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The enantioselectivity exerted by a new series of chiral phenylpropan-1-ol. Molecular mechanics calculations
suggested that the production of the R alcohol may becatalysts containing N,O-heterocycles of different sizes has

been checked in the addition of diethylzinc to benzaldehyde, explained by a mechanism similar to that described by
Noyori, in which ZnEt2 interacts solely with the N–C–C–OHwhich was used as a model reaction. The catalysts were

derived from natural amino acids, following a relatively fragment, whereas the formation of the S enantiomer needed
the direct participation of the lateral chain of the parentsimple procedure, and in several cases excellent ee values

were obtained. The results were complementary since ee’s amino acid and the N,O-heterocycle.
ranged from 98% (R) to 94% (S) excesses of the final 1-

ize the observed enantioselection by molecular mechanicsIntroduction
calculations.

Chiral β-amino alcohols are common motifs in the de-
sign of catalysts for asymmetric synthesis as they are, in
general, readily accessible in an enantiomerically pure form
in a few steps from natural precursors, i.e. α-amino acids. [1]

Thus, for example, the stereoselective preparation of sec-
ondary alcohols by addition of dialkylzinc reagents to alde-
hydes, catalyzed by chiral β-amino alcohols[2] has been ex-
tensively investigated by the German laboratory. [3] On the
other hand, chiral β-amino alcohols are also the key entry
point to the synthesis of chiral azacrown ethers which have
been used by the Spanish laboratory to catalyze asymmetric
Michael-type additions. [4] Bringing together both areas of
expertise, we are now working on the design of new, op-
tically active catalysts based on N,O-heterocycles of differ- Scheme 1
ent ring sizes. In a previous communication[5] we reported
the excellent enantioselection induced by some of the cata-
lysts 1b,c (Scheme 1), derived from (R)-cysteine, in the ad-

Results and Discussiondition of diethylzinc to benzaldehyde which we used as a
model reaction. In the present paper we give a full account

Synthesis and NMR Spectroscopic Dataof our attempts at understanding the role played by the side
chain R1 of the parent amino acid and the influence of the The synthesis of the amino alcohols 1a2c, 2a2c and 3
size of the N,O-heterocycle. We hereby extend our results to was accomplished in a four- or five-step sequence from (R)-
a new series derived from (S)-methionine (2a2c) and (S)- cysteine, (S)-methionine and (S)-leucine, respectively, ac-
leucine (3; Scheme 1) and try, for the first time, to rational- cording to procedures described in the literature. [6] In the

case of compounds 1 (Scheme 1), the thiol group was first
transformed into its iPr-thioether before converting the acid[a] Departamento de Quı́mica Orgánica. Facultad de Ciencias,

C-I. Universidad Autónoma Madrid, group into its ethyl ester. Treatment of the latter with the
E-28049-Madrid, Spain appropriate Grignard reagent or hydride afforded the de-Fax: (internat) 1 34291/39723966

sired amino alcohols[7] which, upon treatment with the ap-E-mail: ernesto.brunet@uam.es
[b] Universität Oldenburg, Fachbereich Chemie, propriate diiodopolyethylendioxa derivative in the presence
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Table 1. Enantiomeric excesses and chemical yields of the diethyl-The NMR spectra of the compounds in Scheme 1
zinc addition to benzaldehyde catalyzed by chiral compounds 123showed relatively large chemical shift differences between

the different diasterotopic protons [see for example the case
of 3 (n 5 3) depicted in Figure 1]. This suggests highly
conformational-biased structures in which intramolecular
hydrogen bonding between the OH group and the N atom
should play a decisive role (see Figure 1). [9] Moreover, some
compounds displayed broad and/or split signals at room
temperature indicating the existence of hindered rotation
around the bond between the stereogenic center and the N
atom (C*2N). For instance, compounds 3 with the larger
heterocycles (n 5 3 to 5; Scheme 1) showed two broad sig-
nals (∆δ 5 6002650 Hz) at room temp. in the 13C NMR
spectrum for the heterocyclic C2N2C fragment and co-
alescence occurred at 50260°C in CDCl3, thus giving a
value for ∆G° close to 24 kcal·mol21. In the case of 3 bear-
ing the morpholine ring (n 5 1) or the small “9-crown-3”
(n 5 2), their 13C NMR spectra at room temp. were slightly
above or at coalescence, respectively, indicating that the bar-
rier to rotation of the C*2N bond is lower when the ring
is smaller (ca. 14 kcal/mol). On the other hand, the NMR
spectra of the methionine derivatives (2) at room temp.
were, in general, much narrower implying that the barrier
to rotation is the lowest in the series. This should be due,
as expected, to the inferior bulkiness of R1 in 2 (Scheme 1).

[a] Product configuration as determined by chiral GC analysis (SGE
Cydec-B, chiral) and comparison with authentic samples

Figure 1. Some relevant 1H NMR chemical shifts for compound
3 (n 5 3) (cf. Scheme 1) and expected mayor conformer of the
fragment N2C2C2OH

Diethylzinc Addition

The enantioselective addition of diethylzinc to C5O
bonds has been checked with benzaldehyde in the presence
of the optically active catalysts 123. In a typical pro-
cedure, [10] the reaction was carried out at 22°C for 48 h
with a catalyst concentration of 5 mol-% relative to benzal-
dehyde. Chemical yields ranged from moderate to good. Figure 2. Plot of ee values vs. ring size for the compounds of Ta-

ble 1Table 1 summarizes the obtained results, which have been
gathered in Figure 2 to facilitate the discussion.

It can be seen that the presence of R2 substituents is es- 19 to 30). It is noteworthy that all morpholine derivatives
(cf. Figure 2; n 5 1) gave (R)-1-phenylpropan-1-ol, regard-sential for our catalysts to induce a reasonable degree of

enantioselection. Hence, when R2 5 H as in compounds 1a less of the nature of the R1 group, and in some instances
with excellent ee values (see, for example, entries 2 and 31).and 2a (solid circles and triangles in Figure 2), ee values

were always very small (Table 1). On the other hand, with In these cases, calculations (vide infra) supported a reaction
pathway similar to that proposed by Noyori, where neitherbulkier R2 groups higher ee values were obtained. This is

especially evident along series 2 where the highest enanti- the morpholine ring nor the R1 chain play a direct role in
the induced enantioselection. However, it was observed thatoselectivities were obtained when R2 5 Ph (Table 1; entries
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Scheme 2. Crucial steps in dialkylzinc addition mechanism

an increase of ring size diminished the degree of R enanti- an alternative model to Noyori9s which could take into ac-
count the various effects exerted by the S atom of the R1oselection and in some cases caused the S alcohol to be in

excess (see, for example, entries 8, 9 and 19230). With this chain, and the N,O-heterocycle.
in mind, Figure 2 clearly shows that our catalysts may be

Calculationsgrouped into three different categories, of which that con-
taining 1a and 2a, both exerting very low ee9s, has already The mechanism of the addition of dialkylzinc reagents to
been mentioned. The second category, containing 1b (dia- aldehydes promoted by chiral amino alcohols is relatively
monds), 1c (squares) and 3 (circles), displayed a very similar well documented by Noyori. [12] [13] Scheme 2 depicts the
evolution of induced ee values as a function of ring size. crucial steps of the catalytic cycle.
Taking into account that these catalysts only differ in the Taking into account the two possible pro-R and pro-S
sulfur atom (cf. Scheme 1), Figure 2 suggests a negligible situations for ethyl transfer, and that the two Zn atoms are
influence of this heteroatom on the reaction products of stereogenic in the transition state (TS; Scheme 2), one must
compounds 1. Besides, the minimum enantioselection was consider eight possible diastereomeric TS9s for ethyl ad-
attained for n 5 3, i.e. for the 12-crown-4. Considering the dition from Et2Zn to benzaldehyde when catalyzed by the
known affinity of Zn21 for macrocycles of four het- compounds of Scheme 1. Molecular mechanics calculations
eroatoms, [11] this fact suggests a possible competition of the of these eight TS9s were performed with the HyperChem
metal for chelation to two different sites: the N2C2C2OH program and MM1, which is based on Allinger9s
fragment, as in the mechanism proposed by Noyori (see be- MMP2.[14] In order to obtain reliable parameters for the
low), and the N,O-heterocycle. Our results suggest that bonds of the bimetallic core of the dinuclear complex we
these chelation patterns lead to different stereochemical adjusted their values and atom types (Figure 3 and Table 2)
outcomes. In the third and last category (Figure 2), one by reproducing the structures of the model transtion states
may group together compounds 2b (crosses) and 2c (stars). calculated by Noyori by ab initio methods. [11]

They induced an almost constant production of (S)-1-phe-
nylpropan-1-ol for n 5 2 to 5, which was remarkably high
in the case of 2c.

A cross comparison between the second and third categ-
ories is instructive concerning the role of sulfur, which was
considered negligible in the case of catalysts 1. For instance,
1b and 2b (n 5 2) produced very different ee values (1b,
48% R; 2b, 63% S; entries 5 and 20) even though they are
quite alike except for the position and substitution of the

Figure 3. Atom types for MM1 calculationsulfur atom. The only plausible explanation for this differ-
ence is that participation of the S atom cannot be definitely
ruled out in the course of the reaction, provided this het- The RMS fit between our calculated structures by MM1

and Noyori9s ab initio was better than 0.96. We found thateroatom is sterically unhindered as in 2b. However, the in-
fluence of sulfur should also be influenced by the size of for all calculated diastereomeric transition-state complexes,

the most stable conformer was predicted to have: (i) an axialthe N,O-heterocycle since, as we have already commented,
when n 5 1 (Figure 2) all compounds (except 2a which did arrangement of the morpholine Zn2N bond (ca. 2 Å),

therefore leaving the shorter bond with the stereogenic car-not induce any significant ee) displayed a similar reactivity
regardless of the presence or absence of sulfur. The rigidity bon equatorial; (ii) a pseudoequatorial arrangement of the

R1 chain which is thus assumed to play only an indirectof the morpholine ring, relative to its larger counterparts,
may favor a Noyori-type mechanism, which would appear role in the asymmetric induction. Additionally, the different

ethyl and phenyl groups in the molecule were confor-to satisfactorily explain the enantioselection observed for
n 5 1 (see calculations section). Work is in progress to find mationally searched to reach the lowest energy minima.
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Table 3. MM1 relative energies (kcal/mol) of the eight possibleTable 2. Final parameters and chosen atom types for Hyperchem

calculations (see text) diastereomeric transition states for ethyl transfer from Et2Zn to
benzaldehyde catalyzed by selected compounds 1b, 2a and 2c

[a] Respective configuration of metal atoms. The configuration fol-
lowing the arrow indicates the stereochemistry of the final alcohol.

An inspection of all calculated TS9s shows that their li-
brational motion should be severely restricted (and hence
the induced enantioselection increased) by a critical cascade
of interactions among the R2 substituents (Et or Ph) and
the ethyl groups bonded to Zn. This is in qualitative agree-
ment with our experimental observation that catalyst 2a
(Table 1; entry 16), without R2 substituents, gave the poor-
est ee value in the morpholine series. However, Table 3 also
shows that, quantitatively speaking, these calculations have
to be considered with a degree of caution. The energy dif-
ference (kcal/mol) between the lowest TS and the next low-
est one leading to the S alcohol was in the order (n 5 1) 2c
(2.6) > 1b (0.5) > 2a (0.4). This is in very crude agreement
with the observed induced ee values (53%, 92% and 8% for
entries 18, 2 and 16 in Table 1, respectively).

Finally, we have calculated for one example, 2c (n 5 2),
the influence of the ring size. The last column in Table 3
shows that the predicted energy difference between TS9s
leading to R and S alcohols is greatly reduced in the case of
2c, from 2.6 kcal/mol for n 5 1 to 0.7 kcal/mol for n 5 2.
However, the TS leading to the R alcohol is still the lowest
in energy, contrary to the experimental results in which the
S alcohol was produced in 94% ee (Table 1, entry 21). This
suggests that one should invoke additional factors, other
than simply steric ones, to explain the production of the S
alcohol for 2b2c when the ring is larger than morpholine.

Conclusions

The catalysts described in this paper produced excellent
ee values for the addition of diethylzinc to benzaldehyde
and gave complementary results concerning enantioselec-
tion of the final alcohol since ee9s ranged from 98% to 94%
of R and S excesses, respectively. We have explained the
production of the R alcohol by a mechanism similar to thatTable 3 shows the predicted relative energies of the various

transition states calculated. described by Noyori, in which ZnEt2 interacts solely with
the N2C*2C2OH fragment, leaving the lateral chain ofIt can be seen that in all calculated morpholine TS9s the

lowest energy corresponded to situations where the configu- the parent amino acid (R1) and the N,O-heterocycle to play
an indirect role in the induced enantioselection. However,ration at both metallic stereocenters resulted S. Further-

more, Table 3 shows that the calculated lowest energy TS9s our results have shown that the direct participation of R1

(provided it contained an unhindered thioether function)were predicted to lead to (R)-1-phenylpropan-1-ol, in excel-
lent agreement with our experimental results. This fact gives and the N,O-heterocycle (if it was sufficiently large) re-

versed the stereochemical outcome of the reaction by aadditional support to Noyori9s mechanism, at least in the
case of our morpholine derivatives. mechanism which is still unclear.
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calcd. C 54.76, H 9.65, N 6.38, S 14.62; found C 54.60, H 9.53, NExperimental Section
6.59, S 14.26.

General: 1H NMR: Bruker AC 300 (300 MHz), Bruker DRX 500
(R ) -2-(1 9 ,4 9 -Dioxa-7 9 -azacyclononan-7 9 -yl)-3- isopropyl-(500 MHz), δ 5 0 (tetramethylsilane) and 7.24 (CHCl3). Charac-
thiopropan-1-ol, {1a (n 5 2)}: This compound was prepared follow-terization of signal multiplicities: s 5 singlet, bs 5 broad singlet,
ing the general procedure described above from (R)-cysteinol, so-d 5 doublet, t 5 triplet, q 5 quadruplet, m 5 multiplet bm 5
dium carbonate and 1,8-diiodo-3,6-dioxaoctane. Column chroma-broad multiplet. 2 13C NMR: Bruker AC 300 (75 MHz), Bruker
tography with n-hexane/ethyl acetate (2:8); Rf 5 0.23. 2 Yield:DRX 500 (125 MHz), δ 5 77.0 (CDCl3). Assignments of the sig-
0.57 g (27%) colorless oil. 2 [α]D

20 5 142.8 (c 5 1.19, dichloro-nals in the 13C NMR spectrum were supported by measurements
methane). 2 IR (NaCl): ν̃ 5 360023300 cm21 (OH), 1200applying DEPT, HMQC and COSY 45 techniques. High resolution
(C2O2C). 2 1H NMR (CDCl3): δ 5 1.24 {d, J 5 6.68 Hz, 3 H,mass and FAB spectra were recorded on a VG Autospec spec-
CH(CH3)2}, 1.26 {d, J 5 6.72 Hz, 3 H, CH(CH3)2}, 2.39 (dd, J 5trometer. Optical rotation was measured on a Perkin2Elmer M-50
8.44 Hz, J 5 12.61 Hz, 1 H, CH2S), 2.73 (dd, J 5 5.55 Hz, J 5polarimeter. Amino alcohols and polyethylenoxadiiodo derivatives
12.10 Hz, 1 H, CH2S), 2.7822.96 (m, 6 H, CH(CH3)2, CH2OH, 6-were prepared as previously described.[6,4] Starting amino acids
H2, 8-H2), 3.30 (m, 1 H, CH2OH), 3.5623.78 (m, 9 H, 2-H2, 3-H2,were provided by Degussa AG and the diethylzinc from Witco
5-H2, 9-H2, CHN). 2 13C NMR (CDCl3): δ 5 23.22 {CH(CH3)2},GmbH.
28.20 (CH2S), 35.60 {CH(CH3)2}, 51.69 (C-5, C-8), 61.65, 63.74

General Procedure for Preparation of N,O-Heterocycles: To a re- (CH2OH, CHN), 73.21, 73.94 (C-2, C-3, C-5, C-9). 2 MS (CI, i-
fluxed suspension of 1 equiv. of ca. 1 3 1023  amino alcohol and butane); m/z (%): 264 (100) [MH1]. 2 C12H25NO3S (263.4): calcd.
425 equiv. of sodium or potassium carbonate in dry acetonitrile, C 54.72, H 9.57, N 5.32, S 12.17; found C 54.61, H 9.60, N 5.33,
1 equiv. of the corresponding polyethylendioxadiiodo (ca. 7·3 1022 S 12.23.
 in dry acetonitrile) was added in small portions during a time

(R)-3-Isopropylthio-2-(19,49,79-trioxa-109-azacyclododecan-109-yl)-span of several hours. The reaction mixture was refluxed for several
propan-1-ol, {1a (n 5 3)}: This compound was prepared followingdays and its progress was checked by TLC. The mixture was al-
the general procedure described above from (R)-cysteinol, sodiumlowed to cool to room temperature and the salts filtered off. The
carbonate and 1,11-diiodo-3,6,9-trioxaundecane. Column chroma-filtrate was concentrated at reduced pressure and then washed with
tography with n-hexane/triethylamine (3:2); Rf 5 0.30. 2 Yield:502150 mL of water and extracted with dichloromethane
1.18 g (48%) slightly yellow oil. 2 [α]D

20 5 156.4 (c 5 1.19, di-(4 3 100 mL). The organic layer was dried over sodium sulfate and
chloromethane). 2 IR (NaCl): ν̃ 5 355023150 cm21 (OH), 1130the solvent evaporated at reduced pressure. The remaining oil was
(C2O2C). 2 1H NMR (CDCl3): δ 5 1.23 {d, J 5 6.6 Hz, 6 H,chromatographed on silica gel with the eluent indicated in each
CH(CH3)2}, 2.30 (dd, J 5 7.89 Hz, J 5 12.59 Hz, 1 H, CH2S),case.
2.6322.95 (m, 7 H, CH2S, CH(CH3)2, CH2OH, 9-H2, 11-H2), 3.26
(m, 1 H, CH2OH), 3.4523.70 (m, 13 H, CHN, 2-H2, 3-H2, 5-H2,General Procedure for Diethylzinc Addition: A solution of diethyl-
6-H2, 8-H2, 12-H2), 4.27 (br. s, 1 H, OH). 2 13C NMR (CDCl3):zinc (1.1  in toluene, 10 mmol) was added to a solution of the
δ 5 23.24 {CH(CH3)2}, 27.98 (CH2S), 35.61 {CH(CH3)2}, 50.42respective amount of catalyst 123 (5 mol-% relative to benzal-
(C-9, C-11), 61.35, 61.67 (CHN, CH2OH), 69.07, 69.99, 70.43 (C-dehyde) in dry toluene at 220°C under an argon atmosphere. The
2, C-3, C-5, C-6, C-8, C-12). 2 MS (CI, i-butane); m/z (%): 308mixture was allowed to reach room temperature and then treated
(100) [MH1]. 2 C14H29NO4S (307.5): calcd. C 54.69, H 9.51, Nwith 10 mmol of benzaldehyde in dry toluene. The resulting yellow
4.56, S 10.43; found C 54.60, H 9.21, N 4.55, S 10.54.mixture was stirred for 16 h at room temperature. The reaction was

quenched with 2  hydrochloric acid, the organic layer separated (R)-3-Isopropylthio-2-(19,49 ,79,109-tetraoxa-139-azacyclo-
and the aqueous layer extracted with diethyl ether. The combined pentadecan-139-yl)-propan-1-ol, {1a (n 5 4)}: This compound was
organic layers were extracted with sodium hydrogen sulfite solu- prepared following the general procedure described above from
tion, sodium hydrogen carbonate solution and water, before drying (R)-cysteinol, potassium carbonate and 1,14-diiodo-3,6,9,12-tetra-
(Na2SO4). The solvent was evaporated under reduced pressure and oxapentadecane. Column chromatography with n-hexane/ethyl
the residue distilled under vacuum to afford 1-phenyl-1-propanol. acetate (3:7, 1 3% triethylamine); Rf 5 0.19. 2 Yield: 0.91 g (29%)
The enantiomeric excess was determined by GC analysis (SGE Cy- colorless oil. 2 [α]D

20 5 139.0 (c 5 1.0, dichloromethane). 2 IR
dec-B, chiral) and the absolute configuration was detected by chiral (NaCl): ν̃ 5 350023200 cm21 (OH). 2 1H NMR (CDCl3): δ 5
GC analysis by comparison with authentic samples. The obtained 1.24 {d, J 5 6.81 Hz, 3 H, CH(CH3)2}, 1.26 {d, J 5 6.62 Hz, 3 H,
results are gathered in Table 1. CH(CH3)2}, 2.32 (dd, J 5 8.31 Hz, J 5 12.70 Hz, 1 H, CH2S), 2.66

(dd, J 5 5.24 Hz, J 5 12.30 Hz, 1 H, CH2S), 2.7423.03 {m, 6(R)-3-Isopropylthio-2-morpholin-49-yl-propan-1-ol {1a (n 5 1)}: This
H, CH2OH, 12-H2, 14-H2, CH(CH3)2}, 3.28 (m, 1 H, CH2OH),compound was prepared following the general procedure described
3.5123.70 (m, 17 H, CHN, 2-H2, 3-H2, 5-H2, 6-H2, 8-H2, 9-H2,above from (R)-cysteinol, sodium carbonate and 1,5-diiodo-3-ox-
11-H2, 15-H2). 2 13C NMR (CDCl3): δ 5 23.27 {CH(CH3)2},apentane. Column chromatography with n-hexane/ethyl acetate
27.63 (CH2S), 35.57 {CH(CH3)2}, 51.03 (C-12, C-14), 61.63(2:8, 1 3% triethylamine); Rf 5 0.28 2 Yield: 0.93 g (53%) colorless
(CH2OH), 63.12 (CHN), 70.03, 70.33, 70.42, 70.87 (C-2, C-3, C-5,oil. 2 [α]D

20 5 135.1 (c 5 1.19, dichloromethane). 2 IR (NaCl):
C-6, C-8, C-9, C-11, C-15). 2 MS (CI, i-butane); m/z (%): 352 (100)

ν̃ 5 340023200 cm21 (OH). 2 1H NMR (CDCl3): δ 5 1.23 {d,
[MH1]. 2 C16H33NO5S (351.5): calcd. C 54.67, H 9.46, N 3.98, SJ 5 6.67 Hz, 3 H, CH(CH3)2}, 1.27 {d, J 5 6.65 Hz, 3 H,
9.12; found C 54.40, H 9.32, N 3.89, S 8.99.CH(CH3)2}, 2.32 (dd, J 5 10.14 Hz, J 5 13.68 Hz, 1 H, CH2S),

2.49 {m, 2 H, CH2S, CH(CH3)2}, 2.7022.92 (m, 5 H, 3-H2, 5-H2, (R)-3-Isopropylthio-2-(19,49,79,109,139-pentaoxa-169-azacyclo-
octadecan-169-yl)-propan-1-ol, {1a (n 5 5)}: This compound wasCH2OH), 3.37 (dd, J 5 9.52 Hz, J 5 10.91 Hz, 1 H, CH2OH),

3.423.76 (m, 5 H, CHN, 2-H2, 6-H2). 2 13C NMR (CDCl3): δ 5 prepared following the general procedure described above from
(R)-cysteinol, potassium carbonate and 1,17-diiodo-3,6,9,12,15-23.11, 23.15 {CH(CH3)2}, 26.55 (CH2S), 35.60 {CH(CH3)2}, 48.49

(C-3, C-5), 59.95 (CH2OH), 65.07 (CHN), 67.24 (C-2, C-6). 2 MS pentaoxaheptadecane. Column chromatography with ethyl acetate/
n-hexane/triethylamine (8:1:1); Rf 5 0.40. 2 Yield: 0.52 g (17%)(CI, i-butane); m/z (%): 220 (100) [MH1]. 2 C10H21NO2S (219.3):

Eur. J. Org. Chem. 1999, 332323333 3327
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slightly yellow oil. 2 [α]D

20 5 134.7 (c 5 1.11, dichloromethane). (dd, J 5 3.3 Hz, J 5 11.54 Hz, 1 H, CH2S), 2.8222.98 {m, 6 H,
CHN, 9-H2, 11-H2, CH(CH3)2}, 3.3923.67 (m, 12 H, 2-H2, 3-H2,2 IR (NaCl): ν̃ 5 340023100 cm21 (OH). 2 1H NMR (CDCl3):

δ 5 1.22 {d, J 5 6.61 Hz, 3 H, CH(CH3)2}, 1.24 {d, J 5 6.63 Hz, 5-H2, 6-H2, 8-H2, 12-H2), 4.25 (br. s, 1 H, OH). 2 13C NMR
(CDCl3): δ 5 7.65, 7.75 (CH2CH3), 23.34, 23.44 {CH(CH3)2},3 H, CH(CH3)2}, 2.28 (dd, J 5 8.54 Hz, J 5 12.75 Hz, 1 H, CH2S),

2.6322.99 {m, 7 H, CH2S, CH2OH, 15-H2, 17-H2, CH(CH3)2}, 27.47, 27.64 (CH2CH3), 29.78 (CH2S), 35.89 {CH(CH3)2}, 65.89
(CHN), 70.12 (C-2, C-3, C-5, C-6, C-8, C-12), 75.43 (COH). 2 MS3.27 (m, 1 H, CH2OH), 3.4523.73 (m, 21 H, CHN, 2-H2, 3-H2, 5-

H2, 6-H2, 8-H2, 9-H2, 11-H2, 12-H2, 13-H2, 17-H2). 2 13C NMR (CI, i-butane); m/z (%): 364 (100) [MH1]. 2 C18H37NO4S (363.6):
calcd. C 59.47, H 10.26, N 3.85, S 8.82; found C 59.62, H 10.48,(CDCl3): δ 5 23.27, 23.38 {CH(CH3)2}, 27.42 (CH2S), 35.57

{CH(CH3)2}, 50.43 (C-15, C-17), 61.48 (CH2OH), 62.82 (CHN), N 3.74, S 8.69.
70.40, 70.57, 70.86 (C-2, C-3, C-5, C-6, C-8, C-9, C-11, C-12, C-

(R)-3-Etyl-1-isopropylthio-2-(19,49,79,109-tetraoxa-139-azacyclo-13, C-17). 2 MS (CI, i-butane); m/z (%): 396 (100) [MH1]. 2
pentadecan-139-yl)-pentan-3-ol, {1b (n 5 4)}: This compound wasC18H37NO6S (395.6): calcd. C 54.66, H 9.43, N 3.54, S 8.11; found
prepared following the general procedure described above fromC 54.70, H 9.82, N 3.50, S 8.07.
(R)-2-amino-3-ethyl-1-isopropylthiopentan-3-ol, potassium car-
bonate and 1,14-diiodo-3,6,9,12-tetraoxapentadecane. Column(R)-3-Ethyl-1-isopropylthio-2-morpholin-4-yl-pentan-3-ol {1b (n 5

1)}: This compound was prepared following the general procedure chromatography with ethyl acetate/n-hexane (7:3, 1 1% triethyl-
amine); Rf 5 0.26. 2 Yield: 1.31 g (32%) colorless oil. 2 [α]D

20 5described above from (R)-2-amino-3-ethyl-1-isopropylthiopentan-
3-ol, sodium carbonate and 1,5-diiodo-3-oxapentane. Column 216.89 (c 5 0.74, dichloromethane). 2 IR (NaCl): ν̃ 5

360023100 cm21 (OH), 1150 (C2O2C). 2 1H NMR (CDCl3):chromatography with ethyl acetate/n-hexane (4:6); Rf 5 0.49. 2

Yield: 1.34 g (49%) colorless oil. 2 [α]D
20 5 245.14 (c 5 0.88, δ 5 0.86 (t, J 5 7.47 Hz, 3 H, CH2CH3), 0.88 (t, J 5 7.31 Hz, 3

H, CH2CH3), 1.27 {d, J 5 6.68 Hz, 3 H, CH(CH3)2}, 1.28 {d, J 5dichloromethane). 2 IR (NaCl): ν̃ 5 360023200 cm21 (OH). 2
1H NMR (CDCl3): δ 5 0.87 (t, J 5 7.32 Hz, 3 H, CH2CH3), 0.89 6.65 Hz, 3 H, CH(CH3)2}, 1.5421.77 (m, 4 H, CH2CH3),

2.6823.05 (m, 7 H, CH2S, CH(CH3)2, 12-H2, 14-H2), 3.4523.71(t, J 5 7.47 Hz, 3 H, CH2CH3), 1.26 {d, J 5 6.63 Hz, 3 H,
CH(CH3)2}, 1.29 {d, J 5 6.68 Hz, 3 H, CH(CH3)2}, 1.3221.46 (m, 17 H, CHN, 2-H2, 3-H2, 5-H2, 6-H2, 8-H2, 9-H2, 11-H2, 15-

H2), 4.12 (br. s, 1 H, OH). 2 13C NMR (CDCl3): δ 5 7.68, 7.76(2m, 4 H, CH2CH3), 2.61, 2.77, 3.02 (3m, 7 H, CH(CH3)2, CH2S,
3-H2, 5-H2), 3.5823.71 (m, 5 H, H 2, 2-H2, 6-H2). 2 13C NMR (CH2CH3), 23.36, 23.45 {CH(CH3)2}, 27.42, 27.52 (CH2CH3),

29.31 (CH2S), 35.95 {CH(CH3)2}, 68.14 (CHN), 70.10, 70.73, 71.18(CDCl3): δ 5 7.62, 7.67 (CH2CH3), 23.21, 23.30 {CH(CH3)2},
27.42, 27.52 (CH2CH3), 28.84 (CH2S), 35.98 {CH(CH3)2}, 52.23 (C-2, C-3, C-5, C-6, C-8, C-9, C-11, C-15), 75.76 (COH). 2 MS

(CI, i-butane); m/z (%): 408 (100) [MH1]. 2 C20H41NO5S (407.6):(C-3, C-5), 67.75 (C-2, C-6), 68.98 (CHN), 75.40 (COH). 2 MS
(CI, i-butane); m/z (%): 276 (100) [MH1]. 2 C14H29NO2S (275.5): calcd. C 58.93, H 10.14, N 3.43, S 7.87; found C 58.73, H 10.19,

N 3.26, S 7.41.calcd. C 61.05, H 10.61, N 5.08, S 11.64; found C 61.66, H 10.23,
N 4.98, S 11.97.

(R)-3-Ethyl-1-isopropylthio-2-(19,49,79,109,139-pentaoxa-169-aza-
cyclooctadecan-169-yl)-pentan-3-ol {1b (n 5 5)}: This compound(R)-2-(19,49-Dioxa-79-azacyclononan-79-yl)-3-ethyl-1-isopropyl-

thiopropan-1-ol, {1b (n 5 2)}: This compound was prepared follow- was prepared following the general procedure described above from
(R)-2-amino-3-ethyl-1-isopropylthiopentan-3-ol, potassium car-ing the general procedure described above from (R)-2-amino-3-

ethyl-1-isopropylthiopentan-3-ol, sodium carbonate and 1,8-di- bonate and 1,17-diiodo-3,6,9,12,15-pentaoxaheptadecane. Column
chromatography with ethyl acetate/n-hexane 8:2, 1 3% triethyl-iodo-3,6-dioxaoctane. Column chromatography with ethyl acetate/

n-hexane (9:1, 1 1% triethylamine); Rf 5 0.28. 2 Yield: 0.45 g amine; Rf 5 0.14. 2 Yield: 1.11 g (31%) colorless oil. 2 [α]D
20 5

224.0 (c 5 1.24, dichloromethane). 2 IR (NaCl): ν̃ 5(14%) colorless oil. 2 [α]D
20 5 210.8 (c 5 1.09, dichloromethane).

2 IR (NaCl): ν̃ 5 350023300 cm21 (OH), 1200 (C2O2C). 2 1H 350023300 cm21 (OH), 1100 (C2O2C). 2 1H NMR (CDCl3):
δ 5 0.84 (t, J 5 7.51 Hz, 3 H, CH2CH3), 0.87 (t, J 5 7.46 Hz, 3NMR (CDCl3): δ 5 0.88 (t, J 5 7.27 Hz, 3 H, CH2CH3), 0.92 (t,

J 5 7.48 Hz, 3 H, CH2CH3), 1.27 {d, J 5 6.69 Hz, 3 H, H, CH2CH3), 1.25 {d, J 5 6.61 Hz, 3 H, CH(CH3)2}, 1.28 {d, J 5

6.74 Hz, 3 H, CH(CH3)2}, 1.3721.74 (m, 4 H, CH2CH3),CH(CH3)2}, 1.30 {d, J 5 6.70 Hz, 3 H, CH(CH3)2}, 1.2421.39 (m,
4 H, CH2CH3), 2.64 (m, 1 H, CH2S), 2.7723.14 (m, 6 H, CH2S, 2.6523.02 {m, 7 H, CH2S, 15-H2, 17-H2, CH(CH3)2}, 3.64 (m, 21

H, CHN, 2-H2, 3-H2, 5-H2, 6-H2, 8-H2, 9-H2, 11-H2, 12-H2, 14-H2,CH(CH3)2, 6-H2, 8-H2), 3.5523.92 (m, 9 H, CHN, 2-H2, 3-H2, 5-
H2, 9-H2), 4.06 (br. s, 1 H, OH). 2 13C NMR (CDCl3): δ 5 7.68 18-H2). 2 13C NMR (CDCl3): δ 5 7.66 (CH2CH3), 23.30, 23.39

{CH(CH3)2}, 27.45, 27.79 (CH2CH3), 29.05 (CH2S), 35.94(CH2CH3), 23.29, 23.37 {CH(CH3)2}, 28.07 (CH2S), 28.94
(CH2CH3), 35.86 {CH(CH3)2}, 68.73 (CHN), 73.98 (C-2, C-3, C- {CH(CH3)2}, 54.63 (C-15, C-17), 65.93 (CHN), 70.37, 70.71, 70.96

(C-2, C-3, C-5, C-6, C-8, C-9, C-11, C-12, C-14, C-18), 75.585, C-9), 74.46 (COH). 2 MS (CI, i-butane); m/z (%): 320 (100)
[MH1]. 2 C16H33NO3S (319.5): calcd. C 60.15, H 10.41, N 4.38, (COH). 2 MS (CI, i-butane); m/z (%): 452 (100) [MH1]. 2

C22H45NO6S (451.7): calcd. C 58.50, H 10.04, N 3.10, S 7.10; foundS 10.04; found C 59.99, H 10.38, N 4.37, S 10.10.
C 58.42, H 10.13, N 3.09, S 7.05.

(R)-3-Ethyl-1-isopropylthio-2-(19,49,79-trioxa-109-azacyclo-
dodecan-109-yl)-pentan-3-ol, {1b (n 5 3)}: This compound was pre- (R)-1-[(29-Isopropylthio-19-morpholin-499-yl)ethyl]-cyclopentan-1-ol,

{1c (n 5 1)}: This compound was prepared following the generalpared following the general procedure described above from (R)-
2-amino-3-ethyl-1-isopropylthiopentan-3-ol, sodium carbonate and procedure described above from (R)-19-amino-1-ethyl-29-isopropyl-

thiocyclopentan-1-ol, sodium carbonate and 1,5-diiodo-3-oxapen-1,11-diiodo-3,6,9-trioxaundecane. Column chromatography with
ethyl acetate/n-hexane (7:3); Rf 5 0.41. 2 Yield: 0.87 g (24%) color- tane. Column chromatography with ethyl acetate/n-hexane 4:6;

Rf 5 0.49. 2 Yield: 1.10 g (50%) colorless oil. 2 [α]D
20 5 236.8less oil. 2 [α]D

20 5 215.1 (c 5 0.97, dichloromethane). 2 IR
(NaCl): ν̃ 5 350023000 cm21 (OH), 1080 (C2O2C). 2 1H NMR (c 5 1.04, dichloromethane). 2 IR (NaCl): ν̃ 5 340023000 cm21

(OH). 2 1H NMR (CDCl3): δ 5 1.25 {d, J 5 6.66 Hz, 3 H,(CDCl3): δ 5 0.85 (t, J 5 7.15 Hz, 3 H, CH2CH3), 0.89 (t, J 5

7.14 Hz, 3 H, CH2CH3), 1.27 {d, J 5 6.2 Hz, 3 H, CH(CH3)2}, CH(CH3)2}, 1.34 {d, J 5 6.65 Hz, 3 H, CH(CH3)2}, 1.3421.84 (m,
8 H, cyclopentyl-CH2), 2.36 (dd, J 5 2.22 Hz, J 5 12.06 Hz, 1 H,1.28 {d, J 5 6.2 Hz, 3 H, CH(CH3)2}, 1.5321.75 (m, 4 H, 2 3

CH2CH3), 2.69 (dd, J 5 3.3 Hz, J 5 12.7 Hz, 1 H, CH2S), 2.76 CH2S), 2.6523.01 (m, 6 H, CH(CH3)2, CH2S, 3-H2, 5-H2), 2.72
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(dd, J 5 2.45 Hz, J 5 9.21 Hz, 1 H, CHN), 3.66 (m, 4 H, 2-H2, 6- C-11, C-12, C-15), 83.40 (COH). 2 MS (CI, i-butane); m/z (%):

406 (100) [MH1]. 2 C20H39NO5S (405.6): calcd. C 59.23, H 9.69,H2). 2 13C NMR (CDCl3): δ 5 23.16, 23.27 {CH(CH3)2}, 23.50,
24.84, 36.01, 36.09 (cyclopentyl-CH2), 27.14 (CH2S), 38.65 N 3.45, S 7.91; found C 59.00, H 9.61, N 3.44, S 8.01.
{CH(CH3)2}, 50.94 (C-3, C-5), 67.66 (C-2, C-6), 70.21 (CHN), (R)-1-[(29-Isopropylthio-19-(199,499,799,1099,1399-pentaoxa-1699-aza-
82.05 (COH). 2 MS (CI, i-butane); m/z (%): 274 (100) [MH1]. 2 cyclooctadecan-1699-yl)ethyl]-cyclopentanol, {1c (n 5 5)}: This com-
C14H27NO2S (273.4): calcd. C 61.50, H 9.95, N 5.12, S 11.73; found pound was prepared following the general procedure described
C 61.67, H 9.90, N 5.11, S 11.83. above from (R)-19-amino-1-ethyl-29-isopropylthiocyclopentan-1-ol,

potassium carbonate and 1,17-diiodo-3,6,9,12,15-pentaoxahepta-(R)-1-[29-Isopropylthio-19-(199,499-dioxa-799-azacyclononan-799-yl)-
decane. Column chromatography with ethyl acetate/n-hexane 8:2,ethyl]-cyclopentan-1-ol, {1c (n 5 2)}: This compound was prepared
1 2% triethylamine; Rf 5 0.26. 2 Yield: 1.26 g (35%) colorless oil.following the general procedure described above from (R)-19-am-
2 [α]D

20 5 213.8 (c 5 1.28, dichloromethane). 2 IR (NaCl): ν̃ 5ino-1-ethyl-29-isopropylthiocyclopentan-1-ol, sodium carbonate
350023200 cm21 (OH), 1150 (C2O2C). 2 1H NMR (CDCl3):and 1,8-diiodo-3,6-dioxaoctane. Column chromatography with
δ 5 1.23 {d, J 5 6.70 Hz, 3 H, CH(CH3)2}, 1.27 {d, J 5 6.68 Hz,ethyl acetate/n-hexane 7:3, 1 1% triethylamine; Rf 5 0.48. 2 Yield:
3 H, CH(CH3)2}, 1.3321.88 (m, 8 H, cyclopentyl-CH2), 2.65 (dd,0.61 g (24%) slightly yellow oil. 2 IR (NaCl): ν̃ 5 330023000 cm21

J 5 4.10 Hz, J 5 11.92 Hz, 1 H, CH2S), 2.7622.97 (m, 6 H, CH2S,(OH). 2 1H NMR (CDCl3): δ 5 1.20 {d, J 5 6.64 Hz, 3 H,
CH(CH3)2, 15-H2, 17-H2), 3.4623.70 (m, 21 H, CHN, 2-H2, 3-H2,CH(CH3)2}, 1.23 {d, J 5 6.86 Hz, 3 H, CH(CH3)2}, 1.3321.87 (m,
5-H2, 6-H2, 8-H2, 9-H2, 11-H2, 12-H2, 14-H2, 18-H2), 4.39 (br. s, 18 H, cyclopentyl-CH2), 2.5422.94 {m, 8 H, CHN, 29-H2, 6-H2, 8-
H, OH). 2 13C NMR (CDCl3): δ 5 23.32 {CH(CH3)2}, 23.34,H2, CH(CH3)2}, 3.5523.87 (m, 8 H, 2-H2, 3-H2, 5-H2, 9-H2), 4.60
24.43, 35.77, 35.90 (cyclopentyl-CH2), 29.09 {CH(CH3)2}, 39.12(br. s, 1 H, OH). 2 13C NMR (CDCl3): δ 5 23.32 {CH(CH3)2},
(CH2S), 53.72 (C-15, C-17), 68.34 (CHN), 70.38, 70.56, 70.70,24.78, 35.60, 36.00 (cyclopentyl-CH2), 28.92 (CH2S), 39.14
70.93 (C-2, C-3, C-5, C-6, C-8, C-9, C-11, C-12, C-14, C-18), 83.55{CH(CH3)2}, 54.50 (C-6, C-8), 69.65 (CHN), 73.88, 73.94 (C-2, C-
(COH). 2 MS (CI, i-butane); m/z (%): 450 (100) [MH1]. 23, C-5, C-9), 82.17 (COH). 2 MS (CI, i-butane); m/z (%): 318 (100)
C22H43NO6S (449.7): calcd. C 58.77, H 9.64, N 3.12, S 7.13; found[MH1]. 2 C16H31NO3S (317.5): calcd. C 60.53, H 9.84, N 4.41, S
C 58.05, H 10.01, N 3.26, S 7.45.10.10; found C 60.58, H 9.93, N 4.53, S 10.42.

(S)-4-Methylthio-2-morpholin-4-yl-butan-1-ol, {2a (n 5 1)}: This(R)-1-[(29-Isopropylthio-19-(199,499,799-trioxa-1099-azacyclo-
compound was prepared following the general procedure describeddodecan-1099-yl)ethyl]-cyclopentan-1-ol, {1c (n 5 3)}: This com-
above from (S)-methioninol, sodium carbonate and 1,5-diiodo-3-pound was prepared following the general procedure described
oxapentane. Column chromatography with n-hexane/triethylamineabove from (R)-19-amino-1-ethyl-29-isopropylthiocyclopentan-1-ol,
5:5, Rf 5 0.38. 2 Yield: 1.35 g (66%). 2 [α]D

20 5 138.2 (c 5 1.03,sodium carbonate and 1,11-diiodo-3,6,9-trioxaundecane. Column
dichloromethane). 2 IR (NaCl): ν̃ (cm21) 5 3410 (b, O2H), 2930,chromatography with ethyl acetate/n-hexane 7:3; Rf 5 0.20. 2
2900, 2840 (m, C2H). 2 1H NMR (CDCl3): δ 5 1.4021.53 (m, 1Yield: 1.01 g (28%) yellow oil. 2 [α]D

20 5 213.4 (c 5 1.55, di-
H, SCH2CH2), 1.8821.96 (m, 1 H, SCH2CH2), 2.11 (s, 3 H, SCH3),chloromethane). 2 IR (NaCl): ν̃ 5 350023100 cm21 (OH), 1180
2.4022.58, 2.6122.82 (2 m, 4 H 1 3 H, SCH2CH2, NCH, 3-H2,(C2O2C). 2 1H NMR (CDCl3): δ 5 1.26 {d, J 5 6.62 Hz, 3 H,
5-H2), 3.11 (br, 1 H, OH), 3.3323.41 (m, 1 H, CH2OH), 3.55 (dd,CH(CH3)2}, 1.29 {d, J 5 6.73 Hz, 3 H, CH(CH3)2}, 1.3721.86 (m,
3J 5 5.0, 10.7 Hz, 1 H, CH2OH), 3.6423.77 (m, 4 H, 2-H2, 6-H2).8 H, cyclopentyl2CH2), 2.63 (dd, J 5 2.2 Hz, J 5 11.5 Hz, 1 H,
2 13C NMR (DEPT, CDCl3): δ 5 15.4 (SCH3), 25.1 (SCH2CH2),CH2S), 2.8022.96 (m, 7 H, CH2S, CH(CH3)2, CHN, 9-H2, 11-H2),
31.7 (SCH2CH2), 48.5 (2 C, C-3, C-5), 60.0 (CH2OH), 64.2 (NCH),3.4223.77 (m, 12 H, 2-H2, 3-H2, 5-H2, 6-H2, 8-H2, 12-H2), 4.60
67.4 (2 C, C-2, C-6). 2 MS (CI, ibutane); m/z (%): 206 (100)(br. s, 1 H, OH). 2 13C NMR (CDCl3): δ 5 23.27, 23.37
[MH1], 158 (119) [MH1 2 MeSH]. 2 C9H19NO2S (205.3): calcd.{CH(CH3)2}, 23.47, 24.89, 35.29, 35.97 (cyclopentyl-CH2), 29.54
C 52.65, H 9.33, N 6.82, S 15.62; found C 52.81, H 9.28, N 6.87,{CH(CH3)2}, 39.32 (CH2S), 53.25 (C-9, C-11), 67.68 (CHN), 69.79,
S 15.51.70.16, 70.36 (C-2, C3, C-5, C-6, C-8, C-12), 82.82 (COH). 2 MS

(CI, i-butane); m/z (%): 362 (100) [MH1]. 2 C18H35NO4S (361.5): (S)-4-Methylthio-2-(1,4-dioxa-7-azacyclonon-79-yl)-butan-1-ol,
calcd. C 59.81, H 9.76, N 3.87, S 8.87; found C 59.80, H 9.92, N {2a (n 5 2)}: This compound was prepared following the general
3.75, S 8.97. procedure described above from (S)-methioninol, sodium carbon-

ate and 1,8-diiodo-3,6-dioxaoctane. Column chromatography with(R)-1-[(29-Isopropylthio-19-(199,499,799,1099-tetraoxa-1399-azacyclo-
ethyl acetate/n-hexane/triethylamine 2:6:2, Rf 5 0.42. 2 Yield:pentadecan-1399-yl)ethyl]-cyclopentan-1-ol, {1c (n 5 4)}: This com-
0.61 g (26%). 2 [α]D

20 5 130.2 (c 5 0.95, dichloromethane). 2 IRpound was prepared following the general procedure described
(NaCl): ν̃ (cm21) 5 3420 (b, O2H), 2910, 2850 (m, C2H). 2 1Habove from (R)-19-amino-1-ethyl-29-isopropylthiocyclopentan-1-ol,
NMR (CDCl3): δ 5 1.4721.60 (m, 1 H, SCH2CH2), 1.752187 (m,potassium carbonate and 1,14-diiodo-3,6,9,12-tetraoxapentade-
1 H, SCH2CH2), 2.10 (s, 3 H, SCH3), 2.4222.56, 2.6922.79,cane. Column chromatography with ethyl acetate/n-hexane 7:3, 1
2.8522.97 (3 m, 2 H 1 2 H 1 3 H, SCH2CH2, NCH, 6-H2, 8-H2),1% triethylamine; Rf 5 0.30. 2 Yield: 1.22 g (38%) colorless oil. 2
3.2423.33, 3.5023.56, 3.6423.83 (3 m, 1 H 1 1 H 1 8 H, CH2OH,[α]D

20 5 215.4 (c 5 0.81, dichloromethane). 2 IR (NaCl): ν̃ 5
2-H2, 3-H2, 5-H2, 9-H2). 2 13C NMR (DEPT, CDCl3): δ 5 15.6360023200 cm21 (OH), 1050 (C2O2C). 2 1H NMR (CDCl3):
(SCH3), 27.2 (SCH2CH2), 31.5 (SCH2CH2), 51.8 (2 C, C-6, C-8),

δ 5 1.18 {d, J 5 6.66 Hz, 3 H, CH(CH3)2}, 1.22 {d, J 5 6.72 Hz,
62.0 (CH2OH), 63.1 (NCH), 73.6, 73.9 (4 C, C-2, C-3, C-5, 9-C).3 H, CH(CH3)2}, 1.3021.84 (m, 8 H, cyclopentyl-CH2), 2.60 (dd,
2 MS (CI, ibutane); m/z (%): 250 (100) [MH1], 202 (10) [MH1 2J 5 3.21 Hz, J 5 12.33 Hz, 1 H, CH2S), 2.72 (dd, J 5 3.26 Hz,
MeSH]. 2 C11H23NO3S (249.4): calcd. C 52.98, H 9.30, N 5.62, SJ 5 10.43 Hz, 1 H, CH2S), 2.7622.93 (m, 5 H, CH(CH3)2, 12-H2,
12.86; found C 52.74, H 9.19, N 5.53, S 12.81.14-H2), 3.4223.77 (m, 17 H, CHN, 2-H2, 3-H2, 5-H2, 6-H2, 8-H2,

9-H2, 11-H2, 15-H2), 4.38 (br. s, 1 H, OH). 2 13C NMR (CDCl3): (S)-4-Methylthio-2-(19,49,79-trioxa-109-azacyclododec-109-yl)-butan-
1-ol, {2a (n 5 3)}: This compound was prepared following the gen-δ 5 23.30 {CH(CH3)2}, 23.35, 24.54, 35.69, 35.86 (cyclopentyl-

CH2), 29.19 {CH(CH3)2}, 39.18 (CH2S), 54.32 (C-12, C-14), 68.71 eral procedure described above from (S)-methioninol, sodium car-
bonate and 1,11-diiodo-3,6,9-trioxaundecane. Column chromatog-(CHN), 69.97, 70.52, 70.89, 71.23 (C-2, C-3, C-5, C-6, C-8, C-9,
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raphy with ethyl acetate/n-hexane/triethylamine (2:6:2), Rf 5 0.39. (3 m, 3 H 1 2 H 1 1 H, SCH2CH2, CH2CH3, CH2CH3), 2.09 (s,

3 H, SCH3), 2.4322.55 (m, 1 H, SCH2CH2), 2.5622.75 (m, 4 H,2 Yield: 1.89 g (64%). 2 [α]D
20 5 160.1 (c 5 1.00, dichlorometh-

ane). 2 IR (NaCl): ν̃ 5 3410 (b, O2H) cm21, 2930, 2870 (m, SCH2CH2, NCH, 3-H2), 2.8122.91 (m, 2 H, 5-H2), 3.48 (br, 1 H,
OH), 3.6123.70 (m, 4 H, 2-H2, 6-H2). 2 13C NMR (DEPT,C2H). 2 1H NMR (CDCl3): δ 5 1.3021.53 (m, 1 H, SCH2CH2),

1.6721.81 (m, 1 H, SCH2CH2), 2.10 (s, 3 H, SCH3), 2.3822.55, CDCl3): δ 5 7.5 (CH2CH3), 7.6 (CH2CH3), 15.5 (SCH3), 25.9,
27.2, 28.9 (3 C, CH2CH3, CH2CH3, SCH2CH2), 33.8 (SCH2CH2),2.6022.70, 2.7522.94 (3 m, 2 H 1 2 H 1 3 H, SCH2CH2, NCH,

9-H2, 11-H2), 3.2423.33, 3.4023.50, 3.5123.76 (3 m, 1 H 1 3 H 52.6 (2 C, C-3, C-5), 67.7 (2 C, C-2, C-6), 68.3 (NCH), 75.1 (Et2-

COH). 2 MS (CI, ibutane); m/z (%): 262 (100) [MH1], 244 (18)1 10 H, CH2OH, 2-H2, 3-H2, 5-H2, 6-H2, 8-H2, 12-H2), 4.27 (br,
1 H, OH). 2 13C NMR (DEPT, CDCl3): δ 5 15.3 (SCH3), 26.9 [MH1 2 H2O]. 2 C13H27NO2S (261.4): calcd. C 59.73, H 10.41,

N 5.36, S 12.26; found C 59.75, H 10.36, N 5.21, S 12.14.(SCH2CH2), 31.7 (SCH2CH2), 50.5 (2 C, C-9, C-11), 60.6 (NCH),
61.9 (CH2OH), 69.2, 70.0, 70.4 (6 C, C-2, C-3, C-5, C-6, C-8, C-

(S)-3-Ethyl-6-methylthio-4-(1,4-dioxa-7-azacyclonon-79-yl)-12). 2 MS (CI, ibutane); m/z (%): 294 (100) [MH1], 246 (8) [MH1

hexan-3-ol, {2b (n 5 2)}: This compound was prepared following
2 MeSH]. 2 C13H27NO4S (293.4): calcd. C 53.21, H 9.27, N 4.77,

the general procedure described above from (S)-α,α-diethylme-S 10.93; found C 53.18, H 9.21, N 4.72, S 10.89.
thioninol, sodium carbonate and 1,8-diiodo-3,6-dioxaoctane. Col-
umn chromatography with n-hexane/triethylamine (8:2), Rf 5 0.34(S)-4-Methylthio-2-(19,49,79,109-tetraoxa-139-azacyclopentadec-139-

yl)-butan-1-ol, {2a (n 5 4)}: This compound was prepared following and ethyl acetate/n-hexane/triethylamine (3:6:1), Rf 5 0.49. 2

Yield: 1.13 g (37%). 2 [α]D
20 5 261.2 (c 5 1.25, dichloromethane).the general procedure described above from (S)-methioninol, pot-

assium carbonate and 1,14-diiodo-3,6,9,12-tetraoxatetradecane. 2 IR (NaCl): ν̃ 5 3450 (b, O2H) cm21, 2960, 2910, 2860 (m,
C2H). 2 1H NMR (CDCl3): δ 5 0.6820.86 (m, 6 H, CH2CH3,Column chromatography with ethyl acetate/n-hexane/triethylamine

3:4:3, Rf 5 0.38. 2 Yield: 1.02 g (30%). 2 [α]D
20 5 139.1 (c 5 CH2CH3), 1.0821.46 (m, 4 H, CH2CH3, CH2CH3) 1.7321.85 (m,

1 H, SCH2CH2), 2.0022.17 (m, 1 H, SCH2CH2), 2.08 (s, 3 H,1.00, dichloromethane). 2 IR (NaCl): ν̃ 5 3340 (b, O2H) cm21,
2920, 2870 (m, C2H). 2 1H NMR (CDCl3): δ 5 1.4021.53 (m, 1 SCH3), 2.4922.66, 2.7322.87 (2 m, 3 H 1 2 H, SCH2CH2, 6-H2,

8-H), 3.1723.46 (m, 5 H, 8-H, 5-H2, 9-H2), 3.5023.65 (m, 6 H,H, SCH2CH2), 1.7121.84 (m, 1 H, SCH2CH2), 2.10 (s, 3 H, SCH3),
2.4022.55, 2.6422.74, 2.7922.96 (3 m, 2 H 1 2 H 1 3 H, 12-H2, NCH, OH, 2-H2, 3-H2). 2 13C NMR (DEPT, CDCl3): δ 5 7.3

(CH2CH3), 7.7 (CH2CH3), 15.8 (SCH3), 17.3, (SCH2CH2), 24.514-H2, SCH2CH2, NCH), 3.2323.31, 3.4123.56, 3.5723.74 (3 m,
1 H 1 3 H 1 14 H, 2-H2, 3-H2, 5-H2, 6-H2, 8-H2, 9-H2, 11-H2, (CH2CH3), 28.2 (CH2CH3), 33.3 (SCH2CH2), 51.7, 58.9 (2 C, C-6,

C-8), 69.5, 70.2, 70.3, 70.5 (4 C, C-2, C-3, C-5, C-9), 70.4 (NCH),15-H2, CH2OH). 2 13C NMR (DEPT, CDCl3): δ 5 15.5 (SCH3),
26.6 (SCH2CH2), 31.8 (SCH2CH2), 51.1, 61.8 (3 C, C-12, C-14, 73.1 (Et2COH). 2 MS (CI, ibutane); m/z (%): 306 (100) [MH1]. 2

C15H31NO3S (305.5): calcd. C 58.98, H 10.23, N 4.59, S 10.50;CH2OH), 62.4 (NCH), 70.0, 70.4, 70.9 (8 C, C-2, C-3, C-5, C-6,
C-8, C-9, C-11, C-15). 2 MS (CI, ibutane); m/z (%): 338 (100) found C 58.79, H 10.14, N 4.51, S 10.35.
[MH1], 290 (9) [MH1 2 MeSH]. 2 C15H31NO5S (337.5): calcd. C

(S)-3-Ethyl-6-methylthio-4-(19,49,79-trioxa-109-azacyclododec-53.39, H 9.26, N 4.15, S 9.50; found C 53.47, H 9.31, N 4.11,
109-yl)-hexan-3-ol, {2b (n 5 3)}: This compound was prepared fol-S 9.39.
lowing the general procedure described above from (S)-α,α-diethyl-
methioninol, sodium carbonate and 1,11-diiodo-3,6,9-trioxaunde-(S)-4-Methylthio-2-(19,49,79,109,139-pentaoxa-169-azacyclo-

octadec-169-yl)-butan-1-ol, {2a (n 5 5)}: This compound was pre- cane. Column chromatography with n-hexane/toluene/triethylamine
5:4:1, Rf 5 0.27 and toluene/triethylamine 8:2, Rf 5 0.63. 2 Yield:pared following the general procedure described above from (S)-

methioninol, potassium carbonate and 1,17 diiodo-3,6,9,12,15- 0.95 g (27%). 2 [α]D
20 5 246.1 (c 5 0.98, dichloromethane). 2 IR

(NaCl): ν̃ 5 3450 (b, O2H) cm21, 2990, 2970, 2890 (m, C2H). 2pentaoxaheptadecane. Column chromatography with n-hexane/di-
isopropylamine (4:6), Rf 5 0.20. 2 Yield: 0.84 g (22%). 2 [α]D

20 5 1H NMR (CDCl3): δ 5 0.7520.88 (m, 6 H, CH2CH3, CH2CH3),
1.1521.52 (m, 4 H, CH2CH3, CH2CH3), 1.7821.91 (m, 1 H,137.7 (c 5 1.00, dichloromethane). 2 IR (NaCl): ν̃ 5 3320 (b,

O2H) cm21, 2910, 2870 (m, C2H). 2 1H NMR (CDCl3): δ 5 SCH2CH2), 2.0922.23 (m, 1 H, SCH2CH2), 2.14 (s, 3 H, SCH3),
2.5522.66, 2.6722.78, 2.8222.93 (3 m, 1 H 1 2 H 1 2 H,1.3821.52 (m, 1 H, SCH2CH2), 1.7221.88 (m, 1 H, SCH2CH2),

2.10 (SCH3), 2.4022.55, 2.6222.74, 2.7822.96 (3 m, 2 H 1 2 H SCH2CH2, NCH, 9-H2), 3.2423.50, 3.5523.70 (2 m, 4 H 1 10 H,
2-H2, 3-H2, 5-H2, 6-H2, 8-H2, 11-H2, 12-H2). 2 13C NMR (CDCl3):1 3 H, 15-H2, 17-H2, SCH2CH2, NCH), 3.2223.32, 3.4023.75 (2

m, 1 H 1 21 H, 2-H2, 3-H2, 5-H5, 6-H2, 8-H2, 9-H2, 11-H2, 12-H2, δ 5 7.4 (CH2CH3), 7.8 (CH2CH3), 16.0 (SCH3), 17.4, 24.6, 28.3 (3
C, CH2CH3, CH2CH3, SCH2CH2), 33.4 (SCH2CH2), 51.8, 58.8 (214-H2, 18-H2, CH2OH). 2 13C NMR (CDCl3): δ 5 15.4 (SCH3),

26.4 (SCH2CH2), 31.7 (SCH2CH2), 50.5, 61.7, 62.0 (4 C, C-15, C- C, C-9, C-11), 69.6, 70.3, 70.4, 70.5, 70.6 (7 C, C-2, C-3, C-5, C-6,
C-8, C-12, NCH), 73.4 (Et2COH). 2 MS (CI, ibutane); m/z (%):17, CH2OH, NCH), 70.4, 70.5, 70.8 (10 C, C-2, C-3, C-5, C-6, C-

8. C-9, C-11, C-12, C-14, C-18). 2 MS (CI, ibutane); m/z (%): 382 350 (100) [MH1]. 2 C17H35NO4S (349.5): calcd. C 58.42, H 10.09,
N 4.01, S 9.17; found C 58.49, H 10.13, N 4.09, S 9.11.(100) [MH1], 334 (7) [MH1 2 MeSH]. 2 C17H35NO6S (381.5):

calcd. C 53.52, H 9.25, N 3.67, S 8.40; found C 53.45, H 9.34, N
(S)-3-Ethyl-6-methylthio-4-(19,49,79,109-tetraoxa-139-azacyclo-3.71, S 8.32.

pentadec-139-yl)-hexan-3-ol, {2b (n 5 4)}: This compound was pre-
pared following the general procedure described above from (S)-(S)-3-Ethyl-6-methylthio-4-morpholin-4-yl-hexan-3-ol, {2b (n 5

1)}: This compound was prepared following the general procedure α,α-diethylmethioninol, potassium carbonate and 1,14-diiodo-
3,6,9,12-tetraoxatetradecane. Column chromatography with n-hex-described above from (S)-α,α-diethylmethioninol, sodium carbon-

ate and 1,5-diiodo-3-oxapentane. Column chromatography with n- ane/toluene/triethylamine (4:4:2), Rf 5 0.47. 2 Yield: 1.15 g (29%).
2 [α]D

20 5 240.7 (c 5 1.00, dichloromethane). 2 IR (NaCl): ν̃ 5hexane/triethylamine (8:2), Rf 5 0.55 and ethyl acetate/n-hexane/
triethylamine 2:7.5:0.5, Rf 5 0.51. 2 Yield: 1.24 g (47%). 2 3440 (b, O2H) cm21, 2980, 2930, 2880 (m, C2H). 2 1H NMR

(CDCl3): δ 5 0.7620.88 (m, 6 H, CH2CH3, CH2CH3), 1.1621.53[α]D
20 5 226.2 (c 5 1.01, dichloromethane). 2 IR (NaCl): ν̃ 5

3460 (b, O2H) cm21, 2960, 2910, 2880, 2850 (m, C2H). 2 1H (m, 4 H, CH2CH3, CH2CH3), 1.7921.91 (m, 1 H, SCH2CH2),
2.0822.22 (m, 1 H, SCH2CH2), 2.15 (s, 3 H, SCH3), 2.5622.65,NMR (CDCl3): δ 5 0.85 (t, 3J 5 7.4 Hz, 3 H, CH2CH3), 0.86 (t,

3J 5 7.4 Hz, 3 H, CH2CH3), 1.2221.43, 1.5421.78, 1.8522.01 2.6622.72, 2.8122.92, (3 m, 1 H 1 2 H 1 2 H, SCH2CH2, NCH,
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12-H2), 3.2323.50, 3.5623.70 (2 m, 4 H 1 14 H, 2-H2, 3-H2, 5- (SCH2CH2), 51.5, 56.3 (2 C, C-6, C-8), 69.3, 70.0, 70.2, 70.5 (4 C,

C-2, C-3, C5, C9), 72.3 (NCH), 75.5 (Ph2COH), 125.5, 125.7,H2, 6-H2, 8-H2, 9-H2, 11-H2, 14-H2, 15-H2). 2 13C NMR (CDCl3):
δ 5 7.4 (CH2CH3), 7.8 (CH2CH3), 15.9 (SCH3), 17.4, 24.6, 28.3 (3 126.4, 126.5, 127.9, 128.0 (10 C, ArC), 144.1, 146.9 (2 C, q. ArC).

2 MS (CI, ibutane); m/z (%): 402 (100) [MH1]. 2 C23H31NO3SC, CH2CH3, CH2CH3, SCH2CH2), 33.4 (SCH2CH2), 51.8, 58.8 (2
C, C-12, C-14), 69.5, 70.2, 70.4, 70.5 (9 C, C-2, C-3, C-5, C-6, C- (401.6): calcd. C 68.79, H 7.78, N 3.49, S 7.98; found C 68.71, H

7.83, N 3.43, S 7.91.8. C-9, C-11, C-15, NCH), 73.2 (Et2COH). 2 MS (CI, ibutane);
m/z (%): 394 (100) [MH1]. 2 C19H39NO5S (393.6): calcd. C 57.98,

(S)-4-Methylthio-1,1-diphenyl-2-(19,49,79-trioxa-109-azacyclo-H 9.99, N 3.56, S 8.15; found C 57.95, H 9.91, N 3.54, S 8.07.
dodec-109-yl)-butan-1-ol, {2c (n 5 3)}: This compound was pre-
pared following the general procedure described above from (S)-(S)-3-Ethyl-6-methylthio-4-(19,49,79,109,139-pentaoxa-169-azacyclo-

octadec-169-yl)-hexan-3-ol, {2b (n 5 5)}: This compound was pre- α,α-diphenylmethioninol, sodium carbonate and 1,11-diiodo-3,6,9-
trioxaundecane. Column chromatography with n-hexane/toluene/pared following the general procedure described above from (S)-

α,α-diethylmethioninol, potassium carbonate and 1,17 diiodo- triethylamine 5:4:1, Rf 5 0.46 and n-hexane/triethylamine (8:2),
Rf 5 0.33. 2Yield: 0.95 g (21%). 2 [α]D

20 5 114.1 (c 5 1.04,3,6,9,12,15-pentaoxaheptadecane. Column chromatography with n-
hexane/triethylamine/ipropanol (8.5:1:0.5), Rf 5 0.35. 2 Yield: dichloromethane). 2 IR (NaCl): ν̃ 5 3360 (b, O2H) cm21, 3090,

3060, 3030 (w, ArC2H), 2960, 2920, 2870 (m, C2H). 2 1H NMR1.45 g (33%). 2 [α]D
20 5 236.5 (c 5 1.01, dichloromethane). 2 IR

(NaCl): ν̃ 5 3450 (b, O2H) cm21, 2980, 2940, 2870 (m, C2H). 2 (CDCl3): δ 5 1.8822.14 (m, 2 H, SCH2CH2), 2.13 (s, 3 H, SCH3),
2.3022.39, 2.9223.02 (2 m, 1 H 1 1 H, SCH2CH2), 2.6422.73,1H NMR (CDCl3): δ 5 0.7520.88 (m, 6 H, CH2CH3, CH2CH3),

1.1221.52 (m, 4 H, CH2CH3, CH2CH3), 1.7821.90 (m, 1 H, 3.1523.23 (2 m, 2 H 1 2 H, 9-H2, 11-H2), 3.3723.45, 3.5323.70
(2 m, 4 H 1 8 H, 2-H2, 3-H2, 5-H2, 6-H2, 8-H2, 12-H2), 4.2724.35SCH2CH2), 2.0722.24 (m, 1 H, SCH2CH2), 2.14 (s, 3 H, SCH3),

2.5422.73, 2.7822.92 (2 m, 3 H 1 2 H, 15-H2, NCH, SCH2CH2), (m, 1 H, NCH), 5.10 (br, 1 H, OH), 7.1127.58 (m, 10 H, ArH). 2
13C NMR (DEPT, CDCl3): δ 5 15.9 (SCH3), 19.7 (SCH2CH2),3.2323.70 (m, 22 H, 2-H2, 3-H2, 5-H2, 6-H2, 8-H2, 9-H2, 11-H2,

12-H2, 14-H2, 17-H2, 18-H2). 2 13C NMR (DEPT, CDCl3): δ 5 33.4 (SCH2CH2), 51.5, 56.3 (2 C, C-9, C-11), 69.4, 70.0, 70.3, 70.5,
72.4 (7 C, C-2, C-3, C-5, C-6, C-8, C-12, NCH), 75.5 (Ph2COH),7.3 (CH2CH3), 7.8 (CH2CH3), 15.9 (SCH3), 17.4, 24.6, 28.3 (3 C,

SCH2CH2, CH2CH3, CH2CH3), 33.4 (SCH2CH2), 51.8, 58.8 (2 C, 125.6, 125.8, 126.4, 126.5, 127.9, 128,0 (10 C, ArC), 144.1, 146.9
(2 C, q. ArC). 2 MS (CI, ibutane); m/z (%): 446 (100) [MH1], 428C-15, C-17), 69.6, 70.2, 70.4, 70.5 (11 C, C-2, C-3, C-5, C-6, C-8,

C-9, C-11, C-12, C-14, C-18, NCH), 73.2 (CH2OH). 2 MS (CI, (3) [MH1 2 H2O]. 2 C25H35NO4S (445.6): calcd. C 67.38, H 7.92,
N 3.14, S 7.19; found C 67.34, H 7.89, N 3.11, S 7.13.ibutane); m/z (%): 438 (100) [MH1], 420 (3) [MH1 2 H2O], 390

(2) [MH1 2 MeSH]. 2 C21H43NO6S (437.6): calcd. C 57.63, H
(S)-4-Methylthio-1,1-diphenyl-2-(19,49,79,109-tetraoxa-139-azacyclo-9.90, N 3.20, S 7.33; found C 57.55, H 9.81, N 3.14, S 7.19.
pentadec-139-yl)-butan-1-ol, {2c (n 5 4)}: This compound was pre-
pared following the general procedure described above from (S)-(S)-4-Methylthio-2-morpholin-4-yl-1,1-diphenylbutan-1-ol, {2c (n 5

1)}: This compound was prepared following the general procedure α,α-diphenylmethioninol, potassium carbonate and 1,14-diiodo-
3,6,9,12-tetraoxatetradecane. Column chromatography with n-hex-described above from (S)-α,α-diphenylmethioninol, sodium car-

bonate and 1,5-diiodo-3-oxapentane. Column chromatography ane/toluene/triethylamine 5:4:1, Rf 5 0.33 and n-hexane/triethyl-
amine/acetone (8.5:1:0.5), Rf 5 0.19. 2 Yield: 0.91 g (19%). 2with n-hexane/triethylamine (8:2), Rf 5 0.39; recrystallization from

dichloromethane and n-hexane afforded colorless needles. Yield: [α]D
20 5 114.4 (c 5 1.03, dichloromethane). 2 IR (NaCl): ν̃ 5

3410 (b, O2H) cm21, 3010, 3040, 3070 (w, ArC2H), 2910, 28701.43 g (40%). M.p.: 1132114°C. 2 [α]D
20 5 14.3 (c 5 1.00, di-

chloromethane). 2 IR (KBr): ν̃ 5 3340 (b, O2H) cm21, 3080, (m, C2H). 2 1H NMR (CDCl3): δ 5 1.8822.99, 2.0122.15 (2 m,
1 H 1 1 H, SCH2CH2), 2.13 (s, 3 H, SCH3), 2.3022.40, 2.9223.023050, 3020 (w, ArC2H), 2950, 2910 (C2H). 2 1H NMR (CDCl3):

δ 5 1.8022.05 (m, 2 H, SCH2CH2), 2.05 (s, 3 H, SCH3), 2.3822.74 (2 m, 1 H 1 1 H, SCH2CH2), 2.6622.72, 3.1523.22 (2 m, 2 H 1

2 H, 12-H2, 14-H2), 3.3623.44, 3.5323.69 (2 m, 4 H 1 12 H, 2-(m, 6 H, SCH2CH2, 3-H2, 5-H2), 3.5723.65 (m, 4 H, 2-H2, 6-H2),
3.69 (dd, 3J 5 2.4, 10.6 Hz, 1 H, NCH), 5.30 (br, 1 H, OH), H2, 3-H2, 5-H2, 6-H2, 8-H2, 9-H2, 11-H2, 15-H2), 4.2724.34 (m,

1 H, NCH), 7.0927.56 (m, 10 H, ArH). 2 13C NMR (DEPT,7.2227.49 (m, 10 H, ArH). 2 13C NMR (DEPT, CDCl3): δ 5 15.6
(SCH3), 27.3 (SCH2CH2), 33.2 (SCH2CH2), 52.1 (2 C, C-3, C-5), CDCl3): δ 5 15.9 (SCH3), 19.7 (SCH2CH2), 33.4 (SCH2CH2), 51.6,

56.4 (2 C, C-12, C-14), 69.4, 70.0, 70.3, 70.6 (8 C, C-2, C-3, C-5,67.8 (2 C, C-2, C-6), 70.2 (NCH), 78.6 (Ph2COH), 127.0, 127.3,
127.5, 128.1 (10 C, ArC), 144.1, 144.8 (2 C, q. ArC). 2 MS (CI, C-6, C-8, C-9, C-11, C-15), 72.4 (NCH), 75.6 (Ph2COH), 125.6,

125.8, 126.5, 128.0 (10 C, ArC), 144.2, 147.0 (2 C, q. ArC). 2 MSibutane); m/z (%): 358 (100) [MH1], 340 (6) [MH1 2 H2O], 310
(5) [MH1 2 MeSH]. 2 C21H27NO2S (357.5): calcd. C 70.55, H (CI, ibutane); m/z (%): 490 (100) [MH1]. 2 C27H39NO5S (489.7):

calcd. C 66.23, H 8.03, N 2.86, S 6.55; found C 66.31, H 7.97,7.61, N 3.92, S 8.97; found C 70.51, H 7.63, N 3.87, S 8.94.
N 2.79, S 6.41.

(S)-4-Methylthio-2-(1,4-dioxa-7-azacyclonon-79-yl)-1,1-diphenyl-
butan-1-ol, {2c (n 5 2)}: This compound was prepared following (S)-4-Methylthio-1,1-diphenyl-2-(19,49,79,109,139-pentaoxa-169-aza-

cyclooctadec-169-yl)-butan-1-ol, {2c (n 5 5)}: This compound wasthe general procedure described above from (S)-α,α-diphenylme-
thioninol, sodium carbonate and 1,8-diiodo-3,6-dioxaoctane. Col- prepared following the general procedure described above from (S)-

α,α-diphenylmethioninol, potassium carbonate and 1,17 diiodo-umn chromatography with n-hexane/triethylamine (8:2), Rf 5 0.39.
2 Yield: 1.42 g (35%). 2 [α]D

20 5 115.8 (c 5 1.01, dichlorometh- 3,6,9,12,15-pentaoxaheptadecane. Column chromatography with n-
hexane/triethylamine (7:3), Rf 5 0.28 and cyclohexane/acetone/tri-ane). 2 IR (NaCl): ν̃ 5 3360 (b, O2H) cm21, 3080, 3050, 3020 (w,

aromat. C2H), 2960, 2920, 2860 (m, C2H). 2 1H NMR (CDCl3): ethylamine (8:1.5:0.5), Rf 5 0.20. 2 Yield: 1.12 g (21%). 2 [α]D
20 5

15.2 (c 5 1.19, dichloromethane). 2 IR (NaCl): ν̃ 5 3380 (b,δ 5 1.8922.16 (m, 3 H, SCH2CH2, SCH2CH2) 2.15 (s, 3 H, SCH3),
2.3322.43 (m, 1 H, SCH2CH2), 2.6522.73, 2.9323.04, 3.1823.25, O2H) cm21, 3010, 3040, 3070 (w, ArC2H), 2870 (m, C2H). 2

1H NMR (CDCl3): δ 5 1.9022.16 (m, 2 H, SCH2CH2), 2.14 (s, 33.3823.46 (4 m, 2 H 1 1 H 1 2 H 1 3 H, 5-H2, 6-H2, 8-H2, 9-H2),
3.5423.60, 3.6223.69 (2 m, 2 H 1 2 H, 2-H2, 3-H2), 4.2924.37 (m, H, SCH3), 2.3422.42 (m, 1 H, SCH2CH2), 2.6522.72 (m, 2 H, 15-

H2), 2.9623.05 (m, 1 H, SCH2CH2), 3.1823.24 (m, 2 H, 17-H2),1 H, NCH), 5.14 (br, 1 H, OH), 7.1227.60 (m, 10 H, ArH). 2 13C
NMR (DEPT, CDCl3): δ 5 15.9 (SCH3), 19.6 (SCH2CH2), 33.3 3.4023.47, 3.5523.68 (2 m, 4 H 1 16 H, 2-H2, 3-H2, 5-H2, 6-H2,
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8-H2, 9-H2, 11-H2, 12-H2, 14-H2, 18-H2,), 4.3224.40 (m, 1 H, pared following the general procedure described above from (S)-

α,α- diethylleucinol, sodium carbonate and 1,14-diiodo-3,6,9,12-NCH), 5.17 (br, 1 H, OH), 7.1027.57 (m, 10 H, ArH). 2 13C NMR
(DEPT, CDCl3): δ 5 16.0 (SCH3), 19.7 (SCH2CH2), 33.4 tetraoxatetradecane. Column chromatography with n-hexane/di-

ethyl ether (1:6); Rf 5 0.3. 2 Yield 1.49 g (46%). 2 [α]D
20 5 12.6(SCH2CH2), 51.6, 56.3 (2 C, C-15, C-17), 69.2, 70.0, 70.3, 70.6 (10

C, C-2, C-3, C-5, C-6, C-8, C-9, C-11, C-12, C-14, C-18), 72.6 (c 5 1.09, CH2Cl2). 2 (For the sake of simplicity in the NMR
spectroscopic data, the numbering indicated in Figure 1 was used)(NCH), 75.7 (Ph2COH), 125.6, 125.8, 126.6, 128.0, 128.1 (10 C,

ArC), 144.1, 146.7 (2 C, q. ArC). 2 MS (CI, ibutane); m/z (%): 1H NMR (300 MHz, CDCl3): δ 5 0.87 (m, 12 H, CH3
a,b,5,59), 1.00

(m, 1 H, 3-H), 1.2521.75 (m, 6 H, CH2
b, CH2

a, 4-H, 39-H), 2.70534 (100) [MH1], 486 (14) [MH1 2 MeSH]. 2 C29H43NO6S
(533.7): calcd. C 65.26, H 8.12, N 2.62, S 6.01; found C 65.31, H (dd, J 5 16, J 5 4 Hz, 1 H, 2-H), 2.95 (br. s, 2 H, NCH2) 3.60

(bm, 16 H, OCH2). 2 13C NMR (75 MHz CDCl3): δ 5 7.45 and8.17, N 2.64, S 5.93.
7.50 (CH3

a, CH3
b), 21.76 and 24.36 (CH3

5, CH3
59), 25.29 (4-C),(S)-3-ethyl-6-methyl-4-(morpholin-4-yl)heptan-3-ol, {3 (n 5 1)}:

27.20 and 27.80 (CH2
a, CH2

b), 36.53 (3-C), 50.57 and 59.31This compound was prepared following the general procedure de-
(CH22N), 64.33 (2-C), 69.98, 70.50, 71.23 (CH22O), 74.51 (1-C).scribed above from (S)-α,α- diethylleucinol, sodium carbonate and
2 MS (FAB1); m/z (%): 376 [M1 1 1], 288 (100). 2 C20H41NO51,5-diiodo-3-oxapentane. Column chromatography n-hexane/ethyl
(375.54): calcd. C 63.96, H 11.00 N 3.73; found C 63.61, H 11.15,acetate (5:1); Rf 5 0.6. 2 Yield 2.5 g (93%). 2 [α]D

20 5 18.2 (c 5
N 3.53.1.25, CH2Cl2). 2 (For the sake of simplicity in the NMR spectro-

scopic data, the numbering indicated in Figure 1 was used) 1H (S)-3-ethyl-6-methyl-4-(19,49,79,109,139-pentaoxa-169-azacyclo-
NMR (300 MHz, CDCl3): δ 5 0.88 (m, 13 H, 3-H, CH3

a,b,5,59), octadec-169-yl)heptan-3-ol, {3 (n 5 5)}: This compound was pre-
1.28 and 1.65 (m, 6 H, CH2

b, CH2
a, 4-H, 39-H), 2.55 (m 1 H, 2- pared following the general procedure described above from (S)-

H), 2.65 and 2.80 (m, 4 H, NCH2), 3.65 (m, 4 H, OCH2). 2 13C α,α- diethylleucinol, potassium carbonate and 1,17 diiodo-
NMR (75 MHz CDCl3): δ 5 7.39 and 7.64 (CH3

a, CH3
b), 21.19 3,6,9,12,15-pentaoxaheptadecane. Column chromatography with

and 24.17 (CH3
5, CH3

59), 26.43 (4-C), 26.94 and 28.87 (CH2
a, dichloromethane/methanol (96:4); Rf 5 0.3. 2 Yield 1.6 g (40%).

CH2
b), 35.69 (3-C), 52.53 (CH22N), 66.69 (2-C), 67.86 (CH22O),

2 [α]D
20 5 111.3 (c 5 1.01, CH2Cl2). 2 (For the sake of simplicity

74.77 (1-C). 2 MS (FAB1); m/z (%): 244 [M1 1 1], 156 (100). 2 in the NMR spectroscopic data, the numbering indicated in Figure
C14H29NO2 (243.38): calcd C 69.09, H 12.01, N 5.75; found C 1 was used) 1H NMR (300 MHz, CDCl3): δ 5 0.85 (m, 13 H,
68.92, H 11.98, N 5.84. CH3

a,b,5,59, 3-H), 1.2521.80 (m, 6 H, CH2
b, CH2

a, 4-H, 39-H), 2.70
(S)-3-ethyl-6-methyl-4-(1,4-dioxa-7-azacyclonon-79-yl)heptan-3-ol, (d, J 5 16 Hz, 1 H, 2-H), 2.90 (br. s, 3 H, NCH2) 3.50 (bm, 20 H,
{3 (n 5 2)}: This compound was prepared following the general OCH2). 2 13C NMR (75 MHz CDCl3): δ 5 7.22 and 7.38 (CH3

a,
procedure described above from (S)-α,α- diethylleucinol, sodium CH3

b), 21.54 and 24.19 (CH3
5, CH3

59), 25.15 (4-C), 26.96 and 27.86
carbonate and 1,8-diiodo-3,6-dioxaoctane. Column chromatogra- (CH2

a, CH2
b), 36.31 (3-C), 49.97 and 57.19 (CH22N), 63.33 (2-C),

phy with n-hexane/diethyl ether (1:3), Rf 5 0.5. 2 Yield 0.4 g 69.32, 70.12, 70.30, 70.65, 71.06 (CH22O), 74.44 (1-C). 2 MS
(16%). 2 [α]D

20 5 25.6 (c 5 1.30, CH2Cl2). 2 (For the sake of (FAB1); m/z (%): 420 [M1 1 1], 332 (100). 2 C22H45NO6 (419.60):
simplicity in the NMR spectroscopic data, the numbering indicated calcd. C 62.97, H 10.81 N 3.34; found C 62.42, H 10.62, N 3.04.
in Figure 1 was used) 1H NMR (300 MHz, CDCl3): δ 5 0.90 (m,
13 H, 3-H, CH3

a,b,5,59), 1.20 and 1.67 (m, 6 H, CH2
b, CH2

a, 4-H,
39-H), 2.70 (d, J 5 14 Hz, 1 H, 2-H), 2.8023.90 (bm, NCH2,
OCH2). 2 13C NMR (75 MHz CDCl3): δ 5 7.39 and 7.57 (CH3

a, AcknowledgmentsCH3
b), 21.66 and 24.39 (CH3
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(Acción Integrada HA97210)(S)-3-ethyl-6-methyl-4-(19,49,79-trioxa-109-azacyclododec-109-yl)-

heptan-3-ol, {3 (n 5 3)}: This compound was prepared following
the general procedure described above from (S)-α,α- diethylleuci-
nol, sodium carbonate and 1,11-diiodo-3,6,9-trioxaundecane. Col- [1] [1a] J. Martens, Top. Curr. Chem. 1984, 125, 1652246. 2 [1b]
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