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2.20 (9, 3 H), 3.75 (9, 2 H); 13C NMR (75.48 MHz, CDCl,) (2 
isomer) d 190.86, 170.16, 146.97, 143.59, 140.86, 135.51, 135.23, 
121.67, 117.36, 113.70, 102.33, 102.28,61.20,31.57, 20.31; (Eisomer) 
6 192.73, 173.82, 147.38, 144.70, 141.01, 138.20, 130.87, 117.78, 
115.60, 111.82, 102.67,62.15, 29.09, 20.08; MS (low-resolution EI) 
m/e  (relative intensity) 260 (M+,9), 218 (48), 200 (loo), 172 (30), 
121 (26), 115 (38), 101 (22), 89 (11),77 (20),62 (18). Anal. Calcd 
for Cl4HI2O5: C, 64.61; H, 4.65. Found: C, 64.54; H, 4.65. 

5 4  2-Acetoxyethylidene)-2-cyclopenten- 1-one (6i/7i) (0.18 
m o l ) :  IR (CH,Cl,) 2880-2980,1745,1705,1670,1660,1380,1240 
cm-'; 'H NMR (300 MHz, CDCl,) (2 isomer) 6 7.58 (m, 1 H), 6.38 
(M, 1 H), 6.08 (t, J = 5.5 Hz, 1 H), 5.33 (d, J = 5.6 Hz, 2 H), 3.25 
(9, 2 H), 2.10 (9, 3 H); ( E  isomer) 8 7.62 (m, 1 H), 6.54 (t, J = 5.6 
Hz, 1 H), 6.38 (m, 1 H), 4.80 ( d , J  = 5.6 Hz, 2 H), 3.32 (s, 2 H), 
1.22 (s, 3 H); 13C NMR (CDCl,, 75.48 MHz) ( Z  isomer) d 196.64, 
171.62, 163.26, 139.06, 134.34, 132.82, 61.67, 38.75, 21.56; 13C 
assignments for the E isomer were not determined due to a limited 
amount of material. Anal. Calcd for C,HIoO3: C, 65.05; H, 6.07. 
Found: C, 64.95; H, 6.10. 
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The synthesis and free energies are reported for 10 new hemispherands ( 1 ,  2, 4, 6, 7-9, 11-13) binding alkali 
metal and ammonium picrate salts at  25 "C in CDCI, saturated with D20. These hemispherands possess the 
general structure I, in which two 4-substituted anisole units flank and preorganize for binding the heteroatoms 
of substituted aromatic or heterocyclic systems. These macrocycles, like three previously reported (3, 5, lo),  
contain 18-membered rings with common (CH,OCH,), and two ArOCH, units but differing central A units (I). 
Most of the 13 hemispherands compared show the highest binding for Na+ and the exceptions, for K+. Arrangement 
of the 13 systems in decreasing order of their contributions to their systems binding Na+ is as follows, with the 
-AGO values (kcal mol-') appearing in parentheses: 1, 4-CH3C6H,CON(CH3)2 (15.1); 2. 4-CH3C6H2C0,CH3 (12.4); 
3, 4-CH3C6H20CH3 (12.2); 4, pyridine oxide (12.2); 5, (CH,),N,C=O (12.0); 12, 4-CH,C6H2SOCH, (11.4); 6, 
4-CH3CGH2N02 (11.0); 7, pyridine (10.8); 11, 4-CH3C6H&H3 (10.8); 13, 4-CH,C6H2So2CH3 (9.5); 8, 4-CH3CsH2NH2 
(9.3); 9, furan (8.9); 10, 4-CH3C6HzOH (7.9). The largest specificities for hosts binding Na+ over hosts binding 
K+ involved 12, with A = CH3C6HzSOCH3 [-A(AG") = 3.81 and 13 with A = CH3C6H,S02CH3 [ -A(hG")  = 3.2 
kcal mol-']. The corresponding specificites for these two systems binding Na+ over Li+ were -A(AG") = 3.7 and 
2.8 kcal mol-', respectively. The crystal structures of 1, 2, 2.NaSbF6, 4, 6, and 6.NaSbF6 are reported. 

A central objective in this series of papers is to correlate 
t he  structures of hosts and  guests with their binding free 
energies in t h e  applications of t he  principles of comple- 
mentarity and  preorganization to  host design.2 There  is 
vast l i terature on  the  binding of t h e  alkali metal  ions by 
corands containing aliphatic ether oxygen, amine nitrogen, 
or sulfide sulfur, reflecting t h e  fact t ha t  these functional 

(1)  We thank the Division of Basic Sciences of the Department of 
Energy for support of the research involving binding of the alkali-metal 
ions and the U.S. Public Health Services for Grant 12640 for that in- 
volving the ammonium and alkylammonium ions and the crystal struc- 
tures. 

(2) (a, Cram, 1). J. Angew. Chem., Int. Ed. Engl. 1986,2,5, 1039-1057 
(b) Cram. D J Science 1988,240. 76&767 

groups are readily introduced as ring members into mac- 
rocycles and  macrobicycles t o  provide systems partially 
preorganized for binding by their respective macroring 
systems3 Crystal structures of hemispherands established 
tha t  three or four anisole units attached to  one another 
a t  their 2- and 6-positions and incorporated into respective 
18- and  20-membered macrorings4 provide a means of 
preorganizing methoxyaryl oxygens for binding alkali metal 

(3) For example: (a) Izatt, R. M., Christensen, J. J., Eds. Synthetic 
Multidentate Macrocyclic Compounds; Academic Press: New York, 
1978. (b) Weber, E.; Vogtle, F. Crown-Type Compounds - An Intro- 
ductory Overview. In Host Guest Complex Chemistry I;  Boschke, F. L., 
Ed.; Springer-Verlag: Berlin, 1981; pp 1-42. 

_I.___- 

14) Cram. D. J. Chemtracts 1988. I .  89-101 
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ions as in 3.5 The fact that these hemispherand-com- 
plexing agents were more strongly and specifically binding 
than were their oxygen corand counterpartss6 suggeats that 
compounds of general structure I with A groups containing 

P o l  
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I, A is 2.6-disubstituted 

1, R - CHj, A = 4-CHjC6H2CONICH312 8 ,  R - CHj, A = 4-CHjCgHzNHz 

G 2, R - CH), A - ~ - C H ~ C ~ H Z C O Z C H J  9, R - CH), A - 
3, R - CHj, A - ~ - C H ~ C ~ H Z O C H ~  10, R CHj, A - 4-CHjC6H20H 

11, R = ICHj1jC. A - 4-CHjC6H2SCHj a- 1. R - CHj, A - 
5, R - CH), A = Ci;. 
6 ,  R - CH), A - 4-CH3CsH2N02 13, R - 1CHj)jC. A - 4-CH3C6H2SO2CHj 

12, R ICHjIjC, A - 4-CH3CgH250CHj 

aN 7 ,  R = CHj, A - 
other functionalities might be preorganized enough to show 
high and selective binding toward complementary cations. 
Amido, ester, sulfoxide, sulfone, nitro, hydroxyl, and 
primary amino are groups that are particularly difficult 
to preorganize without their attachment to an aryl that 
itself is part of the A group of I. Units such as pyridine, 
pyridine oxides, 2,5-disubstituted furan, and cyclic urea 
are capable of being directly incorporated into macrocycles 
as A groups in I. 

This paper reports the synthesis and binding properties 
at 25 "C in CDC13 (saturated with D20) of new hem- 
ispherands 1,2,4,6-9,  and 11-13 toward the picrate salts 
of Li+, Na+, K+, Rb+, Cs+, NH4+, CH3NH3+, and 
(CH3)3CNH3+. Included are the crystal structures of free 
hosts 1, 2, 4, and 6, as well as complexes 2.NaSbF6 and 
6.NaSbF,. The first section describes the syntheses of the 
new hosts. The second provides views and discussions of 
crystal structures. The third reports the hosts binding free 
energies and compares them to those of 3,5 5,' and lo8 
published previously. Correlations between structure and 
binding are discussed in the fourth part. 

Results and Discussion 
Syntheses. The key reaction in many of the syntheses 

was the Suzuki unsymmetrical coupling between appro- 
priate aryl bromides or iodides and an arylboronic acid, 
catalyzed by Pd(PPh3)4.9 The reaction is first illustrated 
in the syntheses of 1,2,6,  and 8. Hydroxymethylation of 
2-bromo-4-methylphenol to give 14 was reported previ- 
ously.lo This compound was doubly alkylated with (C- 
H3)2S04-NaH to provide 15 (93%). The aryllithium de- 
rivative of 15 was generated at  -78 OC in THF with n-BuLi 
and was cannulated into a solution of (CH30)3B-THF to 
give after hydrolytic isolation the arylboronic acid 16 
(83%), which could be stored for months without decom- 
position. Diazotization of 17 and treatment of the di- 

(5) Koenig, K. E.; k i n ,  G. M.; Stnckler, p.; Kaneda, T.; Cram, D. J. 
J.  Am. Chem. SOC. 1979,101,3553-3566. 

(6) A&, S. P.; Cram, D. J. J. Am. Chem. Soc. 1984,106,2160-2171. 
(7) (a) Cram, D. J.; Dicker, I. B.; Lein, G. M.; Knobler, C. B.; True- 

blood, K. N. J. Am. Chem. SOC. 1982,104,6827-6838. (b) Knobler, C. 
B.; Maverick, E. F.; Trueblood, K. N.; H e w n ,  R. C.; Dicker, I. B.; kin, 
G. M.; Cram, D. J. Acta Crystallogr. 1986, C42, 182-185. 
(8) k i n ,  G. M.; Cram, D. J. J.  Am. Chem. SOC. 1985,107,448-455. 
(9) Miyura, N.; Yanagi, T.; Suzuki, A. Synth. Commun. 1981, 11, 

(10) Katz, H. E.; Cram, D. J. J. Am. Chem. SOC. 1984,106,4977-4987. 
513-519. 
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17, X - NH2; 18. X = CN; 19. X - CONH2; 2 4 .  X - CO2CHj; 25, X - CONlCH3I2; 
20. X = C02H: 21, X - C02CH3; 
22, X - CONICHj)2; 23. X - NO2 

26,  X - N02i 27, X = NH2 

azonium salt produced with CuS04-KCN gave nitrile 18." 
Hydrolysis of 18 gave the corresponding amide 19, which 
was further hydrolyzed (via diazotization)12 to the acid 2013 
isolated as its methyl ester 21, which has been reported.13 
The coupling of ester dibromide 21 with 2 mol of boronic 
acid 16 was conducted in a two-phase refluxing mixture 
of the reactants in benzene-aqueous 2 M Na2C03-Pd(Ph3), 
to produce terphenyl derivative 24, the precursor to 
macrocycle 2. 

The terphenyl precursors 25-27 to respective hem- 
ispherands 1,6, and 8 were similarly synthesized. Dibromo 
acid 20 was converted via its acid chloride with (CH3),NH 
to amide 22 (97%), which when submitted to a 2-fold 
Suzuki coupling with boronic acid 16 gave 25 (18%) in 
addition to greater amounts of monocoupled products 28 
and 29. In the synthesis of nitro compound 26, amine 17 

a 3  a 3  

28. X - Hi 2D, X = Br 

was diazotized (NaN02-AcOH-H2S04), and the diazonium 
salt was mixed with CuS04 and NaN02 to produce nitro 
compound 23 (25%). This substance underwent the 2-fold 
Suzuki coupling reaction with boronic acid 16 to provide 
26 (61%). Amine 27 was similarly prepared (36%) by the 
2-fold Suzuki coupling of 16 with 2,6-diiodo-4-methyl- 
aniline.I4 

Terphenyl derivatives 24-26 were converted to their 
respective dibromides 30-32 in essentially quantitative 
yields by treatment with HBr-CHC13. Under the same va3 Br 

a3 

a 3  

conditions, terphenylamine 27 gave an unstable product. 
Accordingly, 27 was subjected to BCl3-CH,Cl2 to give 34 
(94%), which when treated with base gave the free amine 
33. 

Terphenyl dihalides 30-32 and 34 were submitted to 
macroring closure with diethylene glycol under high-dilu- 

(11) Paek, K.; Knobler, C. B.; Maverick, E. F.; Cram, D. J. J.  Am. 

(12) Montagne, P. J.; van Charante, J. M. Reel. Trau. Chim. Pays-Baa 

(13) Buning, H. L. Red .  Trau. Chim. Pays-Bas 1921, 40, 327-353. 
(14) Block, P., Jr. J. Org. Chem. 1956,21, 1237-1239. 

Chem. SOC. 1989,111,8662-8671. 

1912, 31,298-349. 
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Hemispherands 7 and 4 containing the respective pyr- 
idine and pyridine oxide units were synthesized as follows. 
2-Acetyl-4-methylphenol was submitted to the Mannich 
reaction ((CH3),NH2C1, CH20, (CH,),CHOH) to give salt 
43. Treatment of 2-(2-chloroacetyl)-4-methylpheno11g with 

3 3 ,  X = Nhi. 34, X - P h j C l  

tion conditions in NaH-THF to give 2, 1, 6, and 8, re- 
P o l  

1, x - CONICH312: 2 .  X = C O Z C H ~ :  

6 ,  x - NO>: 8 ,  X = N i l 2  

spectively, in yields of 20%, 3190, 11%, and 7%.  The 
hosts were easily isolated by reversed-phase flash chro- 
matography15 with NaBr-H20-(CH3),C0 as the mobile 
phase. Aminohemispherand 8 was also produced (46%) 
by reduction of nitrohemispherand 6 with NaBH4-10% 

The macrocyclic sulfide 11, sulfoxide 12, and sulfone 13 
also involved a 2-fold Suzuki unsymmetrical aryl-aryl 
coupling reactiong as the critical step in their syntheses. 
Treatment of p-toluidine with ICl-AcOH gave 35 (8O%),I4 

Pd-C." 

X w 
I 
CH3 

35, X - N:i2 31 38 

36. X - CR3E 
which was diazotized with isoamyl nitrite, and the corre- 
sponding diazonium compound was methiolated" with 
dimethyl disulfide to provide 36 (70%). Treatment of this 
diiodide with 2 mol of 2-methoxy-5-tert-butylbenzene- 
boronic acid (38) (prepared from 37)18 and Pd(PPh3)4 gave 
terphenyl sulfide 39 (80%). Demethylation of the two 

39. X - R - C H j ;  4 0 ,  X - R - H; 11, x - SCHJ; 12, X - SOCH3; 

4 1 .  x - C H 2 0 H .  R - H: 4 2 .  X - C H 2 0 H .  R - Cn3 13, X - S02CH3 

methoxyl groups of 39 with BBr3-CH2C1, gave the corre- 
sponding diphenol 40 (90%). This material was bis- 
hydroxymethylated (CH20, NaOH, (CH3)zCHOH) to give 
tetrol41 (50%), whose two phenolic hydroxyl groups were 
selectively remethylated (CH31, NaH, THF) to provide the 
desired diol 42 (60%). When submitted to macroring 
closure with TSO(CH,CH,O)~TS-N~H-THF under high- 
dilution conditions, 42 yielded hemispherand 11 (40% ). 
Oxidation of 11 with 1 mol of 3-ClC6H4co3H in CHCl, 
gave sulfoxide 12 (60%), whereas with 2 mol 11 gave 
sulfone 13 (70%). 

43 44 45, X - R - H; 46.  P I C H 2 3 H .  R = H 

41, X - C H 2 O H .  R - CAg 

pyridine provided the second salt, 44. These two salts 
together when heated with NH40Ac-HOAc underwent the 
Krohnke pyridine synthesisz0 to yield pyridine-diphenol 
45 (60%). Twofold hydroxymethylation of 45 with CH2- 
0-KOH-(CH,),CHOH gave tetrol46, selective methyla- 
tion of which with (CH3)2S04-K2C03-(CH3)2C0 provided 
diol 47 (60%). When submitted to high-dilution macroring 
closure with TsO(CH2CH,O),Ts-NaH-THF, 47 gave 
hemispherand 7 (40%). Oxidation of 47 with 3- 
C1C6H4C03H-CHC1, provided pyridine oxide 48 (93% 1, 
macroring closure of which with TsO(CH,CH,O)~TS- 
NaH-THF gave hemispherand 4 (21%). 

48 7 

4 

The hemispherand containing the furan unit (9) was 
prepared by a route that involved a double Fries rear- 
rangement. The known bis(4-methylphenyl) succinatez1 
(64% from succinic acid, p-cresol, and POCl,) when heated 
neat with AlCl, gave diketone 49 (49%) which was bro- 

mcH3 
M \ I  

Y 

9 

minated with 2,4,4,6-tetrabromocyclohexa-2,5-dienonez2 

(15) Kuhler, T.; Lindsten, G. R. J .  Org. Chem. 1983,48,3589-3591. 
(16) Neilson, T.; Wood, H. C. S.; Wylie, A. G. J.  Chem. SOC. 1962, 

371-372. _ . _ _  

(17) Giam, C. S.; Kikukawa, K. J.  Chem. SOC., Chem. Commun. 1980, 

(18) Rosenwald, R. H. J .  Am. Chem. SOC. 1952, 74, 4602-4605. 
756-757. 

(19) (a) Cullinane, N. M.; Edwards, B. F. R. J.  Appl. Chem. 1959,9,, 

(20) Krohnke, F. Synthesis 1976, 1-24. 
(21) Thomas, F. D.; Shamma, M.; Fernelius, W. C. J .  Am. Chem. SOC. 

(22) Calo, V.; Ciminale, F.; Lopez, L.; Todesco, P. E. J .  Chem. SOC. C 

133-136. (b) Fries, K.; Finck, G. Chem. Ber. 1908,41, 4271-4284. 

1958,80, 5864-5867. 

1971, 3652-3653. 
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Chart I. Crystal Structure Stereoviews of Hemispherands and Hemispherapleres 

En3 

I 

to provide dibromide-diketone 50 (88%). When treated 
with polyphosphoric acid in Ac~O,~,  the furan ring was 
formed and the hydroxyl groups were acetylated. Without 
isolation, this diacetate was hydrolyzed (NaOH-H20) and 
the bisphenol produced (50) was methylated ( (CH3)2S- 
04-NaOH) to provide 51 (72% overall). This material was 
metalated with n-BuLi-THF, and the bisorganometallic 
formed was quenched with Et02CCl to give diester 52 
(70%). Reduction of 52 with LiAlH, gave diol 53 (99%), 
which when mixed with C6H6-PBr, gave the bis(benzy1 
bromide) 54 (82%). This compound was cyclized by 
treatment under high-dilution conditions with HO(CH2- 
CH20)2H-NaH-THF to provide hemispherand 9 (32%). 

Most cycles were purified by reversed-phase flash 
chromatography16 with mixtures of (CH3)2CO-H20-NaBr 
as the mobile phase. This method of purification has 
greatly simplified the isolation of our host compounds. 
The NaBr complexes usually crystallized out of the re- 
versed-phase eluent upon evaporation of the acetone. The 
hemispheraplexes were easily decomplexed by washing of 
their CH2C12 solutions several times with distilled water. 
The easy decomplexation procedure reflects a large de- 
complexation rate. 

While our work was in progress, Reinhoudt et al.24 re- 
ported a resynthesis of 3 and a crystal structure for its 
larger analogue with a CH20(CH2CH20)2CH2 bridge. They 
also describe hemispherand 7 containing the central pyr- 
idine group, the related hemispherand 55 and its crystal 
structure, and the new hemispherand 56, closely related 
to our 6 containing the central arylnitro group. These 
authors report syntheses for 3,7,55, and 56 with entirely 

(23) Bailey, P. S.; White, H. M.; Colomb, H. 0. J. Org. Chem. 1965, 

(24) Dijkstra, P. J.; den Hertog, H. J., Jr.; van Steen, B. J.; Zijlstra, S.; 
Skowroneka-Ptaeinska, M.; Reinhoudt, D. N.; van Eerden, J.; Harkema, 
S. J. Org. Chem. 1987,52, 2433-2442. 

30, 487-491. 

different construction routes for assembling the terphenyl 
units than those reported here.24 

P o l  P o l  MW, 
" 0 01' " 0  

b H 5  &I45 

Crystal Structures. The crystal structures of cyclic 
urea host 5 and 5-(CH3),CHNH3C1O4 were previously re- 
ported,' as were the crystal structures of 325 and 3. 
(CH3)3CNH3C14.26 In the structures of both 5 and 3, the 
three oxygens attached to three six-membered rings pos- 
sess down-up-down arrangements and the methyl groups 
attached to the anisoles diverge from the cavity, which is 
occupied by inward-turned CH2 groups of the OCH2C- 
H20CH2CH20 bridge. Thus, only the conformations of 
the bridge require reorganization for complexation to oc- 
cur. These structures differ from those of Reinhoudt et 
al. for the higher analogue of 3 and for 55 both of which 
have one OCH, methyl turned inward partially filling the 

although the three heteroatoms attached to the 
aromatic rings possess the down-up-down arrangement. 

Chart I records stereoviews of the crystal structures of 
amide 1, of ester 2, and of complex 2.NaSbF6, and Chart 
11, of pyridine oxide 4, of nitro compound 6, and of complex 
6-NaSbF,. In all of the structures, the two methoxyl ox- 
ygens and the central functional group possess down-up- 
down conformations whose carbonyl oxygens, when pres- 
ent, converge on the cavity. In all six structures except 
that of 4, the methyls of the anisyl oxygens diverge from 

55 5 6  

(25) Goldberg, I. Acta Crystallogr. 1980, ,336, 2104-2108. 
(26) Cram, D. J.; Trueblood, K. N. Top. Cum. Chem. 1981,98,43-106. 



4626 J.  Org. Chem., Vol. 55, No. 15, 1990 Bryant et al. 

Chart I1 

CH3 

6 

CH3 

6,NaSbFg 

the cavity, as does the (CH3)zN group of 1 and the CH30 
of the ester in 2 and 2.NaSbF,. The cavities of these free 
hemispherands are partially filled by inward-turned 
methylene groups of the O(CHzCHzO)z bridges, each of 
which contains two anti conformations. In the pyridine 
oxide system 4, the methyl of one anisyl methoxyl is or- 
iented inward, partially filling the cavity. The bridge of 
this system possesses only one anti conformation, one of 
whose methylenes is partially oriented inward. 

In Table I are recorded the dihedral angles between the 
planes of the functional groups for the amide, esters, and 
nitro compounds and the planes of the aryls to which these 
functional groups are attached. Not surprisingly, the 
greater spacial requirement of the (CH3)zN in 1 imposes 
a larger dihedral angle (71.2') on the amide as compared 
to that of the CH30 in ester 2 (44.9'). However, the in- 
termediate dihedral angle of 49.8' is observed for the NOz 
group of 6, whose diverging oxygen is the least space oc- 
cupying. Possibly the full negative charge distributed 
between the two oxygens of the NO, provides enough re- 
pulsion for the unshared electron pairs of the flanking 
CH30 groups to increase this bond angle over that for the 
C02CH3 group, whose single carbonyl oxygen bears only 
a partial negative charge. 

As expected, when 2 becomes complexed to form 2. 
NaSbF6, this dihedral angle increases by - 19' to 63.8' for 
the complex. A much more striking increase of -51' to 
give 90' is observed when nitro compound 6 becomes 
complexed to form 6.NaSbF6. Two surveys of the Cam- 
bridge Crystallographic Data File have appeared and 
correlate the directionality of hydrogen bonds to sp3- and 
spz-hybridized oxygen Ketones and esters show 
a strong preference for hydrogen bond formation in the 

(27) (a) Taylor, R.; Kennard, 0.; Versichel, W. J.  Am. Chem. SOC. 1983, 
105, 5761-5766. (b) Murray-Rust, P.; Glusker, J. P. fbid.  1984, 106, 
1018-1025. (c) In recently determined structures of C&CO2CH3 and 
C6H&O&H6. the C=O distances are 1.217 (8) and 1.207 (5) A. 

Table I. Dihedral Angles between Planes of Functional 
Groups and Planes of Aryls to Which They Are Attached 

compd angle, deg 

71.2 Q0 
-c\ 

eo 
-c\ 

-c\ 

6 P 49.8 

*O 

6.NaSbF6 P 90.0 

+O 

1 

N(CHJ2 

44.9 2 

OCH, 

2.NaSbF6 Q0 63.8 

OCH, 

--N 

--N 

direction of the orbitals of the sp2 unshared electron pairs. 
Crystal structures of amides coordinated to alkaline-earth 
and transition-metal cations also show a preference for 
binding closer to the direction of an sp2 orbital occupied 
by an unshared electron pair on oxygen rather than to 
either an sp3 orbital or the delocalized p orbital on oxygen. 

In Table 11 are listed the O-Na+ binding distances and 
C-O--Na+, C=O-Na+, and N-O-Na+ binding angles in 
2-NaSbF6 and 6-NaSbFG. The C=O-.Na+ binding angle 
in 2.NaSbF6 is 133', whereas the ester-benzene dihedral 
angle is 63.8'. The C=O bond distance in d.NaSbF6 is 
1.197 (5) A, which is close to a recently measured distance 
of 1.21 A for esters.27c These facts are consistent with the 
ligation occurring roughly in the direction of sp2 orbitals 
of unshared electron pairs on oxygen, adjusted somewhat 
to the constraints of the ring systems. 

The N+O.-Na+ binding angle in 6.NaSbF6 is 140', 
whereas the dihedral angle between the planes of the nitro 
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9, and phenol 10, gave peak binding with K+, but the other 
10 gave their highest -AGO values with Na+. The 18- 
membered macroring and two anisyl units common to all 
13 hosts seem generally responsible for their complemen- 
tarity to Na+. Even for 7,9, and 10, the -AGO values for 
K+ and Na+ are within experimental error of one another. 

The character of the central A functional group strongly 
affects the binding power of the hemispherand toward 
most of the guests. The most strongly binding host con- 
tains the 4-CH3C6H2CON(CH3)2 group providing -AGO 
values that range from 15.1 kcal mol-' for Na+ to 8.6 for 
CH3NH3+. The hosts containing the 4-CH3C6H2C02CH3, 
4-CH3C6H20CH3, pyridine oxide, and cyclic urea groups 
show comparable binding toward Li+, Na+, and K+, but 
the -AGO values for the ester binding the larger ions drop 
off much more sharply than do the others, presumably 
because the carbonyl group of the ester penetrates more 
deeply into the cavity than do the oxygens of the other 
three groups. The intrinsically powerful binding power 
of the CON(CH3)2 group toward all cations appears to 
compensate for its even greater steric requirements than 
that of the C02CH3. The carbonyl oxygen of an amide 
possesses higher electron density than that of an ester. 
Thus, the dipole moment of methyl benzoate is 1.85 D,31 
whereas that of benzamide is 3.6 D.32 

Host 6 containing the CH3C6H2N02 group is a moder- 
ately strong but not very discriminating binding system, 
with -AGO values that range from 11.0 (for Na+) to <6 kcal 
mol-' for (CH3)3CNH3+. The -AGO values for 6 closely 
resemble those observed by Reinhoudt for 56,24 whose 
structure differs from 6 only by the substitution of a C6H5 
in 56 for the CH, of 6 in the position para to the nitro 
group. The profiles of -AGO values for 6 and 3 (A = 
CH3CGH20CH3) binding the eight cations are quite similar, 
except that those of 3 exceed those of 6 by about 1 kcal 
mol-'. 

The hemispherand containing the pyridyl(7) and furan 
groups (9) potentially have the largest cavities. These hosts 
exhibit a low spread in -AGO values with changes in guests, 
while 7 is the much better general binder by several kilo- 
calories per mole for all ions. Pyridyl system 7 is the 
strongest binding host among the 13 systems for the largest 
cations, Rb+, Cs+, NH4+, CH3NH3+, and (CH3)3CNH3+, 
providing -AGO values that range from 9.7 to 11.7 kcal 
mol-'. The low binding power of 9 (-AGO value range, 
9.2-<6 kcal mol-') correlates with that for the furan-con- 
taining corands examined previou~ly.~~ The fact that the 
-AGO values reported by ReinhoudtZ4 for pyridyl system 
7 binding Li+, Na+, K+, Rb+, and Cs+ picrates at  25 'C 
saturated with water differ from ours by an average of only 
0.16 kcal mol-' is gratifying (those for 7 binding NH4+, 
CH3NH3+, and (CH3)3CNH3+ were not reported).24 

Hemispherands 8 containing the 4-CH3C6H2NHz and 10 
the 4-CH3C6H20H groups are the weakest binders among 
the 13 hosts, with a total range of -AGO values of 9 . 3 4 6  
kcal mol-l. The amino and hydroxyl groups in these hosts 
are both good donating and accepting groups for the hy- 
drogen bonds of the water present in the assays. The 
aniline-containing host 8 held onto water tenaciously in 
the solid state, as shown by carbon and hydrogen elemental 
analysis data. Most of the hosts reported here were ob- 
tained free of water by heating the samples to 80-100 'C 
under high vacuum. When dried under high vacuum 8 at 

Table 11. Sodium Ion to Ligating Oxygen Distances and 
Binding Angles 

ligating oxygen 
angle 

comolex Dosna ligand tvDe Na+, A dez 
clock dist to L-O.-Na+, 

2.NaSbF, 12 (CH2CH2)20 
2 ArCH2(CH2)0 
4 Ar(CH3)0 
6 Ar(CH,O)C=O 
8 Ar(CHd0 

10 ArCH2iCH2)0 

2 ArCHz(CHz)O 
6.NaSbF, 12 (CH2CH2)20 

4 Ar(CH3)O - 
6 ArN02 
8 Ar(CH3)0 
10 ArCH2(CH2)0 

2.40 115, 116 
2.55 122, 109 
2.54 118, 127 
2.34 133 
2.46 117, 128 
2.58 107, 121 
2.38 119, 114 
2.54 111, 122 
2.46 116, 129 
2.43 140 
2.43 124, 121 
2.62 124, 106 

See drawings of Chart I. 

and its attached benzene is 90°. The N=O distance for 
the nonligating oxygen is 1.218 (7) A, nearly the same as 
the N-0 distance for the ligating oxygen of 1.204 (7) 8, 
in 6.NaSbF,. The N-0 distances in the free host (6) are 
1.207 (9) and 1.223 (9) A, not far from one another. These 
facts are consistent with the Na+ in 6-N&bF6 ligating with 
an sp3 electron pair on oxygen carrying more than half of 
a formal negative charge. 

The van der Waals radius of oxygen is 1.40 A, and the 
ionic radius of Na+ is 1.02 Am, the sum being 2.42 A. Most 
of the O-.Na+ distances in Table I1 are close to, or greater 
than, this value except for the C=O-.Na+ value of 2.34 A 
in 2*NaSbF,. This shortened distance implies this carbonyl 
provides a stronger binding site and greater s character in 
the coordinating sp2-hydridized orbitals on oxygen of the 
carbonyl group. The N-O.-Na+ distance in 6-NaSbF6 is 
2.43 A, which correlates with the higher p character of the 
sp3-hydridized orbitals on this coordinating oxygen. The 
distances for the R20-Na+ vary between a low of 2.38 to 
a high of 2.62 A, while those for Ar(CH,)O-Na+ vary from 
2.43 to 2.54, the averages for the two types of ether coor- 
dination being 2.51 and 2.47 A, respectively. Although 
these values are close together, the aryl ether coordinating 
orbital electrons at  oxygen may be slightly richer in s 
character than the aliphatic ether coordinating electrons. 
The ether oxygen binding angles (L-O--Na+) of Table I1 
range from 106' to 124O, to provide an average of 116'. 
The four ArO-.Na+ binding angles vary only from 116' to 
124' in the two complexes, and the CH30.-Na+ binding 
angles are also similar to one another, ranging only from 
121' to 129'. 

Association Constants and Binding Free Energies. 
The association constants (Ka, M-') and binding free en- 
ergies (-AGO, kcal mol--') were determined a t  25 OC by 
distributing Li+, Na+, K+, Rb+, Cs+, NH4+, CH3NH3+, and 
(CH3)3CNH3+ picrate salts between D20 and CDC13 solu- 
tions of the  host^.^^^^^ The results are recorded in Table 
111, which include those reported earlier for 3,5 5,7s and lo.* 
The values recorded are the averages of two determina- 
tions. 

Correlations between Structure and Binding. Hosts 
1-13 range in their -AGO values from <6 to 15.1 kcal mol-' 
in binding the eight cations. Three hosts, pyridine 7, furan 

(28) Waser, J.; Trueblood, K. N.; Knobler, C. M. Chem One; 
McGraw-Hill: New York, 1976; p 283. 

(29) Helgeson, R. C.; Weisman, G. R.; Toner, J. L.; Tarnowski, T. L.; 
Chao, Y.; Mayer, J. M.; Cram, D. J. J .  Am. Chem. SOC. 1979, 101, 
4928-4941. 

(30) Ericson, J.  Ph.D. Dissertation, Department of Chemistry and 
Biochemistry, University of California, Los Angeles, 1988. 

(31) Gordon, A. J.; Ford, R. A. The Chemist's Companion; Wiley: 

(32) CRC,  64th ed.; Weast, R. C., Ed.; CRC Press: Boca Raton, FL, 

(33) Timko, J. M.; Moore, S. S.; Walba, D. M.; Hiberty, P. C.; Cram, 

New York, 1972; p 127. 

1983. 

D. J. J .  Am. Chem. SOC. 1977, 99,4207-4219. 
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25 and 110 “C retained 0.5 mol of water, which decreased 
to 0.25 mol of water at  150 “C and to 0 only at 180 “C. In 
CPK models, 1 mol of water is beautifully complementary 
to the cavity of 8, as is pictured in 8.H20. The low binding 
power of 8 and 10 is probably associated with the increased 
energy cost of displacing water associated with the hy- 
drogen bond donating ability of the respective NH, and 
OH groups. 

f-1 @ 0.W- .o 0 I .H.a 6.. 

0 CH 

CHS 

Sulfide 11 with the central 4-CH3C6H2SCH3 group shows 
a binding profile toward the eight cations very similar to 
that of 3 with the central 4-CH3C6H,0CH3 unit except that 
the latter is the stronger binder by an average of - 1.4 kcal 
mol-’ in -AGO value. Since the cavities of 11 and 3 have 
similar shapes and sizes, shape and size appear associated 
with the patterns of specificity, while the one softer sul- 
fur-ligating atom of 11 binds the relatively hard alkali 
metal and hydrogen binding RNH3+ guests less well than 
the hard oxygen atom of 3. 

The hosts containing the central sulfoxide CH3C6H2S- 
OCH, (12) and sulfone 4-CH,C6H2S02CH3 units (13) 
provide the highest specificity for Na+ of any of the sys- 
tems treated here. Thus, sulfoxide 12 binds Na+ with 11.4 
kea1 mol-’, Li+ with 7.7 kcal mol-’, K+ with only 7.6 kcal 
mol-’, and the other cations with even lower -AGO values. 
These values translate into KaNaC/KaL1+ = 500 and 
KaNa*/KaK+ = 650 for 12. Sulfone 13 binds Na+ with 9.5 
kcal mol-’, Li+ with 6.7 kcal mol-’, K+ with 6.3 kcal mol-I, 
Rb+ with 6.6 kcal mol-’, and the rest of the ions with 6 kcal 
mol-’. Thus, 13 gives KaNa+/KaL1+ = 110 and KaNa+/KaK’ 
= 220. Unlike the sulfoxide unit,34 the sulfone is a noto- 
riously weak ligand for hydrogen bonds and metal cations. 
The poor intrinsic binding power coupled with the large 
steric requirements of the S02CH3 group are responsible 
for 13 ranking fourth from the bottom in -AGO values 
among the 13 hosts of Table 111. The rapid equilibrations 
of free hemispherand with hemispheraplexes coupled with 
the high specificity of sulfoxide 12 and sulfone 13 for Na+ 
over Li+, K+, and NH4+ might make them and their ana- 
logues useful in sodium assays of body fluids. 

4 +L 

Experimental Section 
General Procedures. All air-sensitive reactions were per- 

formed under a N2 atmosphere in glassware oven-dried for at  least 
6 h at  150 “C. For cyclizations, the oven-dried glassware wa5 
assembled under a flow of N, and flame-dried. All compounds 
were dried according to the procedure providing a correct C and 
H analysis prior to any further synthetic manipulations and before 
determining association constants. Tetrahydrofuran (THF) and 
Et20 were freshly distilled from benzophenone ketyl. Benzene 
was dried over 3-A sieves. Gravity column chromatography was 
performed on E. Merck silica gel 60 (70-230 mesh). Silica thin- 
layer chromatography was done on E. Merck plastic or alumi- 
num-backed plates (silica gel 60, F,, 0.2 mm). Reversed-phase 
chromatography was performed on the support described by 
Kuhler and Lindsten.Is Reversed-phase thin-layer chromatog- 
raphy was done on Whatman 0.2-mm KCI8F octadecylsilane- 
bonded coated glass plates. Gel permeation chromatography was 
performed on a 20 ft X 0.375 in. (outer diameter) column packed 

Bryant et al. 

with 200 g of 100-A Styragel (Waters Associates) with CH2C1, as 
the mobile phase with flow rates of 3.5-4.0 mL/min. All melting 
points are uncorrected. FAB mass spectra were determined with 
m-nitrobenzyl alcohol (NOBA) as the matrix. 
2-Bromo-6-(methoxymethyl)-4-methylanisole (15). A so- 

lution of 2-bromo-6-(hydroxymethyl)-4-methylpheno110 (14; 6.4 
g, 29 mmol) in 125 mL of THF was stirred. Sodium hydride (3 
g, 50% oil dispersion) was washed with pentane several times in 
a fritted glass funnel and added to the above solution. After H, 
gas evolution subsided, 11.4 mL (120 mmol) of (CH,),SO, was 
added. The mixture was stirred overnight, and ammonium hy- 
droxide was added. (Caution: gas evolution!) The THF was 
evaporated under reduced pressure, and the residue was extracted 
with ether and water. The organic layer was washed with brine, 
dried (MgSOJ, and evaporated to give 6.9 g (93%) of 15 as a pale 
yellow liquid: R, (silica gel, CH,Cl,) 0.7; ‘H NMR (200 MHz, 
CDC1,) 6 2.29 (s, 3 H, ArCH,), 3.42 (s, 3 H, OCHJ, 3.82 (s, 3 H, 
OCH,), 4.48 (s, 2 H, CH,OMe), 7.14 (s, 1 H, ArH), 7.31 (s, 1 H. 
ArH); MS (EI, 70 eV), Br isotope pattern at  m / e  244 (93%, M+), 
246 (93%, W). Anal. (dried a t  25 “ C ,  Torr, 5 h) Calcd for 
CiOHI3BrO2: C, 49.00, H, 5.35. Found: C, 49.04; H, 5.43. 

l,l’:3’,1”-Terphenyl-2’-carboxylic Acid, 2,2”-Dimethoxy- 
3,3”-bis( methoxymethyl)-5,5’,5’’-trimethyl-, Methyl Ester (24). 
The aryl bromide 15 (9.8 g, 40 mmol) was dissolved in 250 mL 
of dry benzene that was distilled to remove water. After the 
mixture was cooled to 25 “C, 250 mL of THF was added. The 
flask was cooled to -76 “C, and 19.1 mL (44 mmoi) of a 2.3 M 
solution of n-butyllithium in n-hexane was added. In a separate 
flask, 20 mL (180 mmoI) of (CH,O),B was added t o  100 mL of 
THF and the mixture was cooled to -78 OC. After the mixture 
was stirred 10 min, the lithiate was cannulated into the (CH,O),B 
solution and the resulting mixture was slowly warmed to 25 “C. 
b’ater was carefully added to destroy excess n-butyllithium. The 
THF was evaporated under reduced pressure and the residue 
shaken with Et,O and water. The aqueous layer was extracted 
twice with EtzO. The organic layers were combined and washed 
three times with aqueous 3 M NaOH. The basic layer was 
acidified and extracted twice with Et,O. This organic layer was 
washed with brine, dried (MgSO,), and evaporated to give 7.3 g 
186%) of the boronic acid 16 as a waxy solid: ‘H NMR ( 2 0 0  MHz, 
(CD,),SO and ca. 10% D20) 6 2.27 (s, 3 H, ArCH,), 3.33 (s, 9 H, 
OCH,), 3.71 (s, 3 H, OCHJ, 4.41 (s, 2 H, ArCH,OMe), 7.21 (s, 
1 H, ArH), 7.29 (s, 1 H, ArH). Dibromo acid 20 was prepared 
as hefore’, and converted to  its known ester 21 whose physical 
properties matched those already reported.13 Dibromo ester 21 
(2.1 g, 7 mmol) was dissolved in 50 mL of benzene, and 25 mL 
of 2 M aqueous Na2C03 was added. Boronic acid 16 (3.7 g, 16 
mmol) was dissolved in a minimum amount of 95% EtOH and 
the mixture added to the benzene-water mixture. The catalyst. 
Pd(PPh,), (30 mg), was added, and the mixture was refluxed with 
vigorous stirring for 36 h. After cooling, the layers were separated 
and the organic layer was dried (MgSOJ, concentrated, and 
chromatographed on 250 mL of silica gel. The polarity of the 
mobile phase was increased from CH,CI, to 2.5% E t 0 . 4 ~  and 
finally to 5% EtOAc. The fractions corresponding to the product 
were combined, and the solvent was evaporated to give 2.5 g (71 % ) 
of 24 isolated as an oil: H ,  (silica gel, CH2CIz) 0.2; IH NMR (500 
MHz, CDC1,) b 2.30 (s, 6 H, ArCH,), 2.41 (s, 3 H, ArCH,), 3.31 
(s, 3 H, ArC0,CH3), 3.43-3.44 (overlapping s, 12 H, ArOCH,, 
ArCH20CH3) 4.51 (br s, 4 H, ArCHzOMe), 6.97 (s, 2 H, ArH), 7.18 
(s, 2 H, ArH), 7.23 (s, 2 H, ArH); IR (CDCl,) 1745 cm-’; MS (EI, 
70 eV) m / e  478 (68%, M+). Anal. (dried at  110 “C, Torr, 
8 h) Calcd for C29H3,06: C, 72.78; H, 7.16. Found: C, 72.61; H, 
7.00. 
l,l’:3’,1”-Terphenyl-2’-carboxylic Acid, 3,3’-Bis(bromo- 

methyl)-2,2”-dimethoxy-5,5,5”-trimethyl-, Methyl Ester (30). 
Compound 24 (1.0 g, 2.1 mmol) was dissolved in 100 mL of CHC13, 
and HRr was bubbled through the solution for 15 min. Water 
was added, and the layers were separated. The organic layer was 
dried (MgSO,), filtered, and evaporated to give 30 1.25 g (>go%) 
as a foam; R, (silica gel, CH,Cl,) 0.5; ’H NMR (200 MHz, CDCI,) 
F 2.30 (s, 6 H, ArCH,), 2.43 (s, 3 H, ArCH,), 3.35 (s, 3 H, 
ArCO,CH,), 3.51 (s, 6 H, ArOCH,), 4.58 (s, 4 H, ArCH2Br), 6.99 
(s, 2 €-I, ArH), 7.17 (s, 2 H, ArH), 7.25 (s, integration obscured 
by residual protons in CDCl,, ArH); MS (EI, 70 eV) Br2 isotope 
pattern centered at  m / e  576 (33%, M+). Anal. (dried at, I10 O C  

(34) Joesten, M. D.; Schaad, L. J. Hydrogen Bonding; Marcel Dekker: 
New York, 1974; pp 309-335. 
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Table 111. Association Constants (K., M-l) and Binding Free Energies (-AGO, kcal mol-') of Hosts for Picrate Salt Guests a t  
25 "C in CDCl3 Saturated with D20 

host guest cation 
no. central A groupa Li+ Na+ K+ Rb+ cs+ NH4+ MeNH3+ t-BuNH3+ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

CH3+gH3 

cH3+0cH3 

CH3 NH2 

Q 
cH340H 
cH3+cH3 

cH3+gH3 

-AGO 11.7' 15.1' 12.gb 10.8' 9.1 9.8 8.6 8.9 
K, 4.0 X lo8 1.2 X 10" 2.7 X lo9 7.8 X lo7 5.4 X lo6 1.6 X lo7 2.1 X lo6 4.0 X lo6 

-AGO 7.2 12.4b 10.96 8.4 6.9 7.8 6.4 <6 
K, 1.9 x 105 1.1 x 109 9.8 x 107 1.4 x 106 1.1 x 105 5.3 x 105 5.5 x 104 <2 x 104 

-AGO 7.0 12.2 11.8 10.5 9.0 9.9 8.2 7.7 
K, 1.3 x 105 9.2 x i o 8  4.6 x 108 4.6 x 107 3.7 x i o 6  1.5 x 107 9.9 x 105 4.2 x 105 

-AGO 6.8 12.2 11.9 10.1 8.8 9.5 9.1 9.9 
K, 9.5 X lo4 8.3 X lo8 4.9 X lo8 2.3 X lo7 2.7 X lo6 8.7 X lo6 4.3 X lo6 1.8 X 10' 

-AGO 6.7 12.0 11.3 9.9 8.7 9.3 9.1 9.5 
K, 8.1 X lo4 6.1 X lo8 1.9 X lo8 1.8 X lo7 2.4 X lo6 6.5 X lo6 4.6 X lo6 9.1 X lo6 

-AGO 7.1 11.0 10Ab 9.1 7.8 8.3 7.0 <6 
K ,  1.6 x 105 1.1 x i o 8  7.0 x 107 3.6 x i o 6  5.8 x 105 1.2 x 106 1.5 x 105 <2 x 104 

- A G O  7.2 10.8 10.9 10.1 9.7 10.8 11.1 11.7' 
K ,  1.7 X lo5 8.8 X lo7 9.0 X lo7 2.3 X lo7 1.2 X lo7 8.2 X lo7 1.3 X lo8 3.9 X lo8 

-AGO 6.9 9.3 9.0 7.8 7.2 7.4 6.6 
K ,  1.9 x 105 6.4 x i o 6  4.0 x i o 6  6.0 x 105 2.2 x 105 2.6 x 105 6.9 x 104 

-AGO <6 8.9 9.2 8.2 7.4 7.5 6.8 6.8 
K ,  <2 x 104 3.3 x i o 6  5.5 x i o 6  1.0 x i o 6  2.6 x 105 3.1 x 105 9.5 x 104 9.5 x 104 

-AGO 6.8 7.9 8.0 6.7 6.7 6.4 <6 <6 
K, 6.0 x 104 6.3 x 105 7.2 x 105 9.8 x 104 6.2 x 104 4.9 x 104 <2 x 104 <2 x 104 

-AGO <6 10.8 10.5 8.8 7.8 8.3 7.3 6.0 
K ,  <2 x 104 8.1 x 107 3.0 x 107 2.8 x i o 6  5.2 x 105 1.2 x i o 6  2.2 x 105 2.5 x 104 

-AGO 7.7 11.4 7.6 7.1 <6 6.6 <6 <6 

K, 4.4 X 105 2.2 X lo8 3.4 X lo5 1.6 X lo5 <2  X lo4 6.8 X lo' <2 X lo' <2 X lo4 

-AGO 6.7 9.5 6.3 6.6 <6 <6 <6 <6 
K, 8.1 X lo' 9.1 X lo6 4.1 X lo4 6.8 X IO' <2 X lo' <2 X lo4 <2 X lo' <2 X lo4 

In compound family I. bDetermined at M concentration scale for both host and guest. All other determinations were made at lo-* 
M concentrations. 

Torr, 3 h) Calcd for CnHzeBrp04: C, 56.27; H, 4.90. Found: 
C, 56.37; H, 4.82. 

13,16,19-Trioxatetracyclo[ 19.3.1.12~6.17J1]heptacosa-l- 
(25),2,4,6(27),7,9,11(26),21,23-nonaene-27-carboxylic Acid, 
25,26-Dimethoxy-4,9,23-trimethyl-, Methyl Ester (2). Bis- 
(benzyl bromide) 30 (1.14 g, 2 mmol) and dry diethylene glycol 
(0.18 mL, 1.9 mmol) were dissolved in 70 mL of THF, and the 
mixture was stirred vigorously. Sodium hydride (0.6 g, 50% oil 
dispersion, 12 mmol) was added, and the mixture was refluxed 
for 5 h. After the mixture was cooled to 25 OC, water was added. 
The T H F  was evaporated, and the mixture was extracted with 
CHzClz and water. The organic layer was concentrated, preab- 
sorbed on 15 mL of reversed-phase silica gel, and flash chroma- 
tographed through an additional 70 mL of this support with 3% 

(w/v) NaBr in 3:2 acetonewater as the mobile phase. Fractions 
corresponding to the product were combined, and the volume was 
reduced. Methylene chloride was added, and the layers were 
separated. The CHzClz layer was washed four times with distilled 
water. Crystallization from acetonewater afforded 0.10 g (10%) 
of cycle 2 from the first crop. The second crop, which yielded 
crystals suitable for X-ray analysis, was ca. 10%: mp 168-170 
"C; R, (reversed-phase silica gel, 1% wt/v NaBr in 7:3 acetone- 
water) 0.7; 'H NMR (500 MHz, CDClJ 6 2.32 (s, 6 H, ArCH3), 
2.50 (s, 3 H, ArCH,), 2.97 (9, 3 H, ArC02CH3), 3.30 (8, 6 H, 
ArOCH,), 3.60-3.69 (m, 6 H, -CHzO-), 3.81-3.84 (m, 2 H, 
-CH,O-), 4.39 (d, 2 H, ArCH,O-, J = 11.5 Hz), 4.61 (d, 2 H, 
ArCHzO-, J = 11.5 Hz), 7.01 (8,  2 H, ArH), 7.09 (9, 2 H, ArH), 
7.29 (s,2 H, ArH); MS (FABS, NOBA) m / e  543 (loo%, M + Na9, 
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520 (14%, M+). Anal. (dried a t  110 “C, 10-5 Torr, 3 h) Calcd for 
C31H3607: C, 71.52; H, 6.97. Found: C, 71.21; H, 7.35. 
2,6-Dibromo-N,N,4-trimethylbenzamide (22). The acid 

chloride of 2,6-dibromo-4-methylbenzoic acid (20)13 was prepared 
by the standard thionyl chloride method. This material (2.7 g, 
9.2 mmol) was dissolved in 50 mL of THF, and 9 mL of di- 
methylamine was added. The solvent was evaporated and the 
residue extracted with ether and water. The organic layer was 
washed with 3 M NaOH and brine and dried (MgSO,). The 
volume was reduced in vacuo to give 2.9 g (97%) of amide (22) 
as a brown oil: IR (CDCI,) 1680 cm-’; Rf (silica gel, 17:3 

ArCH3), 2.86 (s, 3 H,CON(CH3),, 3.15 (s, 3 H, CON(CH,),, 7.35 
( 6 ,  2 € I ,  ArH); MS (EI, 70 eV) 1:2:1 Br, isotope pattern centered 
at m ; e  321 (18%, M’), 277 (lOO%, M+ - NMe,). Anal. (dried 
at 80 “C, Torr, 3 h) Calcd for C,J-I,,Br,NO: C. 37.42; H, 3.45. 
Found: C, 37.46; H, 3.43%. 

l,l’:3’,1”-TerphenyI-2’-carboxamide, 2,2”-Dimethoxy- 
3,3’-bis(methoxymethyl)-N,N,5,5’,5”-pentamethyl- (25). The 
2,6-dibromo amide 22 (2.8 g, 8.8 mmol) was dissolved in 60 mL 
of benzene, and 25 mL of 2 M Na2C03 was added with vigorous 
stirring. The boronic acid 16 (5.5 g, 26 mmol) was dissolved in 
95% EtOH and the resultant mixture added to the above mixture 
along with 10 mg of Pd(PPh3),. The reaction was refluxed for 
24 h, during which time more boronic acid and catalyst were 
added. The layers were separated, and the organic layer was 
evaporated in vacuo. To obtain analytically pure material, the 
residue was submitted to reversed-phase silica gel flash chro- 
matography, with 1% (w/v) NaBr in 4:l methanol-water as the 
mobile phase, followed by silica gel chromatography (15-20% 
EtOAc in CH,Cl,) to yield 25 as a foam. The bulk of the material 
was chromatographed on silica gel (1--5% methanol in CH,Cl,), 
and this impure material was used directly in the next step. The 
pure sample of 25 gave the following: H (silica gel, 4:l 
CH2C1,-EtOAc) 0.2; ‘H NMR (200 MHz, CDdl,) 6 2.28 (s, 6 H, 
ArCH,), 2.41 i s ,  3 H, ArCH,), 2.57 i s ,  3 H. CON(CH3),, 2.63 (s, 
3 H, CON(CH&), 3.44 (s, 6 H, OCH,), 3.55 i s ,  6 H, OCH,), 4.51 
(s; 4 H. ArCH20Mej, 6.98 (s, 2 H, ArH). 7.17 (s, 2 H, ArH) (one 
aryl proton is obscured by the residual proton of the solvent); MS 
(EI, 70 eV) m/e 491 (SO%, M’), 460 (?0%, M+ - OMe). Anal. 
(dried a t  80 “C. Torr, 3 h) Calcd for C30H37N0j: C. 73.29; 
H, 7.59. Found: C, 73.18; H, 7.66. 

1,1’:3’,1”-Terphenyl-2’-carboxamide, 3,3”-Bis( bromo- 
methyl)-2~”-dimethoxy-N,N,5,5’,5”-pentamethyl- (31). The 
impure 25 described above was dissolved in CHCl,, and HBr was 
bubbled through for 20 min. Water was added, and the layers 
were separated. The organic layer was dried (MgSO,), concen- 
trated, and flash chromatographed (medium pressure) on silica 
gel (10%’ EtOAc in CH,Cl,). The bis(benzy1 bromide) 31 was 
isolated as a foam: 0.140 g (16% overall); Rf (silica gel, 4:l 
CH,CI,-EtOAc) 0.6; ‘H NMR (200 MHz, CDCl,) 6 2.27 (s, 6 H, 
ArCH,), 2.43 (s, 3 €1, ArCH3), 2.59 (s, 3 H, CON(CH,),), 2.61 (8, 

3 M, CON(CH,j,), 3.61 (s, 6 H, ArOCH,), 4.54, 4.60 (9. 4 H, 
i\rCH,Brj, 7.00 (br s, 2 H?  ArH), 7.16 (s ,  2 H, ArH), 7.29 (s, 2 H. 
ArH); MS (FABS. NOBA) 1:2:1 Br, isotope pattern centered at  
m / e  590 (100% M + H’). Anal. (dried at, 110 “C, 10-5 Torr, 3 
h) Calcd for C2RH31Br2N03: C, 57.06 H, 5.30. Found: C, 56.96; 
H, 5.26. 

13,16,19-Trioxatetracyclo[ 19.3.1.12~6.17~11]heptacosa-1- 
(25),2,4,6(27),7,9,11(26),21,23-nonaene-27-carboxamide, 
25,26-Dimethoxy-N,N,4,9,23-pentamethyl- (1). A suspension 
of NaH (130 mg, 60% oil dispersion) in 300 mL of THF was 
refluxed. The bis(benzyl bromide) 31 (0.28 g,  0.47 mmol) and 
dry diethylene glycol (45 mL, 0.47 mmol) were dissolved in 50 
mL of THF, and the resultant mixture was added to the sodium 
glycoxide solution over 10 h from a constant-rate addition funnel. 
After the mixture was refluxed for an additional 5 h, water was 
added and the T H F  was removed in vacuo. The residue was 
extracted with CH2C12. The organic layer was concentrated, 
preabsorbed on 10 mL of reversed-phase silica gel, and flash 
chromatographed through an additional 50 mL of this support, 
with 1% (w/v) NaBr in 1:l acetone-water as the mobile phase. 
The fractions corresponding to the product were combined, and 
the acetone was evaporated. Methylene chloride was added, and 
the layers were separated. The organic layer was washed five times 
with distilled water. Evaporation of the CH,Cl? gave 77 mg (31%) 

CH2CH2-EtOAC) 0.5; ‘H NMR (200 MHz, CDClJ 6 2.32 (s, 3 H, 
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of cycle 1 isolated as a solid: mp 153-155 ‘C; R, (reversed-phase 
silica gel, 1% w/v NaBr in 3:2 acetonewater) 0.3; ’H NMR (200 
MHz, CDCl,) 6 2.21 (s, 3 H, ArCH,), 2.27 (s, 6 H, ArCH,), 2.45 

ArOCH,), 3.35-3.70 (m, 8 H, -OCH,CH,O-), 4.25 (d, 2 H, ArC- 
H,O-, J = 11.8 Hz), 4.70 (d, 2 H, ArCH20-, J = 11.8 Hz), 6.94 
(s, 2 H, ArH), 6.99 (s, 2 H, ArH), 7.28 (s, 2 H, ArH); MS (FABS, 
NOBA) m / e  556 (loo%, M + Na’), 534 (8170, M + H’). Anal. 
(dried at  80 “C, 10-5 Torr, 6 h) Calcd for C32H39N06: C, 72.02; 
H, 7.37. Found: C, 72.26; H, 7.61. 
2,6-Dibromo-4-methylnitrobenzene (23). The following is 

a modification of a literature pr~cedure. ,~ A suspension of 
2,6-dibromo-4-methylaniline (17) (50 g, 190 mmol) in 360 mL of 
glacial AcOH was added to a solution of 36 g NaNOz (522 mmol) 
in 180 mL of concentrated H,S04 in a wet ice bath. The mixture 
was mechanically stirred for 30 min, and 2 L of EhO was added. 
While the reaction mixture stirred an additional 2 h, the following 
mixture was prepared: Copper sulfate (175 g) in 500 mL of water 
was mixed with Na2S03 (175 g) in 500 mL of water. A greenish 
brown solid formed that was filtered and washed with water. This 
solid along with 350 g of NaN0, was added to 1500 mL of water. 
The diazonium salt generated initially was filtered, washed twice 
with EtzO and four times with 95% EtOH, mixed with 500 mL 
of ice water, and slowly added to the copper salt solution. The 
resulting mixture was stirred 12 h. Ether (500 ml) was added, 
and the suspension was filtered. The filtrate layers were separated, 
and the organic layer was washed three times with aqueous 3 M 
NaOH and once with brine. The organic layer was dried (MgSO,) 
and concentrated. The solid residue was dissolved in CH,Cl, and 
filtered through a pad of silica gel (300 mL) on a coarse fritted 
funnel, with additional CH,Cl, as a mobile phase. The resulting 
product was recrystallized from CH&l,-cyclohexane to give 20.4 
g of 23 (36%): mp 5C-81.5 “C; Rf (silica gel, CHZCl2) 0.8; ‘H NMR 
(200 MHz, CDCl,) 6 2.39 (s, 3 H, ArCH,), 7.43 (s ,  2 H, ArH); MS 
(EI, 70 eV) m / e  295 (9870, M+). Anal. Calcd for C7H5BrZNO2: 
C. 28.51; H, 1.71. Found: C, 28.60; H, 1.66. 

1,1’:3’, 1”-Terphenyl, 2,2”-Dimethoxy-3,3”-bis( met hoxy- 
methyl)-5,5’,5’’-trimethy1-2’-nitro- (26). Dibromide 23 (5.9 g, 
20 mmol) was dissolved in 100 mL of benzene, and 50 mL of 2 
M Na2C03 and Pd(PPh,), (50 mg) were added. Boronic acid 16 
(11.2 g, 54 mmol) was dissolved in a minimum amount of 95% 
EtOH and the resultant solution added to the mixture that was 
stirred vigorously a t  reflux for 3 days, during which time more 
catalyst was added. After cooling, the layers were separated and 
the benzene layer was extracted with aqueous 3 M NaOH. The 
organic layer was dried (MgSO,), filtered, and concentrated. 
Chromatography of the residue on 700 mL of silica gel (CH,Cl,) 
afforded 5.7 g (61 %) of 26 isolated as an oil: R (silica gel, CH,Cl,) 
0.2; ’H NMR (500 MHz, CDCl,) 6 2.31 (s, 6 k, ArCH,), 2.44 (s, 
3 H, ArCH3), 3.44 (s, 6 H, OCH,), 3.49 (s, 6 H, OCH,), 4.49 (br 
s, 4 H ,  ArCH,OMe), 6.98 (s, 2 H, ArH), 7.23 (s, 2 H, ArH), 7.27 
(s, integration obscured by residual protons of solvent, ArH); MS 
(EI, 16 e\’) m/e  465 (100%, M+). Anal. (dried at  78 “C, Torr, 
6 h)  Calcd for C2iH31N06: C. 69.66; H, 6.71. Found: C, 69.46; 
H. 6.75. 

1,1’:3’,1”-Terphenyl, 3,3”-Bis(bromomethy1)-2,2”-dimet h- 
oxy-5,5,5”-trimethyl-2‘-nitro- (32). Compound 26 (0.91 g, 2 
mmol) was dissolved in 100 mL of CHC13, and HBr was bubbled 
through the soiution for 40 min. Water was added, and the layers 
were separated. The organic layer was dried (MgS04), filtered, 
and evaporated to yield 1.0 g (92%) of 32 as a foam: R (silica 
gel, CH,Cl,) 0.7; *H NMR (500 MHz, CDCl,) 6 2.30 (s, 6 H ,  
ArCH,), 2.47 (s, 3 H, ArCH3), 3.57 (s, 6 H, ArOCH,), 4.58 (br s, 
4 H, ArCH2Br), 6.99 (s, 2 H, ArH), 7.22 (s, 2 H, ArH), 7.29 (s, 2 
H, ArH); MS (FABS, NOBA) Bra isotope pattern centered at  m/e 
563 (17%, M + H+). Anal. (dried at 100 “C, Torr, 3 h) Calcd 
for C2,H,,Br,NO4: C, 53.31, H, 4.47. Found: C, 53.50; H, 4.71. 

13,16,19-Trioxatetracyclo[ 19.3.1.12~6.17~11]heptacosa-l- 
(25),2,4,6 (27) ,7,9,1 L (26),2 L,23-nonaene, 25,26-Dimethoxy- 
4,9,23-trimethyl-27-nitro- (6). A suspension of 400 mg of NaH 
(60% oil dispersion) in 400 mL of THF was stirred a t  reflux. A 
solution of bis(benzy1 bromide) 32 (1.35 g, 2.4 mmol) and dry 
diethylene glycol (0.245 mL, 2.6 mmol) in 200 mL of THF was 

(35) Hodgson, H. H.; Mahadevan, A. P.; Ward, E. R. Organic 

(s, 3 H, CON(CHB)J, 2.51 (s, 3 H, CON(CH,)J, 3.36 (s, 6 H, 

SSntheses; Wiley: New York, 1955; Collect. Vol. 111, pp 341-343. 
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added over 15 h from a constant-rate addition funnel. After the 
reaction mixture was cooled, water was added and the THF was 
evaporated. The residue was extracted with CHzClZ-H20. The 
organic layer was concentrated, preabsorbed on 15 mL of re- 
versed-phase silica gel, and flash chromatographed through an 
additional 70 mL of this support with 1% (w/v) NaBr in 1:l 
acetone-water as the mobile phase. The fractions corresponding 
to the product were combined, and the acetone was removed in 
vacuo. Methylene chloride was added, and the layers were sep- 
arated. The CHzClz layer was washed four times with distilled 
water. Evaporation of solvent yielded 65 mg of 6 (11%) as a solid 
mp 211-215 “C; R (reversed-phase silica gel, 1% w/v NaBr in 
1:l acetone-water1 0.2; ‘H NMR (200 MHz, CDC1,) 6 2.30 (8,  6 

(m, 8 H, -OCH2CH20-), 4.34 (d, 2 H, ArCHzO-, J = 12 Hz), 4.69 
(d, 2 H, ArCHzO-, J = 12 Hz), 7.07 (br s, 4 H, ArH), 7.34 (9, 2 
H, ArH); MS (FABS, NOBA) m / e  530 (100%, M + Na+), 507, 
(7%, M + H+). Anal. (dried at  110 “C, Torr, 3 h) Calcd for 
CmH3,N07: C, 68.62; H, 6.55. Found: C, 68.54; H, 6.51. 

1,1’:3‘,1’’-Terphenyl-2’-amine, 2,2”-Dimethoxy-3,3”-bis- 
(met hoxymet hyl)-5,5’,5”-trimet hyl- (27). A solution of 2,6- 
diiodo-4-methylaniline (35)“ (7.0 g, 20 mmol) in 200 mL of 
benzene was vigorously stirred with 100 mL of aqueous 2 M 
NaZCO3. Boronic acid 16 (10.7 g, 51 mmol) was dissolved in 95% 
EtOH and the solution added to the above mixture, along with 
Pd(PPhs), (10 mg). The mixture was refluxed for 24 h. The layers 
were separated, and the organic layer was washed with aqueous 
3 M NaOH, dried (MgSOI), and Concentrated. The residue was 
chromatographed on 400 mL of silica gel with 5% EtOAc in 
CH2Clz as the mobile phase. The polarity of that phase was 
incrementally increased from 5 to 10% EtOAc. The chroma- 
tography yielded 2.8 g (36%) of 27 as a foam: R (silica gel, 9 1  
CH2Cl2-EtOAc) 0.3; ‘H NMR (200 MHz, CDC1,f 6 2.30 (s, 3 H, 
ArCH,), 2.34 (s, 6 H, ArCH,), 3.46 (s, 6 H, OCH,), 3.48 (s, 6 H, 
OCH,), 4.53 (d, 4 H, ArCH,OMe), 6.98 (9, 2 H, ArH), 7.07 (s, 2 
H, ArH), 7.21 (s, 2 H, ArH); MS (EI, 70 eV) m / e  435 (43%, M+). 
Anal. (dried at  78 “C, Torr) Calcd for CnH3,NO,: C, 74.45; 
H, 7.64. Found: C, 74.27; H, 7.55. 
1,1’:3’,1’’-TerphenyL2’-amine, 3,3”-Bis(chloromethyl)- 

2,2”-dimethoxy-5,5’,5”-trimethyl-, Hydrochloride (34). Com- 
pound 27 (2 g, 4.5 mmol) was dissolved in 100 mL of CHzClz, and 
13.5 mL (13.5 mmol) of BCl, (1 M in CHzClz) was added. After 
10 min, methanol was added and the solvents were evaporated. 
The bis(benzy1 chloride) 34 (1.92 g) was isolated as a foam (94%): 
R, (alumina, 11:9 CH,Clz-(CHJB) 0.7; ‘H NMR (200 MHz, CDCl,) 

4.53 (d, 2 H, ArCHzCl, J = 11.4 Hz), 4.85 (d, 2 H, ArCH2C1, J 
= 11.4 Hz), 7.24 (s, 2 H, ArH), 7.30 (9, 2 H, ArH), 7.34 (s, 2 H, 
ArH); IR (CDC1, solution) broad NH stretch at  3400-2300 cm-’ 
(the free aniline 34 gives a doublet a t  3370 and 3440 cm-’; MS 
(FABS, NOBA) m / e  444 (loo%, M+). Anal. (dried at  80 “C, lod 
Torr, 3 h) Calcd for C25H&13N02: C, 62.45; H, 5.87; C1, 22.12. 
Found: C, 62.45; H, 5.82; C1, 22.15. 

13,16,19-Trioxatetracyclo[ 19.3.1.12~s.17~11]heptacosa-l- 
(25),2,4,6(27),7,9,11(26),21,23-nonaene-27-amine, 25.26-Di- 
methoxy-4,9,23-trimethyl- (8). Method A. A solution of bis- 
(benzyl chloride) 34 (0.101 g, 0.23 mmol) in 20 mL of T H F  was 
added to 50 mL of THF. Dry diethylene glycol (21 pL, 0.23 mmol), 
LiBr (2 mg), and NaH (30 mg, 60% oil dispersion) were added, 
and the mixture was refluxed for 42 h. Water was added, and 
the THF was removed in vacuo. The residue was extracted with 
CHZCl2. The organic layer was concentrated, preabsorbed on 10 
mL of reversed-phase silica gel, and flash chromatographed 
through an additional 50 mL of this support with 1% (w/v) NaBr 
in 13:7 acetone-water as the mobile phase. The fractions cor- 
responding to the product were combined, and the acetone was 
removed in vacuo. Methylene chloride was added, and the layers 
were separated. The organic layer was washed four times with 
distilled water. Evaporation of the organic layer yielded 7 mg 
(7%) of cycle 8. 

Method B. Nitrohemispherand 6 (0.12 g, 0.23 mmol) was 
dissolved in absolute EtOH with heating and the solution added 
to a mixture of 10% Pd/C (<lo mg) and NaBH, (100 mg) in 
water.ls After being stirred for 1.5 h, the reaction mixture was 
carefully quenched with HCl. The mixture was washed with 
aqueous 3 M NaOH and extracted with CHzC12 twice. The organic 

H, ArCH3), 2.54 (s, 3 H, ArCHd, 3.38 ( ~ , 6  H, ArOCHd, 3.57-3.67 

6 2.39 (s, 6 H, ArCH3), 2.48 (9, 3 H, ArCH3), 3.61 (s, 6 H, ArOCH3), 

J. Org. Chem., Vol. 55, No. 15, 1990 4631 

layers were combined, concentrated, and chromatographed as in 
method A except the mobile phase was 1% (w/v) NaBr in 1:l 
acetone-water. The isolation was the same as above to give 50 
mg (46%) of cycle 8 mp 162-164 “C; IR (CDC13) doublet a t  3420 
and 3360 cm-’; R, (reversed-phase silica gel, 1% NaBr (w/v) in 
13:7 acetone-water) 0.4; ‘H NMR (200 MHz, CDCl,) 6 2.30 (8 ,  
6 H, ArCH,), 2.39 (8,  3 H, ArCH,), 3.35-3.62 (m, 14 H, 

(d, 2 H, ArCH,O-, J = 11.2 Hz), 7.00 (s,2 H, ArH), 7.07 (s, 2 H, 
ArH), 7.16 (s,2 H, ArH); MS (FABS, NOBA) m / e  500 (30%, M 
+ Na+), 478 (39%, M + H+). Anal. (dried a t  180 OC, loa Torr, 
3 h) Calcd for CmHSNO5: C, 72.93; H, 7.39. Found: C, 72.68; 
H, 7.27. 
2,6-Diiodo-4-(methylthio)anisole (36). The method of Giam 

and Kikukawa was used.” To a solution of 50 g (0.14 mol) of 
2,6-diiod0-4-methylaniline~~ in 220 mL of CH3SSCH3 at  75 “C 
was added 50 mL (0.37 mol) of isoamyl nitrite. The mixture was 
heated 1.5 h a t  90 “C, cooled to 25 “C, and evaporated under 
reduced pressure. The residue was dissolved in 40 mL of CHz- 
C1z-(CH,)6 (1:2) and the resultant solution added to a silica gel 
column (600 g) made up in hexane. Elution of the column with 
hexane gave 30.4 g (56%) of 36: mp 49-50 “C; MS (70 eV, 90 “C) 
m / e  390 (M+, 100); ’H NMR (200 MHz, CDCl,) 6 2.17 (s, ArCH,, 
3 H), 2.23 (s, SCH,, 3 H), 7.76 (s, ArH, 2 H). Anal. Calcd for 
CsH81zS: C, 24.64; H, 2.07. Found: C, 24.65; H, 2.13. 
2-Methoxy-5-tert-butylbenzeneboronic Acid (38). To a 

solution of 110 g (0.48 mol) of 2-brom0-4-tert-butylanisole’~ in 
500 mL of THF under argon at  -78 “C was added 240 mL of 2.2 
M n-butyllithium (hexane). After being stirred 5 min, the or- 
ganometallic solution was cannulated (45 min) into 180 g (1.7 mol) 
of (CH,O),B in 500 mL of Q O  at  -50 “C. The mixture was s h e d  
30 min a t  -50 “C, slowly warmed to 25 “C, diluted with 600 mL 
of 2 N hydrochloric acid, and stirred for 12 h at 25 “C. The layers 
were separated, and the ether layer was extracted with six 250-mL 
portions of 3 N aqueous NaOH solution. The basic extracts were 
cooled to 5 “C and acidified to pH 1 with concentrated hydro- 
chloric acid. Extraction of the aqueous suspension with two 
400-mL portions of EGO and evaporation of the ether extracts 
(no drying) a t  25 “C (30 mm) gave 78 g (77%) of 38 as a waxy 
solid that was stored at 5 “C and used without further purification: 
lH NMR (200 MHz, (CD,),SO) 6 1.25 (s, CCH,, 9 H), 3.78 (s, 
OCH,, 3 H), 6.89-7.60 (m, ArH, 3 H). A sample was recrystallized 
from water; mp 104-106 “C. Anal. Calcd for CllH17B03: C, 63.50; 
H, 8.24. Found: C, 63.59; H, 8.36. 

5,5”-Di- tert-butyi-5’-methyl-2’- (met hylt hio)- l,l’”’,l’’-ter- 
phenyl-%,2”-diol(40). To a mixture of 25 g (64 mmol) of 36 in 
320 mL of benzene and 160 mL of 2 M aqueous Na2C03 at  25 
“C under N, were added 0.5 g (0.4 mmol) of Pd(PPh,), and a 
solution of 40 g (0.19 mol) of boronic acid 38 in 80 mL of ethanol. 
This vigorously stirred two-phase mixture was refluxed for 22 h 
and cooled to 25 “C, and the layers were separated. The benzene 
layer was dried, concentrated to 50 mL, and added to an A1203 
column (300 g) made up in 3:l cyclohexane-benzene. Elution of 
the column with 3-L portions of cyclohexane-benzene (3:l and 
1:l) gave -26 g (88%) of 39 as an oil. Compound 39 was char- 
acterized by its ‘H NMR spectrum and was converted to 40 
without further purification. The ‘H NMR spectrum (200 MHz, 
CDC1,) of 39 gave absorptions at  6 1.33 (s, CCH,, 18 H), 1.69 (s, 
SCH,, 3 H), 2.38 (s, ArCH,, 3 H), 3.78 (s,0CH3, 6 H), and 6.W-7.45 
(m, ArH, 8 H). To a solution of 26 g (56 mmol) of 39 in 1 L of 
CH2Cl2 at  0 “C under N2 was added 63 g (0.25 mol) of BBr3 After 
being stirred at 0 “C (1 h) and 25 “C (6 h), the mixture was cooled 
to 0 “C and HzO was slowly added to decompose excess BBr,. 
The layers were separated, and the CHzCl2 solution was dried 
(MgSO,) and evaporated. The residue was dissolved in 40 mL 
of benzene and the solution added to a silica gel column (400 g) 
made up in benzene. Elution of the column with E G w 6 &  (1% 
and 1:49) gave 22.4 g (81% based on 36) of 4 0  mp 128-130 “C 
after recrystallization from hexane-cyclohexane; MS (70 eV, 160 
“C) m / e  434 (M+, 100); ‘H NMR (200 MHz, CDCl,) 6 1.33 (9, 

(m, ArH, 8 H). Anal. Calcd for CaH,O2S: C, 77.39; H, 7.89. 
Found: C, 77.44; H, 7.69. 

5,5”-Di- tert -butyl-2,2”-dimethoxy-5’-met hyl-2’4 methyl- 
thio)- 1,1’:3’,l’’-terpheny1-3,3’’-dimethanol (42). This two-step 
conversion was accomplished by dissolving 7.2 g (16.6 mmol) of 

-OCHzCH&, ArOCHd, 4.27 (d, 2 H, ArCHz-, J = 11.2 Hz), 4.91 

CH&, 18 H), 1.80 (s, SCH,, 3 H), 2.39 (8, ArCH3, 3 H), 6.78-7.34 
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C, 68.11; H, 6.67. Found: C, 68.24; H, 6.80. 
(2-Hydroxy-5-methylp henacy1)pyridinium Chloride (44). 

The method of Cullinane and Edwards was used to prepare 2- 
hydroxy-5-methylphenacyl chloride.i9a A mixture of 23 g (0.125 
mol) of this compound and 20 g (0.25 mol) of pyridine in 600 mL 
of benzene was refluxed for 20 h, cooled to 25 "C, stirred 12 h, 
and filtered to give 26 g (79%) of 44: mp 234-235 "C; 'H NMR 
((CD3)2S0, 200 Hz) 6 2.27 (s, ArCH,, 3 H), 6.26 (s, CH2, 2 H), 7.09 
(d, ArH, 1 H), 7.39 (d, ArH, 1 H), 7.62 (s, ArH, 1 H), 8.23 (m, PyrH, 
2 H), 8.70 (m, PyrH, 1 H), 9.02 (m, PyrH, 2 H). Anal. Calcd for 
C14H14C1N02: C, 63.76; H, 5.35. Found: C, 63.56; H, 5.24. 
3-( Dimethylamino)-l-(2-hydroxy-5-methylphenyl)- 1- 

propanone Hydrochloride (43). A mixture of 84 g (0.56 mol) 
of 2-hydroxy-5-methylacetophenone, 43.2 g (1.44 mol) of para- 
formaldehyde, 100 g (1.23 mol) of dimethylamine hydrochloride, 
4 mL of 12 N hydrochloric acid, and 250 niL of isopropyl alcohol 
was refluxed for 2 h, cooled to 25 "C, and allowed to stand for 
96 h. The precipitate was filtered, washed with isopropyl alcohol 
1100 mL), and dried at  25 "C (0.01 mm) to give 103.4 g (79%) 
of 43: mp 192-193 "C; 'H NMR (200 MHz, (CD,),SO) 6 2.29 (s, 
ArCH,, 3 H), 2.83 (s, NCH,, 6 H), 3.24-3.61 (m, CH2, 4 H), 6.92 
(d, ArH, 1 H), 7.36 (d, ArH, 1 H), 7.70 (s, ArH, 1 H). Anal. Calcd 
for C12H18C1N02: C, 59.14; H, 7.44. Found: C, 58.97; H, 7.24. 
2,6-Bis(2-hydroxy-5-methylphenyl)pyridine (45). A sus- 

pension of 26.3 g (0.1 mol) of 44, 24.3 g (0.1 mol) of 43, 100 g of 
NH40Ac, and 160 mL of HOAc under N2 was refluxed for 6 h, 
cooled to 25 "C, diluted with 300 mL of H,O, and stirred 12 ham 
The solid was collected and dissolved in 300 mL of CHCl, and 
the solution extracted with 400 mL of HzO. The organic layer 
was dried, concentrated to 50 mL, and added to a silica gel column 
made up in CH,Cl,. Elution of the column with 5 L of CH,C12 
gave 17.5 g (60%) of 45: mp 170-171 "C; MS (70 eV, 120 "C) m/e 
291 (M+, 100); 'H NMR (200 MHz, CDCl,) 6 2.35 (s, CH,, 6 H), 
6.93 (d, ArH, 2 H), 7.13 (m, ArH, 2 H), 7.46 (d, ArH, 2 H), 7.67 
(d, PyrH, 2 H), 7.95 (t, PyrH, 1 HI. Anal. Calcd for C19H17N02: 
C, 78.33; H, 5.88. Found: C, 78.37; H, 5.83. 
2,6-Bis[2-hydroxy-3-( hydroxymethyl)-5-methylphenyl]- 

pyridine (46). To a suspension of 5.0 g (17.2 mmol) of 45 in 250 
mL of isopropyl alcohol was added a solution of 13 g (0.23 mol) 
of KOH in 80 mL of 37% formaldehyde solution. The homo- 
geneous solution was stirred 14 days under N2 at  25 "C. The 
mixture was diluted with saturated aqueous NaHCO, (to pH 8), 
stirred 10 h, and extracted with two 400-mL portions of CHCl,. 
The organic extracts were dried, evaporated, dissolved in 100 mL 
of CH2C12, and added to a silica gel column (150 g) made up in 
CH2C12. Elution of the column with CH2Clz (1 L) and CH2- 
C1,-(CH3),C0 (99:l and 19:1, 3 L of each) gave 0.6 g (12%) of 
45. Further elution with 9:l and 4:l CH,C12-(CH3)2C0 (4 L of 
each) gave 3.0 g (50%) of 46 as an amorphous solid. Recrys- 
tallization from CHzC12 gave clear yellow needles of 46: mp 
143-144 "C; MS (70 eV, 150 "C) m/e 351 (M+, 100); 'H NMR 
1200 MHz, CDC1,) 6 2.34 (s, ArCH,, 6 H), 4.80 (s, CH,, 4 H), 7.09 
(bs, ArH, 2 H), 7.46 (br s, ArH, 2 H), 7.72-7.97 (AB,, J = 7.7 Hz, 
PyrH, 3 H). Anal. Calcd for C,,H2,N04: C, 71.78 H, 6.02. Found 
C,  71.87; H, 5.98. 
2,6-Bis[3-( hydroxymethyl)-2-methoxy-5-methylphenyl]- 

pyridine (47). A mixture of 15 g (43 mmol) of 46, 16.1 g (128 
mmol) of (CH3)2S04, and 30 g (0.22 mol) of K&O3 in 600 mL of 
acetone under N2 was refluxed 25 h, cooled to 25 "C, concentrated 
to 50 mL, and stirred 1 h with 400 mL of 10% NH40H. The 
mixture was extracted with 400 mL of CHCl,, and the organic 
layer was dried, concentrated to 50 mL, and added to a silica gel 
column (350 g) made up in CH2Cl,. Elution of the column with 
CH2Cl2-(CH3),CO mixtures from 99:l to 19:l gave traces of un- 
identified material. Further elution with 9:l CH2C12-(CH3)2C0 
(5 L) gave 7.5 g (41%) of 47 after recrystallization from 
CH2C12-heptane: mp 126-127 "C; MS (16 eV, 180 "C) n / e  379 

(s, ArCH,, 6 H), 3.53 (s, OCH,, 6 H), 4.72 (s, CH2, 4 H), 7.20 (br 
b, ArH, 2 H), 7.59 (bs, ArH, 2 H), 7.79 (bs, PyrH, 3 H). Anal. Calcd 
for C23H25N04: C, 72.80; H, 6.64. Found: C, 72.70; H, 6.64. 
2,6-Bis[3-( hydroxymethyl)-2-methoxy-5-methylphenyl]- 

pyridine N-Oxide (48). T o  a solution of 3.6 g (9.5 mmol) of 47 
in 110 mL of CHCI, at 25 "C was added 9 g (44 mmol) of 85% 
m-chloroperoxybenzoic acid. The mixture was stirred 23 h and 
filtered to remove m-chlorobenzoic acid, and the filtrate was 

(M+, 49), 364 (M - CH3,lOO); 'H NMR (200 MHz, CDC13) 6 2.38 

40 in 480 mL of isopropyl alcohol and then adding 100 mL of H20, 
17 g (0.3 mol) of KOH, and 36 g (1.2 mol) of paraformaldehyde 
a t  25 "C under N2. After being stirred for 9 days a t  25 "C, the 
solution was diluted with saturated aqueous NaHC0, (to pH 8) 
and then 500 mL of CHC1,. The layers were separated, and the 
CHCl, layer was dried and evaporated under reduced pressure. 
The residue was dissolved in 40 mL of CH2C12 and the resultant 
solution added to a silica gel column made up in CH2C12 Elution 
of the column with 1:19 Et&CH2Cl2 gave -4 g (49%) of diphenol 
41 as a yellow foam that was used to prepare 42 without further 
purification. The 'H NMR spectrum (200 MHz, CDCl,) of 41 
gave absorptions at  6 1.32 (s, CCH,, 18 H), 1.72 (s, SCH3, 3 H), 
2.40 (s, ArCH,, 3 H), 4.84 (s, ArCH,, 4 H), and 7.17-7.26 (m, ArH, 
6 H). A mixture of 4 g (8.1 mmol) of 41, 14 g (0.1 mol) of K2C03, 
and 15 mL (0.25 mol) of CH,I in 300 mL of acetone was refluxed 
for 72 h under N,. The acetone was evaporated and the residue 
partitioned between CHC1, and H20 (500 mL of each). The CHCl, 
layer was dried, concentrated to 30 mL, and added to a silica gel 
column (200 g) made up in CH2Cl,. Elution of the column with 
1:19 Et,0CH2C12 gave 3.7 g (43% based on 40) of 42: mp 190-192 
"C; MS (70 eV, 150 "C) m/e 522 (M+, 111,491 (M - OCH,, 100); 

3 H), 2.41 (s, ArCH,, 3 H), 3.47 (s, OCH,, 6 H), 4.77 (s, ArCH,, 
4 H), 7.21-7.38 (m, ArH, 6 H). Anal. Calcd for C32H4204S: C, 
73.53; H, 8.10. Found: C, 73.59; H, 8.20. 
9,23-Di- tert -butyl-25,26-dimethoxy-4-methyl-27-( methyl- 

thio)-13,16,19-trioxatetracyclo[ 19.3.1.12~6.17J1]heptacosa-l- 
(25),2,4,6(27),7,9,11(26),21,23-nonaene (11). To a solution of 
1.25 g (2.4 mmol) of 42 and 1.1 g (2.6 mmol) of dry diethylene 
glycol ditosylate in 600 mL of THF was added 1.5 g (31 mmol) 
of NaH (50% mineral oil dispersion). The mixture was refluxed 
for 72 h, cooled to 25 "C, diluted with 5 mL of HzO, and evap- 
orated under reduced pressure. The residue was partitioned 
between CHC13 and H 2 0  (300 mL of each). The organic layer 
was dried, concentrated to 30 mL, and added to an A1203 column 
(150 g) made up in CHCl,. Elution of the column with CHCl, 
and recrystallization of the product from CH2C1,-heptane gave 
0.55 g (39%) of 11: mp 210-212 "C; MS (16 eV, 270 "C) m/e 561 
(M - OCH,, 100); 'H NMR (200 MHz, CDCl,) 6 1.33 (s, CCH,, 
18 H), 1.57 (s, SCH,, 3 H), 2.50 (s, ArCH,, 3 H), 3.30 (s, OCH,, 
6 H), 3.65-3.82 (m, OCH2CH2, 8 H), 4.45 (d, J = 11.7 Hz, ArCH,, 
2 H), 4.74 (d, J = 11.7 Hz, ArCH2, 2 H), 7.24-7.34 (m, ArH, 6 H). 
Anal. Calcd for C3,H400SS: C, 72.94: H, 8.16. Found: C, 73.09; 
H, 8.16. 
9,23-Di- tert - butyl-25,26-dimethoxy-4-methyl-27-( methyl- 

sulfinyl)-13,16,19-trioxatetracyclo[ 19.3.1.12~6.17~11]heptacosa- 
1 (25) ,2,4,6( 27) ,7,9,11(26) ,2 1,23-nonaene (1 2). To a solution of 
118 mg (0.2 mmol) of 11 in 65 mL of CH,C1, at  -78 "C was added 
a solution of 41 mg (0.2 mmol) of 85% m-chloroperoxybenzoic 
acid. The mixture was kept a t  -78 "C for 7 h and then warmed 
to 25 "C and stirred for 16 h. The colorless solution was extracted 
with 10% aqueous NaHC0, (three 100-mL portions) and 
deionized H 2 0  (2 X 200 mL). The CHzC12 solution was concen- 
trated to 15 mL, and adventitious H20 was removed by azeotropic 
distillation with two 100-mL portions of benzene. The residue 
was crystallized from CH,CI,-heptane to give 79 mg (65%) of 12: 
mp 226-228 "C; 'H NMR (200 MHz, CDCl,) d 1.33 (s, CCH,, 9 
H), 1.34 (s, CCH3,9 H), 2.29 (s, SCH,, 3 H), 2.50 (s, ArCH3, 3 H), 
3.26 (s, OCH,, 3 H),3.38 (s, OCH,, 3 H), 3.53-3.84 (m, OCH2CH,, 
8 H), 4.38-4.62 (m, ArH, 4 H), 7.20-7.58 (m, ArH, 6 H). Anal. 
Calcd for CSH4,O6S: C, 71.73; H, 7.02. Found: C, 71.68; H, 7.18. 
9,23-Di-tert-butyl-25,26-dimethoxy-4-methyl-27-( methyl- 

sulfonyl)-13,16,19-trioxatetracyclo[ 19.3.1.12*6.17~i1]heptaco- 
sa-1(25),2,4,6(27),7,9,11(26),21,23-nonaene (13). To a solution 
of 118 mg (0.2 mmol) of 11 in 60 mL of CH2C12 at  0 "C was added 
a solution of 140 mg of 85% m-chloroperoxybenzoic acid in 15 
mL of CH2Cl2 The mixture was warmed to 25 "C over 1 h, stirred 
7 h a t  25 "C, and extracted with 10% aqueous NaHCO, (two 
150-mL portions), 100 mL of aqueous 1 N NaOH, and deionized 
H 2 0  (200 mL). The CH2C12 solution was dried (MgS04) and 
evaporated. The residue was crystallized from cyclohexane- 
heptane to give 90 mg (73%) of 13: mp 242-244 "C; 'H NMR 
(200 MHz, CDCI,) 6 1.34 (5, CCH,, 18 H), 2.51 (s, ArCH,, 3 H), 
3.00 (s, SCH,, 3 H), 3.31 (s, OCH,, 6 H), 3.43-3.79 (m, OCH,CH,, 
8 H), 4.35 (d, J = 10.3 Hz, ArCH,, 2 H), 4.60 (d, J = 10.3 Hz, 
ArCH,, 2 H), 7.21-7.48 (m, ArH, 6 HI. Anal. Calcd for CSH40,,S: 

'H NMR (200 MHz, CDCl3) 6 1.34 (s, CCH,, 18 H), 1.74 (s, SCH3, 
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extracted with two 250-mL portions of 1 M aqueous NaOH. The 
CHCl, layer was dried, concentrated to 90 mL, and diluted with 
90 mL of cyclohexane. Spontaneous crystallization occurred to 
give 3.5 g (93%) of 4 8  mp 205-206 "C; MS (70 eV, 180 "C) m / e  
395 (M+, 1) 364 (M - OCH,, 100); 'H NMR (200 MHz, CDC1,) 
8 2.33 (s, ArCH3, 6 H), 3.58 (s, OCH,, 6 H),4.71 (s,ArCH2,4 H), 
7.26-7.46 (m, ArH and PyrH, 7 H). Anal. Calcd for C23H25N505: 
C, 69.86; H, 6.37. Found: C, 69.68; H, 6.36. 
25~6-Dimethoxy-9,23-dimethyl-13,16,19-trioxa-27-azatet- 

racyclo[ 19.3.1 ,l2v6. 17J1] heptacosa-  1 (25),2,4,6( 27),7,9,11- 
(26),21,23-nonaene (7). To a solution of 2 g (5.3 mmol) of 47 
and 2.5 g (6.0 mmol) of diethylene glycol ditosylate in 700 mL 
of THF at 25 "C under N2 was added 2 g (42 mmol) of NaH (50% 
oil dispersion). The mixture was refluxed 96 h, cooled to 25 "C, 
diluted with 5 mL of CH30H to decompose the excess NaH, and 
evaporated. The residue was partitioned between CHC1, and 4 
M aqueous NaCl (400 mL of each). The organic layer was dried, 
concentrated to 25 mL, and added to an A1203 column (150 g) 
made up in CHC13. Elution of the column with 3 L of CHC13 gave 
crude 7, which was further purified by gel permeation chroma- 
tography (R, = 157 mL) to give 0.95 g (40%) of 7: mp 148-149 
"C after recrystallization from CH2C12-heptane; MS (16 eV, 180 
"C) m / e  449 (M+, 50); 'H NMR (200 MHz, CDCl,) 6 2.31 (s, 
ArCH,, 6 H), 3.48 (8, OCH,, 6 H), 3.50-3.54 (m, OCH2CH2, 8 H), 
4.56 (s, ArCH2, 4 H), 7.04-7.13 (m, ArH, 4 H), 7.44 and 7.87 (A2B, 
J = 7.7 Hz, PyrH, 3 H). Anal. Calcd for C27H31NOs: C, 72.14; 
H, 6.95. Found: C, 72.11; H, 7.01. 
25,26-Dimethoxy-9,23-dimethyl-13,16,19-trioxa-27-azatet- 

racyclo[ 19.3.1, 12*6. 17J1]heptacosa- 1 (25),2,4,6( 27),7,9,11- 
(26),21,23-nonaene 27-Oxide (4). To a solution of 1.8 g (4.6 
mmol) of 48 and 2.4 g (5.8 mmol) of diethylene glycol ditosylate 
in 600 mL of T H F  was added 1 g (21 mmol) of NaH (50% oil 
dispersion) a t  25 "C under N2. The mixture was refluxed for 72 
h, cooled to 25 "C, diluted with 10 mL of HzO, and evaporated. 
The residue was partitioned between CHCl, and 4 M aqueous 
NaCl(400 mL of each). The organic layer was dried, filtered, and 
evaporated. The residue was dissolved in CH2Clz and subjected 
to gel permeation chromatography to give 1.6 g of crude 4.NaC1 
(R,  = 158 mL). Crystallization of 4.NaCl from CHCl, (30 mL) 
and toluene (175 mL) gave 650 mg (27%) of 4eNaC1, which was 
characterized by its 'H NMR spectrum (200 MHz, CDCI,): 6 2.34 
(s, ArCH,, 6 H), 3.35-3.90 (m, OCH2CH2, 8 H), 3.82 (s, OCH,, 6 

2 H), 7.08-7.66 (m, ArH and PyrH, 7 H). Decomplexation of 
4-NaCl was accomplished by extracting a CHC1, solution of the 
complex with five portions of deionized HzO to give 450 mg (21 %) 
of 4: mp 170-180 "C; MS (16 eV, 190 "C) m / e  465 (M+, 1) 434 
(M - OCH,, 100); 'H NMR (200 MHz, CDC13) b 2.29 (s, ArCH,, 
6 H), 3.31-3.70 (m, OCH2CH2, 8 H), 3.60 (s, OCH,, 6 H), 4.33 (d, 

(m, ArH and PyrH, 7 H). Anal. Calcd for C&31N06: C, 69.66; 
H, 6.71. Found: C, 69.75; H, 6.66. 

1,4-Bis (3-bromo-2- hydroxy-5-met hylpheny1)- 1,a-butane- 
dione (50). Known compound 1,4-bis(2-hydroxy-5-methyl- 
phenyl)-1,4-butanedione (49)21 was prepared as follows: To 66.40 
g (0.2226 mol) of bis(4-methy1phenyl)butanedioate2' were added 
67.05 g (0.5028 mol) of AlCl, and 200 mL of CS2. The mixture 
was stirred well and the CS2 subsequently removed under reduced 
pressure. The solid, yellowish residue was heated a t  180-185 "C 
for 12.5 h, cooled, and stirred in ice-concentrated aqueous HC1 
for 1 h. After filtering, the collected solid was triturated with hot 
ethanol, filtered, and dried. Chromatography of this material 
through a short, wide silica gel column with CHCI, as the mobile 
phase afforded a solid that was again triturated with hot ethanol. 
The product was filtered and dried in vacuo to give diketone 49 
(32.70 g, 0.1096 mol, 49%) as a light, off-white solid pure enough 
for direct use: mp 180-189 "C (lit.21 mp 184-186 "C); 'H NMR 

H), 4.04 (d, J = 10.4 Hz, M H 2 ,  2 H), 5.16 (d, J = 10.4 Hz, ASH,, 

J = 12 Hz, ArCH2, 2 H), 4.86 (d, J = 12 Hz, M H 2 , 2  H), 6.98-7.53 

(200 MHz, CDC13) 6 2.34 (9, 3 H, ArCH3), 3.48 (9, 2 H, CH2), 6.90 
(HB Of ABX, 1 H, ArH, JAB = 8.5 Hz), 7.30 (HA of ABX, 1 H, ArH, 
JAB = 8.5 Hz, J A X  = 2.0 Hz), 7.67 (Hx of ABX, 1 H, ArH, JAx 
= 2.0 Hz). To a solution of 19.11 g (64.05 mmol) of diketone 49 
in 1 L of CH2C12 a t  0 "C was added 55.58 g (135.66 mmol) of 
2,4,4,6-tetrabromocyclohex-2,5-dienone.2 The reaction mixture 
was stirred at 0 "C and allowed to warm slowly to 25 "C over 13 
h, concentrated under reduced pressure, and triturated with hot 
ethanol (-400 mL). The crude product was filtered, washed with 
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cold CHCl, followed by pentane, and dried under vacuum to yield 
50 as a slightly yellow solid in sufficient purity to use in subsequent 
reactions (25.63 g, 56.19 mmol, 88%). An analytical sample twice 
recrystallized from EtOH-CHCl, gave canary yellow needles: mp 
238-240 "C; 'H NMR (200 MHz, CDC1,) 6 2.34 ( s ,3  H, ArCH,), 
3.50 (s, 2 H, CH2), 7.61 (d, 1 H, ArH, J = 1.2 Hz), 7.65 (d, 1 H, 
ArH, J = 1.2 Hz); MS (16 (eV, 190 "C) m / e  M+ (79Br) 454 (9). 
Anal. Calcd for Cl8H1&%r2O4: C, 47.40; H, 3.54; Br, 35.03. Found: 
C, 47.51; H, 3.49; Br, 35.06. 

2,5-Bis (3- bromo-2-met hoxy-5-met hy 1 p heny I )  furan  (5 1 ) . A 
mixture of 17.90 g (39.24 mmol) of diketone 50,250 mL of Ac20, 
and 2 g of polyphosphoric acidz was refluxed for 30 min, poured 
onto ice, stirred, and filtered. The collected solid was dried and 
added to a solution of 31.31 g (7.83 "01) of aqueous NaOH, 500 
mL of water, and 100 mL of ethanol. This mixture was refluxed 
for 18 h, cooled, and then poured into ice. After careful acidi- 
fication to pH 1 with aqueous HCl (concentrated), the solid 
material was filtered, dried, and added to a mixture of 500 mL 
of THF, 50 mL of water, and 25.5 g (638 "01) of aqueous NaOH. 
After the mixture was stirred for 5 min, 25 mL (264 mmol) of 
(CH3)$04 was added and the resulting mixture was then refluxed 
for 13 h. The mixture was then cooled and quenched with aqueous 
NHIOH (concentrated), and the products were partitioned be- 
tween 100 mL of EhO and 100 mL of water. The aqueous layer 
was extracted with 250 mL of EhO, and the combined organic 
layers were dried (MgSO4) and concentrated in vacuo. The residue 
was flash chromatographed (SO2, 7 X 28 cm, 10% CH2C12-hexane) 
to give furan 51 as a solid that was recrystallized from 
CH2C12-EtOH to afford white needles: 13.12 g, 28.14 mmol, 72%; 
mp 129-131.5 "C. An analytical sample prepared by recrystal- 
lization from CH2C12-EtOH gave fine, white needles: mp 

3.83 (s, 3 H, OCH,), 7.10 (s, 1 H, furan H), 7.30 (d, 1 H, ArH, J 
= 1.5 Hz), 7.64 (d, 1 H, ArH, J = 1.5 Hz); MS (16 eV, 190 "C) 
m / e  M+ (79Br) 464 (50). Anal. Calcd for CzoH18Br,03: C, 51.53; 
H, 3.89; Br, 34.28. Found: C, 51.44; H, 3.84; Br, 34.31. 

Diethyl 3,3'- (2,5-Furandiyl) bis[ 2-met hoxy-5-met hyl- 
benzoate] (52). To a solution of 8.35 g (17.91 "01) of dibromide 
51 in 180 mL of dry T H F  a t  -78 "C was added 38.2 mmol of 
n-butyllithium in hexane. The mixture was stirred for 3 min a t  
-78 "C, and 100 mL (1.046 mol) of Et0,CCl was added in one 
portion. The cloudy dilithiate suspension was quickly converted 
to a clear, yellow solution that was allowed to stir 1 h at -78 "C, 
followed by 7 h a t  25 "C. The reaction mixture was then con- 
centrated under reduced pressure and partitioned between 300 
mL of CH2C12 and 100 mL of 1:l (v/v) water-NaHCO, solution 
(saturated). The organic phase was dried (MgS04) and evaporated 
in vacuo. The residue was chromatographed (medium-pressure 
silica gel, 7:3 CHC1,-hexane) to give 52 as a white solid (5.71 g, 
12.62 mmol, 70%). An analytical sample was recrystallized from 
CH2Clz-cyclohexane to give white needles: mp 127-128 "C; 'H 

2.43 (s, 3 H, ArCH3), 3.84 (5, 3 H, OCH,),4.42 (4, 2 H, OCHzCH3, 
J =  7.1 Hz), 7.12 (s, 1 H, furan H), 7.52 (d, 1 H, A r H , J =  1.3 Hz), 
7.87 (d, 1 H, ArH, J = 1.3 Hz); MS (70 eV, 190 "C) m / e  M + 452 
(100). Anal. Calcd for Cz6H2807: C, 69.01; H, 6.24. Found: C, 
68.93; H, 6.24. 
3,3'-(2,5-Furandiyl)bis(2-methoxy-5-methylbenzene- 

methanol) (53). A solution of 7.60 g (16.80 mmol) of diester 52 
in 100 mL of THF was added dropwise over 20 min to a suspension 
of 1.55 g (40.84 mmol) of LiAlH4 in 150 mL of T H F  a t  -78 "C. 
The reaction mixture was maintained at -78 "C for 2 h and then 
stirred for 1 h a t  25 "C. After being quenched with 10% aqueous 
NaOH, the mixture was filtered through MgS04 and the filter 
cake was washed liberally with EhO. Removal of the solvent from 
the filtrate gave the diol 53 as a white solid after drying (6.12 g, 
16.61 mmol, 9970). An analytical sample prepared by recrys- 
tallization from CHC1,-heptane produced colorless crystals: mp 

3.77 (s,3 H, OCH,), 4.75 (s, 2 H, CH2), 7.02 (s, 1 H, furan H), 7.11 
(d, 1 H, ArH, J = 1.6 Hz), 7.66 (d, 1 H, ArH, J = 1.6 Hz); MS 
(70 eV, 190 "C) m / e  M+ 368 (100). Anal. Calcd for CzZHz405: 
C, 71.72; H, 6.57. Found: C, 71.67; H, 6.56. 
3,3'-(2,5-Furandiyl)bis[ l-(bromomethyl)-2-methoxy-5- 

methylbenzene] (54). To 6.12 g (16.61 mmol) of diol 53 in 250 
mL of dry benzene was added 2.5 mL (26.60 mmol) of PBr3. The 

133.5-135 "C; 'H NMR (200 MHz, CDC13) 6 2.38 (s, 3 H, ArCH3), 

NMR (200 MHz, CDCl3) 6 1.43 (t, 3 H, OCHZCH,, J = 7.1 Hz), 

167.5-169 "C; 'H NMR (200 MHz, CDC1,) 6 2.39 ( ~ , 3  H, ArCH,), 
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suspension was stirred a t  25 "C for 46 h during which it slowly 
dissolved. The reaction mixture was partitioned between 250 mL 
of EhO and 200 mL of 1:l (v/v) water-NaHCO, (saturated). The 
aqueous phase was extracted with 200 mL of Et,O, and the 
combined organic phases were dried (MgSO,) and concentrated 
under reduced pressure to yield 54 as a white solid (6.70 g, 13.56 
mmol, 82%). An analytical sample was recrystallized from 
CHzClaheptane to give white warts: mp 154-155.5 "C; 'H NMR 
(200 MHz, CDC1,) 6 2.38 (s, 3 H, ArCH,), 3.85 (s, 3 H, OCH,), 
4.60 (s, 2 H, CH,), 7.04 (s, 1 H, furan H), 7.15 (d, 1 H, ArH, J 
= 2.2 Hz), 7.65 (d, 1 H, ArH, J = 2.2 Hz); MS (70 eV, 190 "C) 
m/e  Mt (%r) 492 (22). Anal. Calcd for CnHz2Br20,: C, 53.47; 
H, 4.49. Found: C, 53.54; H, 4.48. 
24$5-Dimethoxy-8,22-dimethyl-12,15,18$6-tetraoxatetra- 

cyclo[ 18.3.1.1~.1~10]hexacosa-1(24)~,4,6,8,10(25)~0~2-octaene 
(9). To a refluxing suspension of 974 mg (w/oil) of NaH (20.30 
mmol) in 250 mL of dry THF was added dropwise under high 
dilution over 30 h a solution of 2.342 g (4.74 mmol) of dibromide 
54 and 517 mg (4.87 mmol) of dry diethylene glycol in 215 mL 
of THF. Reflux was maintained an additional 41 h. The reaction 
mixture was cooled, the excess NaH was quenched with water, 
and the products were partitioned between 100 mL of EGO and 
100 mL of water. The aqueous layer was extracted with 250 mL 
of EhO, and the combined organic phases were washed with 200 
mL of ion-free water, dried (MgSO,), and evaporated in vacuo. 
The residue was taken up in CHzC1, and chromatographed on 
silica gel. Concentration of the eluate with a retention volume 
between 146 and 173 mL provided a solid that was washed with 
pentane and dried in vacuo. The cycle, thus obtained, was a fine, 
white solid pure by lH NMR (661 mg, 1.51 mmol, 32%). An 
analytical sample was purified by recrystallization from 
CH2C1,-heptane to give fine, fluffy, white needles: mp 147-148 
"C; lH NMR (200 MHz, CDCl,) 6 2.30 (s, 3 H, ArCH,), 3.50 (s, 
3 H, OCH3), 3.55-3.72 (m, 4 H, OCH,), 4.55 (s, 2 H, ArCH20), 
6.56 (s, 1 H, furan H), 7.00 (d, 1 H, ArH, J = 2.0 Hz), 7.16 (d, 
1 H, ArH, J = 2.0 Hz); MS (70 eV, 190 "C) m / e  Mt 438 (100). 
Anal. Calcd for C26H3006: C, 71.21; H, 6.90. Found: C, 71.25; 
H, 6.86. 
Crystal Structure Data. Compound 1 crystallized from 

CHzClzCH30H-CzH50H as colorless platelets in the monoclinic 
system P2,/c. Unit cell dimensions are as follows: Q = 13.936 
(2) A, b = 23.699 (3) A, c = 18.599 (2) A, p = 104.618 (4)", V = 
5944 A3, 2 = 4. The crystal was examined on a modified Syntex 
PI diffractometer with Cu Ka radiation at  25 "C. The structure 

was determined by direct methods. Refinement of 208 parameters 
(4340 reflections with Z > 3 4 0 )  has an agreement value R cur- 
rently a t  0.097. Compound 2 crystallized from acetone-H20 as 
very thin colorless platelets in the triclinic system PI. Unit cell 
dimensions are as follows: Q = 7.672 (1) A, b = 9.243 (1) A, c = 
20.329 (3) A, a = 100.151 (6)", p = 94.383 (S)", y = 97.725 (S)", 
V = 1403 A3, 2 = 2. The crystal was examined on a modified 
Picker FACS-1 diffractometer with Mo K a  radiation a t  25 "C. 
The structure was determined by direct methods. Refinement 
of 206 parameters (1905 reflections with I > 3a(Z)) has an 
agreement value currently a t  0.075. 

Compound 2.NaSbF6-CC1, crystallized from CCl,-acetone as 
colorless multifaceted crystals in the monoclinic system P 2 J n .  
Unit cell dimensions are as foUows: a = 13.5025 (6) A, b = 15.1959 
(7) A, c = 18.9251 (8) A, @ = 92.411 (l)", V = 3880 A3, 2 = 4. The 
crystal was examined on a modified Picker FACS-1 diffractometer 
with Mo K a  radiation a t  25 "C. The structure was determined 
by direct methods. Refinement of 318 parameters (4743 reflections 
with I > 30(I)) has an agreement value currently at  0.04. 

Compound 4 crystallized from CHCl3-C2H5OH as colorless 
parallelepipeds in the triclinic system PI. Unit cell dimensions 
are as follows: Q = 11.172 (4) A, b = 11.895 (3) A, c = 10.358 (3) 
A, a = 111.71 (2)", /3 = 93.08 (3)", y = 102.24 (3)", V = 1236 if3, 
Z = 2. The crystal was examined on a Syntex PI diffractometer 
with Mo K a  radiation at  25 "C. The structure was determined 
by direct methods. Refinement of 343 parameters (3268 reflections 
with I > 30(I)) has an agreement value currently at  0.092. 

Compound 6 crystallized from acetone-methanol as colorless 
needles in the monoclinic system E l l a .  Unit cell dimensions 
are as follows: a = 7.304 (1) A, b = 33.050 (5) A, c = 11.068 (2) 
A, p = 95.874 (5)", V = 2658 A3, 2 = 4. The crystal was examined 
on a modified Picker diffractometer with Mo Ka radiation at  25 
"C. The structure was determined by direct methods. Refinement 
of 219 parameters (1925 reflections with I > 20(0) has an 
agreement value currently a t  0.11. 

Compound &NaSbF, crystallized from CH,Cl,-benzene as 
colorless parallelepipeds in the monoclinic system P2,/c.  Unit 
cell dimensions are as follows: a = 17.737 (2) A, b = 11.366 (1) 
A, c = 18.290 (2) A, p = 117.208 (3)", V = 3266 A3, 2 = 4. The 
crystal was examined on a modified Picker FACS-1 diffractometer, 
with Mo Ka radiation a t  25 "C. The structure was determined 
by direct methods. Refinement of 276 parameters (3120 reflections 
with I > 30(I)) has an agreement value currently at  0.05. 

Further crystallographic details will be published elsewhere. 
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Reduction of acetylsilane 0-silylcyanohydrins gave P-amino-a-hydroxysilanes, which were diazotized to give 
a-silyl ketones. The addition of organolithium reagents to the cyanohydrins was accompanied by sequential 
C - N and 0 - N silyl group migrations. Silylation of the resulting lithium enolates afforded P-siloxy-N,N- 
bissilylenamines. 

Introduction 
We have previously shown' that certain a&dihydroxy- 

silanes undergo a proton-induced silapinacol rearrange- 
men t  to afford a-(tert-butyldimethylsilyl) aldehydes and 
ketones, species that are synthetically useful as vinyl cation 
equivalents.2 The less-hindered, but much more eco- 
nomical trimethylsilyl analogues, however, are unstable to 

( 1 )  Cunico, R. F. Tetrahedron Lett. 1986, 27, 4269. 
(2) (a) Colvin, E. Silicon Reagents in Organic Synthesis; Academic 

Press: London, 1988. (b) Hudrlick, P. F.; Kulkarni, A. K .  J. Am. Chem. 
SOC. 1981, 203, 6251. 
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the acidic conditions necessary for their  formation,'^^ and 
alternative approaches to these species were sought.  
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