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Abstract: a,a,a’.a’-Tetraaryl-2.2-dimethyl-1.3-dioxolan-4,5-dimethanols are converted to 
bicyclic phosphites and phosphonites (2a-2e) by reaction with ClZpR and ClmR derivatives. - 
One or both OH groups of the parent TADDOL can be replaced by Cl (+ Ae, 5a), and the halide in 
turn substituted by azide (+ 4b, Sb), thiocyanide (4 6), or sulfide (+ 8). Reduction of the azido 
group(s) to NH2 and N-alkylation or acylation furnishes a variety of amino alcohols (4c-4f’) and 
diamines (SC-Sf), as well as a bis(tifluoroacetamide) (Sg). Cyclization of the aminoalcohol (4~) 
produces a bicyclic system (7). containing a pyrrolidine ring (structure determination by X-ray 
diffraction). - The new chiral compounds containing nitrogen and phosphorus atoms might be useful 
ligands and auxiliies for enantioselective syntheses. 

The title of the Symposium-in-Print of which this article is part is not only dedicated - appropriately so - to 

S. Yamada but also challenges authors to look into the 21st century which happens to be the beginning of a new 

millenium as well. One of us has wagered on the issue “Organic Synthesis - Where now?” in a recent articlej. 

Among the major conclusions was the prediction that the use of transition metal derivatives in synthesis and the 

development of better methods for the preparation of enantiopure compounds would be main areas of thrust in 

the years to come. Considering that the most attractive enantioselective pmcesses ate the catalytic ones, we note 

that these two areas merge: with the exception of some enzymatic and main-group organometallic conversions, 

the most efficient, useful, and generally applicable enantioselective reactions involve transition metal centers! 

The list of reactions in Scheme I includes enantioselective reductions of unsymmetrical ketones4*5, 

hydrogenations of the double bond in a, punsaturated esters 416.7, the epoxidation of allylic alcoholsg, the 

hydroxylation of olefinsg, olefin isomerizationlo, and saponification of ester groupsll. All of these 

transformations arejimcrion&ing ones: the required substrate must contain all the carbon atoms of the desired 

product. Furthermore, with one exception, the substrates must be prepared stereoselectively: the double bonds to 

which addition occurs must be of E or Z configuration, and the diesters to be saponified of meso configura- 

tion12. 

There are much fewer examples known of highly efficient (ee >95%), catalytic enantioselective C,C-bond- 

forming processes (“truly synrheric”, or convergent!), see Scheme 2. These include addition of dialkyl zinc to 

aldehydes13*14. cyclopropanation of C,C double bonds by diazo compounds7~1~, most notably the Diels-Alder 

reaction*q and the enzymatic cyanohydrin formationllJ7. 

1711 
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It is important to realize that structurally aud functionally very different systems sre employed to achieve the 

processes shown in Schemes I and 2; a catalyst is custom-made and optimized for a particular reaction. A 

recently publishedl* list of chiral ligands made from the pool of chiral building block&’ and used for various 
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Scheme 1. Processes which can be performed by enantioselective catalysis. The carbon skeleton is not changed 
in these (“functionalixing”) reactions. 

metals and the respective conversions their complexes catalyze demonstrates this fact. It is probably a dream of 

all researchers working in the field of enantioselective reactions that, once upon a time, they will find a ligand 

system which - by slight variations of a parent compound - is capable of functioning for most of the principal 
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Scheme 2. CC-Bond-forming reactions which can be carried out highly efficiently by enantioselective catalysis. 

reactions of organic synthesis. From these dreams we should sometimes wake up and realize that nature uses a 

set of 20 building blocks to make her catalysts! The ligand system which has so far been useful for the largest 

variety of reactions is the 2, 2’4isubstituted 1, l’binaphthyl skeleton4. In the following sections we describe 

investigations aimed at an applicability extension of a chiral ligand we have been studying for ten yearsm.21. 

Since we first described the use20 and preparation 21-23 of dials of type 1 (TADDOLs), there has been a 

number of new applications of such ligands in stoichiometrk?-2224-26, catalyticl‘W-31 and Lewis-acid 

mediated3233 enantioselective reactions, including nucleophilic additions to aIdehyde& 20-22* and ketone&, 

cyanohydrin additions25, aldol additions24, Diels-Alder reactions27.28, (2+2) cycloadditions2932, and ene- 
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reactions~~31. As may be expected for a ligand binding with an alkoxide oxygen, the metals involved so far am 

the polar ones (alkali. alkabne earth, early transition metals), notably titaniuml4*25~7-3* and magnesium33. 

The number of possible applications of the simple TADDOL derivatives, readily available from tartrate 

acetonide, would increase if other heteroatoms could be incorpom& into this system Previously, we and others 

la (R’=R2=CH,,tVyi-Ph) 
lb (R’-R*-CH*,Afyi-2-NBphth) 

have demonstrated that the structure can be greatly varied by introducing different groups R1, R* in the 2- 

position of the dioxolane ring and by varying the aryl groups; a list containing all TADDOLs known as of June 

1992 has just been publislted~. While Cl-symmetrical TADDOLs (1, Rl # R*) turn out to be superior to C2- 

symmetrical ones, in some cases, the modification of the aryl groups tends to lead to improvements rather than to 

spectacular leaps. With nitrogen, sulfur and phosphorus atoms attached to or built into the TADDOL system, 

however, ligands for other metals should result, and thus quite different transforma&ons might be rendered 

enantioselective. 

Originally, we hesitated to do reactions involving the benxhydrylic C-O bond. SN2 substitutions with 

replacement of the disrylmethanol oxygen are not favorable, SN~ reactions, on the other hand, could possibly 

lead to destruction of the entire molecule (elimination with loss of one of the stereogenic centers, rearrangement 

to a 1,3-dioxane ring, or fragmentation in a retro-Piins reaction). Also, the alkoxides resulting from OH 

deprotonation of a TADDOL might undergo fragmentation with formation of carbonyl compounds. Fortunately, 

we were able to find conditions under which good yields of TADDOL conversions can be realized, although 

colors developing in some of the reaction mixtures indicate that such destructive processes might be going on to 

some extent. 

We first prepared cyclic phosphonites 2a, 2b. 2e and phosphites 2c and 2d. Especially when containing 

impurities, these compounds are very sensitive to air. In pure, crystalline form they can be kept in an oxygen- 

containing atmosphere at room temperature without being oxidized, their solutions, however, always have to be 

kept with rigorous exclusion of oxygen. The best procedure for the preparation of bicyclic phosphonites and 

2 I Aryl R 

phosphites of type 2 turned out to involve the following steps: treating the diol 1 with 2 equivalents of BuLi in 

THP at -70 ‘C, warming to +20 Y!. cooling again to -70 “C!, adding neat Cl2PR or Cl$JOR, warming again to 
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room temperature, and working up after five hours. For removal of the LiCl formed, the resulting solution is 

evacuated to dryness by pumping off all the solvent (final pressure ca. 0.1 Torr) and dissolving the product in 

toluene. Finally, the products are recrystallized (2a - c) or flash chmmatographed (2d, e) on SiO2. All these 

steps should be carried out under an inert atmosphere. Under optimized conditions the yields of crystalline 

products 2 range from 50 to 80%; they melt above 175 ‘C and have high optical rotations. Unfortunately, they 

also tend to include varying amounts of solvent which is hard to remove completely. This fact, together with the 

sensitivity to oxygen precluded our obtainiig correct elemental analyses of the substances 2. 

It is appropriate to note at this point an interesting feature of the lH-NMR spectra of the phosphorus 

derivatives 2 which, in contrast to the C2-symmetrical diols they are prepared from, belong to the Cl point 

group: the diastereotopic methyl groups on C(9) and hydrogens on C(1) and C(7) show differences in their 

chemical shifts of up to 1.5 ppm, see Table I. As compared to the C2qmmetrical TADDOLs in which the 

geminal methyl groups appear around S = 1 ppm, the compounds 2 show one methyl group signal shifted to 

higher (up to 0.16 ppm) and the other one to lower field (down to 1.67 ppm). 

Table I. lH-NMR Chemical shift differences of the hydrogens H-C(l) (rranr) and H-C (7) (cis to R on 
phosphorus) and of the hydrogen of the cis and tram CH3 groups on C(9) of compounds 2. For 
comparison, the corresponding values obtained for the cyclic sulfite 3 are also included. All values in 
bpml . 

Ph. .Ph 

Ph’ ‘Ph 

2a 
2b 
2c 
2d 
2e 

ti H-C(l) I C(7) 6 H$-C(9) AS H3C-C(9) 

0.76 0.18 1.49 1.31 

0:45 i.2 

0.21 1.55 

0.67 0.49 0.76 0.96 G 0.09 
0.88 0.16 1.67 1.51 

3 I 0.23 0.32 1.48 1.16 

Chiral and achiral monodentate and bidentate phosphites, phosphonites, and phosphinites have been used 

for many different types of transition metal-catalyzed reaction&, and our bicyclic TADDOL derivatives 2 are 

now being tested for application in some of those reactions. 

For a substitution of the OH groups in TADDOLs by other heteroatoms 36~7 which are capable to serve as 

ligands on metal centers we decided to prepare the dichloride 5a from the parent compound la as a strategic 

intermediate, and we chose thionyl chloride/triethyl amine as the reagent for the OH/Cl replacement reaction. 

Depending on the conditions (ratio of reactants, mode and rate of addition, temperature) we were able to prepare 

either the cyclic sulfite 3 (see Table I) or the dichloride 5a in cu. 80% yield37*38. The rather labile chloro 

alcohol37 4a, on the other hand, was formed by treatment of the dilithium alkoxide from la with two 
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equivalents of methanesulfonyl chloride39. 

Since the monochloride 4a was formed in high purity and in essentially quantitative yield as a crude 

product, and since attempts to purify it led to great losses, we used this chloro alcohol directly for a substitution 

reaction with NaN3. The coiresponding azido alcohol 4b, in turn, was reduced (LiAlIQ) to the amino alcohol 

4c which served as a starting material for the preparation of the N-methyl- (4d). the N, N&methyl- (4e) and 

X Y 

Cl Cl 
N3 N3 

NH2 NH2 
NHCH3 NHCH3 

N(CH& NHCHs 
N(CH& WYk 
NHCOCR NHCOCh 
SCN SCN - 

7 (X=NH) 
6 (X=S) 

the N-benzyl-derivatives (4f’). The monomethylation (4c + 4d) and monobenzylation (4c + 4f’) were 

achieved by using a stoichimetric amount of Me1 or an excess of BnBr in dimethyl formamide (DMP), with 

NaHC03 as the base. All other N-alkylations described in this paper were carried out in the solvent 1,3- 

dimethyl-3,4,5,6-tetrahydro-2( lH)-pyrimidin-Zone (“N, N&methyl propylene urea” = DMPU)du, using 

excess alkyl halide (cf. 4c + 4e)dl. Like the unsymmetrical phosphorus derivatives 2. compounds 3 and 4 

show two lH-NMR signals (up to 0.8 ppm apart) for the diastereotopic Me groups in the 2-position of the 

dioxolane ring. 

Upon treatment of the amino alcohol 4c with tosyl chloride/N, N-dimethyl+aminopyridine @MAP) in 

pyridine at 80 ‘C cyclization took place with formation of a pyrrolidine ring (+ 7), which is part of a highly 

strained bicyclo[3,3,0loctane skeleton. The X-ray crystal structure of 7 is shown in Figure 1. 

Figure I. Stereoscopic ORTEP42drawing of 7. Vibrational ellipsoids for the non-H-atoms are drawn at 
the 50% probabiity level. Shown is one of the two s 
were located for a disordered C-atom in one of the p Ysre enyl 

t&ally independent molecules. Two positions 
groups. 

block the formation of a hydrogen bond to the amino group. 
The four bulky phenyl substituents 
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7R) 9.9 Dm 2 vl) 4 Dn 

w l&lo~ing the general pkcedum, the-reaction was perfarmed-tith 2.0 g of lb (3 mmol) and 0.45 
ml of PhPCl2 (3.3 mmol). After the reaction, THF was removed under reduced pressure and 20ml of toluene 
was added to the residue directly. The suspension was stirred for 3 h and filtered through a pressure filter funnel 
to remove insoluble LiCl. The filtrate was concentrated in vacua and the residue was purified by FC (0 = 3 cm, 
80 g silica gel, pentane+‘ether = lo/l) to give a pale yellow solid To a solution of this solid in 20 ml of ether was 
added 1.0 g of activated carbon. The mixture was stirred for 3 min at room temperature and filtered off. F 
filtrate was eva orated in vacua to give 1.85 f (75%) of 2e as a colourless sohd. Mp 174.5-176.0 C 
(decomp.). [a]& = - 140.9 (c = 1.18, CHC13). H-NMR (CDCl3,300 MHz): 6 = 8.78-7.36 (m, 33H, arom 
H), 6.02 (dd. J = 8.57, 4.94 Hz, H-I, CH), 5.14 (d, J = 8.57 Hz, lH, U-I), 1.67 (s, 3H. CH3). 0.16 (s, 3H, 
CH3). 13C-NMR (CDC13, 75 MHz): 6 = 143.73, 143.00, 141.23, 138.96, 138.75, 132.83, 132.66, 132.53, 
130.85, 130.13, 129.81, 128.79, 128.60, 128.51, 128.16, 127.97, 127.85, 127.61, 127.39, 127.17, 126.50, 
126.38, 126.02, 125.83, 111.88, 83.94, 83.74, 83.64, 82.87, 82.80, 82.55, 28.03, 25.29. 3lP-NMR 
(CDC13, 121 MHz): 6 = 158.1. IR: (CHC13)u = 3061, 3008, 1600, 1506, 1436, 1383, 1273, 1161, 1126, 
1087, 1028,998, 946. 901, 880, 862, 823. MS (RI), m/z (96) = 772 (M+, <l), 714(<1), 632 (12), 631 (24), 
630 (50). 545 (34), 544 (74), 417(10), 415 (14), 366 (32), 365 (93). 337 (15). 336 (23), 309 (12). 308 (34), 
307 (lOO), 296 (15). 294 (19), 281 (U), 280 (30). 279 (85). 278 (38), 277 (23). 276 (21), 268 (25). 267 (94), 
266 (54), 265 (91), 264 (29), 263 (32), 252 (21). 155 (ll), 153 (10). C53H4104P (HRMS, [Ml+) Calcd. 
772.2742. Found 772.2662. 

3.5.8.10_tetraoxabicvclor5.3.0ldecane:A 
solution of 0.84 ml triethylamine (6 mmol) in 10 ml CH2Cl2 was added to the solution of 466 mg la (1 mmol) 
in 10 ml C!I-I$12 at -40 “C. After stirring for 30 min at this temperature, a solution of 0.24 ml thionyl chloride 
(3.3 mmol) in 4 ml CI-I$!12 was slowly added, the mixture stirred for a further 3 h, then poured into 50 ml ice- 
water. The organic layer was separated, and the aqueous layer was extracted twice with 40 ml CH2C12. The 
combined organic layers were dried over Na2SO4 and then evaporated. The residue was recrystallized from 
pentane/ CH2C12 to give 410 mg (80%) of 3. Mp 165-168 Y!. [o]$T = -87.6 (c = 0.69, CHC13). lH-NMR 
(200 MHz, CDC13): 6 = 7.89-7.80 (m, 2H, srom H), 7.70-7.60 (m, 2H. arom H), 7.51-7.24 (m. 16H, arom 
HJ, 5.23 (d, J= 10.0 Hz, lH, CH), 5.00 (d, J= 10.0 Hz, lH, CH), 1.48 (s, 3H, CH3). 0.32 (s, 3H, CH3). 
1 C-NMR (50 MHz, CDC13): 6 = 144.7, 143.0, 140.2, 138.8, 129.2, 129.0, 128.9, 128.8, 128.4, 128.2, 
127.9, 127.5, 127.4, 112.5. 86.6, 85.6, 82.5. 81.7, 27.7, 25.0. IR (CHC13): u = 3670, 3560, 3100, 3060, 
3000,2940,2910, 1960, 1900, 1820, 1600, 1580, 1500, 1450, 1390, 1380, 1360, 1320, 1300, 1250, 1170, 
1090, 1050, 1030, 980, 950, 910, 870. Anal. Calcd for C3lH2805S: C 72.63, H 5.51. Found: C 72.85, H 
5.49. 

was added 2.6 g NaN3 (40 mmol), then the reaction mixture was stirred at 80 “C! for 12 h. After cooling to room 
temperature, the reaction mixture was poured into 300 ml ether, then washed four times with 100 ml water. The 
organic layer was dried over Na2S04, then evaporated. The residue was purified by FC (0 = 5 cm, 340 g silica 
gel, pentane/ether = l&l) to give 3.4 g (70%) of 4b. 

4a: lH-NMR (200 MHz, CDC13): 6 = 7.52-7.19 (m, 2OH, amm I-I), 5.36 (d, J = 5.0 Hz, lH, CH). 5.11 
(d, J = 5.0 Hz lH, CI-I), 1.81 (s, lH, OH), 1.07 (s, 3H, CH3), 0.91 (s, 3H, CH3). 

4b: [CL]& = -52.5 (c = 0.59,CHCl3). lH-NMR (200 MHz, CDC13): 6 = 7.51-7.20 (m, 20H, arom H), 
4.84 (d, J = 8.0 HZ, lH, CH) 4.59 (d, J = 8.0 Hz, lH, CH), 3.65 (s, H-I, OH), 1.07 (s. 6H. 2CH3). l3C- 
NMR (SOMHz, CDC13): 6= 146.1, 144.1, 141.3, 139.4, 130.0, 128.6, 128.5, 128.4, 128.2, 128.1. 127.8, 
127.7, 127.5, 110.3, 82.4, 79.9, 78.0, 73.8, 27.6, 27.3. IR(CHCl3): D = 3390, 3060. 3000, 2120, 1490, 
1450, 1370, 1240, 1220, 1170,1080,1050. 880. 

1.3 dioxolan 
as -tied d&v&e a solution ofT?G 

g 4b (5.5 mmol) in 30 ml THF. After 12 h stirring at room tern ature, 
Er 

5 ml 1 N NaOH was added carefully, 
then the mixture was diluted with ca. 20 ml ether and ca. 20 g mSO4 was added. The reaction mixture was 
stirred for further 2 h at room temperature, then filtered through a pad of celite with the aid of ether. The filtrate 
was dried over K2CO3 and evaporated. The residue was purified by FC (0 = 3 cm, 50 g siliia gel, pentane/ether 
= 3:l) to ‘ve 2.15 g (85%) of 4c. Mp 211-212 ‘C. 
CDC13): f= 

[a]~ RT = -59.9 (c = 1.12, CHC13). IH-NMR (200 MHz, 
8.92 (br s, 1H. OH), 7.76-7.72 (m, 2H, atom H), 7.48-7.16 (m, 18H, atom I-I), 4.30 (d, J = 8.0 
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Hz, lH, CH), 4.19 (d, J = 8.0 Hz, lH, CH). 2.23 (br s, 2H, NI-Iz), 1.27 (s, 3H, CH3), 0.90 (s, 3H, a3h 
13C-Nh4R (50 MHz, CDC13): 6= 149.6, 146.3, 143.9, 140.6, 129.3, 128.1, 128.0, 127.5, 127.4, 127.3, 
127.0, 126.9, 126.7, 126.5, 107.8, 81.9, 79.5, 75.9, 62.2, 27.0, 26.3. IR(CIXl3): u = 3670, 3364. 3300, 
3060,300O. 2900.2830, 1950, 1880, 1800, 1600, 1500, 1450. 1380, 1370, 1350.1170, 1080, 1060. 1050, 
1030. 1010, 970. 960, 920. 900, 880. Anal. Calcd for C3IH31N03: C 79.97, H 6.71, N 3.01. Found: C 
79.64, H 6.78. N 3.03. 

a.u~ 4 methanol _ - _ _ 
74 pl Iodomethane (1.2 mmol) was added to the suspension of 466 mg 4c (1 mmol) and 0.5 g NaHC@ in 5 f 
DMF at room temperature, then stirred 3 days at this temperature. The reaction mixture was poured into 50 ml 
ether and washed five times with 30 ml water. The organic layer was dried over K2CO3 and then evaporated. 
The residue was purified by FC (0 = 3 cm, 80 g silica gel, pentane/ether = 4:l) to give 317 mg (66%) of 4d. 
An analytically pure sample was obtained by recrystallization from pentane/ether. Mp 189-191 ‘C. [u]D~~ = 
-63.7 (c = 2.62, CHC13). lH-NMR (200 MHz. CDC13): 6 = 9.20 (s, lH, OH), 7.91-7.88 (m, 2H, arom H), 
7.50-7.13 (m, 18H. atom H). 4.40 (d, J = 8.6 Hz, lH, NCH), 4.22 (d, J = 8.6 Hz, H-I, CH), 2.08 (q, J = 6.2 
Hz, lH, NH), 1.85 (d, J = 6.2 Hz, 3H, CH3), 1.32 (s, 3H, CH3), 0.82 (s, 3H, CH3). 13C-NMR (50 MHz, 
CDC13): 6= 147.2, 144.8, 143.8, 141.4. 130.6, 129.5, 128.6, 128.1, 128.0, 127.8, 127.7, 127.5, 127.3, 
127.0, 108.1, 83.1, 76.7, 75.7, 67.7, 30.4, 27.6, 26.6. IR (CHC13): o = 3060, 3010, 2810, 2640, 1600, 
1500, 1450, 1380, 1370,1340,1250, 1170, 1080,1050,890.820 Anal. Calcd for C32H33N03: C 80.14, H 
6.94, N 2.92. Found: C 80.04. H 6.95, N 2.92. 

&vl)_2.2-Dimethvl-5-Idimethvlamino_diDhen 
0.8 ml Iodomethane (13 mmol) was added to the suspension of 466 mg 4c (1 mmol) and 1 g NaHC03 in 5 rni 
DMPU at room temperature, then stirred 3 days at this temperatute. The reaction mixture was poured into 50 ml 
ether and washed five times with 30 ml water. The organic layer was dried over K&Q then evaporated. The 
residue was purified by FC (0 = 3 cm, 80 g silica gel, pentane/ether = lO:l-4~1) to give 316 mg (64%) of 4e. 
An analytically pure sample was obtained by 
= 1.15. CHC13). tH-NMR (200 MHz, CDC13): “p 

stallization from ethanol. Mp 181-183 ‘C!. [u]#T= -23.0 (c 
= 8.91 (s, lH, OH), 8.108.03 (m, 2H, arom H), 7.40-6.88 

(m, 18H, arom H), 4.81 (d, J = 8.7 Hz, 1H. CH), 4.27 (d, J = 8.7 Hz. lH, CH), 2.31 (s, 3H, NCH3). 1.55 
(s, 3H, CH3). 1.38 (s, 3H, CH3), 0.52 (s, 3H. CH3). 13C-NMR (50 MHz, CDC13): 6 = 146.7, 144.2, 137.7, 
135.8, 130.6, 129.2, 128.0, 127.4, 127.2, 126.9, 126.8, 126.4, 126.2, 107.1, 83.4, 75.8, 74.6, 73.1, 40.8, 
27.2, 25.5. IR (CHC13): u = 3670, 3060, 3010, 2940, 2880, 2800, 2640, 1960. 1600, 1490, 1450, 1410, 
1380, 1370, 1350, 1250, 1170, 1010, 1070 1050, 1050, 1000, 995, 920, 890, 870, 810, 640, 600. Anal. 
Calcd for C33H35N03: C 80.29, H 7.15, N 2.84. Found: C 79.89, H 7.15, N 2.80. 

mixture was poured into 50 ml ether and washed five times with 30 ml water. The organic layer was dried over 
K2CO3 then evaporated. The residue was purified by FC (0 = 3 cm, 80 g silica gel, permute/ether = 101) to 
give 525 mg (924bgf 4f. An analytically pure 
204-206 ‘C. [U]D 

y 
= -32.3 (c = 0.74, CHC13). 

le was obtained by recrystallization from pentane/ether. Mp 
H-NMR (200 MHz, CDC13): 6 = 8.79 (s, lH, OH), 7.82- 

7.72 (m, 2H, arom I-I), 7.65-7.55 (m, 2H, arom H), 7.45-7.10 (m. 21H, arom H), 4.43 (d, J = 11.6I-k lH, 
CH), 4.18 (d, J = 11.6Hz, lH, CH), 3.30-3.06 (m, 2H, CI-Iz), 1.95 (t, J= 6.5 Hz, lH, NH), 1.38 (s, 3H, 
CH3). 0.84 (s. 3H, CH3). 13C-NMR (50 MHz, CDC13): 6= 146.7, 144.5, 144.2, 140.4, 138.6, 130.9, 
129.33, 129.2, 128.5, 128.5, 128.3, 128.0, 127.9, 127.5, 127.4, 127.2, 108.1, 83.4, 78.8, 75.9, 68.3, 
47.3, 27.6. 26.6. IR (CHC13): ‘u = 3670, 3060, 3010, 2820. 1950. 1600, 1500. 1450, 1380, 1370, 1340, 
1250, 1170, 1080, 1060, 1030,980,890,820,640,610. Anal. Calcd for C38H37N03: C 82.13, H 6.71, N 
2.56. Found: C 81.85, H 6.43, N 2.56. 

- _ Bislchloro_diDhenvl: _ _ _ - To a solution of 4.66 g la 
(10 mmol) in 60 ml CH2CIz was added 2.2 ml thionyl chloride (30 mmol) at room temperature. The resulting 
solution was then heated under reflux while a solution of 7 ml tiethylamine (42 mmol) in 60 ml CH2Cl2 was 
introduced over a period of 3 h. The reaction solution was poured into chilled 200 ml sat. NaHC03, then stirred 
vigorously for 5 h. The organic layer was then separated and dried over Na2S04. After evaporation of the 
solvent, the residue was purifled by FC (0 = 3 cm, 100 g Basic aluminium oxide, pentandether = 101) to give 
3.7 g (73%) of Sa. An analytically pure sample was obtained by recrystallization from pentane/CH$Yp. Mp 
165-170 “C. [U]DRT = -11.2 (c = 0.51, CHC13). tH-NMR (200 MHz, CDC13): 6 = 7.51-7.12 (m, 20H, 
aromH.), 5.45 (s, 2I-I. 2CH), 0.98 (s, 6J3, X!H3). t3C-NMR (50 MHZ, CDC13): 8 = 144.7, 143.5, 130.6, 
129.2, 129.0, 128.9, 128.8, 128.4, 128.3, 128.2. 128.1. 128.0, 127.9, 113.5, 84.1, 77.9, 28.7. IR (CHC13): 
u = 3590, 3090. 3060, 3010, 2940, 1950, 1900, 1810, 1600, 1490, 1450, 1380, 1370, 1320, 1300. 1180, 
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1080, 1060, 1040, 1020,1000,960,930,900, 870,840,650,630. Anal. Calcd for C31H2gO2C12: C 73.96, 
H 5.61. Found: C 73.82, H 5.85. 

W 5s) 4.5 
. . . 

: To a solution of 9.1 g Sa 
(17.7 mmol) & $$ at 80 “C for 72 h. After 
cooling to room temperature. the reaction mixture was poured into 300 ml water, then extracted thme times with 
150 ml ether. The combined organic layers were washed three times with 100 ml water, then dried over 
Na2S04. After evaporation, the residue was crystallixed from ethanol, then dried under reduced pressure to give 
7.4 g of Sb (79%). Mp 127-129 ‘C. [f&) RT = -13.1 (c = 0.53, CHC13). lH-NMR (200 MHz, CDC13): 6 = 
7.38-7.25 (m, 2OH, arom H), 4.92 (s, W, 2CH), 1.12 (s, 6H, 2CH3). 13C-NMR (50 MI-Ix, CDC13): 6 = 
142.2, 140.5, 130.0, 129.0, 128.5, 128.2, 128.0, 110.7, 80.8, 73.4, 27.6. IR(CHC13): ‘u = 3060, 3010, 
2930. 2110, 1490, 1450, 1380, 1370, 1260, 1170, 1070, 1020, 980, 940, 910, 880. Anal. Calcd for 
C31H28N602: C 72.09, H 5.43, N 16.26. Found: C 72.25, H 5.70, N 15.99. 

. . 
14S. .a tetraDhenvl 1.3 dioxolan 4.5 V : To a cooled 

suspension of-2.4-g LiAlI-Q i63 mmol) k 60 ml G was added, drop&, to a solution of 5.6 g 5b (10.6 
mmol) in 60 ml THF. After 4 h stirring at 0 “C!, 5 ml 1 N NaOH was added carefully. The mixture was diluted 
with ca. 20 ml ether and ca. 20 g Na2SO4 was added. After stirring for a further 2 h at room temperature, the 
mixture was filtered through a pad of celite with the aid of ether. The tiltrate was dried over QCO3 and 
evaporated. The residue was crystallixed from hot hexane to give 3.5 g of Sc (71%). Mp 200-201 ‘C. [C%]DRT = 
-42.96 (c = 0.68, CHC13). ‘H-NMR (200 MHz, CDC13): 6 = 7.60-7.50 (m, 4H, arom H), 7.40-7.30 (m, 6H, 
arom H), 7.28-7.10 (m, lOH, arom H), 4.25 (s, 2H, 2CI-I). 2.50 (br s. 4H, 2NI-I2), 1.11 (s, 6I-I, 2CH3). 13C- 
NMR (50 MHz. CDC13): 6 = 150.3, 144.2, 129.7, 128.3, 127.9, 127.6. 127.5, 127.3, 126.8, 107.8, 82.1, 
62.8, 27.4. IR (CHC13): I) = 3360, 3150, 3090, 3060, 3010, 2990, 2940, 1950, 1890, 1820. 1600, 1500, 
1450,1380,1370, 1350,1170,1070,1030,1000,950,920,890,860,660. Anal. Calcd for QlH32N202: C 
80.14. H 6.94, N 6.03. Found: C 80.33, H 6.97, N 5.92. 

at room temperature, then stirred for 24 h at this temperature. The reaction mixture was poured into 50 ml ether 
and washed five times with 30 ml water. The organic layer was dried over K2CO3 then evaporated. The residue 
was purified by FC (a = 3 cm, 80 g silica gel, pen&tie/ether = 4:1-1:l) to give 21d mg (44%) of Sd and 168 mg 
(33%) of 5e. To obtain analytical1 

5d: Mp 201-203 ‘C. [a]$$ 
pure samples of 5d and 5e, they were recrystallixed from ethanol. 
= -49.2 (c = 0.52, CHC13). tH-NMR (200 MHz, CDC13): 6 = 7.60-7.55 

(m, 4H, arom H), 7.37-7.03 (m, 16H, arom H), 4.12 (s. 2H, 2CH). 3.15 (br s, 2I-I. 2NI-I). 1.98 (s, 6H, 
2CH3N). 0.99 (s, 6H. 2CI-Q). *SC-NMR (50 MHz, CDC13): 6= 144.5, 141.8, 130.8, 129.8, 127.6, 127.3, 
126.6, 107.1, 80.3, 67.7, 30.9. 27.2. IR (CHC13): 3230, 3090, 3060, 3010, 2990, 2940, 2800, 1600, 1490, 
1450, 1380, 1370, 1340, 1170, 1100, 1080, 1020, 1000, 880, 830, 640. Anal. Calcd for Cj3HjgN202: C 
80.45, H 7.37, N 5.69. Found: C 80.02, H 7.33, N 5.56. 

Se: Mp 161-163 ‘C. [a]#T = -39.5 (c = 0.62, CHC13). lH-NMR (200 MHz, (DQ-DMSO at 100 “C): 6 
= 7.73-7.62 (m, 2H, arom H), 7.59-7.48 (m, 2H, arom H), 7.48-7.00 (m, 16H. arom H), 4.52 (d, J = 8.0 
Hz, lH, CH), 4.45 (d, J = 8.0 Hz, lH, CH), 4.09 (br q, J = 6.0 I-Ix, lH, NH), 2.08 (d, J = 6.0 Hz, 3H, 
CH3N), 2.00 (s, 6H, ZCHjN), 0.95 (s, 3H, CH3). 0.55 (s, 3H, CH3). 13C-NMR (50 MHz, @e)-DMSC at 
100 “C): 6= 144.5, 141.8, 138.8, 136.7, 133.2, 130.7, 128.8, 129.3, 127.3, 127.1, 126.9, 126.5, 126.4, 
126.2, 106.3. 82.8, 76.8, 74.2, 67.2, 41.3, 30.7, 27.1. 26.5. IR (CHC13): u = 3250, 3090, 3060, 3010, 
2940,2880, 2840,2800, 1600, 1490, 1440, 1380, 1370, 1340, 1170, 1100. 1070, 1030, 1020, 1010, 890, 
870,640. Anal. Calcd for C34H3&&: C 80.60, H 7.56, N 5.53. Found: C 80.32, H 7.69, N 5.44. 

. . , , 
14S.J.N N -W .a -te&&wl 1.3 _ _ d&&n 4.5 dimethvlamine _ _ : 1.2 

ml Iodomethane (20 mmol) was added to the suspension of 464 mg SC (1 mmol) and 1 g NaHC03 in 5 ml 
DMPU at room temperature, then sdrred for 3 days at thii temperature. The reaction mixture was poured into 50 
ml ether and washed five times with 30 ml water. The organic layer was dried over IQCO3 then evaporated. The 
residue was purified by FC (a = 3 cm, 80 g silica gel 
239 ‘C (decomp.). [a]$T = -95.4 (c = 0.81, CHC13). 

, Ftane/ether = 20~1) to give 284 mg (55%) of Sf. Mp 
H-NMR (200 MHZ, @6)-DMSO at 100 ‘C): 6 = 7.72- 

6.99 (m, 2OH, atom H), 5.43 (s, 2H, CH), 2.08 (s, 12H, 4CH3N). 0.19 (s, 6H, 2CH3). 13C-NMR (50 MHz, 
(D6)-DMSO at 100°C): S= 139.6, 138.2, 132.7, 132.5, 129.7, 127.4, 127.2, 126.7. 126.6, 126.3, 108.8, 
78.8, 75.4, 40.7, 27.8. IR (CHC13): u = 3090, 3060, 3010, 2940, 2870, 2830, 2790, 1960, 1600, 1500, 
1440, 1410. 1380, 1370, 1320, 1170, 1060, 1030, 1010, 940, 920, 890, 860. 660. 640. Anal. Calcd for 
C-&LtoN202: C 80.73, H 7.74, N 5.38. Found: C 80.63, H 7.70, N 5.35. 
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, . : To a solution of 
1.03 g dichloride Sa (2.01 mmol) was added 1 g ICSCN (10.3 mmol) in 40 ml DMF. This reaction mixture was 
stirred at 80 ‘C for 12 h. After cooling to room tempamture, the reaction mixture was pouted into 300 ml ether, 
then washed three times with 100 ml water. The organic layer was dried over NazSOq, then evaporated. The 
residue was recrystallized from CH$!lz Epentane to give 0.98 g (55%) of 6. Mp 196-197 “C. [IX]DRT = +12.6 
(c = 0.27, CHCI 
(s, 6H. 2CH3). tY 

lH-NMR (200 MHz, CDCl ): 6 = 7.42-7.15 (m, 2OH. atom H) 5 00 (s 2H 2CH) 120 
C-NMR (SO MHz, CDC13): i= 142.3, 141.2. 129 0 128 8 128’6 ‘128 4 ii8 2 ii7 b6 

112.2, 81.6, 74.2, 28.1. IR(CHC13): u = 3060, 3010, 2940, 2030,‘1*600, i&W, i450, i3k0, l+O, 
1090, 880. Anal. Calcd for C33H2&N2@: C 72.23, H 5.14, N 5.11. Found: C 72.41, H 5.08. N 4.84. 

li60: 

US. SS) _ _ 3.3 Dim&W6. 6. 8. 8-t~ut&@ 2.4 hoxa 7 _ _* __ * m : To a solution of 
2.15 g 4c (4.6 mmol) in 35 ml pyridine was added 3.5 g DMAP (28.6 mmol) followed by 2.3 g p- 
toluenesulfonyl chloride (12 mmol). The reaction mixture was stirred at 80 ‘C for 12 h. cooled to room 
temperature then poured into 200 ml ether. The mixture was washed twice with 200 ml 1 N HCl, then with sat. 
NaHC@. The organic layer was dried over NazSO4, then evaporated. Purification of the residue b 
cm, 270 g silica gel, pentane/ether = 4&l-30:1) yielded 1.03 g (50%) of 7. Mp 140-141 “C. 

FC (0 = 5 
&=-2226 [a]D 

(c = 0.5, CHC13). lH-NMR (200 MHz, CDC13): 6 = 7.50-7.09 (m, 2OH, atom H), 4.71 (s, W, 2CH), 3.S4 
(brs, lH, NH), 1.35(s, 6H, 2CH3). 13C-NMR (SO MHz. CDC13): 6= 147.9, 144.0, 128.9. 128.0, 127.7, 
127.2, 126.7, 126.6, 121.5, 85.3, 65.3, 27.2. IR(CHC13): u = 3400, 3090, 3060, 2990, 2930, 1950, 1880, 
1810, 1600, 1580. 1490, 1450, 1380. 1370, 1180. 1150, 1110, 1080, 1060, 1030,970.940,910, 830, 650, 
620. Anal. Calcd for C3tH29N02: C 83.18, H 6.54, N 3.13. Found: C 82.78, H 6.58, N 3.10. 

_ _ _ . __** 2.4&oxa 7 : 
g Sa (5 mmol) in 

6.6.8.8-v m A solution of 2.56 
SO ml DMF, was treated with 1.5 g NaSH-Hz0 (20.2 mmol). The solution was stirted at 80 

‘C for 12 h. After cooling to room temperanne, the reaction mixture was poured into 200 ml ether, then washed 
twice with 200 ml water. The organic layer was dried over NazS04, then evaporated. The residue was purified 
by FC (0 = 5 cm. 270 g silica gel, pentane/ether = 40:1), affording 0.98 g (39%) of 8. An analytically pure 
sample was obtained by recrystallization from r-butyl methyl ether. Mp 179 ‘C. [a]DRT = -428.3 (c = 1, 
CHC13). ‘H-N’MR (200 MHz, CDCl ): 6 = 7.65-7.55 (m 4H arom H) 7.38-7.15 (m 16H arom H) 5 00 
(s, 2H, XH), 1.21(s, 6H, 2CH3). &-NMR (SO MHz ’ CDC13). 6 = i46 3 141 1 ‘130 8 128 8 i27 6 
127.3, 127.2. 127.1. 119.8, 83.0, 62.0, 27.3. IR(CHC13j: o = 3670. 3090;3b60, $10, 2990, 29.36, 1950; 
1900, 1810, 1600, 1580,1550,1450, 1380. 1320,1170, 1130,1080, 1040, 1030, 1000,970,930,910,900, 
820,650, 640, 630. Anal. Calcd for C3lH2gSo2: C 80.14. H 6.08, S 6.89. Found: C 80.07. H 6.08. S 6.85. 

Y 
: 

= 9.039(2) 
Monoclinic space group P21, Z = 4, cell dimensions (I = 8.930(3), b = 33.817(7), c 

, p = 119.04(2). Intensities were measured at -100 ‘C. with an Enr4fNoniu.r CAD4 diffractometer 
(graphite monochromator, MoKa, il = 0.7 107 A). Of the 5290 independent reflections (13 < U’), 3160 with I > 
3 o(I) were used in the refinement. The structum was solved by direct methods with SHELXS8647 and refmed 
by full-matrix least squares analysis (SHELXL9248). Non hydrogen atoms were refined anisotropically. The 
positions of the H-atoms were calculated and included in the final least-squares cycles with the exception of the 
hydrogens on the disordered carbon atoms. The weighting scheme used was o(F)-2. The refinement converged 
at R = 0.038. Atomic positional and anisotropic displacement parameters for the non-H atoms are deposited with 
the Cambridge Crystallographic Data Centre, Cambridge, England. 
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