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&bstmict- The aroylation of calix[4)axene (If, p-terr-butylcalixfblarene 121 
and ~al~yl~aliX~4Jareue f3) with benzoyl chloride and a variety of &- 
eubstituted benzoyl chlorides has bean carried out vi% AfC13-cataLyzed 
reaction and NaH-fnduced reaction. The product8 are tetra-aroylates that exist 
in the cone, part&al cone, and/or 1,3-alternate conformation. It is shown that 
the distribution among them conformers is dependent on a variety of factor8 
including temperature, aroylating agent, callxarene, and solvent. When 1 is 

eaterified by the AlC13 procedure lower temperature tends to slightly favor 
the partial cone conformation, while higher temperature favors the 1,3- 
alternate conformation. When 3 is esterifled by the Nah method aroyl chlorides 
carrying electron-releasing pwbstfcuents favor the 1,3-alternate conformers; 
those carrying electron-withdrawing substituents favor the cone conformers, 
the dfstribution between the eonforaaers correlating quite well with the 
Hammett o coeetauts for the psubetttuents of the aroyleting agents. When 2 $8 
esteriffad by the NaH method it show8 a greater tendency to produce the coILa 
conformer than does 3, the former undergoing slower conforraatfonal inversion 
than the latter. On the baeis of these observations it is postulated that the 

conformer distribution is dependent on the relative rates of the confor- 
national. inversion process and the aroylation process, via. faster atoylatiort 
leading to cone conformers or partial cone conformers and slower aroylatfou 
leading to 1,3-alternate conformers. 

CMixarenesl are conformationally mobile macrocyclic compounds that ape of interest, inter 

alla, because of their potential as polyfunctional catalysts. @nformational isomerism in the 

calfx[4]arenes was first suggested by Megson and Ott and Z&&e3 and was made explicit by 

Cornfortb and coworkers4 who poin&d out that four discrete fcl;rms cm exist. We have designated 

these 5 as %bne@, *partial cone*$, x'f,2-alcemateS, anb %,3- alt;erneW c~Qrmst~0~ as pictured 

in Fig 1, end we .ebbrevW.e them in tk designation of the structures in this paper as Ccl, fr;icl$ 

11,2=&t], snd [?+altf, respectively. Be facile inte~nversi~ of t&~se c~orme~s was 

demonstrated by KSmmenerer and cowor%~s’*~ who used dynamic % NMR measurements on a number of p 

alkylcalfx[4]srenes, and the results af these studies have been substantiated and extended by 

subsequent workersa*9*lo. lbe facile tnterconversion among conformers disappears, however, upon 

tF~~foern~t~o~ to the ethers and esters of the calixl4Jarenes, because the titercanversion 

process requires that the aryl rings Potate sround the C-2/C-6 bonds in a direction that brings 

the oxygen end of the a@ moiety throi@h the ennulus of the mecrocyclic ring. BWS, derfvsti- 

zation freezes the calix[4farena system into one or more of the four ~~o~rnat~o~ SJl, and in 

Dedicated Lo Professor Hans Wynberg on the ocoaston af his 55th bfrthdajr. 
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Fig 1. me 
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c~ormati~s of calix[4Jarenes 

t ,tllt ttrfato 1 &Al tWlutQ 

many instances quite high yields of one particular conformer can be obtained by appropriate 

choice of derivatizing agent. For example, acetylation often favors the ‘partial cone” ccnforma- 

tion; batuylaticn and trimethylsilylation generally favor tha %onetV conformation. In this papr 

we report the results of a study of the effects that the derivatizfng reagent and the reaction 

conditions have on the conformations and the structures of the calix[4]arene aroylates that are 

obtained via AlCl3-catalyzed and NaH-induced aroylation. The aroylation process was chosen for 

study because of the possibility it affords for making graded changes in the derivatizing agent 

via the psubstituents in the benzene ring. In studying tha conformational outcome of thesa 

reactions advantage was taken of the easy distincticn among conformers that is made possible by 

‘H NMR measurements. The characteristic ‘H NNR patterns arising from the CH2 groups of particular 

conformations are indicated in ‘Ihble 1, and several typical spectra are shown in Fig 2. 

Wormation ‘ii NRRFattern 

Cone &ma pair of doublets 

Partial Cone Two pairs of doublets (ratio 1:l) or one pair of 

doublets and one singlet (ratio 1:lf 

l,;l-l\lternate cxle singlet and two doublets (ratio 1:lf 

1 J-Alternate Cne singlet 

Table 1. IH NNR patterns for the CX2 protons of calix[4]arenas in various conformations. 

lktra4mxiy1stes vi.8 AlVW.nuB Qllori &+%talyzad Aroylatiub Room temperature benzoylatfon of 

calix[4]arena (1) with benzoyl chloride and AlC13 in CH$l2 solution yields a mixture of 

materials from which two pura atistances can be isolated. ‘Ihe higher melting (mp >4!X” Cl 

acetone-insoluble compound was identified as the tetrabenzoate of calix[4]arene in the 1,3- 

alternate conformation f4[lr3-altI-af and the lower melting (mp 332-4O Cf acetone-soluble 

compomd as the corresponding partial cone conformer {4(pc]-a]. With these pure materials 85 

reference compounds, the compositions of crude mixtures of the benzoylation products obtained at 
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Fig 2. ‘H NMR spectra at 300 MHz of tetra-aroylates: (A) tetrabenzoate of 
butylcalix[4]arene in the cone conformation, (B) tetrabenzoate of 
arene in the partial cone conformation, (C) tetrabenzoate of e_allylcalix-[4]arene 
in the l&alternate conformation. 

various temperatures were then established by means of HPlC, giving the results shown in ‘lkble 2. 

It is clearly evident from these data that higher temperatures favor the formation of the 1,3- 

alternate conformer, although the wide variation between replicate determinations (28% in some 

cases) produces some uneveness in the data over the range of 0% to the reflux temperature of 

the solvent. 

In the hope of determining the effect of electronic factors on the conformational outcome of 

the aroylaticn process, reactions were next carried out with a number of psubstituted knzoyl 

chlorides. Although benzoyl chlorides carrying electron-releasing substituents in the pposition 

reacted quite smoothly and gave products that could be assayed for the distribution between 

partial cone and 1,3-alternate conformers (see Table 3), benzoyl chlorides carrying electron- 

wittkdrawing substituents (e.g. e_nitro, e_cyano, and ~trifluoromethyl) either failed to react or 

gave such low yields of intractible mixtures that the results were of little use. 
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l 

1 (R-H) 
2 (R - ‘-•,) 
3 (R = CH,cH=CH*) 

‘Ike changes that occur in the conformer distribution of the aroylates with changes in 

temperature suggest that tk rate of conformational inversion of the calixarene might play a key 

role in determining the conformer distribution of the derivatixation product. ‘Ihat we are dealing 

with competitive rates - viz. the rate of conformational inversion vs the rate of aroylation - is 

further indicated by the fact that electron-releasing e_substituents in the aroylating agent 

(which might be expected to reduce the reaction rate) give a higher proportion of the 1,3- 

alternate conformer. Thus, whereas benzoyl chloride produces a mixture of conformers even at 

reflux temperature andpmethylbenxoyl chloride gives a mixture at room temperature, 

-w=-- Partlal ame. I 1,3Altem&e, % 

reflux 23 67 

40 19 77 

35 23 74 

jo 43 55 

25 54 45 

0 76 22 

‘Eable 2. Effect of temperature m tb? ratio of partial cone to 1,3-alternate 
conformers formed in the benzolyation of calix[d]arene 
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E-E? itlEnt of mrature, oc Pmduzt DlIrtributiul 
latial Agent 

H 0 

Reflux 

CH3 0 

25 

Reflux 

(cH3)3C 25 

CHP 25 

c1cCH2,p 25 

22% 1,3_Alternate/76% Partial Cone 

68% 1,3-Alternate/235 Partial Cone 

10% Partial Cone 

Mixture of 1,3-Alternate & Partial Cone 

100% 1,3_Alternate 

10% 1,3-Alternate 

10% 1,3-Alternate 

10% 1,3-Alternate 

Table 3. Effect of temperature and the structure of the aroylating agent on the 
conformer distribution in the aroylation of calix[4]arene 

p-tert-butyl, pmethoxy, and E-3-chloropropoxy analogs all produce pure l,>-alternate product at 

room temperature. These data provide the basis for the following hypotheses: (a) the 1,3- 

alternate conformers of the tetra-aroylates are more conformationally stable than the cone or 

partial cone conformers, a fact that finds some corroboration in the work of %gberg on the 

extra-annular octahydroxycalix[4]arenes12, (b) if the rate of conformational inversion is slow 

relative to the rate of derivatization the cone or partial cone conformer will be formed, and (c) 

if the rate of conformational inversion is fast relative to the rate of derivatization the 1,3 

alternate conformer will be formed. As described in the next section, these hypotheses were 

subsequently explored in greater detail with the NaH method of derivatization which not only 

gives better yields and cleaner products than the AlC13 method in some cases (e.g. p-tert- 

butylcalix[4]arene and e_allylcalix[4]arene) but also permits the use of a wider assortment of 

aroylating agents, including those carrying electron-withdrawing, rate-enhancing psubstituents. 

Curiously, the AlC13 method gives batter yields than tt-e NaH method in the case of calix[4]arene; 

the conformational outcome is approximately the same with the two methods when benzoyl chloride 

is the aroylating agent but different when ptert-butyl-, E-methoxy- and pmethylbenzoyl 

chlorides are used. 

The 1,3_alternate conformer of the tetrabenzoate of calix[4]arene {4[1,3_alt]-a} displays 

some interesting ‘H NMR features. At room temperature the resonance pattern at 6.7 arising from 

the aryl hydrogens on the calixarene is a multiplet, as would be predicted for an A2A’ system. At 

-45’ C, however, this pattern changes to a sharp singlet, apparently the result of accidental 

equivalence of these protons. Because the elemental analysis of 4[1,3-alt]-a indicated the 

inclusion of solvent, a 2D ROE spectrum in CDC13 was obtained. As shown in Fig 3-B, it displays 

off-diagonal resonances corresponding to a moderately strong interaction between CHC13 and the 

aromatic protons of the banzoyl groups. A 2D HOMOR spectrum of this same material in CDc13 (Fig 

3A) shows only the expected J coupling patterns between the protons within the molecule. The 2D 

ROE spectrum can be interpreted in terms of a complex between CRC13 and 4[1,3-alt]-a in which 
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Fig 3. 2D ‘H NMR spectra of the tetra-benzoate of calix[4]arene in the 1,3_alternate 
conformation in CDc13 solution: (A) H@KXlR spectrum, (0) NOE spectrum 

molecules of CXl3 reside inside the cavities of the calixarene tetrabenzoate, comparable to the 

complex that is proposed for the endc-calix complexes of the parent calixarenes 13 with amines. 

Wtm-amylatea via Sudim Hy+icbImhed Amylatia lbe most extensive set of aroylation 

experiments in the present study was carried out with ~allylcalix[4]arene because of the 

synthetic interest in using the ally1 groups to introduce functionality’4 on the calixarene ring. 

e-Allylcalix[4]arene (3) in !LTIF solution wan treated with 8 equivalents of NaH and 5 equivalents 

of the appropriate benzoyl chloride to yield products whose compositions were establiShed by 

inspection of their ‘H NMR spectra. ‘Ihe results are shown in Table 4. A similar, though less 

extensive study was then carried out using p-tert-butylcalix[4]aret?s (2) to determine whether the 

p-substituent of the calixarene has any effect cn tlz conformational outcome of the reaction. 

That it does is indicated by the data in ‘Pable 5 which show that there is a considerably greater 

preference for the formation of the cone conformer in tk case ofp-tert+butylcalix[4]arene than 

in the case of pallylcalix[4]arer?e, even with benzoyl chlorides containing electron-releasing 

groups. 

Studies of the conformational behavior of the calixarenes” have shown that the rate of 

conformational inversion, as measured by tk coalescence temperatures obtained from ‘H NMR 

spectral measurements, depends on the psubstituent of the calix[4]arene a~ well 89 cn the 

solvent. lb provide comparative data among the compounds used in the present study, the 

coalescence temperatures for calix[4]arene (l), p-tert-butylcalix[4]arene (21, and pallyl- 

calix[4]arene (3) were measured in CD2Cl2, !lW-d8, and iMF-d7; these results, along with 

those from the earlier Investigation, are shown in Iable 6. In agreement with earlier 

observationslO, the coalescence temperatures are lower for all three of the calixarenes in the 

more polar solvents (is. conformational inversions are faster in these than in nonpolar 

solvents). Quantitatively, the effects are greater for calix[4]arene and p_allylcalix[4]arene 



0CH3 XI.27 

C((n3)3 -0.20 

CH3 -0.17 

H 0.00 

CH2C1 1,FAlternate Conformation 

8r 0.23 

cF3 0.54 

CN 0.6% 

No2 0.78 

CalixarenesXXl 

1,FAltemate Conformation* 

1,3-Alternate Conformation 

1 ,>Alternate Conformation 

1,FAlternate Conformation 

1,FAlternate Conformation 

1,3Altemate Conformation (67%) 
Cone Conformation (33%) 

Cone Conformation (major product) 
Partial Cone Conformation (minor product) 

Cone Conformation (95%) 
1,3-Alternate Conformation (5%) 
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* Because of the reduced reactivity of this aroylating agent tk product is a mixture 
of tetra-aroyl (6-d), tri-aroyl (7-d) and di-aroyl @J-d) compounds. 

Table 4 ‘Ihe product composition from the aroylaticn of pallylcalix[4]arene 
with benzoyl chloride and various p-substituted knzoyl chlorides. 

than for p-tert-butylcalix[4]arene, supporting the idea that the p-text-butyl group is 

particularly effective in maintaining the cone conformation. A puzzling feature in tk behavior 

ofptert+butylcalix[4]arene was discovered when a sample was used in which the toluene of 

crystallization had been removed by drying mder vacuum at high temperature. In ClX13, ‘EIF-d8 and 

pyridine-d5 solutions the coalescence temperatures for the more soluble toluene-complexed sample 

and ithe less soluble toluene-free sample of pterGbutylcalix[4]arena are identical, as would be 

anticipated. However, in DMF-ci7 solution the coalescence temperature of the toluene-free sample 

is ca 20° lower than that of the toluene-complexed sample. Even after the NMR solutions 

Opera 

-o.27 

-0.20 

Rcxhxzt aoepoeitial 

Cone Conformation (SO%) 
Partial Cone Conformation (5%) 
1.3Alternate Conformat ion ( 5%) 

Cone Conformation (KS) 
1,3-Alternate Conformation (2O%) 

-0.17 Cone Conformation ($XX) 
1, FAlternate Conformat ion ( 5%) 
‘Pi-substituted Compound (5%) 

H 0.00 Cone Conformation (98%) 
1,3Altemate Conformation (trace) 

Br 0.23 Cone Conformation 

No2 0.76 Cone Conformatial 

mble 5. The prodoct compoaiticn from the aroylation of p-tert-butylcalix[4]arene 
with benz~yl chloride and various psubstituted bensoy chlorides. 
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are heated, the difference in coalescence temperatures persists, negating ths idea that the 

difference might be ascribed to slow entry and/or exit of toluene from the cavity of the 

calixarene. That no chemical change occurs upon removal of ths the toluene is shown by the 

ability to reconstitute the toluene-complexed material by recrystallizing the toluene-free 

calixarene from toluene. Further work will be necessary to provide an explanation for this 

phenomenon. 

Table 6. Coalescence temperatures in various solvents for calixarenes 1,2, and 3 

lbs hypothesis concerning the relative rates of aroylation and conformational inversion as 

governing the product composition in the reactions of aroyl halides with calix[4]arenes is hinted 

at by the results from the A1C13-catalyzed reactions, and its outlines are sharpened by the 

Solvent ’ aalM41- 
alws? (1) 

CCC13 

CD2Cl2 

C*P 

Acetone-d6 

Benzene-d6 

F’yridine-d5 

lliF-d8 

W-d7 

36 52 37 

37.5 >42+ 42 

0 insoluble 2 

-5 ca 50 5 

15 35 

-22 15 7.5 

5 27.5 15 

-5 60 (40**) 5 

*At 42’C a pair of broad resonances can still be observed 

**Tbluene-free sample 

results of the NaH-catalyzed reactions. In the A1C13-catalyzed process the mechanism is assumed 

to involve the formation of an acylium ion which then interacts with the phenol. Electron- 

releasing groups such as CHP in the pposition of the aroyl halide will enhance the rate at 

which the acylium ion is formed but diminish its reactivity, once formed. ‘&e data in !I%ble 4 

correlate nicely with the opara constants and show that aroyl chlorides carrying electrcn- 

releasing groups favor the formation of the 1,3-alternate conformer (i.e. the product of slower 

reaction) and those carrying electron-withdrawing groups favor the cone conformer (i.e the 

product of faster reaction). In the NaH-induced process the mechanism is assumed to involve the 

addition of the phenolate anion to the aroyl carbonyl to form a tetrahedral intermediate which 

subsequently loses Cl- to form the product. Electron-releasing groups in the aroyl halide will 

diminish the electrophilic character of the carbonyl carbon, while electron-withdrawing groups 

will enhance it. Tbe data in Table 4 and 5 correlate nicely with the apara constants and again 

show that aroyl chlorides carrying electron-releasing groups favor the formation of the 1.3 

alternate conformer and those carrying electron-withdrawing groups favor the formation of the 
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cone conformer. lhus, it is postulated that in both modes of reaction lower rates result in the 

formation of lJ-alternate conformers and faster rates result in the formation of cone 

conformers. In comparing the data in ‘fables 4 and 5 we see that the transition between the 

formation of the 1,3_alternate and cone conformers occurs at a considerably lower value of the 

cparaconstant of the aroylating agent for the reaction withptert-butylcalix[4]arene than with 

pallylcalixarene. This difference correlates well with the difference in ‘H NMR coalescence 

temperature of pallylcalix[4]arene and p-tert_butylcalix[4]arene in ‘IHF, the former being 

somewhat lower than the latter and corresponding to more rapid conformational interconversion. 

However, the difference in the rate of conformational interconversion corresponding to these two 

coalescence temperatures is actually quite small, suggesting that tk product composition in 

these reactions is the result of a remarkably delicate balance between the aroylation rate and 

the conformational inversion rate. 

In many of the NaH-induced derivatizations that we have reported in earlier papers in this 

series the solvent that was used was a mixture of THF and DMF, the latter added in the thought 

that it solubilized the calixarene. ln the light of results of the present study which suggest 

that (a) the relative rates of aroylation and conformational inversion determine the confor- 

matlonal outcome of the reaction and (b) the coalescence temperature for pallylcalix[4]arene is 

lower in CMF than in ‘THF, it became of interest to determine if DMF has any effect on the 

composition of the reaction product. The benzoylating agent that was chosen for this purpose was 

pnitrobenzoyl chloride, because it produces high yields of the cone conformer in ‘lHF solution 

(see Tables 4 and 5). ‘lhe results shown in Table 7 reveal that DMF does, indeed, have some effect 

on the conformational outcome, producing less cone conformer and more 1.3alternate conformer as 

the proportion of DMF in the solvent mixture increases - in support of the thesis that increasing 

rate of conformational inversion leads to less cone and more 1,5alternate conformer. lhe more 

profound effect of MuIF as a solvent, however, is on the strmtural outcome of the reaction. A3 

shown in Table 7, as the proportion of mF in the ‘ITIF-DMF mixture is increased with E_ 

allylcalix[4]arene as the starting material, the amount of tri-benzoate increases and becomes the 

sole product (although in low yield) when DMF is used alone. Similar behavior is noted with p= 

tert_butylcalix[4]arene where benzoyl chloride, ptoluoyl chloride, and pmethoxy-benzoyl 

chloride all give products containing tri-aroylates mixed with various other compounds when ‘IHF- 

DMF is used as the solvent. 

lki-aroylatea d Di-aroylatea of the Cali.x[4]arenea. The preparation of the tri-benzoate 

of pallylcalix[4]arene through ths use of EMF as a solvent, as described above, has little 

synthetic utility because of very low yields. Pyridine proves to be a much superior solvent (and 

reactant) for this purpose, as reported in an earlier paper in this series15. A subsequent paper 

will deal with a study of this process aa well as with a procedure for preparing the di-aroylates 

and tri-aroylates. 
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Tetra-benzoate in tha cone conformation (95%) 
!Cetra-benzoate in the 1,5-alternate conformation (5%) 

Tetra-tenzoate: mixture of cone and 1,3_alternate conformers 
Tri-benzoate (trace) 

Tetra-benzoste: mixture of cone and 1,Salternate conformers 
lYi-benzoate (significant amount) 

lki-benzoate (major product) 
Tetra-benzoate (trace) 

Tri-benzoate (only isolable prodst) but in very low yield 

Table 7. Product mixtures obtained from the reaction of pnitrobenzoyl chloride 
and e_allylcalix[4]arene in various THF-DMF solvent mixtures using 5.0 
equivalents of NaH and 5.0 equivalents of aroyl chloride. 

In a recent review of the calixarenes’ it was stated that “by appropriate choice of 

derivatizing agent calix[b]arenes can be fixed either in the cone or partial cone conformat.iorP 

but “the explanation for the different conformational outcomes upon derivatization is not known, 

and the roles played by the derivatizing agent and the reaction conditions remain to be 

determined”. lhe present study of the aroylation reaction with calix[d]arene, ptert-butylcalix- 

[4]arene and p_allylcalix[4]arene has now provided some insight into this phenomenon, correlating 

the rate of conformational interconversion with the rate of derivatization. By extrapolation of 

these results it is postulated that benzylation and trimethylsilylation tend to give products in 

the cone conformation because the benzylating and trimethylsilylating reagents that are generally 

used are quite reactive, therefore outpacing the conformational inversion rate. Acetylation, on 

the other hand, appears to be a somewhat slower process, resulting in the formation of partial 

cone and 1,3_alternate conformers. 

Rperirental’6 
Preparation of Ietra-aroylates via AlC$Catalyzed Aroylation of Calix(4larene 

25,26,27,28;~etre-(bemZoyloxy)caliX[4]areme (4-a). To a solution of 1.0 g (2.4 mmol) of 
calix[b]arene (1) in 70 mt of CH2C12 in a constant temperature bath a mixture of 1.57 g (12.0 
mmol) of AlC13 and 7.98 g (6.6 mL; 56.7 mmol) of benzoyl chloride in 20 mL of CHJC12 were added 
over a period of 30 m. The reaction mixture was stirred an additional 2 h at 40 C and then added 
to 100 q L of cold 6N HCl. The ornanic layer was separated. dried. concentrated. and treated with 
80 mL of methanol to yield 1.64 g of crude product; This &s triiurated with acetone f r 12 h to 
leave 0.81 g (41%) of of 4[1,3-alt]-a in the acetone-insoluble fraction: mp > 450' C; P H NMR 
(CDC13) 6 7.94 (d, 8H, .I - 8.7 Hz, Benzoyl ArH), 7.84 (t, 4, J - 7.5 Hz, Benzoyl ArH). 7.67 (t. 

8, J = 7.8 Hz, Benzoyl ArH), 6.73 (m, 12, ArH), 3.6 (s, 8, ArCH2Ar); Anal Calcd. for CJ6H4&;Bf of 
C. 79.98; H, 4.80. Found: C, 79.22; H, 4.67. The acetone soluble fraction yielded 0.8 g 
4i 

P 
cl-a which was recrystallized from acetone/methanol to give colorless material: q p 302-304' 

c; H NHR (C~cl ) 6 
Bentoyl ArH). 9 .50 

8.09 (d, 4, J - 9.3 Hz, Benzoyl ArH), 7.74 (m, 4, Benzoyl ArH), 7.67 (8, 2, 
(m, 8, Benzoyl At-H), 7.25 (d, 4, J - 4.5 Hz, Benzoyl ArH), 6.97 (t. 2. J - 4.5 

Hz, Benzoyl ArH), 6.91 (d. 2, J - 8.1 Hz, Benzoyl ArH), 6.72 (t. 1, J - 7.5 Hz, Benzoyl ArH), 
6.60 (d, 4, J - 4.8 He. Benzoyl ArH), 6.24 (8, 1, ArH), 3.94 (d, 2, J - 15 Hz, ArCH2Ar), 3.84 
(d, 2, J - 14.7 Hz. ArCH2Ar). 3.72 (d. 2, J - 14.7 Hz, ArCH2Ar), 3.53 (d, 2, J - 15 Hz, ArCH2Ar); 
Anal. Calcd. for C56H4008: C. 79.97; H, 4.80. Found: C, 79.91; H, 4.78. 

25.26.27,28-Tetra-~tbylbemzoyloxy)calix[4]areoe (4-b) was prepared by the procedure 
described above. usinn o-toluovl chloride. and obtained in 94% crude vield as a colorless solid. 
From the aceton&insoi$le fraction a 52% &eld of the 1,3-alternate conformer (4[1.3-altl-b) was 
obtained: mp >400° C; Y 

ArH), 6.73 (m, 
H NHR(CDC13) 6 7.89 and 7.44 (pair d, 16, J - 7.33 and 8.79 Hz, Aroyl 

12, ArH), 3.57 (8, 8, ArCH2Ar), 2.63 (8. 12, ArCH3); Anal. celcd. for C6OH4808: C, 
80.33; H, 5.39. Found: C. 80.37; H. 5.33. 
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The acetone-soluble fraction yielded a sample of the partial cone conformer (4[pcI-b) that 
contained a trace of the 1,3-alternate conformer: mp 318-319' C; 

(pair d, 8, .I - 
+I NMR (CDC13) 6 7.99 and 7.31 

8.5 HZ, Aroyl ArtI), 7.67 and 7.28 (pair d, 4, J - 8.0 Hz, Aroyl ArH). 7.66 (a. 2, 
ArH), 7.13 and 7.05 (pair d, 4, J - 8.3 Hz, Aroyl ArH), 6.93 (m. 4. ArH), 6.73 (t, 1, ArH), 6.60 
(m, 4, Arti), 6.23 (8, 1, ArH), 3.92, 3.83, 3.70, and 3.50 (four pair d, 8, J - 14.16, 15.03, 
15.84, 14.05 Hz), ArCH2Ar), 2.54, 2.45. and 2.42 (three 8, 12, intensity ratio 1:1:2, ArCH3); 
Anal. calcd. for C60H4808: C, 80.33; H, 5.39. Found: C, 80.09; H, 5.25. 

25,26,27,2~etrh(pte~-~~l~~lo~~~lfx~4~a~~ (4-c) was prepared in the manner 
described above, using ptert-butylbenzoyl chloride, to yiel,d 
(4[1,3-alf]-c) as the only isolable isomer: mp 384-386' C; 

the 1,3-alternate conformer 

d, 16, J - 
H NMR (CDC13) 6 7.90 and 7.68 (pair 

8.19 and 8.95 Hz, Aroyl ArEi), 6.75 (m, 12, ArH), 3.56 (8, 8, ArCH Ar), 1.54 (8, 36, 
C(CH3)3); Anal. calcd. for C72H7208: C, 81.17; H, 6.81. Found: C, 80.72; H, t -64. 

25,26,27,28_letr~p_wt~~~oylory)calixI4~areae (4-d) wee prepared as described above, 
using E-methoxybenzo 1 
isomer: mp >400°C; T 

chloride, to yield the 1,3-conformer (4(1,3-altl-d) es the only isolable 

6.74 (m, 
H NMR (CDCl3) 6 7.865 and 7.10 (pair d.16, J - 7.8 and 8.7 Hz, Aroyl ArH), 

12, ArH). 4.04 (s, 12, OCH3), 13.57 (8, 
74.99; H, 5.03. Found: C. 74.73; H. 4.84. 

8, ArCH2Ar); Anal. calcd. for C60H48012: C, 

25,26,27,28-Tetrr[~3-chloropro~~~~~oylo~~-~ix~4~a~e~ (4-e) was prepared using E_ 
(3-chloropropoxyj-benzoyl chloride to 
only isolable isomer: mp 270-2723 C; 

Yield the 1,3-alternate conformer (4[1,3-altj-e) as the 

3.64 (t, 8, J 
H NMR (CDC13) 6 7.07 (m. 12. ArH). 3.70 (6, 8, ArCH2Ar). 

= 6.00 Hz, CH2Cl), 2.01 (m, 8, CH2Cl12CH2Cl), 1.86 (t, 8, J - 6.3 Hz, 
Cg2CH2CH2C1); Anal. calcd. for C44H4408Cl4: C, 62.72; H, 5.26. Found: C, 62.92; H, 5.17. 

Preparation of Tetre-aroylatea via Eeil-Induced Aroylationa of @.llyl-ealirI41areac 

5,11,17,23-Ietreallyl-25,26,27,28-te~ra~~ylo~~ix~4]~e~ (6-a). A solution of 1.00 g 
(1.71 mmol) of ~.allylcalix[41arene14 in 50 mL of dry THF in a 3-necked flask in which the air 
was replaced with N2 was placed in an Ice bath, treated with 0.6 g (15 mmol) of NaH (60% oil 
dispersion), and stirred for 30 m. A solution of 1.2 g (8.5 mmol) of benzoyl chloride in 10 mL of 
dry THF was then added dropwise over a period of 30 m, and the reaction mixture as stirred an 
additional 2 h. The solvent was removed on a rotary evaporator, and the residue was neutralized 
with ca 30 mL of dil HCl. The product was extracted into CHC13. the CHC13 solution wa8 washed 
with water and brine and dried and then evaporated, and the residue was stirred for 30 m with 40 
mL of methanol to leave 1.50 g (88%) of crude product. Recrystallization from CHCi3/ Cj130H 
afforded a colorless sample of the 1,3-alternate conformer 611.3~altl-a: mp > 450 C; H NMR 
(CDC13) 6 7.91 (d, 8, J - 9.22 Hz, Benzoyl ArH), 7.94 (t, 4, J - 7.16 Hz, Benzoyl ArH), 7.69 (t, 

:;a;, of d of'd, 8. J 
- 7.21 Hz Benzoyl ArH), 6.56 (6. 8, ArH), 5.48 (m, 4, CH-C), 4.77, 4.73, 4.59, and 4.54 

- 2.2, 10.2, and 17.2 Hz, C=CH ), 
6.84 Hz, CH2C-C); Anal. calcd. for C68H5608: C, 81.5 'a 

3.55 (8, 8. ArCH2Ar). 2.83 (d, 8, J = 
; H. 5.64. Found: C, 81.33; H. 5.65. 

5,11.17,23-Tetra-allyl-25,26,27,28-~e~r~~e~hyl~zoylo~calix~4la~~ (6-b) was prepared 
in t&e manner described above, using E-toluoyl chloride, and was obtained in 70% yield as a 
colorless solid. Recr 

1 
stallization from 

alt)-b: mp >400° C; 
CHC13/CH OH yielded the 1,3-alternate conformer 6[1.3- 

H NHR(CDC13) 6 7.45 and 3 .78 (pair d, 16, J - 7.5 and 7.8 Hz, Aroyl ArH), 
6.55 (s, 8, ArH). 5.49 (m, 4, CH-C), 4.58 and 4.76 (d of d, 8. J - 2.4, 10.0, and 16.2 Hz, 
C-CH ), 3.54 (8, 8, ArCH2Ar). 2.84 (d, 8, J 
81.7$; H, 6.10. Found: C, 81.87; H, 5.99. 

= 6.9 Hz. CH2C-C); Anal. calcd. for C72H6408: C. 

5,11,17.23-Ietra-allyl-25,26,27,28-tetr~(~~er~-~~yl~~yl~)calix~4larene (6-c) was 
prepared as described above, using p-tert-butylbenzoyl chloride, and obtained in 58% yield as a 
colorless solid after trituration with methanol. Ret 
1,3-alternate conformer 6[1,3-altl-c: mp > 400° C; f 

ystallization from CHCl /CH OH yielded the 
H NHR (CDCL~) 6 7.73 an d 3 7.8 (pair d, 16, J 

- 8.2 Hz, Aroyl ArH), 6.55 (8, 8. ArH), 5.52 (m, 4. J - 6.7 Hz, CH-c), 4.74, 4.71, 4.59, and 4.53 
(pair of d of d, 8, J = 2.20, 9.66, and 17.20 Hz, C -CH2), 3.51 (8, 8. ArCH2Ar). 2.92 (d. 8, 
CH C-C), 1.53 (8, 36, C(CII~)~); Anal. calcd. for C84H8808: C, 82.32; H, 7.24. Found: C, 82.21; H, 
7.14. 

5,I1,17,23-Tetra-allyl-25.26.27,28-te~ra-(~retbaxybcntoyloxp)cal~x~4]enne (6-d). Treatment 
of e-allylcalix[4]arene withe-methoxybenzoyl chloride by the procedure described above yielded a 
mixture containing di-substituted, tri-substituted, and tetra-substituted products, with the tri- 
substituted product present in largest amount. When the ratio of calixarene/NaH/E-methoxybenzoyl 
chloride was changed to l/17.6/16 the product consisted of a 57% yield of a SO:50 mixture of tri- 
substituted and tetra-substituted compounds from which a pure sample of the 1,3-alternate 
conformer of the tetra-substituted compound (6[1.3-altl-d) was obtained by chromatographic 
separation: mp > 4OOOC; 'H NHR (CDC13) 6 7.83 and 7.13 (pair d. 16, J - 8.75 Hz, Aroyl ArH). 
6.56 (8, 8, ArH), 5.51 (m. 4. CH-C), 4.79, 4.76, 4.65, and 4.59 (pair of d of d, 8. J - 2.21. 
10.18, and 16.33 Hz. C-CH2), 4.02 (6, 12, OCH ), 

3. 
3.54 (a. 8, ArCH2Ar). 2.88 (d. 8, J - 6.95 Hz. 

CH2C-C); Anal. calcd. for C72H64012: C, 77.1 , H. 5.75. Found: C, 76.76; H, 5.69. 

5,11,17,2Metr~allyl-25-~dro~26.27.2&lfx~4larene (7-d) was 
obtained by column chromatography from the mixture deacribedlabove. and the partial cone confomer 
(7[pc]-d) was isolated as a colorless solid: mp 249-251° C; 
d, 12, J - 

H NHR (CDC13) 6 7.96, and 6.87 (pair 
8.68 Hz, Aroyl ArH), 6.89 and 6.68 (2 s, 4, ArH), 6.75 and 6.42 (2 d, 4 J - 1.5 Hz, 

ArH), 5.81 (m, 1. CH-C). 5.76 (8. 1, OH), 5.26 (m, 3 CH-), 5.02 (m, 2, -CH2), 4.78 (m, 6, 



4928 M. IQBAL et al. 

C'CH2). 3.92 - 2.34 (8 and 4 pair d, 8, J - 14.05 and 15.52 Hz, ArCH2Ar). 3.88 (8, 9, OCH3), 
3.25, 2.70 and 2.56 (m and pair d. 8. J - 6.84 Hz, 
H. 5.75. Found: C, 77.92; H, 6.01. 

CH2C-C); Anal. calcd. for C64H580L0: C, 77.87; 

5,11.17.23-~ctra-allyl-25,27~~hydrory-26,2&di( (8-d) was 
obtained by column chromatography from the mixture describedlabove. and the cone conformer 
(7[c]-d) was isolated as a colorless solid: mp 254-256' C; H NHR (CDCl 
d. 8, J - 9.00 Hz, Aroyl ArH). 6.79 and 6.78 (pair 8, 8, ArH), 5.81 (m, 2 

) 6 8.21 and 7.01 (pair 
, CH-C), 5.18 (8, 2, 

OH), 4.8 (m, 8, C-CH2), 
(t. 8, J - 

3.93 (8, 6, OCH3), 3.89 and 3.50 (pair d, 8, J 
6 Hz, CH2C-C); Anal. calcd. for Cs6Hs208: 

- 14.1 Ha, ArCH2Ar). 3.13 
C, 78.85; H. 6.14. Found: C, 78.96; H, 6.17. 

5,11,17,23-Tetra-allyl-25,26,27,28-tetr~(~c~oro~thyl~~oylo~~~lix[4lare~ (6-f) was 
prepared as described above, using ~chloromethylbenzoyl chloride, and obtained in 93% yield as 
a colorless solid. Recrystallization from CHC13/CH30H afforded the 1,3-conformer 6[1,3-altl-f: mp 
>4ooo c; 'H NMR (CDC13) E 7.86 and 7.72 (pair d, 16. J - 8.3 Hz, Aroyl ArH). 6.59 (s, 8, ArH), 
5.46 (m, 4, CH-C), 4.84 (8, 8, CH2Cl), 4.61, 4.67, 4.77, and 4.81 (pair of d of d, 8, J- 2.1, 
10.8, and 16.2 Hx,C-CH2), 3.59 (s, 8, ArCH2Ar), 2.676 (d, 8, J - 6.9 Hz, CH2C-C); Anal. calcd. 
for C72H6008C14: C, 72.36; H, 5.06. Found: C, 72.05; H. 4.89. 

5,11,17,23-Tetr~allyl-25,26.27,28-tetra-(E-oe (6-g) was prepared 
as described above, using p-bromobenaoyl chloride, and was obtained in 75% yield as the acetone- 
insoluble material after trituration. Recrystallizafiion from CHC13/CH30H yielded the 1,3- 
alternate conformation 6[1,3-altl-g: mp > 400' C; H NMR (CDC13) 6 7.77 and 7.67 (pair d, 16. J - 
8.95 and 8.08 Hz, Aroyl ArH), 6.56 (8, 8, ArH), 5.49 (a. 4, J - 6.84 Hz, CH.=C),4.88, 4.84, 4.74, 
and 4.69 (pair of d of d, 8. J 
(d, 8, J 

- 1.3, 2.3, 10.37, and 17.2 Hz, C-CH2). 3.57 (8, 8, ArCH2Ar), 2.80 

3.82. 
- 6.94 Hz. CH2C-C); Anal. calcd. for C68H5208Rr4: C, 62.03; H, 3.98. Found: C, 62.10; H, 

5,ll ,17.23-~etra-allyl-25,26,27,28-tetra~~t~fl~ro~ethyl~~ylo~~~llx~4]ar~e (6-h). 
Treatment of~allylcalix[4]arene withrtrifluoromethylbenzoyl chloride in the manner described 
above gave 74% of a product which was indicated by its NMR spectrum to be a mixture containing 
34% of the cone conformer and 66% of the 1,3-alternate conformer. The conformers were separated 
by recrystallization from CHC13/CH30H, the 1,3-altprnate conformer precipitating first to yield 
colorless crystals of 6[1,3-altl-h: mp > 400' C; H NHR (CDC13) d 7.97 and 7.91 (pair d, 16, J - 
8.3 Hz, Aroyl ArH), 6.57 (8, 8, ArH), 5.42 (m, 4, J - 6.9 Hz, CH-C), 4.82, 4.79, 4.66, and 4.60 
(d of d. 8, J = 2.4, 10.2, and 17.2 Hz. C-CH2). 3.61 (s, 8. ArCH2Ar), 2.72 (d, 8, J - 6.9 Hr. 
CH2C-C); Anal. calcd. for C72H5208F12: C, 67.92; H, 4.12. Found: C, 67.94; H, 4.04. 

The cone conformer (6[c]-h) was obtained from the mother liquor of the mixture des 
F 
rfbed 

above and could not be completely separated from a trace of 6I1.3-altl-h: mp > 400' C; H NMR 
(CDCl3) 6 8.18 and 7.44 (pair d. 16, J - 8.4 Hz, Aroyl ArH), 6.79 (s, 8. ArH), 5.81 (m. 4, CH-C), 
5.05, 5.02, 4.88, and 4.83 (pair of d of d, 8, J - 1.5, 2.4, 9.9, and 16.2 Ha, C-CH ), 4.07 and 
3.36 (pair d, 8. J - 14.1 HZ, ArCH2Ar), 3.17 (d. 8, J - 6.3 Hz, CH2C-C); Aall. talc f . for 
C72~5208~,2: c, 67.92; H, 4.12. Found: C, 68.04; H, 3.93. 

5,11,17,231ctra-allyl-25,26,27,28-tetr~~cy~~naoylo~~~l~x~4~areoe (6-i) was prepared 
as described above, using E-cyanobenaoyl chloride, and obtained in 47% yield as a product 
consisting mostly of the cone conformer (6[cl-I) contaminated with a small amount of the partial 
cone conformer and/or the tri-substituted compound: 'H NMR (CDCl ) 6 8.08 and 7.59 (pair d, 16, J 
- 8.3 Hz, Aroyl ArH), 6.76 (s, 8, ArH), 5.78 (m, 4, CH-), 5.05 S.?l2, 4.87, and 4.81 (pair of d of 

d, 8, J - 1.4. 2.4, 10.36. and 16.8 Hz, C-CH2). 3.97 and 3.35 (pair d, 8, J - 13.8 Hz, ArCH2Ar). 
13.15 (d, 8, J - 6.39 Hz, CH2C-C). Difficulties in removal of the tri-substituted compound 
precluded obtention of an analytical sample for elemental analysis. 

5,1l,l7,23-~etra-allyl-25.26.27,28-tetr~~~tro~nxoylo~)~l~x~4~arene (6-j) was prepared 
as described above, using E-nitrobentoyl chloride and was obtained in 84% yield as the con 
conformer (6(cj-j) containing only a trace of the 1,3-alternate conformer: mp 290-291' C; f H NHR 
(CDC13) 6 8.19 and 8.08 (d of d, 16, J - 8.7 Hz, Aroyl ArH), 6.79 (8, 8. ArH), 5.79 (m, 4, CH-C), 
5.05. 5.02, 4.87, and 4.81 (pair of d of d, J 
(pair d, 8, J - 14.1 Hz, ArCH 

% 
Ar), 

= 2.4, 10.2. and 17.4 Hz, C-CH2). 4.02 and 4.00 
3.17 (d, 8, J - 6.9 Hz, CH2C-C); Anal. calcd. for C68H52016N4: 

C. 69.15; H, 4.44. Found: C, 9.00; H, 4.39. 

Preparation of ?etra-bearoates via k&g-Induced lkozoylatiooa of ptert-BotylcalixI4lareoe 

5, ,11,17.23-Tetra-s-botyl-25.26.27,28-tetrg-f$ naoyloxy)calix[4]arene (5-a). A solution of 
1.00 g (1.54 mmol) of ptert-butylcalix(4jarene ' in 50 mL of dry THF was added to a 3-necked 
flask. and the air in the flask was replaced with N . 

q mol).of NaH (60% dispersion in oil) was added. the P 
The flask was put in an ice bath, 1.0 g (25 

lask was allowed to warm to room 
temperature, and the contents were stirred for 30 m. A slurry of 1.26 g (8.98 mmol) of benzoyl 
chloride in 10 mL of dry THF was then added dropwise over a period of 30 m, and the reaction 
mixture was refluxed for 2 h. The solvent was removed on a rotary evaporator, and the residue was 
neutralized with ca 30 mL of dil HCl. The product was extracted into CHC13, and the CHC13 
solution was washed with water and brine, dried, and then evaporated, and the residue was stirred 
for 30 m with 100 mL of methanol to leave 1.30 g (79%) of crude product from which an analytical 
sample was obtained by recrystallization from CHC13/CH30H to give 5[c]-a: mp 338-340' C; H NHR 
(CDC13) d 8.14 and 8.11 (d of d, 8. J - 1.2 and 8.25 Hz, Aroyl ArH). 7.26 (t. 4, Aroyl ArH), 7.11 
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(8, 8, ArH). 6.79 (t, 8, J - 8.1 Hz, Aroyl ArH), 4.26 and 3.44 (pair d, J - 13.8 Ha, ArCH2Ar), 
1.19 (s, 36, C(CH3j3; Anal. calcd. for C72H7208: C, 81.17; H, 6.81. Found: C, 81.30; H, 7.12. 

5,1l,17,23-Tctra-tert-butyl-25.26,27.2&tctr~~=et~l~ylo~~cal~~~4~ar~ (5-b) was 
prepared as described above, using E-toluoyl chloride. The crude product, obtained in 78% yield, 
was a mixture that was indicated by its NMR spectrum to contain ca 90% of the cone conformer, 5% 
of the 1,3-alternate conformer and 5% of the tri-substituted compound. An analytical samp e of 
the cone conformer ES[c]-bt was prepared by recrystallization from CHC13/CH30H: mp 360’; t H NHR 
(CDC13) 6 8.02 and 6.50 (pair d, 16, J - 7.8 Hz, Aroyl ArH), 7.12 (8, 8, ArH). 4.28 and 3.46 
(pair d, 8, J = 12.9 Hz. ArCH2Ar), 2.17 (s, 12, CH3), 1.20 (8, 36, C(CH3)3); Anal. calcd. for 
C76H8008: C, 81.39; H, 7.19. Found: C. 80.51; H, 6.63. 

5,11,17,23-Ietra-tert-but~l-25,26,27,28-tetra~~tert-~tyl~~oylo~)callx[4~a~ne (5-c) 
was prepared as described above, using p-tert-butylbenzoyl chloride. The crude product, obtained 
in 78% yield, was a mixture that was indicated on the basis of its NMR spectrum to contain ca 80% 
of the cone conformer and 20% of the 1,3-alternate conformer. An analytical sample of Fhe cone 
conformer (S[c]-d) was prepared by recrystallization from CHC13/CH OH: mp 355-356’ C; H NMR 
(CDC13) 6 8.31 and 6.87 (pair d. 16, J - 9.3 Hz. Aroyl ArH), 7.14 (3s. 8, ArH). 4.33 and 3.14 
(pair d, 8. J - 14.1 Hz, ArCH t;i, 1.09 (s, 36, C(CH3)3); Anal. calcd. for C88H10408: C, 81.95; 
H. 8.13. Found: C, 81.96; H, 6 . 

5.11,17.23-Tetra-tert-butyl-25.26,27,28-tetr~(~metho~~nsoylo~~~l~x[4la~~ (5-d) was 
prepared as described above, using E-methoxybenzoyl chloride. The crude product, obtained In 78% 
yield, was indicated on the basis of its NHR spectrum to contain ca 90% of the cone conformer, 5% 
of the partial cone conformer, and 5% of the 1,3-alternate conformer. An analytical sample f the 
cone conformer (S[c]-c) was prepared by recrystallization from CHC13/CH30H: mp 375-378’ C; P H NMR 
(CDC13) 6 8.18 and 6.26 (pair d, 16, J - 8.7 Hz, Aroyl ArH). 7.14 (8, 8. ArH), 4.30 and 3.46 
(pair d, 8, J = 14.1 Ha, ArCH2Ar), 3.54 (8. 12, OCH-)), 1.19 (s, 36, C(CH3j3; Anal. calcd. for 
C76H80012: C. 77.00; H, 6.80. Found: 76.79; H, 6.77. 

5.11,17,23-Terra-tert-~tyl-25.26,27,2&r (5-g) was 
prepared as described above, using rbromobenaoyl chloride. The crude product, obtained in 75% 
yield, was indicated on the basis of its NHR spectrum to be pure cone conformer. An analytical 
sample was o$tained by recrystallization from CHC13/CH30H to give the cone conformer SIC]-g: mp 

371-3730 c; H NMR (CDCl3) 6 7.91 and 7.14 (pair d, 16, J - 9.3 Ha, Aroyl ArH). 4.11 and 3.42 
(pair d, 8, J = 13.8 Hz, ArCH2Ar). 1.17 (s. 36. C(CH3)3; Anal. calcd. for C72H6808Br4: C, 62.62; 
H, 4.96. Found: C, 62.45; H, 5.00. 

5,11,17,23-Tetra-tert-butyl-25.26,27,28-tetr~~~~tro~naoylo~~calix~4]areae (5-j) was 
prepared as decribed above, using E-nitrobensoyl chloride. The crude product. obtained in 86% 
yield, was indicated on the basis of its NMR spectrum to be pure cone conformer. An analytical 
samgle was obtifined by recrystallization from CHCl3/CH30H to give the cone conformer 5[c1-j : mp 
360 C (dec); H NMR (CDC13) 6 8.19 and 8.06 (pair d. 16, J - 8.7 Hz, Aroyl ArH). 7.05 (6, 8, 
ArH), 4.04 and 3.44 (pair d. 8. J = 14.1 Hz, ArCH2Ar), 1.16 (s. 36, C(CH3)3); Anal. calcd. for 
C72H68016N4: C, 69.44; H, 5.50. Found: C. 69.58; H, 5.56. 

2D ‘II UMR Determinations. Pulse sequences for 
Varian XL-300 library. The 90’ pulse was 22 us, the 
and 16 transients were accumulated. With a spectral 
1024 points on each dimension. Diagonal folding was 
noise and spurious peaks. 

2D HOMCOR and 2D NOE were available in the 
delay time was 3 s (ca 3 X T,), and 256 FID 
width of 2619 Hz the data set consisted of 
carried out after transformation to remove T1 
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The melting points of all compounds melting above 250' C were taken in sealed and evacuated 
capillary tubes on a Mel-Temp apparatus (Laboratory Devices, Cambridge, t4A) using a 500' C 
thermometer calibrated against a thermocouple. HPLC analyses were carried out on a Perkin- 
Elmer Series 4 apparatus using a Fisher Resolvex column and a LC-85B spectrometer. Using a 
methanol-water (9:l) mobile phase and a flow rate of 1.0 ml/min, the partial cone conformers 
showed shorter retention times (ca 7 min) than the 1,3-alternate conformers (ca 10 min). 
Proton nuclear magnetic resonance spectra ( H RMR spectra) were recorded on a Varian XL-300 
spectrometer. Chemical shifts are reported as 6 values in parts per million relative to 
tetramethylsilane (0.0) as an internal standard. Micro aflalyses were carried out by 
MicAnal Laboratories, Tuscan, AR. Flash chromatography was carried out with E. Merck 
silica gel (230-400 mesh ASTM) on columns 50 mm diameter filled to a height of 6 in. Elution 
rates were 2 in./min; fractions of 50 mL were collected. Analytical samples were 
dried for at least 36 h at 140°C and l-2 mm pressure. 
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