ , ~ ~ ] .  Thus, the assign- 
ment of the absolute configuration in the case of acetoxy 
ketones 8 becomes possible by reduction of the protected 
hydroxyl group. The often discussed  problem^['^^.'^] encoun- 
tered in the deoxygenation of a secondary alcohol can be 
solved by using two variants of the Barton reaction[18-21]. 
Reduction of compound 8e was performed with both meth- 
ods. The 4-(lithiooxy) enamine 3e, generated in TBME, was 
treated with CS2 to give the corresponding dithiocarbonate 
9 after alkylation with methyl iodide followed by hydrolysis 
(syn:anti = 66:34). The crude dithiocarbonate 9 was then 
reduced with nBu3SnH . Et3B[18.191 or with tris(trimethy1si- 
1yl)silane (TTMSS)[20,21] in the presence of azoisobutyron- 
itrile (AIBN) yielding the 1,3-diphenylheptanone 10. The 
latter variant is more attractive because higher yields were 
obtained. Both methods afford 10 with a positive specific 
optical rotation {Sn variant: [a]g = +9.72 (c = 1.780, 
CCI4) = 520/0 ee; Si variant: [a]g = +10.23 (c = 2.619, 
CC&) = 54% ee}. Based on the known data[3b,cl, C-3 of 
ketone 10 and thus in acetoxy ketone 8 has the (S) configur- 
ation. 
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The enantiomeric excess obtained after deoxygenation is 
lower as compared to that found by the enamine method 
(Table 1, entry 19). To exclude the possibility that the syn 
and the unti isomer possess different absolute configu- 
rations at (2-3, thus causing a lower optical purity after re- 
duction, we investigated the reduction of 9, formed in 
TBME/LiI. The application of these conditions resulted in 
a reversed simple diastereoselectivity (syn:anti = 41 :59) 
leading to ketone 10 also with (3s)  configuration {[a# = 

+8.48 (c = 2.276, CC14) 3 45% ee). The enantiomeric ex- 
cess again decreases during deoxygenation (Table 1, entry 
22). 

Scheme 2 

Ph 0 9 

L 

Barton 
reduction 

Ph 0 
(+)-lo 

It is obvious from these experiments that the high induc- 
tion found occurs at C-3 in the homoaldol product 8e. The 
absolute configuration at this carbon atom is (3s). The ob- 
served decrease in the enantiomeric excess after deoxygen- 
ation may be the result of the known radical mechanism of 
the reduction" x,20], which perhaps generates a stereochem- 
ically unstable benzyl radical in a side reaction. 

In the 'H-NMR spectrum of the corresponding enamine 
7e, the more intensive part of the vinyl signal for the syn 
isomer as well as for the anti isomer is shifted downfield. 
The same behaviour is observed in the 'H-NMR spectra of 
7a, c-i; the more intensive peaks of the signal of the vinyl 
proton of the syn and anti isomers are shifted downfield in 
all cases. This considerably leads to the assumption that all 
the acetoxy ketones 8a, c-i behave uniformly and possess 
predominantly (353 configuration. Because of the well- 
known relative configuration, the absolute configuration of 
the predominating enantiomer of the unlike syn diastereo- 
mers 8c-i can thus be assigned to (3S,4R) and the like anti 
diastereomers to (3S,4S). In the case of 8a (R = Ph), the 
priority sequence of the substituents at C-4 is changed as 
compared to 8c-i. Here the designation in parenthesis is 
(tentatively) valid (see Scheme 1). 

Jnfluence of Aldehyde Structure, Temperature, Additives 
and Solvent on the Asymmetric Induction 

To improve the asymmetric induction, we first varied the 
size of the aldehyde employed, but observed no significant 
influence (see Table 1). Only in THF is the enantiomeric 
excess of the syn isomers slightly higher than that of the 
anti isomers when P-branched or unbranched aldehydes are 

used (Table 1, entries 18, 23, 25). On the other hand, a- 
branched aldehydes reverse this effect (Table 1, entries 9, 
27, 29). 

If TBME is employed as the solvent, temperature has no 
influence in the range from -78 to 0°C (Table 1, entries 
10, 11). Only the reaction at +30°C results in a decreased 
enantiomeric excess (Table 1, entry 12). This behaviour par- 
allels completely that found in alkylation reactions of ZU3]. 
In contrast to this is the significant effect of temperature on 
the simple diastereoselectivity (Table 1, entry 11). 

At least the addition of lithium halides does not signifi- 
cantly influence the induction obtained (Table 1, entries 4, 
6, 8, 13, 17, 22). 

As observed in similar alkylation reactions[3], only the 
solvent has a significant influence on the asymmetric induc- 
tion for this homoaldol reaction. The use of THF results in 
asymmetric induction up to 68% ee. In TBME, the selec- 
tivity is increased up to 97% ee (see Table 1). Low induction 
was observed in TBME only with formaldehyde (Table 1, 
entry 31). This may be attributed to the more polar reaction 
medium caused by partial oligomerisation of the electro- 
phile to give a complexing polyether. 

Discussion 
The structure of 3-lithio-l-[(S)-2-(methoxymethyl)pyrro- 

lidino]-l,3-diphenylpropene (2) in solution as well as in the 
solid state was extensively studied[',22]. 

On the basis of the IH-, I3C-, and 6Li-NMR data as well 
as X-ray structure analysis, determination of aggregation, 
UV data, and MNDO calculations, the following picture 
has evolved (see Scheme 3). In less solvating solvents like 
diethyl ether or TBME as well as in the solid state, only 
the (S,s) diastereomer was found. On the other hand, an 
equilibrium of two diastereomeric (I-aminoally1)metal com- 
pounds was shown to be present in solvents with better 
complexing ability like THF or with the use of the larger 
potassium as the counterion. The ratio of the ($5') diastere- 
omer to the (R,S) diastereomer is about 90:lO. The amino 
substituent is located in the en& position in both isomers. 

Scheme 3 

Re-attack 

0 
Si-attack 

(S, S) -diastereomer ( R ,  S) -diastereomer 
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X-ray as well as UV demon- 

strate that, for the (S,S) diastereomer, the planes of the allyl 
system and the amino group are twisted with respect to 
each other. The nitrogen lone pair in the (S,S) diastereomer 
is directed inside; therefore, the chelating methoxymethyl 
group of SMP lies on the si side of the allylic plane. The 
lithium is coordinated by the oxygen and the nitrogen atom 
in SMP and, in addition, by the allylic C-3 in such a man- 
ner that a (S)-configurated chiral centre is created. Perhaps 
one solvent molecule could occupy the forth coordination 
site on lithium. 

Semiempirical calculations revealed a structure for the 
second endo isomer in which the nitrogen lone pair is di- 
rected outward with the chelating methoxy group now lo- 
cated on the re side of the allylic plane. The lithium is coor- 
dinated only by the oxygen atom of SMP and the allylic C- 
3, so that C-3 possesses an (R)-configured chiral centre. As 
experimentally observed, this structure should be favoured 
by stronger external solvation since the internal solvation is 
weakened by the loss of the N-Li contact. Probably, two 
solvent molecules are now coordinated to lithium. 

Electrophilic assistance, i.e. coordination of the lithium 
ion with the carbonyl oxygen, may precede the addition of 
the aldehyde. A six-membered cyclic transition-state struc- 
t ~ r e [ ~ , ~ , ~ ~ l ,  often proposed in carbonyl addition reactions, is 
excluded here because of the experimentally observed ex- 
clusive selectivity at C-3 of this homoaldol reaction. A 
charge density-controlled reaction of the allyl anion seems 
more likelyrZ41. 

Precoordination of the aldehyde is supported by the ster- 
eochemistry observed. The (S,S) diastereomer is the only 
one found in TBMEr3]. Alkylation in this solvent occurs 
with inversion of configuration, giving the (R)-configured 
centre. Hydroxyalkylation on the other hand occurs with 
retention of configuration. Therefore, the allylic system is 
attacked by the aldehyde in a metalloretentive mode, as ex- 
pected from a precoordinated species. 

Reaction in the presence of lithium halides (Table 1, en- 
tries 4, 6, 8, 13, 17,22) seems to argue against such a model. 
Here the aldehyde oxygen is already complexed with the 
lithium halide, and coordination with the allylic lithium 
should be unfavourable. However, a decrease in the asym- 
metric induction was not observed. The assumption of a 
doubly complexed carbonyl group by coordination of the 
aldehyde-LiX complex with the counterion of the allylic 
system may explain the observed results. 

The use of a more polar solvent like THF or the appli- 
cation of a larger counterion like potassium results in the 
formation of some (R,S) diastereomer. The aldehyde may 
therefore attack the allylic system from the re side as well, 
and the asymmetric induction should decrease, as was ob- 
served (see Table 1). The use of the solvent combination 
THFlHMPT even leads to a reversed course of induction 
in the case of the anti isomer (Table 1, entry 2). 
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Experimental 
Melting points: Tottoli apparatus (Biichi). - Elemental analyses: 

Elementanalysator MOD 1106 (Carlo Erba). - HPLC: Gynkotek 
Model 480, L = 25 cm, id = 8 mm; Knauer Differentialrefrakto- 
meter; Knauer UV-Photometer (254 nm). - GC: HRGC Mega 
5300 (Carlo Erba), OV-101, L = 10 m, id = 0.25 mm. - Specific 
optical rotations: Polarimeter 141 (Perkin-Elmer); [a]: in [degree 
cm2 . lo-' . g-'1. - Kugelrohr distillation: Glasrohrofen GKR-50 
(Buchi). - MS: Mat-31 1, Mat-31 1A (Varian). - 'H NMR: Varian 
XL 100, Bruker AM 400; 13C NMR: Varian XL 100, Bruker AM 
400; internal standard TMS (6 = 0.00). firstorder analysis of mul- 
tiplets; partly overlapping peaks of aromatic carbon atoms in IrC- 
NMR spectra are not considered. - The boiling pressures given 
are only approximate; the boiling points are the oven temperatures 
and are about 20°C too high. 

Reagents and Solvents: Argon (99.99%. Firma Messer-Gries- 
heim), dried and scrubbed clean from C 0 2  by CaCl,, and KOH 
was used for reactions necessitating the exclusion of moisture and 
air. ~ THF and diethyl ether: Commercial ethers were stored for a 
few days over solid KOH. The ethers were then decanted, distilled 
over fresh KOH, refluxed over Nalbenzophenone, distilled and 
stored in brow bottles under Ar and over Na. - TBME was re- 
fluxed over Nalbenzophenone, distilled and stored in a brown 
bottle under Ar and over Na. - Benzene and toluene: The solvents 
were extracted with conc. H2S04 until the H2S04 was only slightly 
yellow. After refluxing over Na/benzophenone and distillation, they 
were stored under Ar and over Na. - HMPT was stirred for 3 d 
over CaH2, distilled and stored undcr Ar and over CaH2. - Mttk- 
anol: 1 1 of methanol and 0.5 g of Mg filings were refluxed. After 
the metal had completely dissolved with foaming (ca. 30 min), 4.5 
g of additional Mg was added in small portions. The methanol was 
then refluxed for 3 h, distilled and stored under Ar. ~ Potassium 
rert-butylate was heated at 100°C with continuous stirring in an 
oil-pump vacuum for 8- 10 h and then stored under Ar. - Acetyl 
chloride and aldehydes were distilled in a Vigreux column (20 cm) 
and stored undef Ar. ~ C6D, was stored under Ar and over mo- 
lecular sieves (3 A). - n-Butyllithium in hexane was obtained from 
the Metallgesellschaft Frankfurt. The content was determined by 
titration with diphenylacetic a~id[*~1. - LiBr and LiI werc heated 
at 100°C with stirring in an oil-pump vacuum for 8 h and stored 
under Ar in the dark. - Pkenyimagnesium bromide was prepared 
according to - (L)-Proline was obtained from DEGUSSA 
AG, Wolfgang, and was dried over silica gel for 7 d. - S M P  was 
synthesised according to ref.[2"]. - 2-[(S)-2-( Methoxy- 
metkyl)pyrrolidino]-4-phenyl-3-hutenenitrile and 3-[(S)-2- 
(rnethoxymetkyl)pyrrolidino]-1,3-diphenylpropene (1) were syn- 
thesised according to ref.[3b]. 

Addition of Aldehydes to Allylamine 1 Yielding 4-(Lithiooxy) En- 
amines 3. - General Procedure A: An evacuated and heated 100- 
ml two-necked flask with a thermometer and a three-way cock is 
flushed with Ar and charged with a solution of 1.54 g (5 mmol) of 
allylamine 1 in 10 ml of anhydrous solvent (see Table 1). 5 mmol 
of nBuLi in hexane (1.6 M) is then added dropwise within 5 min at 
0°C. After stirring (THF: 1 h; TBME: 12 h), a solution of 6.25 
mmol of aldehyde in 3 ml of anhydrous solvent is added dropwise 
with stirring at the given temp. (see Table 1). Stirring is continued 
over a 2-h period until a yellow solution is obtained. If the potas- 
sium salt is desired, the solution of the lithium salt in TBME is 
cooled to -78"C, and 1.14 g (10 mmol) of tBuOK in 30 ml of 
anhydrous TBME is added, and the mixture is stirred for 1 h. If 
the aldehyde is activated with LiX (X = Br, I), a mixture of 6.25 
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mmol of aldehyde and 6.25 mmol of LiX in 30 ml of anhydrous 
solvent is added to the solution of 2 at the gwen temp. 

General Procedure B: As Genral Procedure A, but on a 2-mmol 
scale. 

4-Acetoxy Enarnines 7. - General Procedure: 0.16 g (2  mmol) of 
acetyl chloride is added to a stirred solution of 3 obtained accord- 
ing to procedure B. The solution is then warmed up to room temp., 
and stirring is continued for 2 h (LiCl precipitates in TBME and 
diethyl ether). Half of the solvent is then removed and 5 ml of 
anhydrous methanol is added. After stirring for 1-2 h, all solvents 
are fully removed in an oil-pump vacuo. Part of the residue is dis- 
solved in 1.5 ml of CsDs, and an NMR analysis is performed. 

4-Acetoxy-I,3-diphenyl Ketones 8. - General Procedure: 0.39 g 
( 5  mmol) of acetyl chloride is added to a stirred solution of 3 ob- 
tained by procedure A. The reaction mixture is then warmed up to 
room temp., and stirring is continued for 2 h (LiCI precipitates in 
TBME and diethyl ether). 10 ml of the solvent used and 50 ml of 
diethyl ether are then added. After acidification with 10 ml of 2 N 
HCl, the reaction mixture is further stirred for 2 h at room temp. 
The organic layer is washed with water (3 X 20 ml) and the aqueous 
phase extracted with diethyl ether (3 X 30 ml). The combined or- 
ganic layers are dried with MgS04, concentrated in vacuo, and the 
residue is purified by kugelrohr distillation yielding a mixture of 
syn and anti acetoxy ketones. 

4-Aceto.xy-I,3,4-triphenyl- 1 -hutanone (8a): General procedure A, 
solvent TBME with the use of 1.54 g (5 mmol) of allylamine 1 ,  
0.66 g (6.25 mmol) of benzaldehyde and 0.39 g (5 mmol) of acetyl 
chloride yields 1.41 g (SOYO) of a yellow-orange solid (syn:anti = 

60:40). B.p. llO°C/O.O1 Torr, m.p. 136°C. - 'H NMR (CDCI3/ 
TMSint): 6 = 1.87 (s, syn), 1.93 (s, anti), (3H, COCH3); ABX spin 
system, 3.13-3.40 AB part (syn), JAX = 5.0, J ~ x  = 8.8, JAB = 17.1 
Hz, 3.39-3.52 AB part (anti), J A x =  7.8, J B x =  5.7, JAB = 16.8 
Hz, 3.9 -4.1 X part (syn and anti), (3 H, CHCH2); 5.96 (d, anti, 
J =  8.6 Hz). 6.07 (d, syn, J =  7.7 Hz), ( lH,  OCH); 7.0-7.6 (m. 
13H, 7.7-7.8, 7.9-8.0 (2 m, 2H, H, of COPh). - "C 
NMR (CDC13/TMSint): S = 20.9 (syn), 21 .O (anti), (COCH3); 40.6 
(CH,); 46.3 (sun), 47.1 (anti), (CH2CH); 78.3 (syn), 79.3 (anti>, 
(OCH); 137.0 (syn), 137.1 (anti), 138.6 (syn), 138.8 (anti), 140.0 
(syn), 140.2 (anti), (C!, C; and Cq); 169.8 (syn), 170.1 (anti), 
(OC=O); 197.6 (syn), 198.0 (anti), (C=O). - C2.,H2?03 (358.4): 
calcd. C 80.42, H 6.19; found C 80.48, H 6.18. 

4-Acetoxy-5,5-dimethyl-I,.3-diphenyl-I-hexanone (8b): General 
procedure A in TBME with the use of 1.54 g (5 mmol) allylamine 
1, 0.54 g (6.25 mmol) of pivalaldehyde, and 0.39 g (5  mmol) of 
acetyl chloride yields 1.23 g (73Ui) of a light yellow, highly viscous 
liquid. According to 'H NMR, 8b is a mixture of diastereomers 
syn:anti= 83:17. B.p. 105"C/0.006 Torr. - 'H NMR (CDC13/ 
TMSint): 6 = 0.82 [s, 9H, C(CH3)3]; 1.81 (s, anti), 2.11 (s, syn), 
(3H, OCOCH3); 2.9-3.0, 3.2-3.5 (m, 2H, CH2); 3.8-4.0 (m, 1 H, 
CH$ZH);5.09(d,syn,J= 3.0Hz),5.20(d,anti,J=8.3Hz),(1H, 
OCH); 7.1-7.6 (m, SH, HaKOmat.); 7.8-7.9 (m, 2H, H ,  of COPh). 
- 13C NMR (CDCI3/TMS,,,): 6 = 20.7 (anti), 21.0 (~Yyn), (OCO- 
C H 3 ) ;  26.6 (anti), 26.8 (svn), [C(CH,),]; 35.9 (syn), 36.0 (anri), 
[C(CH3)3]; 41.1 (syn), 42.2 (mti), (CH2CH); 43.4 (anti), 44.5 (syn), 
(CH,); 82.2 (syn), 83.3 (anfi), (CHO); 171.0 (syn), 171.3 (anli), 
(OC=O); 197.9 (syn), 198.1 (anti), (C=O). - C2,HZ6O3 (338.4): 
calcd. C 78.07, H 7.74; found C 78.17, H 7.66. 

4-Acetoxy-5-methyl-l,3-diphenyl-l-hexanone (8c): General pro- 
cedure A, solvent TBME with the use of 1.54 g (5 mmol) of allyl- 
amine 1, 0.45 g (6.25 mmol) of 2-methylpropanal, 0.543 g (6.25 
mmol) of LiBr, and 0.39 g (5  mmol) of acetyl chloride yields 1.20 
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g (74%) of a light yellow, highly viscous liquid. According to 'H 
NMR, 8c is a mixture of diastereomers syn:anti = 56:44. B.p. 
85"C/0.01 Torr. - 'H NMK (CDC13/TMSint): S = 0.81 (d, anti, 
J = 6.9 Hz), 0.85 (d, syn, J = 6.7 Hz), 0.90 (d, anti, J = 6.7 Hz), 
1.00 (d, syn, J =  6.7), [6H, (CH,),CH]; 1.5-1.8 [m, lH ,  
(CH3)2CH]; 1.96 (s, anti), 2.04 (s, syyn), (3H, OCOCH3); 3.2-3.4 
(m, 2H, C€12); 3.7-3.9 [m, I H, CH(Ph)]; 5.07 (d/d, syn, J43 = 4.7, 
J 4 5 =  8.1 Hz), 5.21 [dd, anti, J43= 9.9, .Id5= 3.1 Hz, l H ,  
CH(0Ac)l; 7.1-7.6 (m, 8H, Haromat); 7.8-7.9 (m, 2H, H, of CO- 

[OCOCH, and (CH3),CH]; 29.2 (anti), 30.0 (syn), [(CH,),CH]; 41.9 
(anti), 42.3 (syn), (CH,); 42.0 (syn), 43.2 (anti), [CH(Ph)]; 80.6 
(anti), 80.7 (syn), [CH(OAc)]; 170.8 (syn), 171.3 (anti], (OCOCH3); 
197.8 (sun), 198.3 (pnti), (C=O). - C21H2403 (324.4): calcd. C 
77.75, H 7.46; found C 78.02, H 7.31. 

Ph). - 13C NMR (CDCl3/TMSinJ: 6 = 15.4, 18.2, 19.4, 20.1, 20.9 

4-Acetoxy-l,3-diphenyl-I-hexanone (Sd): General procedure A in 
TBME with the use of 1.54 g ( 5  mmol) of allylamine 1,0.36 g (6.25 
mmol) of propanal, and 0.39 g (5  mmol) of acetyl chloride yields 
0.99 g (64%) of a light yellow, viscous liquid. According to 'H 
NMR, 8d is a mixture of diastereomers syn:anti = 58:42. B.p. 
87 "C/O.Ol Torr. - 'H NMR (CDC13/TMSint): 6 = 0.80 (t, anti, J = 
7.4Hz),0.87(t,syn,J=7.4Hz),(3H,CH3CH2); 1.3-1.6(m,2H, 
CH3CH2); 1.95 (s, anti), 2.02 (s, .syn), (3H, OCOCH3); 3.2-3.5 
(m, 2H, CH2C=O); 3.6-3.8 (m, 1 H, OCHCHCH2); 5.16 (mc, 1 H, 
OCHCH); 7.1-7.6 (m, SH, H,,,,); 7.8-8.0 (m, 2H, H, of 
COPh). - I3C NMR (CDC13/TMSint): S = 9.3 (anti), 10.1 (syn), 
(CH3CH2); 21.0 (OCOCH,); 25.0 (syn), 25.4 (anti), (CH3CH2); 40.8 
(syn), 41.6 (anti), (CH2CO); 43.7 (syn), 44.9 (anti), (OCHCHCH2); 
77.6 (syn), 78.2 (anti), (OCHCHCH2); 170.8 (syn), 171.1 (anti), 
(OC=O); 198.0 (syn), 198.3 (anti), (C=O). - C20H2203 (310.4): 
calcd. C 77.39, H 7.14; found C 77.63, H 7.19. 

4-Acetox.~-I,3-diphenyl-l-heptanone (Se): General procedure A 
with the use of 1.54 g (5 mmol) of allylamine 1, 0.45 g (6.25 mmol) 
of n-butanal, and 0.39 g (5 mmol) of acetyl chloride yields 1.23 g 
(76%) of a light yellow, viscous liquid. According to 'H NMR, 8e 
is a mixture of diastereomers syn:anti = 56:44. B.p. 1OOoC/0.O1 
Torr. - lH NMR (CDC13/TMSint): 6 = 0.78 (t, anti, J = 7.2 HL) ,  
0.85 (t, syn, J =  7.2 Hz), (3H, CH3CH2CH2); 1.1-1.5 [m, 4H, 
CH,(CH&CH]; 1.94 (s, anti), 2.01 (s, syn), (3H, OCOCH?); 
3.2-3.4 (m, 2H, CH2CO); 3.6-3.8 [m, lH ,  CH(Ph)]; 5.24 [mc, 
1 H, CH(0Ac)l; 7.1-7.6 (m, 8H, Ha,,,,); 7.9-8.0 (m, 2H, H, of 

18.4 (anti], 19.0 (syn), (CH3CH2CH2); 21.0 (OCOCH,); 34.1 (syn), 
34.8 (anti), (CH3CH2CH2); 40.7 (syn), 41.5 (anti), (CH2CO); 44.1 
(sun), 45.4 (anti), [CH(Ph)]; 76.1 (syn), 76.9 (anti), [CH(OAc)]; 
170.7 (syn), 171.0 (anti), (OC=O); 198.0 (syn), 198.2 (anti), (C=O). 
- C21H2403 (324.4): calcd. C 77.75, H 7.46; found C 77.95. H 7.18. 

4-Acetoxy-l,3-diphenyl-l-decanone (80: General procedure A in 
TBME with the use of 1.54 g (5  mmol) of allylamine 1,0.71 g (6.25 
mmol) of heptanal, and 0.39 g (5 mmol) of acetyl chloride yields 
1.41 g (77%) of a light yellow wax. According to IH NMR, 8f is a 
mixture of diastereomers syn:anti = 59:41. B.p. 12O0C/O.01 Torr. 
- 'H NMR (CDC13/TMSin,): S = 0.82 (t, anti, J = 7.3 Hz), 0.84 
(t, syn, J = 6.7 Hz), [3H, CH3(CH2),]; 1.0-1.3 [m, 8H, 

syn), (3H, OCOCH3); 3.25-3.39 (m, 2H, CHCH,CO); 3.6-3.8 
[m, lH ,  CII(Ph)], 5.18-5.25 [m, l H ,  CH(OAc)]; 7.1-7.6(m, 8H, 
Ha,,,,.); 7.8-8.0 (m, 2H, H, of COPh). - 13C NMR (CDCIJ 
TMSinr): 6 = 14.0 [CH,(CH&]; 21.0 (anti), 21.1 (syn), (OCOCH,); 
2 X 22.5, 25.0 (anti), 25.6 (syn), 2 X 29.0, 31.6 (anti], 31.7 (syn), 
32.0 (v). 32.6 (anti), [(m&]; 40.7 (sun), 41.5 (anti), 
(CHCHlCO); 44.0 (syn), 45.3 (anti), [CH(Ph)]; 76.4 (syn), 77.1 

COPh). - I3C NMR (CDCIJTMSj,t); 6 = 13.8 (CH3CH2CH2); 

CH,(CH2)4]; 1.42 [%, 2H, CH3(CH2)4CH2]; 1.94 (s, anti), 2.01 (s, 
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(anti), [CH(OAc)]; 170.7 (syn), 171.0 (anti), (OC=O); 198.0 (syn), 
198.3 (anti), (C=O). - C24H300j (366.5): calcd. C 78.65, H 8.25; 
found C 78.73, H 7.97. 

4-Acetoxyd-rnethyl-1,3-~~pheny~-l-h~ptanone (8g): General pro- 
cedure A in TBME with the use of 1.54 g ( 5  mmol) of allylamine 
1, 0.54 g (6.25 mmol) of 3-methylbutanal, and 0.39 g ( 5  mmol) 
of acetyl chloride yields 1.30 g (77%) of a yellow, viscous liquid. 
According to 'H NMR, 8g is a mixture of diastereomers syn:anti = 
63:37. B.p. 105"C/0.01 Torr. - 'H NMR (CDCl,/TMSi,,,): 6 = 
0.78, 0.80 (2 d appears as t, anti, each J = 6.7 Hz), 0.84 (d, syn, 
J =  6.5 Hz), 0.88 (d, syn, J =  6.7 Hz), [6H, (CH3),CH]; 1.1-1.7 
[m, 3H, (CH3j2CHCH2]; 1.93 (s, anti), 2.00 (s, syn), (3H, OC- 
OCH,); 3.2-3.5 (m, 2H, CHCH,CO); 3.63 (mc, anti), 3.69 (mc, 
syn), [1H, CH(Ph)]; 5.30-5.37 [m, CH(OAc)]; 7.1-7.6 (m, 8H, 
Haromat); 7.8-8.0 (m, 2H, H, of COPh). - 13C NMR (CDCI,/ 
TMSint): S = 21.0 (anti), 21.1 (syn), 21.5 (anti), 22.0 (syn), 23.1 
(syn), 23.5 (anti), 24.5 (anti), 24.7 (syn), [OCOCH3 and (CH3j2CH]; 
40.6 (sun), 41.0 (sun), 41.3 (anti), 42.0 (anti), (CHCH2C0 and 

(anti), [CH(OAc)]; 170.6 (syn), 171.0 (anti>, (OC=O); 197.9 (syn), 
198.2 (anti), (C=O). - C22H2603 (338.4): calcd. C 78.07, H 7.74; 
found C 78.10, H 7.85. 

4-Acetoxy-5-ethyl-l,3-d@henyl-I-heptanone (Sh): General pro- 
cedure A in TBME with the use of 1.54 g ( 5  mmol) of allylamine 
1, 0.63 g (6.25 mmol) of 2-ethylbutanal, and 0.39 g ( 5  mmol) of 
acetyl chloride yields 1.39 g (79%) of a light yellow, highly viscous 
liquid. According to 'H NMR, Sh is a mixture of diastereomers 
syn:anti = 56:44. B.p. llO"C/O.O2 Torr. - 'H NMR(CDC13/ 
TMS,,,): 6 = 0.78 (t, anti, J = 7.0 Hz), 0.81 (t, syn, J = 7.4 Hz), 
0.82 (t, anti, J =  7.4 Hz), 0.92 (t, syn, J = 7.4 Hz), [6H, 
(CH,CH,),CH]; 1 .O- 1.7 [m, 5H, (CH3CH2jzCH]; 1.91 (s, anti], 
1.96 (s, syn), (3H, OCOCH,); 3.2-3.4 (m, 2H, CHCH2CO); 3.82 
(w, syn), 3.88 (mc, anti), [l H, CH(Ph)]; 5.31 (dld, syn, J d 3  = 5.7, 
JiS = 6.6 Hz), 5.41 (d/d, anti, J4j = 10.1, J45 = 1.7 Hz) [IH, 
CH(0Ac)l; 7.1-7.6 (m, SH, Haromat.); 7.8-7.9 (m, 2H, H, of 
COPh). - I3C NMR(CDC13/TMSi,,): 6 = 10.4 (syn), 11.0 (syn), 
11.5 (anti), 12.0 (anti), [(CH3CH&CH]; 20.7 (sun), 21.0 (antz], 21.6 
(syn), 22.8 (anti), [(CH3CHJ2CH]; 20.8 (s,yn), 20.9 (anti), (OC- 
OCH,); 42.0 (syn), 42.1 (sun), 42.5 (anti>, 43.1 (anti), 
[(CH,CH2)2CH and CH(Ph)]; 42.0 (anti], 42.3 (syn), (CHCH,CO); 
77.4 (syn), 77.8 (antz], [CH(OAc)]; 170.7 (syn), 171.3 (anti), 

calcd. C 78.37, H 8.01; found C 78.47, H 8.00. 
#-Aceruxy-#-cycluhexyl-l,3-diphen~~l-l-hutanone (8i): General 

procedure A in TBME with the use of 1.54 g (5 mmol) of allyl- 
amine I ,  0.70 g (6.25 mmol) of cyclohexanecarbaldehyde, and 0.39 
g (5  mmol) of acetyl chloride yields 1.30 g (72%) of a light yellow, 
highly viscous liquid. According to 'H NMR; Si is a mixture of 
diastereomers syn:anti = 64:36. B.p. 115"C/0.01 Torr. - 'H NMR 
(CDCl3/TMSi,,): 6 = 0.9-1.9 (in, 11H, CsHl1); 1.94 (s, anti), 2.04 
(s, syn), (3H, OCOCH3); 3.2-3.4 (m, 2H, CHCH2CO); 3.8-3.9 
[m, l H ,  CH(Ph)]; 5.11 (d/d, syn, J4, = 4.5, J45 = 8.3), 5.15 (d/d, 
anti, J4, = 9.2, J45 = 3.8) [I H, CH(OAc)]; 7.1-7.6 (m, 8H, 
Haromat.); 7.8-7.9 (m, 2H, H, of COPh). - I3C NMR (CDC13/ 
TMSinr): 6 = 2 X 20.9 (OCOCH3); 25.6 (syn), 25.8 (sun), 26.0 
(anti), 26.1 (anti], 2 X 26.2, 26.3 (anti], 28.3 (syn), 29.6 (syn), 30.5 
(anti), [(CH2j51; 39.2 (anti), 39.3 (syn), [(CH2)4CHCH2]; 41.3 (anti), 

(syn), 80.5 (anti) [CH(OAc)]; 170.8 (syn), 171.2 (anti), (OC=O); 
197.9 (syn), 198.3 (anti), (C=O). - C24H28O3 (364.5): calcd. C 
79.09, H 7.74; found C 79.04, H 7.62. 
4-Acetoxy-1.3-diphenyl-1-butanone (Sj): General procedure A in 

TBME with the use of 1.54 g (5 mmol) of allylamine 1, 5 ml of a 

CHCHzCH); 44.3 (sJfn), 45.9 (anti), [CH(Ph)]; 74.6 (SJVZ), 75.4 

(OC=O); 197.9 (syn), 198.4 (anti), (CZO). - C23H2803 (352.5): 

42.2 (syn), (CHCH2CO); 41.3 (syn), 42.3 (ailti) [CH(Ph)]; 79.8 

solution of 0.2 mol of thermally cracked paraformaldehyde in 120 
ml of TBME, and 0.39 g (5  mmol) of acetyl chloride yields 0.63 g 
(45%) of a colourless, viscous liquid. B.p. 105"C/0.01 torr. - 'H 
NMR (CDC13/TMSint): 6 = 1.96 (s, 3 H, OCOCH3); ABMXY spin 
system, 3.34 (part A, d/d, lH ,  HCHCO), 3.44 (part B, d/d, lH ,  
HCHCO), 3.79 (part M, d/d/d/d appears as quint, lH ,  
CHPCHCH~), 4.26 (part X, d/d, lH ,  HCHOAc), 4.32 (part Y, d/ 
d, l H ,  HCHOAC), JAB = 17.1, J A M  = 7.0, J B M  = 6.7, Jxy = 10.9, 
JXM = 7.3, JYM 6.3, JAY = JAX = Jnx = Jsy  = 0 Hz; 7.1-7.6 

(CDCl,/TMSi,,): S = 20.8 (CH,); 40.1 (CH); 41.5 (CH2CO); 67.6 
(CH2OAC); 170.8 (OC=O); 197.9 (C=O). - C18H1803 (282.3): 

(m, 8H, H,,,,.); 7.9-8.0 (m, 2H, H, of COPh). - I3C NMR 

calcd. C 76.57, H 6.43; found C 76.89, H 6.34. 

2,3-Dihydru-2,3,5-triphenyljuran (6a): 0.66 g (6.25 mmol) of 
benzaldehyde, 10 ml of TBME, and 50 ml of diethyl ether are ad- 
ded to a solution of 3 obtained according to general procedure A 
in TBME. After acidification with 10 ml of 2 N HC1, the reaction 
mixture is stirred for 2 h at room temp. The organic layer is then 
extracted with water (3 X 20 ml), and the combined aqueous 
phases are reextracted with diethyl ether (3 X 30 ml). The com- 
bined organic layers are dried with MgS04 and concentrated in 
vacuo. Purification of the residue by kugelrohr distillation yields 
1.04 g (70%) of 6a as a yellow solid. According to 'H NMR, 6a is 
a mixture of dia~tereomers[~'1 cis:tmns = 67:23. B.p. 12O"C/O.O1 
Torr, m.p. 75-105°C. - 'H NMR (CDCI,/TMS,,,): 6 = 4.21 (d/ 
d, trans, Jj,4 = 2.8, J z , ~  = 6.8 Hz), 4.52 (d/d, cis. J3.4 = 2.8, Jz,3 = 

9.8 Hz), ( lH,  CHCHCH=C); 5.48 (d, trans, J =  2.8 Hz), 5.62 (d, 
cis, J = 2.8 Hz), (1 H, CH=C); 5.47 (d, trans, J = 6.8 Hz), 6.00 (d, 
cis, J =  9.8 Hz), (IH, OCH); 6.89-7.43 (m, 13H, 
7.71-7.78 (m, 2H, H, of C=CPh). - I3C NMR (CDCI3/TMSint): 
S = 54.4 (cis), 59.0 (trans), (C-3); 87.2 (cis), 90.8 (tran.$ (C-2); 98.8 

142.6 (cis), 143.9 (~x~Jw) ,  (C?, C:, and C:); 156.3 (trans), 157.0 (cis), 
(C-5). - Cz2HI80 (298.4): calcd. C 88.56, H 6.08; found C 88.16, 
H 6.14. - Calcd. 298.1358; found 298.1368. 

(trans), 100.0 (cis), (C-4); 130.6, 130.7, 138.0 (cis), 139.5 (trans), 

Dithiocarbonate 9: A solution of 0.46 g (6 mmol) of CS2 in 3 ml 
of TBME is added to the stirred solution of 3e obtained according 
to the general procedure A with TBME. The solution is then 
warmed up to room temp., and stirring is continued for 2 h. After 
cooling to O'C, 0.85 g (6 mmol) of methyl iodide is added and the 
mixture again warmed up to room temp. Stirring is continued for 
2 h and is followed by the addition of 10 ml of TBME and 50 ml 
of diethyl ether. After acidification with 10 ml of 1 N HCl, the 
reaction mixture is stirred for a further 2 h at room temp. The 
organic layer is extracted with water (3 X 20 ml), and the combined 
aqueous phases are reextracted with diethyl ether (3 X 30 ml). The 
combined organic layers are dried with MgSO, and concentrated 
in vacuo. The viscous yellow-orange residue is directly reduced as 
the crude product because decomposition occurs upon distillation. 

Reduction ojthe Dithiocarbonate 9 to (3S)-(+)-1,3-Diphenyl-l- 
heptanone (10). - Variant A: 6.4 ml (6.4 mmol) of a 1 M solution 
of triethylborane in hexane is added at room temp. under Ar to a 
mixture of 2.15 g (5.8 mmol) of 9, 1.86 g (6.4 mmol) of nBu3SnH, 
and 20 ml of benzene in a 100-ml one-necked flask equipped with 
a three-way cock. After stirring for 30 min, 1.28 g of KF['*] and 
13 ml of water are added, and the heterogeneous mixture is stirred 
vigorously. The organic layer is separated and the aqueous layer 
extracted with ethyl acetate (2 X 20 ml). The combined organic 
layers are dried with MgS04, the solvent is evaporated, and the tin 
compounds are separated from the residue by CC (silica gelhex- 
ane). The remaining ketone 10 is eluted by ethyl acetate and the 
solution dried with MgS04. After removal of the solvent, the resi- 
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due is distilled (86"C/0.01 Torr). The purity after distillation is only 
4 7 %  (GC), thus necessitating additional purification by HPLC 
[LiChrosorb R P  18 (7 pm); CH3CN/H20, 75:25]. 89 mg of 10 is 
obtained as a colourless solid. [a]:: = +9.72 (c = 1.780, CC14) = 
52% ee. 

Yuriant B: A mixture of 1.78 g (4.8 mmol) of 9, 1.71 g (5.72 
mmol) of tris(trimethy1silyl)silane (TTMSS), 0.082 g (0.5 mmol) of 
azoisobutyronitrile (AIBN), and 20 ml of toluene is placed in a 
100-ml one-necked flask equipped with a reflux condenser and 
stirred for 2 hunder i\r at 85-105°C. After addition of 1 g of KF 
and 10 ml of water at room temp., the mixture is stirred vigorously. 
The work-up is as described above. 291 mg of 10 is obtained as a 
colourlcss solid. [a]:: = +10.23 (c = 2.619, CCI,) = 54% ee. - 
According to gas chromatography and N MR spectroscopy, the 
compounds obtained are identical with the compound described 
in ref.[3h4. 
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