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The axially diesymmetric derivativee of 2,2'-dihydroxy-, 
2,2'-diphosphino-, and 2,2'-diamino-l,l'-binaphthalene 
have proved to be remarkably effective auxiliaries in en- 
antioeelective cataly~is,~-lO with the optical yields ap- 
proaching 100% ee in several preparatively important 
r eac t i~ns .~*~J - '~  The synthesis of analogous ligands, in 
which the donor sites would be insulated from the aromatic 
moiety by a methylene unit and replaced eventually by 
other heteroatoms, presents accordingly a problem of a 
considerable interest. 

The easily accessible"J2 2,2'-bis(bromomethyl)-l,l/-bi- 
naphthalene (1) has been considered to be a promising 
building block for such purposes; however, intramolecular 

involving the donor atom has been found 
to be a serious obstacle. Thus, in the reaction of the di- 
bromide 1, with secondary amines, the biaminated bi- 
naphthyls are not formed,13 with the dihydroazepinium 
quaternary salt being the exclusive product even when a 
large excess of amine is present (Scheme I). 

In the present paper, we report a simple resolution of 
the synthetic problem, which rests on the nucleophilic 
cleavage of the dihydroazepinium salts (Scheme II). We 
have found that the quaternary salts 2-6 react under 
reasonably mild conditions with a surprisingly wide range 
of uncharged as well as charged nucleophilea involving, for 
example, amines, azide, malonate, mercaptide, phosphide, 
and selenide ions. Significantly, the benzylic carbon in 2-6 
is attacked prefer en ti all^'^ in the reaction, leading to the 
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'2-6 are racemic compounds. "Isolated according to procedure A 
or B (procedure B in parentheses); 6. the Experimental Section. 
%ference 13. "aeference 21. 

2,2'-bifunctional 1,l'-binaphthalenes 7-1 1, in moet in- 
stances in very satisfactory chemical yields. 

The structurea of the resulting products 7-11 were un- 
ambiguouely determined from their 'H NMR, MS, and IR 
spectra The absence of configurational scrambling of the 
binaphthyl moiety under the experimental conditione has 
been inferred19 from the formation of a single diastereo- 
isomeric product (S,lS,2R)-ll or (R,lS,2R)-11 in the nu- 
cleophilic cleavage of the respective diastereoisomeric 
quaternary salts (S,lS,M)-6 or (R,lS,2R)-6. 
Two anomalous results have been recorded during the 

course of the study. Firstly, the reaction of the quaternary 
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preferential nucleophilic attack at the benzylic carbon has been noted in 
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a chiral shift rengent to demonstrate that the formation of the ligan& 
7. and 7b from the corres nding optically active quaternary salt 2 is 
enantiomerically uniform.pIn spite of the unambi iou additional ev- 
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0022-326319211957-6966$03.00/0 Q 1992 American Chemical Society 



N o h  J. Org. Chem., Vol. 57, No. 25,1992 6967 

Scheme I1 

Compound' -NR, -NU Yield" ( X )  

7a 

7b 

7c 

8a 

8b 

8c 

9a 

9b 

9c 

10 

-NMe, 

-0 

- N Z O  

- N ~ N H  

Me H Ph 

- N Z O  

- SBU" 

- CH(CO,Et), 

- N I O  

- N3 

- PPh, 

- N I O  

- N3 

- N ~ N H  

- SePh 

72 

73 

41 

92 

87 

41 

99 

98 

83 

96 

(S,lS,2R)-11 U i ! H  - N3 95 
-NMe OH 

87 (R,lS,2R)-ll - N3 

'7.-10 are racemic compounds. %ola* no attempt to optim- 
ize the yielda has been made. For reaction conditions see the Ex- 
perimental Section. 

salt 2 with the strongly basic nucleophile lithium pyrro- 
lidide (in pyrrolidine) or mbutyllithium (in THF9 aorded, 
instead of the corresponding substitution product, an 
aromatic hydrocarbon, which could be assigned the 
structure of pentahelicenem 12. Secondly, the reaction of 
the optically active quatemary saltm (R)-2 with sodium 
sulfide gave, instead of the expected bidentate ligand, the 
tridentate ligand (RJZ)-13. Interestingly, a single dia- 
s tereohme+ was obtained as the sole product in 89% 
yield. This providea more eviden~e '~ that diastereohm- 
erization does not occur during the course of the reaction. 

@ 
12 (R, R)- 13 

The nucleophilic cleavage of the quaternary salta 2-6 
providea a straightforward access to a new class of bi- and 
oligodentate binaphthyl ligands 7-11 exhibiting either axial 
dissymmetry (C2 axis)ag or axial asymmetry (C, axis), in 

(20) Star& I. G.; St@, I.; WLvada, J. Unpubhhed work. 
(21) Hall, D. M.; Turner, E. E. J. Chem. Soc. 106S6, 1242. 
(22) The racemic quaternary salt yields an w p a r a b l e  mixture of 

diantereoiaomeric producta 
(23) In the rity of acedon for abaoluta etereochemical control, 

tbe presence o T  2 symmetry axia within the chird auriliary hae been 
tacitly assumed ta serve the important function of reducing the number 
of poenible competing diasbreoiaomeric transition 8tat .a (cf. ref 6). A 
comparison betwean akin diuymmetric and mymmetric bidentata bi- 
naphthyl ligan& might shed intareating light on thin wumption. 

dependence on identity or nonidentity of the donor group 
in the 2,2'-poaitions. A simple synthesis of the optically 
pure precursors of type 2 from the racemic dibromide 1 
will be reportad elsewhemm 

Experimental Section 
Qeneral. All chemicals were of reagent grade. THF was 

distilled from before use; DMF, from P205 or calcium 
hydride. Ethanol waa dried using dum. Melting point8 were 
taken on a Kofler block and are u n c o d .  Optical rotatione 
were in chloroform with an accumcy of 0.2%. 'H NMR 
spectra (200.06 MHz, ET mode) were recorded in C D Q ,  benz- 
ene& or DMSO-& using TMS, C& or DMSO as the internal 
reference, reepectively. EX mace spectra were obtained at 70 eV, 
FAB epectra were meand in a Woglyc%rol/glmd (31) matrix 
using MeOH or CHCg as solvents. Flash chromatography was 
performed with silica gel Silpearl(S-40 pm, Kavalier Votice, 
czechdovakia~. 

of racemic dibromide" 1 (1.0 equiv) and a eecondary amine 
(2.(t2.1 equiv) in a mixture of benzene and acetonitrile (1:l) waa 
stirred at 60 "C for 12 h. Removal of the solvent gave a solid 
residue which was digested subsequently with benzene (2 X 10 
mL) and water (25 mL), filtsred, washed with water (2 X 15 mL), 
and dried in vacuo over KOH. 

Procedure B. The procedure in ref 21 was followed. 
4FMhydrorpiro[SH-dinrrphth[2,1-~:1'3-e ]anepine-4,4'- 

morpholiniam] bromide (4): yield 95% (procedure A); 46% 
(procedure B); mp 249-51 OC dec (water); 'H NMR (DMSO-a 
6 3.35-3.51 and 3.53-3.69 (m, 4 H, N+CH2CH20), 3.87 (d, AB 
eyetem, J = 13.3 Hz, 2 H, ArCHa+),  3.884.04 and 4.18-4.33 (m, 
4 H, N+CH&H,O), 6.09 (d, AB system, J = 13.3 Hz, 2 H, 
ArCH2N+), 7.33-8.31 (m, 12 H, a"); IR (KBr) 2973 4 C H 2  of 

1124 v,(C-O-C) cm-'; FAB MS m/z (relative intensity) 446 (M+ + 1,1.6), 366 (M+ - Br, 1001,281 (571,266 (351,252 (10). Anal. 
Calcd for C&&N02H20 C, 64.73; H, 5.89; N, 2.90. Found: 
C, 64.47; H, 5.63; N, 2.79. 

piperadnimu] b r o m i Q  (I): yield 72% (procedure B); mp 265-9 
OC dec (water); 'H NMR (DMSO-d6) 6 2.68 (br a, 1 H, NH), 
2.92-3.10 (m, 4 H, N+CH2CH2NH), 3.19-3.49 (m, 4 H, N+- 
CH2CH2NH), 3.77 (d, AB system, J = 13.2 Hz, 1 H, ArCH2N+), 
4.94 (d, AB e y m ,  J = 13.2 Hz, 1 H, ArCH2N+), 7.26-8.27 (m, 
12 H, a"); IR (KBr) 3340 v(NH),  2971 v,(CH2 of (CH&N+), 
2886 v,(CH2 of (CHJ&J+) cm-'; FAB 1Ms m/z (relative intmdty) 
4-46 (M+ + 1,1.4), 366 (M+ - Br, 100),281 (32), 266 (321,252 (9). 
Anal. Calcd for C&a2Br-2H20 C, 64.87; H, 6.07; N, 5.81. 
Found C, 64.71; H, 6.1s; N, 5.76. 

Cleavage of Quaternary Salts. 2-[(N,N-Dimethyl- 
amino)methyl]d'-( 4-morpholin y lmet hy1)- 1 ,l'-binapht hy 1 
(7.). A mixture of 100 mg (0.247 "01) of quaternary salt1* 2 
and 1 mL of morpholine was heated at 120 OC for 3 h. The 
reaction mixture was then poured into water and extracted with 
CHCla (3 X 10 mL). The organic layer was washed with water 
(2 x 10 mL) and dried over anhydrous Nafi04. The solvent waa 
evaporated in vacuo, and the residue was purified by flaah 
chromatography (pentane-ether-acetonemethanol(602&132)) 
to yield 73 mg (72%) of la as an oil: 'H NMR (CDCld 6 2.09 

Preparation of e- 8rrlt~. prooedur~ A. A S O ~ ~ ~ O I I  

(CHp)dN+ and (CH&O), 2872 & H 2  Of (CH&&J+ a d  (CH320), 

4FDiby~piro[~H-dinophth[2,1-0 : 1'3-8 ]o=pind,l'- 

( ~ , 6  H, CHS), 2.17 (m, W/2 = 6.3 Hz, 4 H, NCH~CHSO), 2.93 and 
3.05 (AB q, JAB 14.2 Hz, 2 H, benzyl H), 3.23 and 3.30 (AB q, 
JAB = 14.4 Hz, 2 H, benzyl H), 3.56 (t, J = 4.2 Hz, 4 H, 
NCH&H@), 6.94-8.07 (m, 12 H, a"); IR (CCW 2818 and 2771 
v.(CH8), 1119 v,(C-oG) cm-'; E1 MS m/z (relative inteneity) 
410 (M+, 23), 386 (23), 323 (%), 2'79 (lOO), 266 (n), 252 (6). AnaL 
Calcd for C&&Io. C, 81.91; H, 7.37; N, 6.82. Found: C, 81.86; 
H, 7.61; N, 6.77. 

2 4  l-(Butylthio)methyl]-2'-[ (N,N-dimethylamino)- 
methyl]-1,l'-binaphthyl (7b). To a mixture of 42 mg (0.374 
"01, 2.2 equiv) of potassium tert-butoxide and 40 ML (0.373 
mmol,2.2 equiv) of 1-butanethiol in 3 mL of abeoluta ethanol 
w~ls edded 70 mg (0.173 mol) of quaternary salts 2. The mixture 
was heated at 85 OC for 2 h under argon. After removal of solvent 
in VBcUo, lhh cb"a*phy bm- ("10)) 
afforded 52 mg (73%) of 7b 88 an oil: 'H NMR (CDC18) 6 1.01 
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(m, W/2 = 3.0 Hz, 7 H, CH2CH2CHI), 1.31 (e, 2 H, SCHd, 2.07 
(s ,6  H, CHI), 2.92 (d, AB system, J = 14.4 Hz, 1 H, ArCHzN), 
3.41 (e, 2 H, ArCHa), 3.45 (d, AB system, J = 14.4 Hz, 1 H, 
ArCH2N), 7.01-8.01 (m, 12 H, arom); IR (CCL) 2819 and 2772 
v,(CHS or (CHs)2N) cm-'; FAB MS m/z (relative intensity) 414 
(M' + 1, 100), 356 (ll), 313 (42), 279 (99), 267 (76), 252 (22). h a l .  
Calcd for C&slNS: C, 81.31; H, 7.55; N, 3.39; S,7.75. Found 
C, 81.14; H, 7.67; N, 3.31; S, 7.84. 
Diethyl [ [ 24 (N,N-Dimet hy1amino)met hyll- 1.1'-bi- 

naphthyl-2'-yl]methyl]propanedioate (IC). To a mixture 
containing 15 mg (0.494 mmol, 2 9  equiv) of NaH (80% suspedon 
in mineral oil) and 80 pL (0.527 "01, 3.0 equiv) of diethyl 
malonate in 2 mL of DMF under argon was added a solution of 
70 mg (0.173 "01) of quaternary saltlS 2. After refluxing for 
3 h, the mixture was poured into water (30 mL), extracted with 
ether (2 X 10 mL), washed with water (2 X 10 mL), and dried 
over anhydrous Na&30,. The extract was concentrated in vacuo 
and purified by flash chromatography (pentmeetheracetone 
(80AOAO)) to yield 34 mg (41%) of 7c aa an oil: 'H Nh4R (CDCg) 

OCH2CHs), 2.13 (s,6 H, NCHI),2.36-2.73 (m, 2 H,ArCHzCH), 
2.96 (d, AB syetem, J = 6.0 HZ, 1 H, ArCHm, 3.00 (d, AB eyetem, 

Hz, 2 H, OCH2CHI), 6.76-8.11 (m, 12 H, arom); IR (CCt) 2819 

MS m/e (relative intensity) 484 (M' + 1,100), 412 (211,366 (51, 
319 (lo), 291 (161,279 (941,266 (361,252 (10). Anal. Calcd for 

N, 2.87. 
2-(4-Morphollnylmethy1)-2'-( l-pipe~dinylmethyl)-l,l'- 

binaphthyl(8a). A procedure similar to that described for the 
preparation of 7a was followed. starting h m  60 mg (0.113 mol) 
of quaternary salt'' 3 and 1 mL of morpholine, the mixture was 
heated for 80 min. After workup, the product was purified by 
flaeh chromatography bntane-ether-acetone (602&15)) to give 
47 mg (92%) of 8. as an oil: 'H NMR (CDCls) 6 1.20-1.55 (m, 
6 H, NCH2CH2CH2C&CH2), 2.00-2.30 (m, 8 H, NCH2CH2C- 
H2CH2CH2 and NCH2CH20), 3.00 (d, AB system, J = 10.3 Hz, 
1 H, ArCH2Npiw), 3.06 (d, AB system, J = 10.3 Hz, 1 H, 

3.27 (d, AB system, J = 14.0 Hz, 1 H, ArCH2N-d, 3.56 (t, J 
= 4.5 Hz, 4 H, NCH2CHzO), 6.90-8.07 (m, 12 H, a"); IR (CCW 

m/z (relative intensity) 450 (M+, 341,365 (371,363 (561,280 (1001, 
265 (51), 252 (10). Anal. Calcd for C11HMN20 C, 82.63; H, 7.61; 
N, 6.22. Found C, 82.51; H, 7.95; N, 6.10. 
2-(Azidomethyl)-Y-( 1-piperidinylmethy1)-1.1'-binaphthyl 

(8b). A mixture of 100 mg (0.225 "01) of quaternary saltm 3 
and 22 mg (0.338 "01, 1.5 equiv) of sodium azide in 2 mL of 
DMF was stirred under heating at 110 OC for 2.5 h. The reaction 
mixture was then treated with water (20 mL) and e.tracted with 
ether (3 X 20 mL). The ethereal layer was washed with water 
(10 mL) and dried over anhydrous Na2SOI. The removal of 
solvent under reduced pressure left the residue which waa purised 
by dash chromatography (petroleum ethe-hr-acetone (96:22)) 
to give 80 mg (87%) of 8b as an oil: 'H NMFt (CDC19) 6 1.18-1.53 
(m, 6 H, NCH2CH2CH2CH2CH2), 1.92-2.29 (m, 4 H, 
NCH2CH2CH2CH2CH2), 3.01 (d, AB System, J = 14.2 Hz, 1 H, 
ArCH2N), 3.15 (d, AB system, J = 14.2 Hz, 1 H, ArCHzN), 4.06 
(d, AB system, J = 14.2 Hz, 1 H, ArCHzN9), 4.16 (d, AB system, 
J = 14.2 Hz, 1 H, ArCH2Ns), 6.97-8.24 (m, 12 H, a"); IR (CCW 

m/z (relative intensity) 407 (M' + 1, loo), 366 (141,294 (35), 280 
(36), 266 (58), 252 (24); E1 MS m/z (relative intensity) 378 (M' 

Anal. Calcd for CnHBN& C, 79.77; H, 6.45; N, 13.78. Found: 
C, 79.63; H, 6.68; N, 13.70. 

2 4  (Diphenylphosphino)methyl]-2'-( 1-piperidinyl- 
methyl)-1.1'-binaphthyl (&). To a solution of 390 pL (2.24 
mmol,2.0 equiv) of diphenylphosphine in 2 mL of dry THF was 
added dropwise 930 pL (2.24 mmol,2.0 equiv) of n-butyUthium 
(2.4 M solution in hexane) at 0 OC under argon. After being stirred 

6 1.03 (t, J 7.2 Hz, 3 H, OCH,CHS), 1.13 (t, J 7.2 Hz, 3 H, 

J 5 6.0 Hz, 1 H, ArCHzN), 3.37 (dd, J 
EtO&CH), 3.90 (q, J 

and 2771 v,(CHS Of (CH&N), 1752 and 1734 v(M) 

8.0 Hz, 7.0 Hz, 1 H, 
7.2 Hz, 2 H, OCHZCHJ, 4.07 (q, J = 7.2 

FAB 

CsIHaNO4: C, 76.99; H, 6.88, N, 2.90. Found C, 76.92; H, 6.84, 

b i - - 
ArCHfi-), 3.25 (d, AB eystem, J = 14.0 Hz, 1 H, A r C H f i d ,  

2807 and 2758 4CH2 Of (CHdsN), 1120 ~ ~ ( c 4 - C )  ~m-'; E1 MS 

b i 

I I 

2801 and 2757 4CH2 of (CHbsN), 2099 vm(N~) FAB MS 

- Na, 13), 364 (2), 350 (4), 294 (19), 280 (loo), 265 (31), 252 (18). 

for 10 min at 0 OC, the resulting orange solution was added to 
a stirred suspension of 500 mg (1.13 "01) of quaternary saltm 
3 in 5 mL of dry THF. Stirring was continued at room tem- 
perature overnight The solvent WBB then removed in vacuo, and 
the residue was purified by flash chromatography (alumina, 
solvent system pentane-benzene (1:l)) to furnish the crude 
product. purification by filtration through a column of alumina 
(eluent pentane-benzene (1:l)) gave 264 mg (41%) of 8a as an 
nmomhoue solid 'H NMR hmzene-d.) 6 0.79-1.49 (m. 6 H. ". . ,  , 

b d 

NCH2CH2CH2CH&H2), 1.97-2.25 (m, 4 H, 
NCHZCHZCH~CH~CH~), 3.18 (d, AB system, J = 14.6 Hz, 1 H, 
ArCH2N), 3.37 (e, 2 H, ArCH2P), 3.62 (d, AB system, J = 14.6 
Hz, 1 H, A r C H a ,  6.82-8.25 (m, 22 H, a"); IR (KBr) 2797 and 

m/z (relative intensitv) 550 (M' + 1.15). 497 (19). 465 (71). 366 

, i 

2755 4CH2 Of (CH2)aN), 1433 v,iJPh of Ph2P) a-'; FAB MS 

(lbo); 276 (48), 265 (751, 252 (32). knd. Calcd for CBgHiNP: 
C, 85.22; H, 6.60; N, 2.55; P, 5.63. Found C, 85.50; H, 6.53; N, 
2.52; P, 5.40. 
2,2'-Bir(4-morpholinylmet hy 1) - 1,l'-binapht hyl (9a). A 

stirred mixture of 100 mg (0.224 "01) of quatemary salt 4 and 
1 mL of morpholine was heated at 120 OC for 1 h. After cooling, 
the reaction mixture waa poured into water (20 mL) and the white 
precipitate filtered, washed with watm (10 mL), and dried in vacuo 
over KOH to provide 9a in quantitative yield (101 mg): mp 168 
OC (petroleum etherchloroform); 'H NMR (CDClS) 6 2.U (m, 
W/2 = 12 Hz, 8 H, NCH2CH20), 3.05 (d, AB system, J = 14.0 

3.56 (t, J = 4.2 Hz, 8 H, NCH2CHaO), 6.93-8.02 (m, 12 H, arom); 

FAB MS m/z (relative intensity) 453 (M' + 1,76), 366 (52), 281 
(100), 286 (771,252 (32). Anal. Calcd for C90HszN202: C, 79.61; 
H, 7.13; N, 6.19. Found C, 79.69; H, 7.18; N, 6.11. 
2-(Azidomethyl)-~-(4-morpholinylmethyl)-l,l'-binaphthyl 

(9b). A procedure similar to that described for the preparation 
of 8b was followed. Starting from 100 mg (0.224 "01) of qua- 
ternary salt 4, 90 mg (sa%, oil) of 9b was isolated by flash 
chromatography (petroleum ether-ether-acetone (W55)): 'H 
NMR (CDCls) 6 2.00-2.36 (m, 4 H, NCH2CH20), 3.06 (d, AB 
system, J = 14.0 Hz, 1 H, ArCHzN), 3.22 (d, AB system, J = 14.0 
Hz, 1 H, ArCH2N), 3.55 (m, W/2 = 11.0 Hz, 4 H, NCHZCH~O), 
4.10 (a, 2 H, ArCHflJ, 6.98-8.08 (m, 12 H, a"); IR (CCW 2811 

E1 MS m/z (relative intensity) 380 (M' - N2, 17), 366 (l), 352 
(4), 294 (271, 280 (loo), 265 (321, 252 (13). Anal. Calcd for 

N, 13.58. 
2-(4-Morphollnylmethy1)-2'-[ (phenyloeleno)methyl]- 1.1'- 

binaphthyl(9c). A solution of 60 mg (0.160 mmol, 1.0 equiv) 
of diphenyl dhlenide in 1 mL of absolute ethanol under argon 
waa hated (etirring) with 13 mg (0.397 mol ,  2.1 equiv) of d u m  
borohyride at room temperature for 10 min. The resulting col- 
orless solution was then added to the suspension of 75 mg (0.168 
mmol) of quaternary salt 4 in 2 mL of dry THF, and stirring was 
continued overnight. Solvents were removed under reduced 
pmsure. Flash chromatography (petroleum ether-ether-acetone 
(85:1&5)) provided 73 mg (83%) of Sc aa an oil: 'H NMR (CDClJ 
6 2.20 (m, W/2 = 13.0 Hz, 4 H, NCH2CH20), 3.06 (d, AB system, 
J = 14.5 Hz, 1 H, ArCH2N), 3.36 (d, AB system, J = 14.5 Hz, 1 
H, ArCHzN), 3.55 (m, W/2 = 11.2 Hz, 4 H, NCH,CH20), 3.88 
(e, 2 H, ArCH&), 6.78-8.02 (m, 17 H, arom); lR (CCL) 2810 and 

cm-'; E1 MS m/z (relative intensity) 523 (M', 18), 436 (2), 366 
(69), 353 (8), 314 (15), 281 (loo), 266 (55), 252 (11). calcd 
for Cs2H.&JOSe: C, 73.55; H, 5.59; N, 2.68. Found C, 73.43; H, 
5.38; N, 2.64. 
2J'-Bir( 1-piperazinylmethy1)-1,l'-binaphthyl (10). A 

mixture of 800 mg (1.66 "01) of quaternary salt 6 (dihydrate) 
and 716 mg (8.31 "01, 5.0 equiv) of piperazine was heated at 
150 "C for 6 h in a sealed tube. The solid residue was crushed, 
treated with water (25 mL), fiitered and washed with water (2 
x 10 mL), taken up in refluxing benzene (80 mL), and filtered. 
Evaporation of solvent in vacuo gave 719 mg (96%) of 1 0  mp 
155-7 OC (petroleum ether-chloroform); 'H NMR (CDCg) 6 1.84 
(e, 2 H, NH), 2.16 (br s,8 H, NCH&H,NH), 2.75 (t, J = 4.7 Hz, 
8 H, NCH2CH2NH), 3.02 (d, AB system, J = 14.2 Hz, 2 H, 

HZ, 2 H,ArCH&), 3.27 (d, AB eystem, J =  14.0 Hz, 2 H, A r C H f l ,  

IR (CClJ 2810 and 2764 4CH2 Of (CHdSN), 1120 v m ( C - 0 4 )  

and 2766 4CH2 Of (CHdsN), 2099 vJNJ, 1120 ~m(c-0-C) 

C & J . U 4 O  C, 76.45; H, 5.92; N, 13.72. Found C, 76.20; H, 6.01; 

2765 v(CH~ Of (CH2)sN), 1579 vw(Ph Of P W ) ,  1119 v m ( C 4 - C )  
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ArCH2N), 3.22 (d, AB system, J = 14.2 Hz, 2 H, ArCH,N), 
6.95-8.05 (m, 12 H, arom); IR (CHCls) 3338 u(NH), 2817 u,(CH, 
of (CH2)sN) cm-'; FAB MS m / z  (relative intensity) 451 (M+ + 
1, a), 365 (a), 281 (loo), 279 (94), 266 (991,262 (26). Anal. calcd 
for C d S I N 4  C, 79.96; H, 7.61; N, 12.43. Found C, 80.05; H, 
7.80; N, 12.37. 

(S,lS$R)-2-Azid+2'-[ [N-(2-hydroxy- 1-methyl-2-phenyl- 
e t h y l ) - N  -methylamino]methyl]-1,l'-binaphthyl 
[(S,lSJR)-111. A procedure similar to that described for the 
preparation of 8b was followed. Starting from 1 g (1.75 m o l )  
of quaternary salt" (S,lS,W)-6 (crystallized with 1 EtOH), 810 
mg (95%. oil) of (S,lS,2R)-ll was separated by flash chroma- 
tography (petroleum ether-ether-acetone (9055 and then 

(d,J = 7.0 Hz, 3 H, CCHs), 2.06 (8, 3 H, NCHs), 2.53-2.69 (m, 
1 H, CHCHs), 3.29 (d, AB system, J = 14.0 Hz, 1 H, ArCH2N), 
3.45 (d, AB system, J = 14.0 Hz, 1 H, ArCH2N), 4.01 (d, AB 
system, J = 14.0 Hz, 1 H, AICH~NJ, 4.11 (d, AB system, J = 14.0 
He, 1 H, ArCH2N3), 4.69 (br 8, 1 H, Ph(OH)CH), 6.968.11 (m, 
17 H, arom); IR (CCl,) 3619 u(OH), 2791 u,(CHs of CHsN), 2099 
um(NS), 1496 uw(Ph) cm-'; E1 MS m / z  (relative intensity) 379 
(M+ - C7H70, 521,351 (481,294 (1001,266 (691,252 (22). Anal. 
Calcd for Cs2H&140 C, 78.98; H, 6.21; N, 11.51. Found C, 78.75; 
H, 6.31; N, 11.45. 

(R , l  S ,2R )-2-Azido-2'-[ [N-( 2-hydroxy- 1-met hyl-2- 
phenylet hyl) -N -met hylaminolmet hyll- 1,l'-binapht hyl 
[(R,lSJR)-111. A procedure similar to that described for the 
preparation of 8b was followed except that the reaction mixture 
was heated for 4 h. With 1 g (1.91 m o l )  of quaternary salt" 

was obtained by flash chromatography (petroleum ether-ether- 
acetone (80AOAO)): [(r]lsD +72O (c  0.50, CHClJ; 'H NMR (CDClJ 

J = 6.8,4.4 Hz, 1 H, CHCHs), 3.18 (d, AB system, J = 13.9 He, 
1 H, ArCHZN), 3.44 (d, AB system, J = 13.9 Hz, 1 H, ArCH2N), 
4.00 (d, AB system, J = 14.0 Hz, 1 H, ArCH2N3), 4.09 (d, AB 
system, J = 14.0 Hz, 1 H, ArCH2N3), 4.61 (d, J = 4.4 Hz, 1 H, 
Ph(OH)CH), 6.98-8.08 (m, 17 H, arom); IR (CCl,) 3619 u(OH&, 

cm-I; E1 MS m / z  (relative intensity) 379 (M+ - C7H70, 45), 351 
(44), 294 (loo), 266 (52), 252 (23). Anal. Calcd for C32H90N4O 
C, 78.98; H, 6.21; N, 11.51. Found C, 79.13; H, 6.08; N, 11.40. 

(R $2 )-Bie[ [ 2 4  (N,N-dimethy1amino)met hyll- 1 ,l'-bi- 
naphthy1-2'-yl]methyl] Sulfide [ (R,R)-13]. Treatment of 300 

534 mg (2.22 mmol,3.0 equiv) of Na&9H20 at 100 O C  for 10 min 
under N2, followed by pouring into brine, yielded a precipitate 
which was filtered, washed with brine, and extracted with benzene 
(2 x 20 mL) under reflux. The benzene solution was filtered, and 
the solvent was evaporated in vacuo to give 225 mg (89%) of 
(R,R)-13 as an amorphous solid [ a I m ~  +9l0 (c 0.27, benzene); 
'H NMR (CDCls) 6 1.98 (s,12 H, CHs), 2.84 (d, AB system, J = 
14.2 Hz, 2 H, ArCH2N), 3.13 (d, AB system, J = 13.9 Hz, 2 H, 
ArCH2S), 3.23 (d, AB system, J = 13.9 Hz, 2 H, ArCHfi), 3.26 
(d, AB system, J = 14.2 Hz, 2 H, ArCH2N), 6.80-8.00 (m, 24 H, 
arom); IR (CClJ 2819 and 2771 u,(CHJ, 676 and 669 u,(C-S-C) 
an-'; FAB MS m / z  (relative intensity) 681 (M+ + 1,53), 638 (81, 
358 (17), 324 (58). 279 (loo), 266 (91), 252 (35). Anal. Calcd for 

H, 6.70; N, 3.98; S, 4.58. 

85610)): [CY]=D -84' ( C  0.50, CHCls); 'H NMR (CDClS) 6 0.65 

(R,lS,2R)-6 88 Startiag materid, 809 mg (87%, oil) Of (R,lS,M)-ll 

6 0.56 (d, J = 6.8 Hz, 3 H, CCHs), 2.08 ( ~ , 3  H, NCHs), 2.63 (dq, 

3484 u(OH&, 2790 v,(CH~ Of CHSN), 2099 u,(NJ, 1494 V*(Ph) 

mg (0.741 "01) Of quaternary salt" (R)-2 in 3 mL Of DMF with 

CdMNfi: C, 84.66, H, 6.51; N, 4.11; S, 4.71. Found: C, 84.54; 
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Introduction 
The meta-bridged benzene ring of [ 2.2lmetapara- 

cyclophane ( W C P  = metaparacyclophane) (1) has been 
shown to undergo conformational flippi&-' with a sub- 
stantial energy barrier (ca. 20 kcal mol-'). According to 
X-ray crystallographic studies of 1: the deformations of 
benzene rings are similar to those of the corresponding 
rings in [2.2]para- and -metacyclophanes, with para- and 
meta-bridged rings bent in a boat- and a chairlike form, 
respectively. The angle between the two aromatic planes 
defined by the carbon atoms 3,4,6, and 7 on one hand and 
12,13,15, and 16, on the other, is about 1 3 O .  It should 
be noted that the angle between the 11,12,16-plane and 
l0,ll-bond vector (or between 13,14,15-plane and 1,14- 
bond vector) is even larger than the analogous angle in 
[2.2]paracyclophane. The para-bridged moiety of 1 is thus 
more strongly tilted than those of the isomeric compound. 
Introduction of the substituents at the & p i t i o n  incream 
the strain in the molecule in comparison with the unsub- 
stituted [2.2]MPCP (1); the deformation of the para- 
bridged benzene ring of &methyl[2.2]MPCP was estimated 
to be 1 5 O  by our recent X-ray crystallography? 

Cram et al. reported'O the bromination of [2.2]MPCP 
with bromine in the presence of ferric bromide to afford 
three kinds of monobromides. However, since 2 and 3 
equilibrate by ring rotation a t  room temperature, the 
orientation of bromination to the para-bridged benzene 
ring of 1 has not yet been established. 

2 3 4 
1 

Thus there is substantial interest in investigating the 
bromination of 8-substituted [ 2.2]MPCPs, which might 
afford single monobromides because the ring rotation of 
the mete-bridged benzene ring is impossible a t  room tem- 
perature. And also in order to study the orientation of 
bromination of the para-bridged benzene ring in detail, we 
have attempted to protect the 5-position of [2.2]MPCPs 
by the bulky tert-butyl group. We report here on the 
bromination of S-tert-butyl-&substituted-[2.2]WCPs (6). 

Results and Discussion 
Bromination of 5-tert-butyl-8-methyl[2.2]MPCP (Sa) 

with 1.1 equiv of bromine in a carbon tetrachloride solution 
in the presence of iron powder afforded 15-bromo sub- 
stitution product 6a in 61% yield along with starting 
compound. No bromo substitution a t  the 12-position was 
obiie~ed. In contrast, &methoxy derivative Sb exclusively 
afforded 12-bromo substitution product 7b in 85% yield. 

+Saga University. * Kywhu University. 
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