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Summary 

The ligands 8-(trimethylstannyl)methylquinoline. n-Bu,Sn(CHz),NMe2 and 
Ph,Sn(CH,),NMe, react with (C,H,CN),PdC12 to give five-membered palladium 
chelates. in which the nitrogen atom was able to direct palladium insertion into a 
specific carbon-tin bond. The X-ray crystal structure of the simple chelate 
[(Me,N(CH2),)PdCl], is presented. 

Introduction 

One of the most reliable and general methods for the formation of transition 
metal-carbon bonds is the cyclometallation reaction [l-4]. In this reaction the 
leaving group is normally a proton, although examples exist of the cleavage of 
carbon-phosphorous [5], carbon-oxygen [6], carbon-nitrogen [7] and carbon-carbon 
bonds [8]. A second process for the alkylation of platinum group metals proceeds by 
cleavage of carbon-tin bonds [9-111. Recently, the synthetic utility of this latter 
reaction has been demonstrated by the palladium-catalyzed alkylations of various 
types of organic substrates with tetraorganotins [12]. If the organotin compound is 
unsymmetrically substituted, the normal reactivity pattern is for tin-aryl bonds to 
be more reactive than tin-alkyl bonds and for electron-donating groups to favor the 
reaction, as would be expected for electrophilic substitution [13]. We wished to 
discover if directing effects, which play an important role in C-H bond cleavage, 
could be extended to electrophilic C-Sn bond activation. Additionally, given the 
difference in lengths between C-H and C-Sn bonds, we wanted to find out if the 
preference for five-membered ring transition states found in C-H bond activation 
extended to cleavage of carbon-Group IV element bonds. 

Results and discussion 

Initially we investigated directed cleavage of benzylic carbon-tin and carbon- 
silicon bonds in the 8-substituted quinoline ligands 2 and 3 (Scheme 1). These were 
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SCHEME 2 

The normally higher reactivity of Sn-C(sp’) bonds relative to Sn-C(sp”) bonds 
towards electrophilic metal centers could be reversed with an appropriately placed 
NMe, group. The ligand Ph,Sn(CH,),NMe, (8) when reacted with 1 in CHCl, at 
25°C gave a 72% isolated yield of the five-membered chelate 7 from insertion into 
the Sn-C(sp’) bond (Scheme 2). This clearly shows that the palladium first 
coordinates to nitrogen and then inserts into the tin-carbon bond which will 
produce a five-membered chelate ring. 

An extension of this directed cleavage strategy to the synthesis of four-and 
six-membered chelates was attempted. Treatment of Bu,Sn(CH2),NMe, (9) with 1 
at room temperature, however, produced only palladium metal. It is known that the 
related six-membered platinacycles are at least as stable as five-membered platina- 
cycles [15]. Thus, it is likely that the inability to isolate a six-membered chelate from 
9 arose not from the instability of the product, but from the inability of the NMe, 
group to direct formation of a six-membered ring. The only soluble palladium-con- 
taining species that could be isolated was the chelated olefin complex 
(NMe,CH,CH,CHCH,PdCl),, which was recovered in quite a low yield. Since 
stable four-membered chelates have been synthesized by the addition of amines to 
coordinated olefins [16], we attempted to isolate such compounds by the directed 
cleavage route using Bu,Sn(CH,),NMe, (10). At room temperature, only reduction 
to palladium black took place. To test for the transient formation of a four-mem- 
bered chelate, 1 was added to a CO-saturated solution of 10 in CHCl, at 0°C and 
CO bubbling was continued for 1 h. Examination of the filtered reaction mixture by 
IR spectroscopy showed no acylmetal bands. Since CO insertion into the Pd-C 
bond of the desired four-membered chelate is expected to be facile and since the 
resulting product should be stable [17], we conclude that in 10 the NMe, group was 
not able to direct formation of a four-membered ring. In all cases in which the 
starting Pd(C,H,CN),Cl, was reduced to palladium metal the organic residue was a 
complex mixture of products. 

The silane Me,Si(CH,),NMe2 (11) was made in order to see if directed cleavage 
of alkyl carbon-silicon bonds was possible. However, no C-B cleavage occurred 
with 1 or with Pd(O,CCF,), even upon extended reflux in CHCl,. The shift in the 
‘H NMR of the NMe, resonances in 11 upon addition of 1 from 2.5 to 2.7 indicated 
that palladium-nitrogen coordination took place, but in this case did not lead to 
C-Si bond breaking. 

Since 7 is one of the simplest palladium chelates reported, it seemed worthwhile 
to obtain its crystal structure. Such data are useful, among other reasons, as a 
starting point for molecular mechanics calculations on the conform:~t;ons of 
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TABLE 2 

BOND LENGTHS (A) 

Pd-Cl 2.337( 1) 
Pd-C(3) 7.998(3) 
Cl-Pda 2.525( 1) 
N-C(l) 1.498(4) 
C(2)-C(I) 1.49614) 

Pd-N 
Pd-Cla 
N-C(4) 
N-C(5) 
C(2)-C(3) 

2.085(2) 
2.525(l) 
1.48014) 
1.48214) 
1.513(4) 

TABLE 3 

BOND ANGLES (deg.) 

Cl-Pd-N 
N-Pd-C(3) 
N-Pd-CIa 
Pd-Cl-Pda 
Pd-N-C(l) 
Pd-N-C(S) 
C(l)-N-C(S) 
N-C(I)-C(2) 

176.2(l) 
84.5(l) 
95.8(l) 
92.0 

107.4(2) 
112.5(2) 
110.0(2) 
109.2(2) 

Cl-Pd-C(3) 
Cl-Pd-Cla 
C(3)-Pd&Cla 
Pd-N-C(4) 
C(4)-N-C( 1) 
C(4)-N-C(S) 
C(l)-C(2)-C(3) 
Pd-C(3)-C(2) 

91.711) 
88.0 

178.0( 1) 
108.2(2) 
110.9(2) 
107X(2) 
107.4(3) 
108.9(2) 

TABLE 4 

ANISOTROPIC TEMPERATURE FACTORS (A2 x 107) ” 

Atom 

Pd 
Cl 
N 

C(4) 
C(2) 
C(1) 
C(3) 

&I c;, 43 
24(f) 30(l) 28(l) 
35(l) 39(l) 47(l) 
31(l) 35(l) 320) 
30(l) 55(2) 48(z) 
51(2) 34(2) 53(2) 
43(2) 39(2) 42~2) 
44f2) 3801 52(z) 
56(2) 50(2) 36(z) 

4(l) 
10(l) 

5(l) 
6(l) 

10(l) 
16(l) 
90) 

-201 

4 3 

31) 
-9(l) 

40) 
X(l) 
6(l) 
6(l) 
4(l) 

-2(l) 

h. 
101 

-6(l) 
4(l) 
6(l) 

-3(l) 
l(l) 

-6fl) 
6(2) 

” The anisotropic temperature factor exponent takes the form: -Zn”(h’u’C’,, + h’h’CA, 
+ +2hkahU,Z). 

TABLE 5 

HYDROGEN COORDINATES ( ~10~) AND TEMPERATURE FACTORS (i\* x IO”) 

Atom X Y ; u 

H(4a) 392 2707 3891 52 
H(4b) 32 1180 3698 52 
H(4c) - 937 2184 2657 52 
H(2a) 3882 4837 2819 56 
H(2b) 2648 4280 3769 56 
H(la) 1155 3660 1776 50 
H(lb) 3067 3079 1478 50 
H(3a) 6082 3207 3292 53 
H(3b) 5643 3606 4622 53 
H@a) 2581 816 1263 57 
Ht5bf 397 1163 992 57 
H(Sc) 1185 75 1999 57 
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organometallic five-membered rings seen in crystal structures such as ‘7’s represent 
true energy minima and are not dominated by crystal packing effects. 

Experimental 

Muteriak and methods 
THF and ether were distilled from sodium benzophenone ketyl and hexane from 

calcium hydride. HMPA was used from a freshly opened bottle and stored over 5 A 
molecular sieves. Preparation and handling of air sensitive compounds was carried 
out under nitrogen. All column chromatography was carried out with either silica gel 
(70-270 mesh) or Florisil (loo-200 mesh). Fractions from column chromatography 
were monitored by using EM Pre-coated TLC plates (silica gel 60 F-254). Elemental 
analyses were performed by Schwarzkopf Microanalytical Laboratory, Woodside, 
N.Y. ‘H and “C NMR spectra were taken on a Varian EM 360A 60 MHz or a 
Bruker WM-250 MHz NMR spectrometer. IR spectra were taken on a Perkin-Elmer 
681 Infrared Spectrophotometer and melting points were measured with a Thomas 
Hoover capillary melting point apparatus. 

Synthesis of 8-[(trimethylstann)illmethyl]quinoline (2) 
(A). To 2.2 ml (15.4 mmol, 1.1 equiv.) of diisopropylamine in 10 ml of dry THF 

in a Schlenk vessel was added 9.5 ml (15.7 mmol) of n-butyllithium (hexane 
solution). 1.65 fw) and stirred for 30 min under nitrogen. 2.8 ml (15.8 mmol) of 
HMPA was added and then the flask cooled to -78°C. To this LDA solution was 
added 2.0 g of 8-methylquinoline dissolved in 8 ml of dry THF dropwise at - 78°C. 
The mixture grew deep purple and was stirred for another hour at - 78°C. 2.8 g (14 
mmol) of trimethyltin chloride in 10 ml of dry THF was added to this flask slowly 
and the solution turned yellowish green. Stirring was continued for 9 h at -78°C 
then addition of water, evaporation of THF and extraction with CH_Cl, followed. 
The organic layer was dried over magnesium sulfate and evaporated in vacua to give 
a yellow oil. Flash column chromatography over silica gel and preparative TLC 
eluting with ethyl acetate and hexane (2/5) gave 0.80 g (2.62 mmol) of the organotin 
compound: yield 18.7%, R, 0.56. 

(B). Lithium clippings (0.49 g. 75 mmol atoms, 10 equiv.) were stirred in 15 ml of 
dry THF under nitrogen at 5°C and a solution of trimethyltin chloride was added 
slowly enough to maintain the mixture below 5°C. After the addition had been 
completed the mixture turned dark green. At that time this solution gave a positive 
Gilman Test. To the stirred solution of 8-bromomethylquinoline (1.12 g, 5 mmol) 
was added the above solution of trimethyltin lithium slowly at 5°C. The mixture 
grew deep purple, but after stirring for 1 h, it turned to dark green again. This dark 
green solution was stirred for another 2 h and then hydrolysed with saturated 
ammonium chloride solution. The same purification procedure gave 0.57 g (1.86 
mmol) of 2: yield 37.5%. 

IR (neat): 3020, 2970, 2910, 1365, 1310, 1080, 825, 790. 760 cm -‘. ‘H NMR 
(CDCI,): 6 8.82 (dd, lH), 7.98 (dd, lH), 7.6-7.1 (m. 4H), 2.88 (s, 2H). -0.06 (s. 

9H) ppm. 13C NMR (CDCI,): 6 148.2, 146.1, 143.3, 136.1. 128.4. 126.4, 126.3. 
123.1, 320.7, 17.7, -8.7 ppm. Anal. Found: C. 51.25: H. 5.71: N. 4.53. C,,H,,NSn 
calcd.: C, 51.03: H, 5.60; N, 4.58%. 
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(h) Reduction of (2.c~unoeth~l)tri-n-hut~ltin. In a 100 ml round bottom flask, 
equipped with a magnetic stirrer, condenser and dropping funnel, were placed 20 ml 
of dry ether and 0.19 g (5 mmol) of lithium aluminium hydride. A solution of 
(2-cyanoethyl)tri-n-butyltin in 5 ml of dry ether was added during 30 min with 
stirring. This resulting solution was heated at reflux temperature for 6 h and cooled 
in an ice bath and unreacted lithium aluminium hydride was decomposed by the 
Steinhardt method [23]. The organic layer was dried over magnesium sulfate and 
evaporated in vacua to give 1.35 g (3.90 mmol) of a yellow oily liquid: 76.1%. 

IR (neat): 3370, 3290, 2950, 2910, 2860, 2840, 1460, 1412, 955. 870. 860, 685, 660 
cm --I. ‘H (CDCI,): 6 2.65 (t, 2H), 2.0-1.7 (m, 31H) ppm. 

(c) To 0.2 g (0.57 mmol) of (3-aminopropyl)tri-n-butyltin in a 25 ml round 
bottom flask was added 0.105 g (0.23 mmol) of formic acid and 1.45 g (0.17 g) of 
formaldehyde (37%). This mixture was refluxed at 80°C for 24 h and then cooled to 
room temperature. A standard ether-aqueous workup for an amine gave 0.20 g of an 
oil, 93%. 

IR (neat): 2950, 2920,2860,2840, 1690, 1685,1590, 1460,1422,1290, 1255, 1115, 
1068, 1040, 1010, 970. 955, 870, 860. 785, 760 cm- ‘. ‘H NMR (CDCI,): 6 2.2 (m, 
8H), 1.770.7 (m, 31H) ppm. ‘jC NMR (CDCI,): 6 64.3. 45.5, 29.3, 27.4, 25.1, 13.6, 
9.0, 6.5 ppm. Anal. Found: C, 54.57; H. 10.61; N, 3.79. C,,H,,NSn calcd.: C. 54.28; 
H, 10.45; N, 3.72%. 

(B). To 0.25 g (35 mmol atoms) of lithium clippings which had been washed with 
methanol and dry hexane quickly in 10 ml of dry THF was added 1.63 g (5 mmol) of 
tri-n-butyltin chloride at 0°C. The resulting mixture was stirred for 6 h at the same 
temperature and then turned dark green. 3-Dimethylamino-1-chloropropane was 
prepared by neutralization of the commercial HCl salt (0.79 g, 5 mmol) with 15% 
NaOH solution and extraction with ether, and dried over magnesium sulfate. To this 
dry ether solution of 3-dimethylamino-1-chloropropane was added tributyltin lithium 
solution at - 7°C. As soon as the organolithium compound was added to the flask, 
the mixture turned white. After stirring for another 2 h. it was followed by reflux for 
1 h, addition of water and extracted with methylene chloride. The organic layer was 
dried over magnesium sulfate and evaporated in vacua to give 1.89 g of yellow 
liquid. Bulb to bulb distillation (0.1 mmHg, 12O’C) gave 0.34 g (0.90 mmol) of a 
colorless liquid. This crude product was purified by flash chromatography over 
Florisil followed by eluting with pentane and addition of a mixture of ethyl 
acetate/hexane (2/5), 18.1% in the case of 10 mmol scale reaction. 

Reaction of 3-N,N-dinzethylaminopropyltri-n-butyitin with Pd(C, HcCN),CI, to give 7 
0.188 g (0.50 mmol) of 3-N,N-dimethylaminopropyltri-n-butyltin in 2 ml of 

CHCl, and 0.192 g (0.50 mmol) of 1 in 2 ml of CHCl, were prepared separately and 
mixed together at room temperature. The resulting solution gave a dark green 
precipitate. Recrystallization from methylene chloride and pentane gave 0.09 g 
(0.197 mmol) of yellowish green powder: yield 78.9%, m.p. 1066109°C. 

Also the reaction of 3-N, N-dimethylaminopropyltriphenyltin with the palladium 
complex was carried on same manner: yield 72.4%. 

IR (CDCI,): 2880, 2230, 1460, 1455, 1225,117O. 1140,1100, 1075, 1005. 960, 775 
cm-‘. ‘H NMR (CDCI,): 6 2.72 (s, 6H), 2.43 (m. 2H), 2.16 (m, 2H) 1.08-1.01 (m, 
2H) ppm. Anal. Found: C, 26.47; H, 5.50; N, 6.04. C,,,H2,Cl,N,Pd, calcd.: C, 
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funnel was added slowly with stirring. This mixture was heated for 6 h at reflux 
temperature and then cooled in an ice bath. Work-up by the Steinhardt method, 
drying and evaporation of the ether layer gave yellow liquid which was used in the 
next methylation step directly. 

This 3-aminobutyltri-n-butyltin was methylated by the Clarke-Eschweiler method. 
In a 25 ml round bottom flask were placed 0.73 g (2 mmol) of 3-aminobutyltri-n- 
butyltin, 1.456 g (1 mmol) of formic acid and 5.8 g (0.68 mmol) of formaldehyde 
(36%). After reflux at 80°C for 24 h, the white solid was dissolved in methylene 
chloride and washed with 1 N NaOH solution. Flash chromatography over Florisil 
eluting with pentane, ethyl acetate-hexane (2 : 5) ethyl acetate and finally methanol, 
gave 9 as an oil in high yield. 

IR (neat): 2950, 2910, 2805, 2770, 1685, 1590, 1415, 765, 745, 685, 660 cm-‘. ‘H 
NMR (CDCl,): S 2.3-2.2 (m, SH), 1.6-0.7 (m, 33H) ppm. “C NMR (CDCI,): 6 
59.5, 45.3, 32.2, 29.3, 27.4, 25.1, 13.6, 9.2, 9.0 ppm. Anal. Found: C, 54.62; H, 10.34; 
N, 3.62. C,,H,,NSn calcd.: C, 55.40; H, 10.34; N, 3.59%. 

Synthesis of 2-N,N-dimethyluminoethyltri-n-butyltin (10) 
A THF solution of tri-n-butyltin lithium and an ether solution of 2-dimethyl- 

aminoethyl chloride were prepared from tri-n-butyltin chloride and the hydrochlo- 
ride salt (0.79 g, 5 mmol) by the same manner as above. To the solution of 
2-N, N-dimethylaminoethyl chloride was added tri-n-butyltin lithium solution and 
0.87 ml (5 mmol) of HMPA at -7°C. This resulting solution turned beige. After 
additional stirring for 2 h, it was followed by reflux for another hour, work-up with 
saturated sodium bicarbonate solution and extraction with methylene chloride. The 
organic layer was dried over magnesium sulfate and evaporated in vacua to give a 
yellow oil. Flash chromatography over Florisil eluting with ethyl acetate gave 0.84 g 
(2.31 mmol) of an oily liquid: yield 46.2470, R, 0.25. 

IR (neat): 2950, 1439, 1370, 1165, 685, 660 cm ‘. ‘H NMR (CDCI,): 6 2.5 (m, 
2H), 2.2 (s, 6H), 1.7-0.8 (m, 29H) ppm. 13C NMR (CDCI,): 6 57.5, 44.7, 29.3, 27.4, 
13.7, 10.1, 9.0 ppm. Anal. Found: C, 53.22; H, 10.05; N, 3.87. C,,H,,NSn calcd.: C, 
53.06; H, 10.30; N, 3.87%. 

Synthesis of 3-N,N-dimethylaminopropyltrimethylsilune (11) 
Into a 50 ml flask was placed 5.12 ml (25 mmol) of hexamethyldisilane in 15 ml 

of dry HMPA and 13.2 ml (20 mmol) of 1.5 M methyllithium (ether solution) was 
added slowly at 0°C. This mixture grew deep red. To 3-N. N-dimethylaminopropyl 
chloride in ether, which was isolated from hydrochloride salt (5.74 g, 35 mmol), was 
added trimethylsilyllithium/HMPA solution at 0°C and it gave a white precipitate. 
After stirring for 30 min at 0°C and for 2 h at room temperature it was extracted 
with water. The organic layer was heated with ethylene glycol for 24 h at 90-100°C 
to remove unreacted chloride and then washed with three portions of water. Drying 
and evaporation of ether gave a colorless oil in high yield. 

‘H NMR (CDCI,): 2.2-2.6 ( m, 8H), 1.5-1.3 (m, 2H). 0.4-0.5 (m, 2H), -0.05 (m, 
9H) ppm. 13C NMR (CDCI,): 6 64.0, 46.0, 22.7, 14.9, -1.2 ppm. 

Structure determination of the chelute 7 
Data collection and analysis were carried out on a Nicolet R3m/E diffractometer 

system at room temperature. The SHELXTL system of programs was used for data 
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