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BET-LACI’O-18-GROWN-6 

MANUEL MARTIN-LOMAS and SOLEDAD PENADES 

Institute de Qufmica Oxghica, CSIC, Juan de la Cierva 3, 28006 Madrid (Spain) 

Chiraf derivatives of crown ethers could serve as models for the study of chirat recognition in enzymatic 

and other reactions. Cram first began using the bjnaphthy~ units in the synthesis of optically active crown 

ethers.’ Shortly thereafter Lehn, Stoddart and others reported their work on chiral crown synthesis using 

tartaric acid, monosaccharides, alditols and different chiraf compoundse2 The synthesis of chiral receptor 

molecules from natural and non natural products has been reviewed. 3,4 

Carbohjdrates and their derivatives are rich in substituted bfs-methylenedioxy units, possess a high 

degree of chirelity for incorporation into the 18-crown-6 structure and provide an uncountable potential to 

build 8 great variety of cavity shapes. Furthermore, carbohydrates may confer structural constraints upon 

macrocycles ~ncor~rat~ng them since their ~onformationa~ properties may strongly tnftuence the geometry 

of the macrocycIfc derivatives and hence their complexing properties. 

We have previously reported the synthesis of new chiral macrocyclic ethers with different 

shapes from disaccharides 596 and their application as catalysts in asymmetric Michael addition.*l In 

cavity 

these 

compounds ~lyethy~ene glycof linkages between different positions of each monosa~~har~d~ unit were 

introduced to obtain more rigid chirai crown ethers than those synthesimd using monasaccharides and 

aiditol derivatives, Chirality, rigidity and stereochemical facturs can play a significant role fn determining 

the stabilities 

recognition of 

of both organic and cationic complexes and seem to be 

guest mofecules.8 

necessary in order to achieve chiral 

We now report on the synthesis of two bis-lacto-18-crown-6 1 and 2 in a straightforward and 

simple way. These ~orn~un~ present C2 symmetry and more rigidity and chirality than the previously _ _. _ 
synthesized asymmetric chiral macrocyles mono-lacto derivatives 3 - 6. 5yb The complexing properties of l- 

6 and the application of I and 2 in asymmet tic synthesis are also described. 

Sgnt&e&. The methods avoidable in the literature to obtain bts-chirai rn~~r~yG~es ‘-I2 from ~n~syrnrnetr~~ 

carbohydrate residues have the disadvantage that in the final cycffzation step, a mixture of two C2 

symmetric isomers are obtained, There ts only one case, the synthesis of bis-manno- and his-gafacto-I& 

crown-6 in which only one isomer is obtained. 12 We have now synthe&ed the his-lacto-18-crown-6 deriva- 

f53S 



tivtirs 1 and 2 in a direct, uneqtdvwal and simple way (Scheme I). 
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The reaction of benzyl 2,6,6’ -t ri-g-benzyl-3 t ,4t-g-isopropylidene-f -1actoside (7)13 with 1,2-dichloxo- 

ethane (used as solvent) under phase transfer conditions 14 yielded benzyl 2,6,6 f -t rt-e-benzyl-3 t ,4 t -C_Mso- 

propylidene-2t-(=r-(2-chloroethyi)- (8), -3-G-(2-chloroethyl)- (9) and 3,2t-df-O-(2-chloroethyl)-& -tact&de 

(10) in 32 X, 26% and 11% yield respectively. The position of the 2-~~oroethy~ substituent in each com- 

pound was determined by lH-NMR spectroscopy of the corresponding acetylated derivatives 11 and 12. Seif- 

condonation of either 8 or 9 In THF in the presence of NaH at 60°C In rigorously ~hydro~ conditions 

gave macrocycle 1 in 33 % yieid from 8 and 18 % yield from 9. The intramolecular cyclization compound 13 

was also obtained from 9 in 6 % yield. ~acr~yc~~ 2, the positional isomer of I, was obtained by cyc~~~ti~n 

of 8 with 9 under the same conditions in 35 % yield. Traces of isomer 1 were also detected. The structure 

of macrocyctes 1 and 2 was confirmed by f=a.b,-mass spectrometry in th~og~ycero~ matrix, I5 Peaks at 1554 

\h4+NH;i with intensities of 100% for 1 and 40% for 2 were present in the spectra. Hydrogeno~~is of 1 

and 2 and subsequent acetylation afforded 14 and 15 in 72 % and 70% yield respectively, Compounds 14 and 

IS were a mixture of non-separable a ,B-anomers. The lH- and 
13 C-NMR spectra of these compounds 

showed the signals corresponding to the three possible isomers (aa p 8~ and a@ )- 

Compladng pruperties of the chid m&crot=)rcfes t - 6. The binding abilities of the new chiral bfs-facto-M- 

crown-6 1 and 2 and the mono-lacto-crowns 3 - 6 were evaluated either by extraction of lithtum, swhn, 

potassium) rubidium, cesium ) methylam monium and (Russia-pheny~athylammo~um picrates or by solid-liquid 

extraction with ~~y~ammonium thiocyanate. Chirat recognition properties were akso examined with (R Sk- -t 
a~pheny~~thylammonium hexafluorophosphate and the complex formation was followed by *H-NMR spectros- 

copy* 
The association constants (Ka) and free energies of binding (-AGO) of hosts 1 - 5 aurd of the 

acyclic model compound benzyl 2,3,6,2’,6t-penta-g-benzyl-3f ,4t-~-isopropylidene-~~lactosid~ (16) in chloro- 

form, free of ethanol, saturated with X20 at 25OC were measured by the Cram’s picrate method.16 Solutions 

of the alkaline and ammonium picrates in H 0 
2 

were extracted with CHCl 
3 

in the absence and in the 

presence of host. The hosts were soluble only in the chloroform layer, The distribution constant (Kd) and 

the values of the extinction coefficient (z) in acetonitrile at 380 nm determined by Cram and co-workers 16 

were used in our experiments since the initial picrate concentration used in our experiments ware identical 

to those used by the abme authors. The values of E- and Kd for (R ~~-~-pheny~ethYlammo~um picrate were 

determined in the customary manner 
16 

-L 
(see Experimental Part), The Position of the absorption maximum of 

the complexed picrate in chloroform gave the sto~ch~ometry of the complex, 
17 The Ka and -&Co values at 

25W in CHC13 saturated with l-i20 were calculated from the resuits and are recorded in Table I. These 

values are approximately of the same order of magnitude as those reported in the literature for mono- 

saccharide-derived crown ethers3and much lower than those for other crown ether derivatives. The results 

may be explained taking into account that compounds 1- 3, all of them showing an t&-crown-6 structure, 

cannot adopt the all-gauche conformation due to the configuration at C-3, C-4, C-l t and C-2’ of the 

lactose moiety which also originates destab~l~~ng interactions of methylene groups of the ~lyethylene 

glycol chain with the oxygen atoms at C-2 and C-3’ of the lactose moiety. I8 The higher values far 4, 

which does not have a l&crown-6 structure, could be also explained by considering that no d~stab~~~zing 

interactions take place: in the gafactose moiety and that the oxygen atom at C-2’ could also contribute to 

the complexat fan, 

Evidence for host: guest complex formation of 1 - 6 with ~~ylammonium thfocyanate was obtained 

by IH-NMR sp~ctr~copy~ Solutions of hosts f-6 in CDC13 (O&l-0.02 M) were shaken with a large excess 

of the ~nzyiammonium salt and its IH-NMR spectrum recorded. The chemical shifts of the signals in the 

spectra of t, 3 -4, 5 and 6 showed drastic changes (Table Ii). In the case of 1 and 5 homonuclear 2I)- 

car refat ion (COSY) and part ialfy relaxed +i-NMR19 spectra were recorded. integration of the signal for 

the benzylic protons of ihe guest malecules and the methylene and methine protons of the hosts indicated 

the formation of a 1: 1 host : guest molar ratfo complex for 1 and 5, a 1: 3 complex for 3, and a 1: 2 
for 4 and 6. The spectrum of 2 did not show any signal due to the ammonium salt. in the case of com- 

pounds 3, 4 and 6 the benzyltc. protons appeared 8s a singlet about 6 4 ppm while in the case of f these 

protons were diasterotopic and appeared at 6 3.82 and 3.57 ppm with a J = 13.4 Hz. In the case of com- 

pound f, this benzylfc signal overlapped with those due to host molecule; addition of small amounts of 

CD305 to the CDCl 3 solution resulted tn the appearance of this signal as a singlet at 6 3.90 ppm, The 



TABLE f 

Aswciation, constants (K&) and binding free energies (-AGO) 

of hosts 1 - 5, 16 for picfate salts in CHC13 

saturated with H-0 at 25OC 

Li+ 

IA+ 
bIa+ 
K+ 

Rb+ 

cs+ 

MeNHi 
+b 

Ph~H(CH3)NH3 

ti+ 

Na+ 

K+ 

Rb+ 

CS+ 

&NH; 
*b 

Ph~H(~H3)NH3 

Lf+ 

K+ 

Rb+ 

MeNH; 
*b 

PhCH(CH,)NH3 

Li* 

21.7 

69.0 

23.6 

550,O 

268.4 

66.1 

6.7 

3*2 

63.8 

28.0 

9.7 

3.9 

2.0 

38.7 

-AGO 

kcal/mol 

6.8 

6.0 

3.7 

5.9 

6.5 

6.2 

7*6 

6.8 

5.9 

S-2 

5.1 

6,6 

6-6 

7.8 

7*4 

6.6 

5,2 

4,8 

6.5 

6.1 

5.4 

4‘9 

4*5 

6.2 

and 6 respectively, each with a splitting of 7 Hz. The assignments were based on control experiments with 

the enantiomeffcaliy pure salts and the hosts, Host 3 appears to be the strongest binder. Neither macro- 

cycle 2 nor the acyclic compound 16 extract any ammonjum salt under the same ~onditiu~. 

A&cation of macrocy&s I ti 2 fn Asymmetric S~&KY&. The use of chiral macrocycles as catalysts 

in asymmetric Michael addition has been previously investigated by Cram. 21 We have now used the new 

synthesized bfs-facto-IS-crown-6 derivatives 1 and 2 complexed to potassium tertbutoxide in the addition 

pf methyl phenylacetate tu methyl acrylate, In the Table 111 the reaction conditions and yields of the 

addition are compared with the results previously reported’ for 3, 4 and 5, Macrocycles 1 and 2 showed 

different behaviour as catalyst than 3, 4 and 5. The latter (entry 8, 9, 10) increased the rate of reaction 

compared to the reaction without catalyst (entry l), giving reasonable enantiomeric excess (e.e.) and 

addition products of (~)-configuration. Compounds 1 and 2 inhibit the reaction under the same experimental 

conditions giving lower e-e. and products of (R)-configuration (entry 2, 3). When the amount of base wfis 

spectrum of the acyellc model 

compound 16 did not show any 

change under these conditions, 

Chiral recognftian experi- 

ments were carried out with 

(R,S) -a- pheny~~~hy~ammonium 

hexafluorophosphate as guest 

following the procedure describ- 

ed by Cram and co-workers. 20 

tn the extraction experiments 

8.25 mt of D20 1M in LiPp6 

and 1M in racemlc u -phenyl- 

ethylam monium bromide was 

shaken at room temperature 

with U-8 mL of hosts I-6 fn 

CDC13 (0,015-0.03 M). The 

host -guest ratio, determined by 

lH-NMR was 1: 0.85 for 1, 

1: 1.4 for 3, i: 1 for 4 and 5, 

and 1: 1.8 for 6, The two 

diastereomeric CH3 signal of 

the guest appeared as doublets, 

with integrated equally indica- 

ttng that no chiral recognition 

took place, at 6 1.39? 1.54, 1.54, 

1.58 and 1.57 (host-(S) diaste- 

reamer) and at 6 1,41, 1.56, 

1.58, 1.62 and 1.59 (host-(R) 

diastefeomer) for 1, 3, 41 5 
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TABLE II 

Changes in the chemical shifts (he) of selected protons of hosts 

upon complexatfon with benzylammonium salt in CDC13 

I-1 No de.Xenmined. 

TABLE III 

Asymmetric Michael addition of methyl phenylacetate 

to methylacrylate at -78OC 

Host 
(cone. M) 

t (0.002) 

2 (0.015) 

1 (O.Of5) 

2 (0.015) 

1 (0.015) 

1 (0.030) 

3 (0.010) 

4 (0.010) 

5 (0.015) 

Molar ratio a t Yield 

% 

1:0%20: 15 2h 30 

1.5:1:20:14 7h 8 

1;1:20:14 6h 17 

5.5: 1:20: 15 8 mfn 86 

5.5:1:20:15 8 min 60 

5:1:20:15 7h 77 

5:2:20:16 25 mfn 75 

1:1:33:23 th 67 

1:1:40:19 lh 73 

1:1:42:24 Ih 98 

CH3 fsoprop. 

b 
e.e. 

22 (R) 

7 (RI 

45 (R) 

24 (R) 

41 (R) 

44 (R) 

26 w 

70 61 

36 (9 

increased the reaction was faster and the enantiomeric excess higher which may indicate a higher influence 

of this fact on the catalyzed than on the non-catalyzed reaction rate (entry 4, 5). No racemization was 

observed (entry 6). The increase of macrocycle concentration did not give better yields and e.e. (entry 7). 

The macrocycles were recovered after the reaction was completed and reused. Mukaiyama and co-workers 

have also observed a decrease of the yield in the Michael reaction of I-nitrocyclohexene and a chiral 

oxazepine when the reaction was carried out in the presence of 24-crown-8. 22 

The synthesis of different cavities from several disaccharide derivatives following a similar 

methodology to that reported in this paper, is presently under way. The wealth of these compounds which 

can be obtained from readily available natural products makes this, in our opinion, a promfsfng approach 

to the synthesis of chiral macrocycles with different interesting properties. 



Genial. Cyelizatfon reactions were carried out under argon and in rigorously anhydrous 

conditions. NaH in ail (Fluka) was washed repeatedly with dried hexane under argon atmosphere, filtered 

and stored under argon before use. Tic was performed an silica gel GF2*4 (Merck) with detection by 

charring with sulfuric acid. ‘H (300 MHz) and I3 C N.m.r. spectra (75 MHz) were recorded with a Varian 

XLm3M) spectrometer. COSY experiment: the twu dimensional map was composed of 1024-1024 data point 

spectra, each incremented by 0.4 ms. A delay of 5s. was allowed between each pulse sequence. The data 

were acquired with quadrature phase detection in both dimensions, and the final data symmetrised. Optical 

rotaticms were recorded with a Perkin-Elmer 141 polarimeter. U.V. were recorded with a Pye-Unicam SP- 

1700. Extraction experiments were carried out at constant speed using a Fisons ~h~rlimixer or a H. Mickle 

mixer. The f.a.b.-mass spectra were obtained tn a thioglycerol matrix with a MS-50 Krator instrument 

fitted with a 1.2 T. magnet using a f.a.b. 11 WF fen Tech atom gun and with a ZAB instrument. 

Ber@ 2,6&“-t d+-be&yl-2’ ~~~2~~~r~~y~~D3 * ,4e ~-~r~yl~~e 8 -tacxusf&e (81, benxyl 

2,6,6’-trl_o~-3_O-(Z~~~~thyi)-3’,4’_O-lsopr~i~~ 0 -tactapide (9) and bemy 2&P-tri-CJ- 

~1-3t2’-di_O-f2-ehlaroeth-y1)-3’,4’_O-isoproWfi~ 8-lseuxside (lU).- A solution of 7l3 (2.7 gt 3.64 

mmol) and tetrabutylammo~um hydrogen sulfate (1.23 g, 3.62 mmol) in 1,2-dichloroethane (26 mL) and 

50% aqueous sodium hydroxide solutian (26 mLf were vigorously stirred at SWC for 6 h. After coaling at 

room temperature ~chl~~~m~thane-Ham (20 mL/20 mL) was added te the mixture. The organic phase was 

decanted and the aqueous phase was washed with ~chlur~methane (3 x 100 mt). The combined organic 

phases were dried with Na2S04 and concentrated under vacuum. The residue was treated once as indicated 

to complete the reaction. Crystallization from hot methanol afforded 8 f 0.93 g, (32 %) 1 as needles; 1 Q 1 f 
-5,3O, fc=O.6 CHC13), m.p. 158-lS9W; lH-n.m.t. (CDCIj) 6 7.35 (m, ZOH, ArH), 4.50 (d, lH, J, 2=8 Hz, 

H-l), 4.36 (s, lH, OH-3), 4.23 Cd, IH, $2, =8 Hz, H-l’), 4.08 (dd, lH, J4’,ss 52 Hz, J,,,,, ‘zS.6 Hz, 

H-4”), 4-04 (t, 1H, J,, 3, = 5.6 Hz, H-3’), 3.82 (m, 2H, H6atH6b), 3.50 (m, lH, H-S), 3.43 fdd, LH, j, 3 = 

8.9 Hz, H-21, 3.24 (dd,’ tH, H-2@), 1.49 Is, 3H, (Cg3)2C[ and I.31 Is, 3H, (CE3)2Cl; 13C-n.m.r. (CDCi,), 

d 128.4-127.3 (Ar), 110.2 1fCH3)2sl, t02.2* 102.1, (C-l, C-l’), 81.7, 81.3, 79.2, 75.4, 74.8, 74.2, 73.7 

(double ~~te~ity)~ 73.6, 73.4, 72.3, 71.7, 71.1, 69.1, 68.7, 42.8 ~H2~~l), 27.3 and 26.2 1 (CH3)fl. (Fade 
C, 69.18; H, 6.35; Cl, 4.67. Caicd. for C4sH53Q11C1: C, 67.11; H, 6.63; CI, 4.40%). 

The mother liquors were concentrated and the residue ~hr~mat~graphed on silica gel (hexane- 

AcOEt, 6.5: 2) affording first 10 10.35 g, (11 %]I as a syrup: f P 1’: -6.3O (5 =0.6, CHC13); ‘H-n.m.r. 

(CDC13), 6 7.34 fm, 20H, ArH), 4.46 fd, lH, J, 2~7.2 HZ, H-l), 4.33 (d, XH, J,, 2E = 8.0 Hz, H-l‘), 3.40 

(m, 2H, H-2), 3.12 (dd, lH, J,,,3, ~6.7 HZ, HL2’), 1.49 is* 3H, (cfi3)2C{ and 11.34 is, 3H, fCfi3I2C 1; 

f3C-n.m.r. (CDC13) 6 128.3-125.7 (Ar), 109.8 f(CH3)2sI; 102.4, 101.6 fC-1, C-1’); 83.8, 82.1, 81.3$ ‘P.1, 

76.9, 74.9 (double inte~sity)~ 73.7, 73.4, 73.2, 73.0, 72.1, 71.6, 70.9, 69.3, 68.2, 42.9 (CH2.Cl, double 

~ntensity)~ 28.0 and 26.2 1 (CH3)2C/. (Found: C, 64.75; H, 6.71; C1, 8.12. C&d. for ~47HS6~llC~2: c, 

65.04; H, 6.50; Cl, 8.17 %). 

On elutfun with hexane-A&Et, 6,s: 4, a second product 9 was obtained (0.76, 26%) as a syrup: 

1 a,$ ~6.70 (5 = 0.3, CHC13); ‘H-n.m.r, (CDC13) 6 7.32 (m, 20H, ArH), 4.S2 (d, IH, J = 8.4 Hz, M/l’), 4.44 

(d, lH, JG.4 HZ* HI/l@), 1.49 (s, 3H, I@#,>,Cl and 1.33 Is, 3H, (CH3)2C\; 13C-n.m.r. (CDCi3) d 128.4- 

127.8 (Ar), 110.0 I(CH3)2sjs 102.9, 102.8, (C-l, C-If), 84.1, 81.9, 79.1, 77.1, 74.9, 74.7, 74.3, 73.6 (triple 

i~te~ity~~ 73.0, 72.7, 71.2, 69.7, 68.5, 43.5 fGH2_Cl), 28.2 and 26.4 i(CH3)2CI. <Found: C, 66.81; H, 6.84; 

Cl, 4.17. Calcd. fur C4SHS3011Ci: C, 67.11; H, 6.63; Cl, 4.40%). 

Benrsyl 3_0-acecyl-2,6,6’-trf~~~-Z~ ~-~2~~or~thyl~~3@ ,4’-a-isopropyft~e-B-tactaatde i(ll) 

and hem@ 2’+-acexyl-2,6,6’ -ttf-Q-bemsyi-3_O-(2_chioroetfryl)-3’ ,4’_Il-isopr0@i&~?- 8 -iactosfde ($2). 

Conventional treatment of 8 (30 mg) and 9 (40 mg) with acetic anhydride (0.5 mL) in pyrfane (1 mL) 

gave, after column chromatography (CHCi3-AcOEt, 7: 1) the monoacetate I;1 (25 mg, 80%) and 12 (25 mg, 

60 %) respectively. 

Compound 11 was a syrup: [a\ E e W (c = 0.2, CHC13); ‘H-n.m,t. (CDCl,) 6 7.33 (m, 20H, ArH), 

5.10 ft, 1H, J 2,3r53,4 r; 9.5 Hz, H-3), 4.14 fd, lH, j1tT2g =8 Hz, H-l’), 4A2 (d, W .i 3s,4, =S=8 Hz, 
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H-Q*), 3.95 (m, lH, H-S’), 3.87 Cm, 2H, H-4 and H-J’), 3.44 it, t)f, H-2), 3.05 (t, lH, H-2’), 1.92 ts, 

3ti, Cki3CO), l-46 is, 3H, (Cfi3)2C 1 ad 1.31 Is, 3H, fc13)2CI. (Four& C, 66.30; H, 6.71; Cl, 3.94. C&cd. 

fur C47ffSSO12CL: C, 66.62; H, 6.54; CI, 4.18%). 

Compound 12 was a syrup: lo 1”D” - 19” (s= 0.9, Cycle); lH~~.~.re (CDCl,) 6 7.34 (m, 20H, ArH), 

4.86 (IHv t$ J1,,2,“J2,,,, = 7.8 Hz, H-29, 4.43 fd, lH, H-l’), 4.41 cd, lH, Jl 2=7.S Hz, H-l f, 4-11 h, 

lH, H-4’), 3.92 (dd, lH, J,, 4, = 5.4 Hz, H-3’), 3.82 (t, IH, J, 4 = J, S = 9 Hi, H-4), 3.71 (m, 2H, H-6a 

and H-6b), 3.32 (m, IH, H-i’), 3.38 (m, lH, H-2), 3.29 (m, l& H-Sj, 2.00 (s, 3H, cfi3co), 1.53 1st 3x, 

(c~I~)~CI and 1.32 Is, 3H, (CH,),C\. (Found: C, 66.59; H, 6.SQ; Cl, 4.09. Cakd. for C47HSSQl2Ch c, 

66.62; H, 6.54; Cl, 4.18%). 

~rq~~at&m of bis-lactu-l8-crowm4 (1). From 8. Sodium hydride (150 mg, 6.25 mmol) in dry 

THF (16 mL), was heated at 60-7O*C for 15 min. To the stirred mixture a soiutfon of 8 (410 mg, 0.51 

mmol) in dry THF f2t mL) was added dropwise and the stirring and heating continued for 21 h. After 

cooling first MeOH and then HZ0 were added until no hydrogen evolution was observed and the mixture 

was extracted twice with CH2Q2. The organic phase was dried (S04Na2), ~un~entrated and the residue 

was purified first on a column chromatography (CHCf3 : AcQEt, S : 1) and then on preparative TLC &exam+ 

acetone, 3 : 1) to afford 1 (130 mg, 33 X): 1 a/ “05 - 21.3O (2 ~0.8, CHGI,); ‘H-n.m.r. (CDC13) 6 ‘7.30 (m, 4OH, 

ArH), 4.64 (d, 2H, Jl, 2’ = 6.9 Hz, H-l’a, H-l’b), 4.34 (d, 2H, J, 2 - -7.7 Hz, H-la, H-lb), 3.90 (dd, 2H, 

J4’,S) =u Hz, 534,4, =b.O Hz, H-4”a, H-4’b), 3.85 (t, 2H, J,, 3$ = 6f.O Hz, H-3’a, H-3’b); 3.81 (t, 2H, J, s 

= J3,4 ~9.3 Hz, H-4a, H-4b); 3.51 (m, 2H, H-Sa, H-Sb), 3.36 idd, 2H, J, 3 =8.6 Hz, H-2a, H-2b), 3.24 6, 

2H, H-2’a, H-2’b), 1.42 j6H, s, (CE3)2)C\ and 1.23 16H, s, (Cfl,),Cl; (3C-n.m.r. (CDC13) 6 138.6, 138.& 

138.4, 137.5 (~-ipso), X29.2-126.8 (Ar), 105.6 [(CH3)2gl; 102.6, 99.7 ~anomers)~ 82.4, 81.1, 79.2, 77.8, 

75.0, 74.4, 74.0, 73.3 (double intensity), 73.2, 71.7 (double intensity), 71.2 &mble intensity), 69.6, 68.7, 

27.8 and 25.8 I(C.b#3)2C 1 l F.a.b.-MS, m/e lSS4 (M + NH;, MO), 1463 (20). (Found: C, 70.82; H, 7.03. Calcd. 

for CgoH 104022: C, 70.29; H, 6.82 %). 

From 9. Compound 9 (0.78 g, 0.97 mmol) was treated as indicated for 8. Column chromatography 

(hexane-AcOEt, 2: 1) and then preparatfve TLC (hexane-acetone, 3: I) gave first 13 (43 mg, 6 X) as a 

syrup; lH-n.m.r. (CDCl,> 6 7.30 (m, 2OH, ArH), 4.41 (d, lH, Jl 2 =7.4 Hz, H-l), 4.40 (d, lH, Jl, 2f ~7.9 f-k 

H-l’), 3.87 (m, IH, H-2’), 3.35 (t, IH, J, 3 = J, 4 = 9.0 HZ, H-S), 3.25 (dd, lH* H-2), 1.48 Is, ;H, CCg3)2Cl 

and 1.27 Is, 3H, (Ck-i3)2Cl; 13C-n.m.r. (CDCl,) 6 138.6 (double intensity), 137.9, 137.S (C-ipso), 128.4- 

127.4 (Ph), 110.0 i(CH3)2C,(s 102.0, 99.3 (anomers), 86.7, 81.6, BO.3, 80.0, 77.6, 74.9, 74.7, 73.6, 73.5, 

73.2, 72.5, 72.0, 71.5, 70.9, 70.6, 69.4, 28.3 and 26.5 I(CH3)2CI; MS, m/e 677 (1, M**PhCH2), 660 cl), 

569 (1) and finally 1 1136 mg (18 %;)I as a syrup. 

pxvatiaa of b&s-l~mm!b+rtnmi-6 (2). NaH 010 mg, 4.6 mmol) was suspended fn dry THF (12 

mL) and heated at 7OOC for 15 min. A solution of 8 (1SO mg, 0.19 mmol) and 9 (ISO mg, 0.19 mmol) in 

dry THF (1s mL) WAS added dropwise tu the stirred mixture for 3 h. The reaction was heated for 21 h, 

cooled and worked up &S for I. The residue was eluted from a column U-iC13-Ac~Et, S: 1) and then the 
~mpur~ti~~ were removed by acetyfation, acetic anh dride-pyr~d~ne, and preparative TLC ~he~~-aceton~, 

l 3 : 1) to afford 2 1100 mg (35 %)I as a syrup: [a I i - 14.0*, (2 =0.6, CHCt3); ‘H-n.m.r. (CDC13) 6 7.30 

(m, 40X, aromatic), 4.37 (d, 2H, Jl, 21 =7,7 Hz, H-i’a, H-lib), 4.29 (d, 2H, JI1, = 7.7 Hz, H-la, H-lb), 

3.99 (dd, 2H, J,, ss = I.6 Hz, J,, 4’ 
? 

= s’.S Hz, H-4’a, H-4fb), 3.84 (t, 2H, J, 4 = J, s = 9.3 Hz, H-Qa, H-4b), 

3*80 (t, 2Ht J2t.3, =6 HZ, H-3’& H-3’b), 3.59 (t, 2H, H-2’a, H-2’b), 3.k ft, ‘2H, J, 3 =9.0 I-k H-3&, 

H-3b), 3.40 (m, 2H, H-Sa, H-Sb), 3.28 (dd, ZH, H-2a, H-Zbf, 1.39 is, 6H, (Cfi,)zCj ‘and 1.23 Is, 6H, 

‘CE3 )2C 1; 13C-n.m,r. (CDCI,) 6 138.9, 138.7, 138.4, 137.6 (c-ipso), 128.3-127.4 (Ph), 109.4 [(CH3)2CZ} f 
102.5, lUO.6 (anomers), 83.2, 82.1, 79.1, 78.2, 74.9 (triple inte~ity), 74.0, 73.3 (double intensity), 72.5, 

71.5, 70.P1 69.7, 69.5, 68.6, 28.3 and 26.0 I(CIf3)2C[. F.a.b.-MS, mfe lSS4 (M+ MH:, 40), 1537 (13). 

(Found: C, 70.17; H, 6.95. Calcd. for CgOH104022: C, 70.29; H, 6.82%). 

Traces of I ~8s atso detected on TLC. 

Pr~atfon of Us-kmu-18lcruwnd (14). A solution of 1 (114 mg, 0.074 mmoi) in athanoi-ethyl 

acetate (3 : 1, tO mt) was hydrogenated over 10 % Pd/C (70 mg) at room temperature for 7 h, filtered on 

celite, and concentrated. Conventional treatment of the residue with acetic anhydride (0.5 mL) in pyridine 
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(1 mL) gave, after column chromatography (AcUEt : CHC13, 5: 1.5), compound 14 (61.5 mg, 72%) as a 

syrup: fQ r”,” * 37.30, 2=&l, CHC13); ‘H-mm-r. (CDCLJ) b 6.18 (d, lH, J= 3.7 Hz, H-1, ar-UAc), 6.l7 (d, tH, 

J = 3.5 Hz, H-l, a-UAc), 5.51 (d, lH, J =8.1 Hz, H-l, fs-OAc), 5.50 (d, 1X, J = 8.1 Hz, H-1, g=UAo), S-00 

(t, lH, J = 8.5 Hz, H-2), 4.90 (d, lH, J17.4 Hz, H-l’), 4.78 Id, lH, J = 7.3 Hz, H-l’), 4.76 (d, lH, J = 7.5 

Hz, H-l’), 4.68 (d, IN, J= 7.6 Hz, H-l*), 2.07-1.98 fW,CO) and 1.47-1.26 1(Clf,),Cl; 13C-n.m.r. fcDCi3) 

Q 171.1-169.3 (CH&U), 110.9, 110.8, 110.7 idouble intensity, (CH3)2s-[, 100.0, 99.6, 99.0, 98.4 @a-l’), 

92.3, 92.2 (C-l from isomer f30,gar) 89.8, 89.7 (C-l from isomer aa,atl), 63.8, 63.7, 63.3 (double intensity), 

63.2 (double intensity~~ 62.9, 62.8 (C-6, C-6*), 28.2, 28.15, 28.10, 28.0, 26.4 (double intensity), 26.3, 26.2 

@H,),Cf and 21.1-21.0 (~H,cxI); f.ab.-MS, m/e 1170 (M *NH;, 181, 1093 (20). (Found: C, 52.10; H, 

6.50. G&d. for C50H72U30: C, 52.08; H, 6.29%). 

PreParatfon of Ms-&to-W-crown-6 (IS). A solution of 2 (90 mg, 0.058 mmol) in EtUH-AcURt 

(3: 1, 5 mL) was hydrogenated over 10 % Pd/C (50 mg) at room temperature for 6 h, filtered on cehte, 

and concentrated in vacua. Conventional treatment of the residue with acetic anhydride (0.5 mL) in 

pyrfdine (1 mL) gave, after column chromatography (CHC13XH3CUCH3, 5 : I>, compound 15 (46 mg, 70%) 

as a syrup: loI”,” - 41.8O (2 = 0.4, CHC13); ‘H-n.m.r. (CDC13) 6 6.15 (d, lH, J = 2.9 Hz, H-l, or-UAc), 6.13 

(d, lH, J= 3.4 Hz, H-l, a-OAc), 5.48 (d, lH, J =8.3 Hz, H-l, 8-UAc), 5.47 (d, 1X, J =8+3 Hz, H-l, B-UAc), 

5.00 (t, lH, J = 8.9 Hz, H-21, 4.96 (t, lH, J =C.6 Hz, H-2), 4.77 (d, lH, J = 7 Hz, H-l’), 4.68 (d, 1H, J= 7 

Hz, H-l’), 3.46 (t, 1H, H-29, 3.41 (t, lH, H-29, 3.36 (t, lH, H-29, 3.28 (t, lH, H-2’), 2.08-2.00 

(CX,CUU) and 1.45-1.26 1 (C_X3>2C f i 13C-n.m,r. (CRC13) 6 170.8-168.9 (CHgU), 110.4, 110.3, 110.2, 110.1 

f (CH3j2si, 100.8, 100.2, 98.8, 98.7 (C-lr), 91.9 (doubfe intensity, C-1, from isomer BB, Ba 1, 89.4, 89.3 

(C-l, from isomer aa,aB), 63.6, 63.5, 63.4, 62.9, 62.8, 62.7, 62.3, 62.2 (C-6, C-6’), 27.8, 27-7, 27+6, 27.4, 

26.U, 25.9, 25.8, 25.6, [ (CH3>2Cf and 2U.9~2U.7 ~~H3CUU~~ f.a.b. MS, m/et 1170 CM + NH;, 1001, 1093 (90). 

(Found: C, 51.95; H, 6.22. Calcd. for CSOH72U30: C, 52.08; H, 6.29%). 

Asymmetric Micbel Additlans, In a typical experiment, methyl pheny~a~etate (1.49 mmol) in 

toXunne f1 mL) was added dropwise to a suspension of powdered KE3utU (0.39 mmol) fn toiuene (1 mt) 

under argon atmosphere at -78OC. A soiutfon of 1 (0.073 mmol) in toluene (1.5 mt) was added after 15 

min. and the mixture was stirred for a further 15 min. period. Methyl acrylate (1.14 rnrno~~ in toluene 

(1 mL) was then added dropwise. After 8 mfn, the reaction mixture was poured into a saturated aqueous 

solution of NH4Cl (15 mL) and extracted with toluene. The extract was dried (Na2S04) evaporated, and 

~hromatographed on a column of silica gel (6: 1 hexane-A&Et) to give the adduct (231.8 mg, 86 %I: 

1 aI:- 400 (c s 2.4 EtUH). Compound 1 was recovered by eiution with ethyl acetate and reutilfzed. 

(R$S) ~-~yle~~mm~um picrate, E: end Kd determimMons. To a stirred solution of pkrfc -- 
acid (17.5 mmol) in 95% ethanol (70 mt), (R,S) &-pheny~ethyiamine (17.5 mmol) was added dropwise. The 

yeilow solid, immediately formed, was ffitered,recrystallized from 95 % ethanol, and dried at 60°/10-3 torr. 

M.p. 193-195°C, (Found: C, 48.01; H, 4.10; N, 15.99. Calcd. for C14H~4N4U7~ C, 48.00; H, 4.03; N, 15.99%). 

Extinction coefficient (E) for this salt in CH3CN at k = 380 nm was determined in the concentra- 

tion range of 10 ‘6-10-4M of standard solutions prepared by serial dilutions of a 4.9 x 10 
-3 

M solution 

directly prepared from the pure salt. The values obtained were fitted to a straight fine by a linear 

regression method. The slope was 17,300 and the correlation coefficient was 0.9999. The distribution 
16 

constant for this salt between H20-CHCl3 was obtained in the customary manner s for a concentration 

in water of 3.59 x lUe3M and had a value of 4.06 I&4”. The same concentration was used for the extraction 

experiments. 

arid-ii~d extrar=tforar. Sofuttons of the hosts fn CDC13 ~U.~l-~.~2M~ were mixed with Ph~H2~H3 

SCN@ (12 mg) for 1 min, filtered several times to ensure that no solid w&s present in the solution and 

the ‘H-n.m.r. spectra recorded. 

~i~d-Ii~d extrstions.. Soiutlons CU.8 ml) of the hosts fn CDC13 (U.O15-0.030 M) were mixed 

with a D20 solution (0.25 mL) of (F&s)- or (s)-, Ph-CH(CH,)-AH,&@ (1M) and F6PLf (lM) during 2 

min. The phases were separated, and the chloroform solution was carefully removed with a syringe, dried, 

and the ‘H-n.m.r. spectra recorded. 
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