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Starting from (-)-menthyltrimethyltin, Sn-chiral (-)-menthyltin(1V) derivatives bearing 
potentially bidentate (dimethy1amino)organo ligands of different flexibility have been synthesized 
and characterized. (-)-Menthylmethyltin dibromide (l), obtained by dihalogenation, is 
monoalkylated by the respective lithium reagent to give [3-(dimethy1amino)propyll-, [2-[ (di- 
methylamino)methyl]phenyl]-, and [8-(dimethy1amino)naphthyll-(-)-menthylmethyltin bro- 
mide (2-4). Reduction yields the corresponding tin hydrides (5-7). For comparison, the non- 
donor-atom substituted (-)-menthylmethylnaphthyltin bromide (8) and hydrid: (9) have been 
prepared accordingly. Polarimetric and multinuclear NMR investigations show the structure 
and configurational stability of 2-7 in solution reflecting the increasing rigidity of their potentially 
C,N-chelating ligands: The tin center in 2-4 is rendered pentacoordinate as a result of 
intramolecular Sn-N coordination. The stability of the five-membered chelate ring with regard 
to a Sn-N dissociation/association process taking place and the configurational stability of the 
tin center increase likewise. While an epimerization process of 2 occurs fast on the NMR time 
scale, slow inversion of the configuration a t  the tin atom can be observed on a freshly prepared 
solution of crystalline, diastereomerically pure 3 or 4. The Lewis acidity of the tin center in 
5-7 is too low for effecting Sn-N coordination. The geometric constraint of the aminoorgano 
ligand in 6 and 7, however, causes a distortion of the tetrahedral structure into a beginning 
trigonal bipyramidal structure. The epimer ratios of the “doubly chiral” organotin compounds 
in solution are found to differ from 1. The X-ray structural investigation of 4 reveals an absolute 
configuration of Rs,, for both molecules in the asymmetric unit: 4 crystallizes monoclinically, 
space group P21, with a = 9.259(5) A, b = 20.615(9) A, c = 12.964(7) A, (3 = 105.40(5)O, and 2 
= 4. The structure was solved from 3498 reflections with I > 2a(I) and refined to a final R factor 
of 0.044, showing a distorted trigonal bipyramidal coordination geometry a t  the tin center. 

Introduction 

In organotin chemistry, the concept of hypervalency 
caused by intramolecular Sn-N coordination has created 
a series of five- and six-coordinate organotin(1V) 
as well as some five- or six-coordinate t e t r ao rgano t in9~~~~~  
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our investigations on chiral (-)-menthyltin(1V) com- 
pounds,m*m we synthesized tert-butyl[8-(dimethylamino)- 
naphthyl]-(-)-menthyltin hydride, a n  X-ray structural 
characterization of which revealed a weak Sn-N interac- 
tion.31 

With the  optically pure ligand bound to  an asymmetric 
tin atom, these (-)-menthyltin derivatives feature a chiral 
labelP6** for monitoring a configurational instability of 
the  tin center. In this paper, we describe our studies on 
the  influence of C,N-chelating ligands of different flex- 
ibility on the  structure and configurational stability of 
the corresponding asymmetric (-)-menthyltin compounds. 
The  potentially bidentate ligands 34dimethylamino)- 
propyl, 2-[(dimethylamino)methyllphenyl, and  8-(di- 
methy1amino)naphthyl have been used for the  syntheses 
of the  respective [(dimethylamino)organol-(-)-menthyl- 
methyltin bromides and hydrides. A description of the  

' preparation of these new, fully characterized compounds 
will be given; the results of polarimetric and multinuclear 
NMR investigations will be discussed, and the X-ray 
crystal structure determination of the  diastereomerically 
pure [8-(dimethylamino)naphthyll -(-)-menthylmethyltin 
bromide (4) will be presented. 

Schumann et al. 

p r~pyl l l i th ium~~ in 450 mL of diethyl ether was added dropwise 
over a period of 4 h to a stirred solution of 28.0 g (64.7 mmol) 
of 1 in 150 mL of diethyl ether at  5 "C. After the reaction mixture 
was stirred for 24 hat  room temperature, the solvent was removed 
in vacuo, and the white, oily residue was extracted with boiling 
pentane. The resulting solution was concentrated and cooled to 
5 "C. A total of 15.1 g (53%) of 2 formed as colorless crystals; 
mp 97 OC. [a Iz0D -37.7O (c 1.00, benzene). MS (12 eV, 30 "C): 
m/z (%) 424 (3) [M - CHs]+, 360 (10) [M - Brl+, 300 (76) [M 

58 (100) [CsH$J]+. MS (70 eV, 106 "C): m/z (%) 424 (11) [M 
- CHsl+, 360 (1) [M - Brl+, 300 (6) [M - CloHlsl+, 286 (7)  [MH 
-CH3-CloH1sl+, 206 (10) [S~C~HIZNI+,  199 (3) [SnBrl+, 139 (4) 
[CIOHISI+, 135 (1) [SnCHd+, 97 (4) [C7Hlsl+, 95 (2) [C7H111+, 86 

- CioHigl+, 139 (1) [Ci&isl+, 86 (2) [CsHiA"+, 83 (2) [CsHiil+, 

(24) [C5Hi2Nl+, 84 (17) [CsHioNl+, 83 (17) [CsHii]+, 81 (4) 
[CsHd', 69 (8) [CsHsl+, 67 (2) [CsH71+, 58 (100) [CaHe", 57 
(10) [C4Hs]+, 56 (2) [C&,N]+, 55 (12) [CdH,]+. Anal. Calcd for 
ClsH&rNSn: C, 43.77; H, 7.81; N, 3.19; Sn, 27.04. Found: C, 
43.55; H, 7.96; N, 3.25; Sn, 26.94. 

[ 2- [ (Dimet hy1amino)met hyl] p heny 11- (-)-mat hylmet hyl- 
tinBromide(3). [2-[(Dimethylamino)methyl]phenyl]lithium~@ 
(7.34 g, 52.0 mmol), suspended in 350 mL of diethyl ether, and 
22.5 g (52.0mmol) of 1, dissolved in 125 mL of diethyl ether, were 
reacted as described for the preparation of 2. After removal of 
the solvent, extraction of the beige, oily residue with boiling 
pentane, and concentration of the resulting solution, a precipitate 
formed. Recrystallization from a toluene/pentane mixture 
yielded 18.5 g (73 % ) of 3 as a white, crystalline solid; mp 90 "C. 
[ a I w D  -14.8" to -41.5" (over 2.5 days) (c 1.15, benzene). MS (70 
eV, 105 "C): m/z (%) 408(25) [M-BrI+,348 (75) [M-CloHlgl+, 
254 (33) [SnC&LCHzNMezl+, 199 (10) [SnBrl+, 134 (75) [CeH4- 
CHzNMed+, 91 (100) [C7H71+, 86 (10) [C5HlzN1+, 83 (28) 
[Caiil', 81 (12) [c&sl+, 76 (21) [CeHd+, 69 (14) [CsHsl+, 67 
(10) [CsH71+,58 (42) [CsHsNl+,57 (49) [CJIsl+,56 (16) [C&Nl+, 
55 (34) [CdH71+. Anal. Calcd for C&&rNSn: C, 49.32; H, 
7.04; N, 2.88; Sn, 24.37. Found: C, 49.23; H, 7.23; N, 3.14; Sn, 
24.42. 
[8-(Dimethylamino)naphthyl]-(-)-menthylmethyltin Bro- 

mide (4). [8-(Dimethylamino)naphthyl]lithium etherate36 (15.4 
g, 61.2 mmol), suspended in 330 mL of diethyl ether, and 26.5 
g (61.2 mmol) of 1, dissolved in 150 mL of diethyl ether, were 
reacted as described for the preparation of 2. Afterward, the 
solvent was removed and the residue extracted with hot benzene. 
Removal of the solvent from the benzene filtrate afforded a 
yellowish oil, which was crystallized from a toluene/pentane 
mixture. Recrystallization from pentane yielded 20.8 g (65%) 
of 4 as colorless crystals; mp 127 "C. [a ]%~ +2.9" to -37.9O (over 
5 days) (c 1.24, benzene). MS (12 eV, 30 "C): m/z (%) 508 (4) 
[M - CHd+, 444 (8) [M - Brl+, 384 (100) [M - CloHl9l+, 290 (2) 
[SnCloHsNMed+, 170 (3) [Cld&NMez1+. MS (70 eV, 132 " C): 
mlz (%) 508 (2) [M - CH31+, 444 (7) [M - Br]+, 384 (100) [M 

- 2 CHsl+, 290 (17) [SnC~&aNMezl+, 275 (25) [SnCloHaNMe]+, 
274 (24) [ M - C I O W M ~ Z - B ~ I + ,  199 (8) [SnBrl+, 170 (36) [Cl&- 
NMed+, 154 (40) [CUH$JI+, 139 (3) [CloHld+, 135 (2) [SnCHsl+, 
127 (31) [CloH71+, 120 (6) En]+, 97 (5) [C7Hlsl+, 95 (5) [C7Hlll+, 

56 (2) [C3HsNl+, 55 (34) [CdH,I+. Anal. Calcd for CaHa- 
BrNSn: C, 52.81; H, 6.55; N, 2.68; Sn, 22.69. Found C, 53.22; 
H, 6.50; N, 3.14; Sn, 23.10. 
[3-(Dimethy1amino)propyll-(-)-menthylmethyltin Hy- 

dride (5). A solution of 8.55 g (19.5 mmol) of 2 in 100 mL of 
diethyl ether and 15 mL of benzene was slowly added to a stirred 
suspension of 0.74 g (19.5 mmol) of lithium aluminum hydride 
in 30 mL of diethyl ether at  0 "C. After the reaction mixture was 

- CldIleI+, 369 (32) [M - CioHis - CH31+, 354 (2) [M - CioHis 

91 (2) [C7H71+, 84 (2) [CsHioNl+, 83 (26) [C~HiiI+,81(9) [CsHsI+, 
77 (6) [CeH51+, 69 (13) [CsHgl+, 67 (9) [CsH71+, 57 (5 )  CC,Hgl+, 

Experimental Sect ion 

All reactions were carried out in an atmosphere of dry, oxygen- 
free argon. CHN analyses were performed on a Perkin-Elmer 
240 C elemental analyzer; Sn contents were determined using a 
Perkin-Elmer 2380 atomic absorption spectrophotometer. Op- 
tical rotations were measured on a Schmidt + Haensch Polar- 
tronic-D polarimeter (200-mm cell). IR spectra were recorded 
on a Perkin-Elmer 457 grating infrared spectrophotometer. Mass 
spectra (electron impact ionization) were obtained on the 
instruments Varian MAT 311 A (70 eV) and Hewlett Packard 
5985 (70 or 12 eV). NMR spectra were recorded on the 
spectrometers Bruker WH 270 ('H NMR at 270 MHz and l3C(lH) 
NMR at 67.93 MHz, 5-mm tubes) or Bruker WP 80 SY (117Sn(lH 
inverse gated) NMR at 28.552 MHz, 10 mm-tubes); chemical 
shifts are referenced to (CHs)4Si (lH, 13C NMR) or ( C H S ) ~ S ~  
(li7Sn NMR), with positive shifta referring to lower field. 

(-)-Menthyltrimethyltin was prepared according to the 
procedure reported earlier.3l 

(-)-Menthylmethyltin Dibromide (1). A vigorously stirred 
emulsion of 100 g (330 mmol) of (-)-menthyltrimethyltin in 1200 
mL of methanol was slowly treated with 116 g (726 mmol) of 
bromine at  0 O C  under exclusion of light. After the dark orange 
reaction mixture was stirred for 50 h, the solvent was removed 
in vacuo to leave a reddish brown residue. The crude product, 
an orange liquid, was distilled off. Fractionated redistillation 
yielded 103 g (72 % ) of 1 as a colorless liquid, which crystallized 
upon cooling; bp 99 "C/0.04 mbar, mp 35 OC. [(rI2OD -35.7' (c 
1.78,benzene). MS (70eV,30°C): m/z (%) 295 (4) [M-Cl&~sl+, 
199 (4) [SnBrl+, 139 (100) [CloHlel+, 97 (33) [C7H131+, 95 (18) 
[C7Hill+, 83 (93) [CsHi~l', 81 (35) [CsHgl', 69 (63) [CsHsl+, 67 
(9) [CaH71+, 57 (54) [CdHsl+, 55 (44) [C4H71+, 43 (22) [C3H71+, 
41 (36) [CsHal+. Anal. Calcd for C11H22BrzSn: C, 30.53; H, 5.12; 
Sn, 27.43. Found: C, 30.75; H, 5.08; Sn, 26.97. 

[ 3 4  Dimet hy1amino)propyll- (-)-ment hylmet hyltin Bro- 
mide (2). Asolutionof 6.02 g (64.7 mmol) of [3-(dimethylamino)- 
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stirred for 6 h at  room temperature, 1.4 mL (78.0 mmol) of water 
in 5.0 mL of dioxane was added dropwise at  0 "C, and the mixture 
was stirred for another 15 min at  room temperature. Subse- 
quently, the solution was filtered off and the residue washed 
with diethyl ether. The combined filtrate was dried over 
anhydrous sodium sulfate, and the solvents were removed in 
vacuo. Extraction of the residue with pentane at  -30 "C and 
renewed removal of the solvent in vacuo gave 5.4 g (77 %) of 5 
as a colorless, viscous liquid. [ d 2 ' D  -36.2" (c 0.67, benzene). IR: 
v(Sn-H) 1793 (8) cm-l. MS (70 eV, 25 OC): m/z (%) 360 (2) [M 

[SnCaH12Nl+, 139 (6) [CloH~gl+, 135 (12) [SnCHsI+, 120 (11) 
[Snl+, 97 (14) [C7Hlsl+, 95 (16) [C7Hlll+, 91 (7) [C7H71t, 86 (74) 
[CaHih"+, 84 (21) [CaHioNI', 83 (24) [CeHiil+, 81 (25) [CeHsl+, 
77 (6) [CeHa]', 69 (20) [CaHg]', 67 (13) [CaH71+, 58 (100) 
[CsHaNl+, 57 (22) [C4Hel+, 56 (6) [CsHsNI', 55 (48) [C4H71+. 
Anal. Calcd for ClsHsNSn: C, 53.36; H, 9.79; N, 3.89; Sn, 32.96. 
Found C, 52.96; H, 9.60; N, 4.17; Sn, 33.44. 

[ 24 (Dimet hy1amino)met hyllphenyll-(-)-menthylmet hyl- 
tin Hydride (6). 3 (12.2 g, 25.0 mmol) in 70 mL of diethyl ether 
was reacted with0.95 g (25.0 mmol) of lithium aluminum hydride 
in 40 mL of diethyl ether as described for the preparation of 5. 
The workup was done accordingly using 1.8 mL (100 mmol) of 
water in 6.4 mL of dioxane. Removal of the pentane from the 
extraction solution yielded 9.0 g (88%) of 6 as a colorless oil. 
[(YI2OD -52.1" (c 0.70, benzene). IR: v(Sn-H) 1799 (8) cm-l. MS 
(70eV,25"C): m/z (%)409(1) [M]+,408(3) [M-H]+,351(24) 
[M - CsHeNl+, 270 (15) [M - CloHlsI+, 254 (9) [SnCsHrCHz- 
NMe21+, 197 (15) [SnCeHal+, 134 (100) [CsH4CH2NMe21+, 120 
(20) [Snl+, 97 (13) [C7H131+, 95 (19) [C7HllI+, 91 (53) [C7H71+, 

- HI+, 346 (2) [M - CHsl+, 222 (15) [M - CioHl~l+, 206 (4) 

84 (4) [CaHioNI', 83 (15) [CeH111+, 81 (24) [CeHgl+, 77 (14) 
[CeHal+, 69 (31) [CaHsl+, 67 (18) [CsH7]+, 58 (37) [CsHeNI+, 57 
(28) [C4Hgl+, 56 (6) [CsHaNl+, 55 (40) [C4H71+, 44 (22) [C2HsNI+, 
43 (44) [C3H7]+, 42 (12) [C2H4N]+, 41 (31) [c&,]+. Anal. Calcd 
for CmHsNSn: C, 58.85; H, 8.64; N, 3.43; Sn, 29.08. Found: C, 
58.64; H, 8.42; N, 3.66; Sn, 28.68. 

[ 8 4  Dimethy1amino)naphthyll-(-)-ment hylmethyltin Hy- 
dride (7). 4 (14.3 g, 27.3 mmol) in 100 mL of diethyl ether and 
10 mL of benzene was reacted with 1.04 g (27.3 mmol) of lithium 
aluminum hydride in 50 mL of diethyl ether, and the reaction 
mixture was worked up using 2.0 mL (109 mmol) of water in 7.0 
mL of dioxane as described for the preparation of 5. After removal 
of the pentane from the extraction solution, 10.9 g (90 %) of 7 
remained as a colorless oil. [cYlz0D -38.9" (c 0.60, benzene). IR: 
v(Sn-H) 1801 (s) cm-I. MS (70 eV, 80 "C): m/z (%) 445 (1) 

CloHl~l+, 290 (29) [SnCloHeNMe21+, 275 (29) [SnCloHeNMeI+, 
259 (6) [SnCloHl~l+, 170 (100) [CloHsNMe21+, 154 (27) [ C ~ I W I + ,  
139 (3) [CtoHl~l+, 135 (8) [SnCHd+, 127 (17) [CloH71+, 120 (7) 
[Snl+, 97 (19) [C7H131+, 95 (6) [C7Hlll+, 91 (2) [C7H?I+, 86 (2) 

[MI+, 444 (5) [M - HI+, 430 (22) [M - CHsl+, 306 (93) [M - 

[CaHi2Nl+, 84 (2) [CaHloNI', 83 (16) [CeH111+, 81 (17) [CsHd+, 
77 (6) [CsHd+, 69 (17) [CaHe]', 67 (11) [CsH7]+, 57 (10) [C4Hgl+, 
56 (6) [CsHaNl+,55 (78) [C4H71+,44 (3) [C2HeNlt,43 (25) [CsH71+, 
42 (50) [C*HdN]+, 41 (52) [C&,]+. Anal. Calcd for Cdis6NSn: 
C, 62.18; H, 7.94; N, 3.15; Sn, 26.72. Found C, 61.98; H, 7.80; 
N, 3.44; Sn, 26.75. 

(-) -Ment hylmet hylnapht hyltin Bromide (8). A solution 
of 1-naphthyllithium prepared from 6.22 g (30.0 mmol) of 
1-bromonaphthalene and n-butyllithium (1.6 M in hexane, 18.8 
mL, 30.0 mmol) in 170 mL of diethyl e t h e F  was added dropwise 
over a period of 4 h to a stirred solution of 13.0 g (30.0 mmol) 
of 1 in 90 mL of diethyl ether at  0 "C. Stirring was continued 
for 24 h at room temperature. After removal of the solvents in 
vacuo, the residue was extracted with hot benzene. The benzene 
filtrate was concentrated to leave a yellow oil, which was 
prepurified by distillation. The fraction with the boiling range 
of 160-185 "C/O.Ol mbar was dissolved in pentane; upon cooling 
to -30 "C, a white precipitate formed. Recrystallization from 
pentane yielded 4.2 g (29 %) of 8 as a white, crystalline solid; mp 

(36) Weisemann, C.; Schmidtberg, G.; Brune, H.-A. J. Organomet. 
Chem. 1989, 361, 299. 
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Table I. Crystal and Data Collection Parameters for 4. 
formula 
fw 
cryst size, mm 
cryst syst 
space group 
Z 
0, A 
6, A 
c, A 
8, deg v. A3 

scan type 
scan speed, 8, deg/min 
no. of data measd 
no. of unique data 

R 
res electr dens, e A-3 
abspn mrrn 

CzsHwBrNSn 
523.14 
0.3 X 0.3 X 0.5 
monoclinic 
PZ1 (NO. 4) 
4 
9.259(5) 
20.615(9) 
12.964(7) 
105.40(5) 
2385.7 
1.46 
Mo Ka; 0.71073 
27.4 
55 
-10 5 h I 10,O I k I 24, 

0 1 1 1 1 5  
w-scan 
min 1.0, max 29.3 
4620 
3498 
I > 241) 
0.044 (unit weights) 
-0.61/0.76 
empirical, min/max corrections 

0.783/1.131 

* Estimated standard deviations are given in parentheses. 

67 "c. [aI2OD -29.3" to -47.1' (over 20 h) (c 0.97, benzene). MS 
(70 eV, 105 "C): m/z (%) 352 (4) [M - CloHal+, 341 (17) [M - 
CloH~1+,262 (3) [M-CloHl~-Br]+,247 (4) [SnCl&]+, 199 (11) 
[SnBrl+, 139 (22) [CloHl~l+, 135 (5) [SnCHsl+, 120 (2) [Snl+, 97 
(18) [C7His1+, 95 (6) [C7Hi11+,83 (100) [CaHii1+,81(13) [CsHd', 
77 (2) [CsHsl+, 69 (30) [CaHsl', 67 (5) [CsHd+, 57 (29) [CiHsl+, 
55 (18) [CIH?]+, 43 (13) [CsH7]+, 41 (12) [CsHs]+. Anal. Calcd 
for C21HdrSn: C, 52.54; H, 6.09; Sn, 24.73. Found C, 52.49; 
H, 6.16; Sn, 24.60. 

(-)-Menthylmethylnaphthyltin Hydride (9). In analogy 
to the preparation of 5,8 (2.7 g, 5.6 mmol) in 18 mL of diethyl 
ether was reacted with 0.21 g (5.6 mmol) of lithium aluminum 
hydride in 10 mL of diethyl ether, and the mixture was worked 
up using 0.40 mL (22.4 mmol) of water in 1.4 mL of dioxane. 
Concentration of the pentane extraction solution afforded 1.9 g 
(84 %) of 9 as a co~orless, viscous liquid. [(ula0D -37.6" (c 0.48, 
benzene). I R  v(Sn-H) 1806 (8) cm-1. MS (70 eV, 75 "C): m/z 

- CloH1~l+, 262 (37) [M - H - CloHlel+, 259 (32) [SnCloHl~l+, 247 
(100) [SnCloH,I+, 139 (54) [Cd l9 l+ ,  135 (52) [SnCHal+, 128 
(65) [CloH~l+, 120 (40) [Snl+, 97 (18) [C7Hlsl+, 95 (22) [Cd-hl+, 
83 (69) [CsHii]+, 81 (29) [CeHe]', 77 (9) [CsHsl+, 69 (33) [CaHel+, 
67 (21) [CsH71+, 57 (20) [C4Hsl+, 55 (71) [C&I+, 43 (26) [CsH71+, 
41 (37) [c&]+. Anal. Calcd for CzlH~Sn: C, 62.87; H, 7.54; 
Sn, 29.59. Found C, 63.29; H, 7.37; Sn, 29.80. 

X-ray Structure Analysis of 4. Suitable crystals of 4 were 
grown from a concentrated diethyl ether/pentane solution at  room 
temperature. The compound is monoclinic, space group P21,Z 
= 4. The asymmetric unit contains two crystallographically 
independent molecules of identical configuration and confor- 
mation. The unit cell parameters and intensities were measured 
at room temperature by use of a Syntex P21 four circle 
diffractometer; empirical absorption correction was done using 
DIFABS.37 Important crystal and data collection details are listed 
in Table I. The structure was solved by the heavy atom method 
and refined by blocked least-squares; programs used were 
SHELXS-86% and SHELX-76," respectively. The non-hydrogen 
atoms were refined anisotropically; H atom coordinates were 
calculated geometrically, and their contribution waa included in 
the last stages of the refinement. The final discrepancy factor 

(%) 387 (3) [M - CHsl+, 274 (29) [M - H - CloH71+, 263 (53) [M 

(37) Walker, N.; Stuart, D. Acta Crystallogr., Sect. A 1983, 39, 158. 
(38) Sheldrick, G. M. SHELXS-86, Crystal Structure Solution Pro- 

(39) Sheldrick, G. M. SHELX-76, A Program for Crystal Structure 
gram; UniversitAt Gbttingen: Gbttingen, Germany, 1986. 

Solution; Cambridge University: Cambridge, England, 1976. 
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Table 11. Atom Positions and iL Values for 4' 

Schumann et al. 

Scheme I 
atom X Y Z B,,b A2 

Sn 1 
Sn2 
Brl 
Br2 
c11  
c12  
C13 
C14 
C15 
C16 
C17 
C18 
C19 
CllO 
C l l l  
c112 
C113 
C114 
C115 
C116 
C117 
C118 
C119 
Cl20 
Cl2l  
c122 
C123 
c21  
c22  
C23 
C24 
C25 
C26 
C27 
C28 
C29 
c210 
c211 
c212 
C213 
C214 
C215 
C216 
C217 
C218 
C219 
c220 
c221 
c222 
C223 
N1 
N2 

0.551 1( 1) 
0.1072( 1) 
0.5022(2) 
0.1 130(2) 
0.7921 (12) 
0.8363( 13) 
O.O078( 14) 
0.0725( 13) 
0.0292( 15) 
0.8547( 13) 
0.0873(16) 
0.7684(14) 
0.7962(18) 
0.8 162(21) 
0.5087( 15) 
0.4987( 18) 
0.5244( 25) 
0.4683(34) 
0.3709(32) 
0.3437(24) 
0.2564(29) 
0.2362(21) 
0.3127(14) 
0.4009( 13) 
0.4154(15) 
0.6874( 18) 
0.431 1( 18) 
0.3451( 11) 
0.4450( 12) 
0.6125( 13) 
0.6428( 14) 
0.5525(16) 
0.3846(14) 
0.5779(22) 
0.41 55( 17) 
0.4529(20) 
0.4866(21) 

4 0 1 6 4 (  17) 
0.0674(13) 
0.1052( 17) 
0.0941(24) 
0.0421 (22) 
O.O051( 16) 

-O.0507( 18) 
-0.075 l(21) 
-0).0381(15) 

O.O076( 12) 
0.0267( 14) 
0.1571( 17) 

-O.0998( 15) 
0.5460(12) 
0.0602( 11) 

0.8710(0) 
0.5005(0) 
0.9425(1) 
0.4419(1) 
0.8592(5) 
0.8413(6) 
0.8396(7) 
0.9065(8) 
0.9319(7) 
0.9281(6) 
0.9979(8) 
0.7741(7) 
0.7612(8) 
0.7163(7) 
0.9458(8) 
0.7299( 7) 
0.6708( 1 1) 
0.6176( 13) 
0.6209( 14) 
0.6801(10) 
0.6861(14) 
0.7422( 13) 
0.7980(8) 
0.7960(6) 
0.7390(7) 
0.7852( 12) 
0.8110(9) 
0.4931(6) 
0.5234(6) 
0.5 lM(8) 
0.43 88( 8) 
0.41 14(8) 
0.4236(6) 
0.3398(9) 
0.5943(8) 
0.6406(8) 
0.6130(10) 
0.4246(7) 
0.6374(6) 
0.6915( 10) 
0.7539(11) 
0.7601(8) 
0.7081(8) 
0.7 103(9) 
0.6580(11) 
0.5956(9) 
0.5910(6) 
0.6424(6) 
0.5602(9) 
0.560 1 (8) 
0.7912(7) 
0.57 19(6) 

0.5253( 1) 
-O).0698( 1) 
0.3504( 1) 
0.1 115(1) 
0.5454(9) 
0.4440( 9) 
0.4723(10) 
0.5052(11) 
0.6066( 10) 
0.5813(9) 
0.6372( 12) 
0.3996(12) 
0.29 13( 10) 
0.4733(14) 
0.6238(12) 
0.6152( 14) 
0.6581(23) 
0.6055(29) 
0.5022(32) 
0.4561(26) 
0.3500(27) 
0.3008(18) 
0.3514( 12) 
0.4521(11) 
0.5067( 14) 
0.7599(14) 
0.7250(13) 

0.0547(10) 
0.0605( 11) 
0.0508(11) 

-0.0530(12) 
-0.0666(10) 
-0).0660( 16) 
0.0717( 13) 

-O).0075( 18) 
0.1865(15) 

-0.1646( 1 1) 
-O).1927( 10) 
-O.2426( 14) 
-0.1993(22) 
-0.1078(23) 
-0.0559(16) 
0.04 1 2( 16) 
0.0861 ( 17) 
0.0592( 13) 

-0.0347(9) 
-O.0927( 1 1) 
-0.3057(11) 
-O.2974( 1 1) 

L 0.6750(9) 
-0.2361(8) 

-0).0532(9) 

4.09 
4.13 
6.93 
7.55 
4.09 
4.73 
5.43 
6.20 
5.73 
4.56 
7.08 
6.02 
6.84 
8.13 
6.80 
6.32 

11.13 
14.89 
16.87 
10.19 
12.40 
9.87 
6.57 
4.93 
6.36 
9.69 
7.65 
4.58 
4.68 
5.96 
6.39 
6.17 
5.08 
8.88 
7.09 
9.07 
9.15 
6.34 
4.78 
7.68 
9.76 
9.48 
7.36 
7.36 
9.22 
7.15 
4.59 
4.95 
7.11 
6.12 
6.54 
5.34 

0 Estimated standarddeviationsaregiven in parentheses. * Bq 3: ( 8 d /  
3)ZrZ,Gpr*aj*at.i. 

was R = 0.044. The absolute Configuration of 4 was deduced 
from the molecular geometry of the (-)-menthyl ligand-the 
stereochemistry of ita carbon atoms C2 and C5 could not have 
changed during the reaction-and was confirmed by refining the 
structure with a set of inverted atomic coordinates, which resultad 
in a significantly higher R value. Atom positions and isotropic 
equivalent thermal parameters are listed in Table 11. 

Results and Discussion 

Synthesis. The starting organotin compound con- 
taining the optically pure (-)-menthyl ligand, (-)-menth- 
yltrimethyltin, was obtained, as described earlier?' by 
stereospecific reaction of trimethyltin chloride with the 
Grignard reagent derived from (-)-menthyl chloride. 

Dihalogenation of (-)-menthyltrimethyltin carried out 
with 2 equiv of bromine in methanoP yields 1 as a colorless, 
distillable liquid, which crystallizes in the form of low 

(-1-MenthMe3Sn 

2 Br, (McOH)  I 
(-)-MenthMeSnBr2 (1) 

N CLI (Et,O) I n  
Br 

(-)-Menth I 
Me,Sn-C 9 1  (2,3,4) 

LIAIH, (Et,O) 

Me 

I 

n 

' Me2N 8 C N -NMe2, 

Me2N 

(2) (31 (4) 

(5) ( 6 )  (7 1 

Scheme I1 
NaphLl 

(-)-MenthMeSnBr2 (-1-MenthMeNaphSnBr ( 8 )  

~ LIAIH, (Et,O) 
(1)  

(-)-Menth MeNaph SnH (9) 

melting needles. Subsequent monoalkylation of the 
diorganotin dibromide creates the center of asymmetry at  
the tin atom: The slow 1/1 addition of highly diluted 
[3- (dimethy1amino)propyll lithium,32 [ 2- [ (dimethylami- 
no)methyllphenylllithi~m,~~~ or [8-(dimethylamino)- 
naphthylllithium etherate36t41 to 1 affords the crystalline 
[ (dimethy1amino)organol -(-)-menthylmethyltin bromides 
2,3, or 4, respectively. The isolated crystals of 3 and 4 are 
diastereomerically pure; in solution an equilibrium mixture 
of both epimers differing in the absolute configuration at  
the tin center in a ratio of 47:53 or 4654, respectively, is 
formed slowly. A determination of the diastereomer 
composition of 2 was not possible due to its very high 
configurational instability. 

The corresponding [ (dimethy1amino)organol-(-)- 
menthylmethyltin hydrides 5-7 are obtained by the 
reduction with lithium aluminum hydride. The thermally 
sensitive compounds, colorless oils, show constant dias- 
tereomer ratios of 4951, 46:54, and 38~62. 

For the purpose of comparison, the (-)-menthylmeth- 
ylorganotin bromide and hydride 8 and 9 without amino 
functionality have been synthesized analogously: 1 reacts 
with l-naphthyllithiums to give 8; a solution of the 
crystalline solid reaches a diastereomer ratio of 4852 at 

(40) Sisido, K.; Miyanisi, T.; Isida, T.; Kozima, S. J. Organomet. Chem. 

(41) Jastrzebski, J. T. B. H.; van Koten, G.; Goubitz, K.; Arlen, C.; 
1970,23, 117. 

Pfeffer, M. J. Organomet. Chem. 1983,246, C75. 
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equilibrium. Reduction with lithium aluminum hydride 
affords 9, a viscous liquid, showing a constant diastereomer 
ratio of 4852. 

Polarimetry. The optical rotations of the compounds 
synthesized have been measured in benzene solution. With 
the “doubly chiral” organotin compounds bearing an 
optically active ligand linked to an asymmetric tin center, 
the observation of a constant optical rotation indicates a 
constant ratio of diastereomers, while a rotation changing 
with time illustrates a slow stereoisomerization process 
taking place. 

Two out of the three [(dimethylamino)organol-(-)- 
menthylmethyltin bromides show nonconstant optical 
rotation values. A freshly prepared 0.024 M solution of 
crystalline 3 features a specific rotation [ ( Y I ~ O D  changing 
from -14.8O to a final -41.5O within 2.5 days; a freshly 
prepared solution of crystalline 4 of the same molar 
concentration changes ita specific rotation [(Yl2OD from 
+2.9O toa final-37.9O within 5 days. Since the asymmetric 
tin atom is the only configurationally labile center of 
chirality in these compounds,42 the changes observed 
indicate epimerizations involving inversion of configura- 
tion at  the tin center. As verified by NMR spectroscopy 
(see below), the crystalline (aminoary1)-(-)-menthyl- 
methyltin bromides 3 and 4 exist as pure diastereomers; 
in solution slow epimerization occurs to give an equilibrium 
mixture of both diastereomers differing in the absolute 
configuration at  the tin atom. The crystalline aminoalkyl 
derivative 2, on the other hand, shows a constant optical 
rotation instantaneously after dissolving, corresponding 
to the equilibrium concentration of ita diastereomers; 
NMR spectroscopy points to a stereoisomerization process 
that occurs fast on the NMR time scale (see below). 
Comparison of the respective time necessary for reaching 
equilibrium reveals a strongly increasing kinetic stabili- 
zation of the configuration at  the tin center with decreasing 
flexibility of the potentially bidentate ligand. The re- 
markably high configurational stability of the 8-(di- 
methy1amino)naphthyl derivative 4 has to be ascribed to 
the dimethylamino group, which is directed toward the 
tin atom by the rigid aromatic ringsystem.43 The analogue 
lacking the N-donor site shows a much lower stability of 
its stereocenter at  tin: A solution of crystalline 8 of 
comparable concentration already reaches a constant 
equilibrium value of ita optical rotation within 20 h after 
preparation. 

The initial positive value [(YIz0D observed for 4 relates 
to the diastereomer with the absolute configuration Rsn 
as an X-ray structural investigation reveals (see below). 
The negative contribution of the (-)-menthyl ligand entails 
a positive contribution of this R configurated chiral tin 
center to the total optical rotation. 

The triorganotin hydrides 5-7 and 9 all show constant 
optical rotation values, indicating a constant ratio of 
diastereomers most likely stable toward interconversion.44 

NMR Spectroscopy. The NMR spectra of the com- 
pounds synthesized, recorded in benzene-ds, give an insight 
into the coordination behavior of the amino ligands, which 
are capable of an intramolecular N-Sn donor-acceptor 
interaction. The broad-band-decoupled l3C{IH) NMR 
spectra show distinguishable peaks with Sn satellite lines 
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Table III. lJCC(1HJ NMR (67.93-MHz) Chemical Shifts* and 
lJC-117Wh1 Coupling Constants4f of the 

[3-(Dimethylamino)propyl]-(-)-menthylmethyltin Compounds 
2 and Sd 

2 5 

(42) Gielen, M.; Simon, S.; Tondeur, Y.; van de Steen, M.; Hoogzand, 
C.; van den Eynde, I. Iar. J. Chem. 1976/1977,15,14. 

(43) van Koten, G. Acre Appl. Chem. 1989, 61, 1681. 
(44) Gielen, M. Acre Appl. Chem. 1980,52, 657. 

6 CI (1’4) 39.4 (480.3/502.6) 32.2 (384.8/402.8) 
32.0 (386.01404.0) 

,A,, 6 C3 (I3Jua4) 26.5 (78.0/81.6) 

6 Cs (13JJtnarl) 35.4 (82.8/86.6) 
6 c4 (144) 35.35 (9.7) 

6 Cs (1’4) 40.2 (26.8) 

6 C7 (144) 22.8 (5.7) 
6 CS (I’JgaucheJ) 32.6 (22.7) 

6 c9 22.1 
6 ClO 15.9 

Sn-CH, 6 CH3 (114) 2.8 [broad] 

18.0 [broad] 

22.7 (27.9) MhN 3 2 6C2 c1 (124) (I14) 

6 C3 (134) 62.0 (42.7) 
6 CH3 46.2 

47.3 (15.6)‘ 
47.2 (14.8) 
26.9 (60.8) . ,  
35.9 
35.62 (65.7) 
35.58 (66.oj 
42.2 (17.1) 
41.9 (17.0) 
22.9 
33.7 (20.6) 
33.6 (20.5) 
22.3 
15.8 

-13.3 (283.8/297.0) 
-13.4 (283.9/297.1) 

7.3 (335.7/351.3) 
6.8 (337.5/353.2) 

25.7 (22.4) 
25.6 (22.6) 
63.3 (46.8) 
45.8 

“6 in ppm. bpJI in Hz. C A  single value quoted means unresolved 
117/119Sn satellites. d In C&. 

Table N. ‘H NMR (270-MHz) and l17Sn{lH Inverse Gated) 
NMR (28.552-MHz) Chemical Shifts* and 1H-117’119Sn 

Coupling Constants’ of the 
[3-( Dimethylamino)propyl]-(-)-menthylmethyltin Compounds 

2 and 5f 
2 5 

6 H-C7 0.89 dd 0.83 dd 
1.05 de 0.88 de 

3 0.73 de 
,& 6H-C9 

6 H-Clo 0.77 de 
4 2  Sn dother H 2.15-0.90 m 2.254.85 m 

+IO 

Sn-CHp 6 CHI (1’4) 0.70 s (53.1/55.6) 0.09 d(48.5/50.8) 
0.08 d(48.2/50.4) 

Sn-H 6H(I*A) 4.98 qf(1543.8/ 

4.96 qf(1543.0/ 
1615.7) 

1614.7) 
S n T 1  SCH, 1.80-1.25 m 2.15-1.20 m d 2  6CH; 1.67 s 2.05 s 

M W  3 
6 Sn -3.7 [broad] 1;;:; (49:51)8 

a 6 in ppm. p4 in Hz. e In C6D.5. (’J(IH1H)I = 6 Hz. e (3J(1HLH)I 
= 7 Hz. fl3J(lH1H)1 = 2 Hz. 8 Relative integral ratio. 
surrounding the signals for carbons separated from tin by 
up to four bonds. The lH NMR spectra, which reveal Sn 
satellites only for intense, well-separated signals, and the 
‘17Sn{ lH] NMR spectra supplement the information 
obtained from the ‘SC NMR spectra. In addition, the 
inverse-gated broad-band-decoupled 117Sn{1H) NMR spec- 
tra allow the quantitative determination of the epimers 
formed by integration of the two single resonances 
observed. The spectral data for 1-9 are given in Tables 
111-VIII. Assignment of the respective menthyl resonances 
has been done by comparison with those of (-)-menth- 
yltrimethyltin, the analysis of which determined the 
configuration and conformation of the optically pure ligand 
bound to tin as has been described earlierss1 

The 13C(1H) NMR spectrum of the tin bromide 2, 
featuring 15 signals, presents magnetically equivalent 
amine methyl groups. The equivalence reflects a fast 
exchange of the environments of the two methyls and 
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Table V. l3c lH NMR (67.93-MHz) Chemical Shifts' and 
13c- i l  171 19Sn Coupling Constants4~ of the 

[2-[ (Dimethylamino)methyl]phenyl]-(-)-menthy~thyltin 
Compounds 3 and 6d 

Schumann et al. 

3 6 
41.0 (536.0/560.7) 

39.9 (525.6/549.9) 

44.9 (21.9) 
44.6 (23.0) 
26.7 (83.9/87.8) 
26.4 (86.0/90.0) 
35.4 (9.8) 
35.3 (9.2) 
35.6 (89.9/94.1) 
35.3 (87.9/92.0) 
40.3 (26.4) 
40.0 (30.8) 
22.8 
22.5 
33.2 (24.0) 
32.7 (25.8) 
22.0 

16.0 
15.8 
3.8 (407.6/426.4) 

0.2 (437.6/457.8) 

142.6 (582.5/609.7) 

141.0 (576.3/603.0) 

142.9 (33.3) 
142.2 (36.1) 
128.4 (59.5/62.3) 
128.1 (58.5/61.2) 
129.3 (11.8) 
127.0 (52.5) 
126.8 (52.6) 
139.6 (36.7) 
138.5 (40.0) 
65.17 (20.8) 
65.12 (23.5) 
45.2 

35.0 (455.0/ 
476.1) 

34.2 (458.9/ 
480.1) 

47.0 (14.7) 
46.8 (13.6) 
27.0 (68.9) 

36.1 
36.0 
35.9 (74.0) 
35.7 (73.8) 
42.7 (17.9) 
41.3 (19.3) 
23.1 
23.0 
33.6 (21.5) 
33.3 (24.5) 
22.5 
22.45 
16.0 

-10.6 (280.8/ 

-12.2 (281.1/ 
293.8) 

294.1) 
142.4 (474.4/ 

496.4) 
141.8 (481.0/ 

503.3) 
145.6 (23.8) 
145.5 (24.3) 
128.54 (40.6) 
128.52 (41.2) 
128.3 (10.7) 
127.2 (52.3) 
127.1 (50.7) 
137.9 (37.2) 
137.6 (38.6) 
66.3 (19.8) 

44.9 
44.8 

a 6 in ppm. PJI in Hz. A single value quoted means unresolved 
117/119Sn satellites. d In C6D6. 

precludes a permanent formation of a Sn(CH&N chelate 
ring. An equilibrium between both epimers differing in 
the configuration at the asymmetric tin center and between 
an Sn-N coordinated and uncoordinated mode with 
interconversion rates that are fast on the NMR time scale 
is in agreement with the observation of just one signal for 
each carbon atom present in the molecule. A strong, 
resonance frequency dependent broadening of the signals 
of the Sn-bound propyl and methyl carbon atoms confirms 
the existence of a dynamic process. This uncomplete 
coalescence of the Sn-bound carbons is due to especially 
large separations A6 for these carbon atoms in the 
equilibrating stereoisomers. The coupling constant 
11J(13C117/11gSn)l observable for the menthyl C1 indicates 
an average increase in coordination number at  the tin to 
larger than 4:46 The value of 480.3/502.6 Hz is clearly 
larger than that to be estimated for the corresponding 
coupling constant of the unknown (-)-menthylmethyl-n- 
propyltin bromide, the analogue with a four-coordinate 
tin atom. According to Bent's theory of isovalent rehy- 

(45) Nadvornik, M.; Holecek, J.; Handlir, K.; Lycka, A. J.  Orgonomet. 
Chem. 1984,275, 43. 

Table VI. 1H NMR (270-MHz) and 117Sn(1H Inverse 
Gated) NMR (28.552-MHz) Chemical Shifts' and 

1H-117/119Sn Coupling C0nstants4~ of the 
[2-[ (Dimethylamino)methyl]phenyl]- (-)-menthylmethyltin 

Compounds 3 and 6d 
3 6 

6 CH3 

[6 other HI 
6 Sn 

*0.91 dem 
0.70 de 
1.1OdE 
*LO4 dE 
0.81 dc 
*0.51 dg 
2.354.95 m 
0.81 s (57.0/59.7) 
*0.70 s (56.4/59.0) 

6.81 ddx-1 
*6.79 ddgJ 
7.09 dddEaJ 
*7.07 dddgJJ 
7.18 dddga.' 
*8.72 ddgJ (61.9) 
8.71 ddg*'(59.6) 
*3.08 d and 

$2.91 d 
3.04 d and 

2.77 d 
1.72 s 
*1.69 s 

0.89 df 
0.83 df 
0.99 dg 
0.83 dg 
0.98 dE 
0.68 dg 
2.20485 m 
0.33 dh (45.3) 
0.28 dh (45.0) 
5.73 qh (1668.0/ 

1745.5) 
5.59 qh (1647.6/ 

1724.2) 
7.05 m 

7.62 m 

3.49 dk and 
3.09 dk 

3.40 dk and 
3.21 dk 

2.08 s 

7.25-7.10 m 
1;:;:; (46:54)/ 

a 6 in ppm. pJ1 in Hz. A single value quoted means unresolved 
I17/l19Sn satellites. In C6Ds. e 13J('H1H)I = 6 Hz. f13J(1H1H)I = 5 Hz. 
El3J('HIH)l = 7 Hz. 13J('H1H)I = 2 Hz. 'l4J(lH1H)1 = 1 Hz. 
J (2J~~( 'H1H)I = 14 Hz. 12J~~(IH1H)(  = 13 Hz. Relativeintegralratio. 

Values marked with an asterisk refer to the crystallized diastereomer. 

bridization,46 IV(l3C1l7/l19Sn),,~ of the latter compound 
amounts to a value between those observed for (-)- 
menthyldimethyltin bromide (415.6/435.0 Hzp1 and (-)- 
menthylmethylisopropyltin bromide (353.9/370.5 Hz).Bt47*48 
Likewise, the 'H NMR spectrum of 2 indicates a coor- 
dination number of larger than 4 with the coupling constant 
12J('H117/119Sn)l observable for the Sn-bound methyl group; 
its amount (53.1/55.6 Hz) is larger than the corresponding 
one of the analogous unsubstituted n-propyl derivative, 
which ranges between 48.4/50.6 Hz observed for (-)- 
menthyldimethyltin bromide31 and 42.7/44.7 Hz for (-)- 
menthylmethylisopropyltin b r ~ m i d e . ~ ~ ? ~ ~  In a low-tem- 
perature 80-MHz lH NMR experiment, a freezing of the 
molecular dynamics was not possible. Neither a diaste- 
reotopic nonequivalence of the amine methyl groups nor 
doubled signals due to a just slow interconversion of the 
diastereomers could be observed. At -60 OC, the lowest 
temperature studied, solely a broadening of the signals of 
the Sn-bound methyl group and the dimethylamino group 
occurred. The one broad l17Sn(lHJ resonance of 2 at -3.7 
p p m - ~ p f i e l d ~ ~ * ~ ~  of (-)-menthyldimethyltin bromide 
(124.7 ppm)3l and of (-)-menthylmethylisopropyltin bro- 
mide (129.7 and 127.2 p p m ) % ~ ~ ~ -  corroborates the above 
results. 

(46) Mitchell, T. N.; Walter, G. J. Orgonomet. Chem. 1976,121,177. 
(47) Wassermann, B. C. Dissertation, Technische Universitet Berlin, 

Berlin, Germany, 1992. 
(48) The tin coupling constants of corresponding signals of the two 

diastereomers differ in magnitude. The mean value has been cited in the 
text. 

(49) Otera, J. J.  Orgonomet. Chem. 1981,221, 57. 
(50) Milgge, C.; Pepermans, H.; Gielen, M.; Willem, R.; Tzschach, A.; 

Jurkschat, K. 2. Anorg. Allg. Chem. 1988,567, 122. 
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Table VII. W{'H} NMR (67.93-MHz) Chemical Shifts' and 13C-i17/ii9Sn Coupling Constantsbc of 1 and of the 
[8-(Dimethylamino)naphthylE(-)-mentbylmetbyltin Compounds 4 and 7 and Their Unsubstituted Analogues, the 

(-)-Menthylmethylnaphthyltin Compounds 8 and 9d 
1 4 8 7 9 

48.4 (453.1/474.2) 

45.9 (25.5) 

26.4 (108.8/113.8) 

34.7 (13.4) 

34.9 (104.0/108.8) 

39.0 (38.3) 

22.4 (9.7) 

34.8 (34.3) 

21.8 

15.5 

8.4 (301.3/315.3) 

40.8 (519,61543.8) 
40.3 (513.4/537.3) 
44.9 (22.3) 
44.7 (24.8) 
26.44 (82.5186.3) 
26.41 (87.3191.4) 
35.3 

35.4 (89.7193.9) 
35.1 (87.0191.0) 
40.3 (24.5) 
39.6 (30.8) 
22.9 
22.5 
32.6 (24.8) 
32.5 (24.0) 
22.0 
21.9 
16.0 
15.0 
6.1 (404.21422.9) 
1.8 (433,81454.0) 

138.0 (583.1/610.5) 
135.5 (580.6/607.6) 
138.9 (33.6) 
137.5 (35.9) 
127.4 (48.4) 
127.1 (46.2) 
129.4 (13.7) 
129.3 (14.8) 
127.5 
127.3 
125.95 
125.88 
116.8 
116.3 

149.8 (23.0) 
134.4 (38.2) 
133.9 (40.8) 
134.6 (43.3) 
134.5 (45.0) 

150.1 (20.0) 

50.2 
48.9 
48.6 
46.3 

41.5 (420.7/440.2) 
41.1 (421.41441 .O) 
46.5 (18.4) 
46.4 (19.1) 
26.7 (80.8/84.6) 

35.2 
35.1 
35.23 (83.6) 
35.21 (83.2) 
40.3 (24.6) 
40.1 (23.5) 
22.5 
22.45 
34.3 (25.8) 

21.8 

15.7 

-1.0 (297.81311.7) 
-1.3 (296.6/310.4) 

141.2 (427.51447.1) 
14 1.1 (424.3/444.1) 
135.8 (33.7) 
135.7 (33.8) 
126.1 (57.7) 

130.3 (12.6) 

129.6 (7.8) 

126.7 
126.6 
126.1 

129.1 (41.3) 
129.0 (40.5) 
134.5 (38.3/40.1) 

138.0 (46.5/48.7) 
137.95 (45.4147.5) 

34.3 (455.91477.1) 
33.1 (454.3/475.5) 
46.8 (13.4) 
46.7 (1 3.2) 
26.9 (66.4) 
26.8 (69.5) 
35.9 

35.8 (76.6) 
35.5 (72.3) 
42.9 (15.2) 
40.8 (19.3) 
23.0 
22.7 
33.2 (27.3) 
33.0 (25.8) 
22.2 
22.1 
16.0 
15.1 

-10.6 (261,91274.1) 
-10.9 (273.8/286.5) 
138.0 (496.7/519.7) 
136.3 (506.2/529.7) 
136.8 (35.3) 
135.9 (36.2) 
126.4 (58.3) 
126.3 (57.9) 
129.3 (10.3) 
129.2 (12.5) 
126.4 
126.1 
125.60 
125.58 
117.0 
116.6 
152.2 (18.3) 
152.1 (18.3) 
135.2 (26.3) 
134.9 (27.3) 
135.3 (35.3) 

49.2 
48.6 
46.5 
45.1 

34.0 (411.1/430.2) 
33.7 (410.3/429.4) 
47.3 (16.7) 
47.2 (16.6) 
26.9 (65.9) 

35.7 
35.65 
35.6 (68.8/72.0) 
35.5 (68.7/71.9) 
42.0 (18.0) 
41.7 (17.9) 
22.7 

33.8 (21.1) 

22.1 

15.7 

-11.5 (309.8/324.3) 
-12.1 (311.71326.3) 
141.5 (416.7/436.0) 
141.2 (417,61436.9) 
136.3 (31.2) 

125.8 (49.6) 

129.3 (11.1) 

129.4 

126.2 

125.8 

130.6 (32.9) 

139.4 (31.1) 

134.5 (32.5) 
134.2 (32.1) 

a 6 in ppm. in Hz. C A single value quoted means unresolved 117/119Sn satellites. * In C6D6. 

The 13C{lH) NMR spectrum of equilibrated 3, showing 
16 out of 19 signals doubled, represents a superposition 
of the two different spectra of two diastereomers that 
interconvert slowly. With the separation of corresponding 
signals A6 (maximum 3.6 ppm) decreasing as the distance 
between the respective carbon and the asymmetric tin 
atom increases, just the menthyl C9 in the 6 trans position, 
the benzene Cq in the para position to tin, and the 
dimethylamino group show the same resonances for both 
diastereomers. A coordination number of higher than 4 
at  the metal center of the tin bromide46 is suggested by 
the enlarged coupling constants (1J(13C117/11gSn)l of the 
Sn-bound methyl and menthyl carbons as compared to 
those couplings observed for the similar compound bearing 
an unsubstituted aromatic ligand, 8. The 1H NMR 
spectrum of 3 shows a correspondingly enlarged coupling 
constant 12J(lH117/'19Sn)l of the methyl group and, more- 
over, evidences a pentacoordinate structure by the sig- 
nificant downfield shift of the resonance of the phenyl CS 
proton (8.72 and 8.71 ppm) in comparison to the corre- 
sponding resonance of four-coordinate dimethylphenyltin 

bromide (6[Hphenyl] = 7.44-7.10 p p m P  A trigonal bi- 
pyramidal arrangement around tin-as a result of in- 
tramolecular Sn-N coordination-with the electronegative 
nitrogen and bromine in axial p~sitions~*~places the phenyl 
CS proton near the bromine.52 The magnetic equivalence 
of the amine methyl groups indicates Sn-N bond disso- 
ciation followed by inversion at  nitrogen with concomitant 
180' rotation around the CH2-N bond and renewed 
formation of the Sn-N bond,2J occurring fast on the NMR 
time scale-a process which can be frozen, however: A 
low-temperature 80-MHz lH NMR experiment allows the 
observation of diastereotopic amine methyl groups below 
0 OC. The epimerization process involving inversion of 
configuration at  the tin takes place on the laboratory time 
scale and can be observed NMR spectroscopically on a 
freshly prepared solution of crystalline 3: In addition to 
the original resonances of the crystallized diastereomer, 
the resonances due to the second diastereomer appear with 

(51) Baldwin Frech, C. Dissertation, The University of Oklahoma, 
Norman, OK, 1987. 

(52) van Koten, G.; Schaap, C. A.; Noltes, J. G. J. Organomet. Chem. 
1975,99, 157. 
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Table VIII. 1H NMR (270-MHz) and Wn(1H Inverse Gated) NMR (28.552-MHz) Chemical Shifts. and IH-l17/119Sn Coupling 
Constants4c of 1 and of the [8-(Dimethylamino)naphthyl]-(-)-menthylmetbyltin Compounds 4 and 7 and Their Unsubstituted 

Analogues, the (-)-MenthylmethylnaphthylHn Compounds 8 and 9d 
1 4 8 7 9 

6 H-C4 

6 H-C5 

6 H-c6 

6 H-C7 

6 H-C8 

6 CH3 

[6 other HI 
6 Sn 

1.90 dddLSCJ 

1.98 ddddgJJh 

0.75 d 

0.81 d 

0.62 d 

1.60-0.85 m 
0.94 s (50.2/ 

52.5) 

80.2 

0.87 d 
*0.84 d,P 
1.12 & 
*0.93 d 
0.53 d' 
*-0.10 CY 
2.35485 m 
0.91 s (57.4/ 

60.1) 
*0.88 s (57.0/ 

59.6) 

9.09 d&J (69.4) 

*9.01 d&J (71.6) 

7.40 dd-m 
*7.38 dd?" 
7.57 dd'pm 
*7.55 dd's" 
7.47 dd'3m 
*7.45 dd'." 
7.14 dd*m 
*7.13 dd,m 
6.81 d d J  
*6.76 d&J 

*2.24 s 
2.22 s 
2.04 s 
*1.90s 

1.13 m 

1.37 dddc*ca 
1.35 dddcpea 
0.73 d' 

0.75 d 

0.60 & 
0.57 d 
2.20-0.80 m 
0.84 s (48.11 

50.3) 
0.82 s (48.11 

50.3) 

8.03 d&*' (60.71 

7.99 d d J  (60.9/ 
63.5) 

63.7) 
7.26 m 

7.61 dm 

7.61 d" 

7.34 m 

7.26 m 

7.92 d" 
7.89 d" 

:::: (4852)O 

0.88 d' 
0.60 d' 
0.95 & 
0.75 d 
0.80 d 
0.11 d 
2.30-0.85 m 
0.42 dk (42.8/ 

44.8) 
0.40 dk (42.9/ 

6.25 qk (1751.8/ 

6.10qk (1763.8/ 

44.9) 

1833.2) 

1845.8) 
7.90 d d J  (60.7) 

7.89 d d J  (61.0) 

7.34 ddJ" 
7.33 ddSm 
7.64 dm 

7.50 dd'J" 
7.49 dd'." 
7.24 ddmm 
7.23 dd"Sm 
7.06 dd'm 
7.03 dd'." 

2.51 s 
2.49 s 
2.38 s 
2.35 s 

-'08*' (62:38)O -125.4 

0.740 d' 
0.738 d' 
0.83 d 
0.82 d 
0.69 d 
0.66 d 
2.05-0.85 m 
0.46 dk (50.3/ 

52.6) 
0.44 d' (50.41 

52.7) 
5.98 qk (1617.1/ 

1692.2) 
5.93 qk (1614.6/ 

1689.7) 
7.70 d d J  (53.0) 

7.69 ddJ  (53.4) 

7.63 dm 

7.63 dm 

8.02 dm 
8.01 dm 

7.40-7.20 m 
1:;::; (4852)O 

(1 6 in ppm. b PJI in Hz. c A singlevalue quoted means unresolved 117/119Sn satellites. In C&. 13J('H1H)I = 12 Hz. f13J('H1H)I = 3 Hz. g I2J(lH1H)l 
I'J(IHLH)I = 8 Hz. n I3J(lH'H)I = 12 Hz. 

= 9 Hz. O Relative integral ratio. p Values marked with an asterisk refer to the crystallized diastereomer. 
I4J('H1H)I = 3 Hz. ' ('J(lHIH)I = 6 Hz. 1 I'J('H'H)( = 7 Hz. I3J(IH1H)I 2 Hz. ' 14J(1H'H)l = 1 Hz. 

increasing intensity until equilibrium is reached (see Figure 
1). The length of time necessary for reaching equilibrium 
increases from several hours to several days with decreasing 
concentration of the solution investigated. The relative 
integral ratio of the two ll7Sn(1Hj resonances of 3 at  
equilibrium was determined to be 47:53. An upfield shift 
of the resonances at  -49.4 and -50.4 ppm as compared to 
8 (6 l17Sn = 68.9 and 68.4 ppm) and to dimethylphenyltin 
bromide (6 "9Sn = 62.6 ppm)S1 corresponds to pentaco- 
o r d i n a t i ~ n . ~ ~ ~ ~ ~  

A comparison of the NMR spectra of 4 with those of 8 
is especially fruitful, determining the influence of the donor 
atom, with 8 being the exact analogue of 4 without the 
amino functionality. Each illustrating two slowly inter- 
converting diastereomers of the tin bromide, the l3CtlHJ 
NMR spectrum of equilibrated 4 has 22 out of 23 signals 
doubled with separations A6 up to 4.3 ppm, whereas the 
13C(1HJ NMR spectrum of equilibrated 8 shows only 1 2  
out of 21 signals doubled with considerably smaller 
separations of maximum0.4 ppm. The coupling constants 

(53) Jastrzebski, J. T. B. H.; Grove, D. M.; Boersma, J.; van Koten, G.; 
Ernsting, J.-M. Magn. Reson. Chem. 1991,29, 525. 

11J(13C117/119Sn)l of the methyl C and menthyl C1, which 
feature an increase by an average of about 30% for 4 in 
comparison with 8, evidence the pentacoordinate structure 
of 4,45 as does the coupling constant )2J(1H117/11gSn)l of the 
methyl protons accordingly. The 'H resonances of the 
naphthyl CZ proton of 4 (9.09 and 9.01 ppm) appear 
significantly downfield of those of 8 (8.03 and 7.99 ppm) 
due to the trigonal bipyramidal structure involving in- 
tramolecular Sn-N coordination! which places the naph- 
thyl CZ proton in the proximity of the axial bromine.36 A 
fixed Sn-N coordination renders the two amine methyl 
groups diastereotopic; 4 causes four dimethylamino res- 
onances, two for each diastereomer. Also in a high- 
temperature 80-MHz lH NMR experiment, there is no 
coalescence observable up to 105 OC, the highest tem- 
perature studied. NMR investigation of a freshly prepared 
solution of 4 allows the observation of the epimerization 
process occurring on the laboratory time scale: While a 
'H NMR spectrum recorded immediately after dissolving 
the crystalline compound exclusively shows the resonances 
of one diastereomer (see Figure 2a)-the Rs,, diastereomer 
according to X-ray structural characterization-following 
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SnCH3 
0 0  

3, 
I . =  I 00 .M .EO .40 
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G 
1.20 1.00 I O  .60 .40 

equilibrium of @ diastereomws 

t 
Figure 1. Details of the 'H NMR spectra (270 MHz) of [2-[(dimethylamino)methy1]phenyll-(-)-menthylmethyltin bromide 
(3) in CSDS illustrating the epimerization process. 

measurements of the sample produce spectra with addi- 
tional resonances of increasing intensity due to the second 
diastereomer. Finally, after 5 days a constant diastereomer 
ratio is reached; the spectrum of the equilibrated solution 
identifies the prevalent diastereomer as the one crystallized 
originally (see Figure 2b). The two l17Sn(lH) resonances 
of 4 at  -35.0 and -38.7 ppm are shifted upfield of those 
of 8 by about 100 ppm as expected for pentacoordination 
versus tetracoordination at the tin atom.49*63 Integration 
reveals a diastereomer ratio a t  equilibrium of 4654 for 4 
and of 4852 for 8. 

The NMR spectral data of 5 indicate a coordination 
sphere of the dimethylamino substituted organotin hydride 
similar to that of an unsubstituted tin hydride. The 13C- 
(1H) NMR spectrum, having 8 out of 15 signals doubled 
with separations A6 of maximum only0.5 ppm, corresponds 
to two diastereomers, the interconversion of which is inert 
on the NMR time scale or-most likel9-completely 
blocked. The Lewis acidity of the metal center in 
5-contrary to the corresponding tin bromide 2-seems 
to be too low for effecting a coordination of the amino 
group: The magnetic equivalence of the amine methyl 
groups together with the tin couplings 114 and 124 reflect 
a four-coordinate tin center with a dangling (dimethyl- 
amino)propyl ligand. The  coupling constants 

11J(13C117/11gSn)( for the methyl C (283.9/297.1 H z ) ~  and 
the menthyl C1 (385.4/403.4 H z ) ~  of 5 lie in size exactly 
between the respective couplings of (-)-menthyldimeth- 
yltin hydride ()1J(13C117/11gSn),*y~l = 300.1/314.0 Hz, 

menthylmethylisopropyltin hydride (11J(13C117/11gSn)me~il 

3 8 3 . 9 H ~ ) ~ ? ~ ~ * ~  and, therefore,@ correspond to those of the 
unknown (-)-menthylmethyl-n-propyltin hydride, the 
unsubstituted analogue. The coupling constants 
12J(1H117/11gSn)l for the methyl protons (48.4/50.6 H z ) ~  
and 11J(lH117/llgSn)l for the Sn-bound hydrogen (1543.4/ 
1615.2 H z ) ~  compare accordingly with those of (-)- 
menthyldimethyltin hydride (J2J(1H117/11gSn)m~il = 50.4/ 
52.7 Hz, I1J(lH1l7/llgSn)( = 1570.9/1644.0 H z ) ~  and (-)- 
menthylmethylisopropyltin hydride (12J(1H1171119Sn)mwl 
= 47.0/49.1 Hz, IV(1H117/119Sn)J = 1486.4/1555.5 H Z ) . ~ ~  
The two l17Sn(lH) resonances, the integral ratio of which 
is 4951, are found at -88.8 and -92.1 ppm in the region 
of the resonances of the likewise tetrahedrally coordinated 
tin in (-)-menthyldimethyltin hydride (-96.8 ppm) and 
(-)-menthylmethylisopropyltin hydride (-68.8 and -70.2 
ppm).m 

The 13C(1H) NMR spectrum of the tin hydride 6 shows 
15 out of its 19 signals doubled with separations A6 of 1.6 

11J(13C117/11gSn)men*yll = 405.1/423.8 H z ) ~ * ~ ~  and (-)- 

= 269.0/281.5 Hz, 11J(13C117/11gSn)m~~th,ll. = 366.8/ 
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a) RS, diastereomer 

Schumann et al. 
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Figure 2. 1H NMR spectra (270 MHz) of [8-(dimethylamino)naphthyll-(-)-menthylmethyltin bromide (4) in C&. 
ppm and smaller, again representing two diastereomers 
that are most likely configurationally stable.& Analysis 
of the relevant coupling constants suggests a distortion of 
the tetrahedral coordination geometry around tin toward 
a trigonal bipyramidal one. For comparison, the similar 
tin hydride with an unsubstituted aromatic ligand, 9, 
featuring the tetrahedral structure is used: The menthyl 
coupling constant 11J(13C117/11sSn)l in 6 is increased, and 
the methyl coupling constants IV(13C117111sSn)l and 
J2J(1H117/11sSn)J are decreased. While an enlarged tin 
coupling indicates an increased s orbital participation in 
a shortened, equatorial Sn-C bond in a trigonal bipyra- 
midal structure-as observed for the pentacoordinate 
organotin bromides with nitrogen and bromine in the axial 
positions-a diminished tin coupling accordingly indicates 
a decreased s orbital participation in a lengthened, axial 
Sn-C bond.% This points to a structure of 6 in which the 

dimethylamino group approaches the tin from the site 
opposite to the methyl group, with the aminobenzyl ligand 
spanning a quasi-equatorial (C) and a quasi-axial site (N) 
of a beginning trigonal bipyramidal arrangement. The 
approach of the donor atom-bearing magnetically equiv- 
alent methyl groups-does not result in a strong Sn-N 
interaction as suggested by the low Lewis acidity of the 
metal center in the tin hydride and by the two l17Sn(1H) 
resonances at -119.1 and -137.0 ppm (relative integral 
ratio 46:54), which show up in the region of those for 
unsubstituted 9 (6 l17Sn = -117.0 and -121.6 ppm). The 
nitrogen functionality in 6 is brought into the proximity 
of the tin mainly for steric reasons-due to the ortho 
disubstituted phenyl group. 

Comparison of the separations 46 of doubled signals in 
the 13Ct1HJ NMR spectra of the tin hydride 7 and of its 
exact analogue without amino functionality, 9-both 
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consisting of two most likely configurationally stable 
diastereomers4-illustrates the influence of the dimeth- 
ylamino group in the former with clearly larger values A6 
of up to 2.1 ppm for the 21 out of its 23 signals doubled 
as compared to a maximum of 0.3 ppm for the 8 out of 21 
signals doubled of the latter. The tin couplings 114 and 
I2J reflect the distortion of the tetrahedral coordination 
geometry around tin caused by the dimethylamino group 
in 7. The increase of the menthyl and the decrease of the 
methyl coupling constants 11J(13C117/119Sn)( of 7 as com- 
pared to 9-with respective differences less than half as 
large as the increases that correspond to the change in 
coordination number from 4 to 5 for the organotin 
bromides-indicate a beginning change from tetrahedral 
into trigonal bipyramidal structure. The menthyl group 
occupies a quasi-equatorial position; the methyl group, a 
quasi-axial position. The hydrogen atom bound to tin, 
featuring an enlarged coupling constant 11J(1H117/11gSn)l 
with respect to 9, resides in another quasi-equatorial 
position. The (dimethy1amino)naphthyl ligand spans the 
remaining quasi-equatorial and -axial sites, with the 
electronegative nitrogen approaching the tin from the 
latter site. A similar solid-state structure has been 
established for tert-butyl[8-(dimethylamino)naphthyll- 
(-)-menthyltin hydride.31 For the two amine methyls in 
7, there are four resonances observable; this diastereotop- 
icity reflects a blocked exchange of the N-bound groups, 
i.e., a fixed orientation of the nitrogen lone pair of electrons 
toward the tin atom. Yet, mainly steric reasons are 
responsible for this positioning, with the rigid, peri 
disubstituted naphthalene ring system connecting tin and 
nitrogen.31 There is no significant donor-acceptor inter- 
action as suggested by the absence of an upfield shift of 
the two l17Sn(1Hj resonances of 7 at -108.5 and -125.4 
ppm in comparison with those of unsubstituted 9. The 
relative integral ratios were determined to be 38:62 for 7, 
yet only 48:52 for 9. 

The different potentially bidentate ligands 3-(dimeth- 
ylamino)propyl, 2- [(dimethylamino)methyll phenyl, and 
8-(dimethy1amino)naphthyl influence the structure, con- 
figurational stability, and optical induction in the organotin 
bromides and hydrides quite differently-due to the 
increasing rigidity of their three-membered carbon chain 
that connects tin and nitrogen. Comparison of the 
[ (dimethylamino)organol-(-)-menthylmethyltin bromides 
2-4, which feature pentacoordinate tin centers as a result 
of intramolecular Sn-N coordination, reveals a clearly 

increasing stability of the Sn-C-C-C-N chelate ring 
formed with regard to a Sn-N dissociationlassociation 
process occurring. The equally increasing configurational 
stability of the tin center in 2-4 may be explained with the 
steric crowding around tin, e.g. in the four-coordinate 
transition state during an irregular inversion process:" 
While the aminopropyl ligand in its nonchelating mode 
does not hinder the intermolecular nucleophilic attack at  
the tin, which leads to inversion of its configurationF6 the 
(aminomethy1)phenyl ligand and the aminonaphthyl 
ligand crowd the coordination sphere of the tin atom 
regardless of their coordination mode (see Figure 31, thus 
hindering the inversion process. The instability of the 
Sn-N coordination observed for 2 and 3 supports a dis- 
sociative mechanism. For the stereoisomerization of 4, 
however, a regular inversion process with conservation of 

- 
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(64) Klebe, G. J. Organomet. Chem. 1987,332,36. 
(66) Gielen, M. Top. Curr. Chem. 1982,104, 67. 

7 RR'BrSn 

RR*BrSn P 
NMe2 NMe2 

R*RBrSn \ 
NMe2 

Figure 3. Comparison of the flexibilities of the 3-(dimeth- 
ylamino)propyl, 2-[(dimethylamino)methyllphenyl, and 
8-(dimethy1amino)naphthyl ligands. 

the p e n t a c ~ o r d i n a t i o n , ~ ~  e.g. a series of Berry 
pseudorotations-an energetically unfavorable 
process4-seems to be likely. The concentration inde- 
pendence of the epimerization of 4 precludes a stereo- 
isomerization route involving hexacoordinate intermedi- 
ates formed by association of two intramolecularly Sn-N 
coordinated molecules.4ps8 The [(dimethylamino)organol- 
(-)-menthylmethyltin hydrides 5-7, in which the tin 
centers show too low a Lewis acidity for Sn-N coordination, 
reflect the decreasing flexibility of their amino ligands in 
the distortion of the tetrahedral structure observed for 6 
and 7. The diastereomer ratios of the "doubly chiral" 
organotin compounds being unequal to 1 reveal an optical 
induction from the (-)-menthyl ligand to the asymmetric 
tin center. This optical control of the configuration at  the 
tin atom by the optically active ligand increases as the 
rigidity of the potentially bidentate ligand increases. 

Crystal Structure  of 4. The single-crystal X-ray 
diffraction study of 430 reveals a crystal structure which 
consists of discrete mononuclear molecules. The asym- 
metric unit contains two independent molecules of iden- 
tical conformation. The absolute configuration of the 
stereocenter a t  the tin atom is assigned to Rs, for both 
molecules while confirming the 1R,2S,5R configuration of 
their (-)-menthyl ligand. ORTEP67 drawings of the two 
molecules 1 and 2 (different perspectives) in the asym- 
metric unit are shown in Figure 4 along with the adopted 
numbering scheme (the first digit of the atom numbering 
refers to the respective molecule and will be omitted in 
the following discussion). Selected bond distances and 
angles are summarized in Table IX. 

The molecular structure of 4 shows the solid-state 
structure of the organotin bromide matching with the 
structure determined in solution. In a distorted trigonal 
bipyramidal coordination geometry, the pentacoordinate 
tin atom is surrounded by the carbon atoms of the organo 
ligands in the equatorial positions and by the bromine 
and nitrogen atoms in the axial positions. The flat, 
bidentate aminonaphthyl ligand forms a five-membered 
chelate ring, which bridges an equatorial and an axial 
coordination site. Its bite angle N-Sn-C20 of 74.3(4)O 
[72.3(4)'1 (molecule 1 [molecule 23) differs widely from 
the angle in an ideal trigonal bipyramidal array (90"). 
Likewise, the N-Sn-Br arrangement deviates from lin- 
earity, featuring an angle N-Sn-Br of 168.1(2)O l168.1- 
( 3 ) O I .  With a sum of the three equatorial C-Sn-C angles 

(66) Weichmann,H.;MQge, C.; Grand,A.;Robert, J. B. J.  Organomet. 

(67) Johneon, C .  K. ORTEP. Report ORNL-3794; Oak Ridge National 
Chem. 1982,238, 343. 

Laboratory: Oak Ridge, TN, 1966. 
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Br 1 

C 114 

C 

C 
C 223 

C 213 
215 

W 
C214 

Figure 4. ORTEP drawings of [8-(dimethy1amino)naph- 
thyll-(-)-menthylmethyltin bromide (4) (upper molecule 1, 
lower molecule 2). Hydrogen atoms are omitted for clarity. 

of 357.4O [357.5'1, the SnC3 unit does not show planarity. 
The tin atom is displaced by 0.19 A 10.21 AI out of the 
equatorial plane toward the bromine, onto the side opposite 
the attacking nitrogen atom. This geometry corresponds 
to an intermediate stage of the s N 2  reaction pathway of 
a nucleophilicly attacked triorganotin halide during i h  
passage from a monocapped tetrahedron to an ideal 
trigonal bipyramid as deduced by Britton and Dunitz from 
crystallographic evidence.5s 

The Sn-N distance is 2.55(1) A [2.55(1) AI. It is longer 
than the sum of the covalent radii of tin and nitrogen (2.15 
A),59yet short enough-significantly shorter than the sum 
of their van der Waals radii (3.75 A)5g-t0 indicate a 
substantial bonding interaction. This donor-acceptor 
interaction between the nitrogen and tin atoms is also 
reflected in the geometry of the 1,8-disubstituted naphthyl 
system. Showing angles Sn-C20-C19 and Sn-C20-C21 
of 125(1)O [119(1)O] and 115.7(9)O [116(1)O] and angles 

Schumann et al. 

Table IX. Selected Bond Mstances and Bond Angles for 4 d  
molecule 1 molecule 2 

Bond Distances, A 
Sn-N 2.24 1) 2.55(1) 
Sn-C 1 2.19(1) 2.16(1) 
Sn-Cl 1 2.1 l(2) 2.13(1) 
Sn-C20 2.13(1) 2.18(1) 
Sn-Br 2.641(2) 

Bond Angles, deg 
N S n - C l  93.6(4) 93.8(4) 
N S n - C l l  88.1(5) 89.5(5) 
N S n 4 2 0  74.3(4) 72.3(4) 
NSn-Br 168.1(2) 168.1(3) 
C l S n - C l l  110.9(5) 112.6(6) 
C l S n - C 2 0  119.8(5) 1 2 1.0(4) 
C 1 Sn-Br 95.8(3) 95.7(3) 
C11Sn-C20 126.7(5) 123.9(5) 
C11Sn-Br 95.4(4) 93.4(4) 
C2O-Sn-Br 94.6(4) 96.6(3) 
Sn-C20-C 19 125(1) 119(1) 
Sn-C20-C21 11 5.7(9) 116( 1) 
C 19-C20-C2 1 119(1) 124(1) 

N-Cl2-Cl3 124(2) 124( 1) 

2.630(2) 

N-C12-C21 114(1) 115(1) 

C21-Cl2413 121(2) 121(1) 

0 Estimated standard deviations are given in parentheses. Sn is Snl 
for molecule 1 and Sn2 for molecule 2, C1 is C11 for molecule 1 and C21 
for molecule 2, etc.; see Figure 4. 

N4124221 andN-Cl2413 of 114(1)' [115(1)'] and 124- 
(2)O [124(1)'1, the exocyclic C-Sn and C-N bonds are 
bent toward each other. 

The Sn-Br distance of 2.641(2) A [2.630(2) AI is longer 
than that found in gaseous, four-coordinate trimethyltin 
bromide (2.49(3) AIW or in (4-bromo-1,2,3,4-tetraphenyl- 
cis,cis-1,3-butadienyl)dimethyltin bromide (2.504(5) A), 
which features just beginning pentacoordination.6l This 
lengthening of the bond trans to the coordinating nitrogen 
atom is in agreement with the structural correlation derived 
by Britton and Dunitz for t ram-SnCaY ensembles: the 
shorter the Sn-Y distance, the longer the Sn-X distance.m 

Occupying an equatorial position in the trigonal bipy- 
ramidal ,arrangement of the ligands, the methyl group 
shows a slightly shortened Sn-C distance of 2.11(2) A [2.13- 
(1) A3 as compared to trimethyltin bromide (2.17(5) A ) W  
or (4-bromo-1,2,3,4-tetraphenyl-cis,cis-1,3-butadienyl)- 
dimethyltin bromide (2.150(22) and 2.195(24) A).S1 The 
Sn-C distances of the menthyl and naphthyl ligands were 
determined to be 2.19(1) A [2.16(1) AI and2.13(1) A 12.18- 

The geometry of the structure of 4 compares well with 
those of related triorganotin bromides featuring an in- 
tramolecular Sn-N coordination. Yet, the distorted 
trigonal bipyramidal molecule structures found for [8- 
(MezNCH2)-5-(MeO)CloHslMePhSnBr (d8n-N = 2.401(4) 

[2-(MezNCHz)C6H41Ph2SnBr ( d s n - ~  = 2.511(12) A),l 
[2-(MezNCHMe)C6H41MePhSnBr (dsPN = 2.476(7) A)? 
[2-(MezNCHtBu)C6H41MePhSnBr (dsn-N = 2.482(5) A 
12.552 (5) AI ) ,6 [2-(MezN) CsH4CH (SiMes) 1 MePhSnBr 
(&-N = 2.492(3) A),* and [8-(MezN)CloHslMePhSnBr 
(dsa-N = 2.496(6) AIg almost all show shorter Sn-N 
distances. In the 8- [(dimethylamino)methyllnaphthyl 
derivative the formation of a puckered six-membered 
chelate ring enables the tin and nitrogen atoms to come 
especially close. The 2- [ (dimethy1amino)methyll phenyl, 
[2-(dimethylamino)phenyllmethyl, and 8-(dimethylami- 

(1) AI. 

(58) Britton, D.; Dunitz, J. D. J. Am. Chem. SOC. 1981, 103, 2971. 
(59) Huheey, J. E. Inorganic Chemistry Principles of Structure and 

Reactiuity, 2nd ed.; Harper & Row, Inc.: New York, 1978; Chapter 6. 

(60) Skinner, H. A.; Sutton, L. E. Trans. Faraday SOC. 1944,40,164. 
(61) Boer, F. P.; Doorakian, G. A.; Freedman, H. H.; McKinley, 5. V. 

J.  Am. Chem. SOC. 1970,92, 1225. 



C h i d  (-)-Menthyltin(1V) Compounds 

no)naphthyl derivatives form puckered or planar five- 
membered chelate rings with Sn-N distances in the upper 
range of which the distance observed for 4 was 
found-presumably due to the bulkiness of the menthyl 
ligand. A diastereomeric purity, as observed for crystalline 
4, has also been described for the C,Sn-chiral [2-[1-(S)- 
(dimethy1amino)ethyll phenyl1 methylphenyltin bromide, 
crystallization of which results in resolution of its Ssn 
diastereomer.4 
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