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Summary

The ligands 8-(trimethylstannyl)methylquinoline, n-Bu,Sn(CH,);NMe, and
Ph,Sn(CH,);NMe, react with (C,H,CN),PdCl, 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(CH,),)PdCl], is presented.

Introduction

One of the most reliable and general methods for the formation of transition
metal-carbon bonds is the cyclometallation reaction [1-4]. 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 [9-11]. 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 1

made by treating 8-lithiomethyl quinoline with either ClSnMe, or CISiMe, or. in
higher yield, from 8-bromomethyl quinoline and either LiSnMe, or LiSiMe,. In
8-ethvl quinoline, Pd*~ complexes rapidly insert into the benzylic carbon -hvdrogen
bond and no products arising from insertion into the carbon-carbon bond have
been reported [14]. In contrast. both 2 and 3 reacted with Pd(C, H.CN;,Cl, (1) in
chloroform to give the chlorine-bridged dimer 4 arising from carbon- Group 1V
bond cleavage. This dimer could be solubilized by PPh,. There was a significant
difference in the reactivity of the carbon-tin vs. the carbon-silicon bond. The
henzylic C-Sn bond in 2 reacted upon mixing at 25°C while the C--5i bond in 3 was
broken only after extended reflux in chloroform with 1. Trimethvltin chioride was a
byproduct in the metallation of 3 and it reduced 1 to give significant amounts of
palladium metal. The cyclometallated complex 4 did not react with Me,SnClL

Having shown by these reactions that benzvlic carbon--tin bonds could compete
effectively with carbon-hvdrogen bonds in a cyclometallation reaction. we next
synthesized (N, N-dimethvl-3-aminopropyhtri-n-butvistannane (6). This could be
made either by Clark—Eschwiller methylation of (3-aminopropvhtri-n-butvistannane
or by reaction of Bu,SaLi with NV, N-dimethyl-3-chloropropylamine. In the ligand 6
there are four electronically equivalent carbon--tin bonds. but the dimethvliamino
group should direct cleavage of only one of them. if one assumes that a preference
for forming five-membered rings is retained. Cyclometallation at the CH. bonds
next to tin was a second possibility. but since the benzylic C-H bonds i 2 did not
cvelometallate. the C--H bonds in 6 were not expected to be reactive. Compound 6.
upon reaction with 1 in CHCI,, gave more than a 75% isolated vield of the
palladium chelate 7 (Scheme 23. That the vield is greater than the statistical 23%
shows that directed carbon-tin bond cleavage had occurred. Metallic palladiun was
a by-product of this synthesis, arising at least in part from the reaction of 1 with the
Bu ,SnCl which '"H NMR spectroscopy showed was a co-product of the svnthesis of
7. The chelate 7 did not react at room lemperature with either Bu ,SnCl or the ligand
6. In the case of the primary amine ligand Bu,Sn(CH,).NH, no stable chelates
could be isolated and only reduction to palladium metal ook place.
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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(CH,),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,),NMe, (11) was made in order to see if directed cleavage
of alkyl carbon-silicon bonds was possible. However, no C-Si cleavage occurred
with 1 or with Pd(O,CCF;), even upon extended reflux in CHCI,. 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 conformatinns of



Fig. 1. Computer-generated plot of the molecular structure of 7. Hvdrogen atoms are placed at caleulated
positions.

organometallic compounds. Compound 7 was recrvstallized from CH.CL. ‘pentane
as colorless prisms. The crystals were stable for many days at room temperature.
while solutions of 7 in CHCT, stowly darkened over the course of 24 ho A plot of 7'~
molecular structure resulting from single-crystal X-rayv analvsis o given in Frgl 1.
Tables 1-6 contain the crystallographic parameters, atomic coordimates. bond
lengths. bond angles and antsotropic thermal parameters artsing [rom the structure
determination.

The palladium -carbon bond length in 7. 1.998(3) A is slightly compressed as s
often seen 1n chelates and is shorter than the 2.08 A expected from the sum of
covalent radit. The rrans-influence of carbon is seen 1 the different Pd-Ci bond
lengths of the bridging chlorines, with the Pd-Cl bond rans 1o carbon GLISS A
longer than the Pd-Cl bond rruns to nitrogen. The most interesting feature of the
structure is the conformation of the five-membered ring (see Fig. 2 for torsion
angles). Both half-chair () and envelope ¢ C) conformations have been observed in
transition-metal organometathe five-membered rings {18). The ring 7 1w probabh
best described as existing in an envelope conformation with C(2y cut of the plane of
the other ring atoms. For other metallacyeles different ring atoms serve ax the flap of
the envelope. In (Me COHCTHTafCH. ), the metallacvele s in an emvelope conforma-

TABLE |
ATOMIC COORDINATES (% 10%; AND TEMPERATURE FACTORS (A = 107

Atom v 8 bt {
Pd 4227(1) 1379¢1) 4050¢ 1
[ 69411 927(1) SARUNY
N 1884(3) 1904(2) 26652
Cidy 190(4) 20033 2783
(2 2437(4) 4045(3) 3168
ey 2326(4) 3216(3) 213063
3y S120(4) RIS RRSRTRH
i) 1460(5) 96(4) 6335

“ Equivalent isotropic U defined as one third i the trace of the orthogonalised [ tensor.



TABLE 2

BOND LENGTHS (A)
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Pd-Cl 2.337(1) Pd-N 2.085(2)
Pd-C(3) 1.998(3) Pd-Cla 2.525(1)
Ci-Pda 2.525(1) N-C(4) 1.480(4)
N-C(1) 1.498(4) N-C(5) 1.482(4)
C(2)-C(1) 1.496(4) C2)-C(3) 1.513¢4)
TABLE 3

BOND ANGLES (deg.)

Cl-Pd-N 176.2(1) Cl-Pd-C(3) D)
N-Pd-C(3) 84.5(1) Cl-Pd-Cla 88.0
N-Pd-Cla 95.8(1) C(3)-Pd-Cla 178.0(1)
Pd-Cl-Pda 92.0 Pd-N-C(4) 108.2(2)
Pd-N-C(1) 107.4(2) C(4)-N-C(1) 110.9(2)
Pd-N~C(5) 112.5(2) C(4)-N-C(5) 107.8(2)
C(1)-N-C(5) 110.0(2) C(1H-C(2)»-C(3) 107.4(3)
N-C(1)-C2) 109.2(2) Pd-C(3)-C(2) 108.9(2)
TABLE 4

ANISOTROPIC TEMPERATURE FACTORS (A? x10%) ¢

Atom Uy Un Uy Ua; Uiz Uy,
Pd 26(1) 30(1) 28(1H) 4(1) A1) 1(1)
Cl 35(1) 39(1) 47(1) 10(1) —9(1} -6(1)
N 31 35(1) 32 51y 4(1) 4(1)
C(4) 30(1) 55(2) 48(2) 6(1) (1) 6(1)
C(2) 51(2) 34(2) 53(2) 10(1) 6(1) -~ 3(1)
C() 43(2) 39(2) 42(2) 16(1) 6(1) (1)
C(3) 44(2) 38(2) 52(2) a1 41 ~6(1)
(3 56(2) 50(2) 36(2) =21 -2 6(2)
“ The anisotropic temperature factor exponent takes the form: —2#2(h%a’U,, + k2b*Us,

+ 4 2hkabU ).

TABLE 5

HYDROGEN COORDINATES ( x10*) AND TEMPERATURE FACTORS (A? x 107)

Atom X y z 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(1b) 3067 3079 1478 50
H(3a) 6082 3207 3292 53
H(3b) 5643 3606 4622 53
H(5a) 2581 816 1263 57
H(5b) 397 1163 992 57
H(5¢) 1185 75 1999 57




G2

TABLE 6
CRYSTALLOGRAPHIC DATA FOR 7

Molecular formula: [CoH . NCIPd] -
Crystal system: Monochnic
Cell dimensions: a TA220 A TOOT7H2). ¢ 1071703 A

B TO0L69(2)7 1 755 9¢3) A"
Wavelength: 0.71069 A (Mo-K . graphite monochromutor)
Range of 26: 3.5-50"
Space group: P2, /¢
Number of molecules per cell; Z = 4
Caleulated density: 2.00 g cm
Linear absorption coefficient: o 26.6 cm
Number of unique observed reflections 1306
Structure-factor weights w =1l a~¢ £y 4000007 777}

with @7 ( £/} {rom counting statistics

Final R factors R = 00183 R = 00302
Goodness of fit (nonminal); 2,481
Goodness of fit (divided by sfope of normal probability plot): 1.379
Crvstal dimensions: 0.20 <066 0,66 mum

tion with the Ta out of the ring plane [19] while in (PPh ), P{CH, }, it is one of the
CH. groups bonded to Pt which is out of the ring plane [20]. In 7 there are no
obvious crystal packing constraints or close intermolecular contacts that would favor
this conformation over another. It is known that in the case of organic five-mem-
bered ring heterocvcles, the barrier to pseudorotation is verv small when all the ring
bonds are approximatelv the same length (for example. tetrahvdrofuran). However.
when the ring contains a heavy atom. and thus some of the ring bonds are

significantly longer than the others. barriers to pseudorotation increase. For exam-
ple. in thiophane the barrier 10 pseudorotation is 2.8 keal mol ' [21] and in
selenophane it is 4.8 keal mol

221 Thus. 1t s possible that the conformations of

1
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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

Materials 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 (100-200 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-[(trimethyistannyl)methyl]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 M) and stirred for 30 min under nitrogen. 2.8 mil (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 vacuo 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
(CDCl,): 8 8.82 (dd, 1H), 7.98 (dd, 1H), 7.6-7.1 (m. 4H), 2.88 (s, 2H), —0.06 (s.
9H) ppm. *C NMR (CDCl,): § 148.2, 146.1, 143.3, 136.1, 128.4, 126.4, 126.3,
123.1, 120.7, 17.7, —8.7 ppm. Anal. Found: C. 51.25;: H, 5.71: N, 4.53. C,;;H,,NSn
caled.: C, 51.03; H, 3.60; N, 4.58%.
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Svnthesis of 8-[(trimethyvisilvl)metint] quinoline (3)

To 1 g (7 mmol) of 8-methvlquinoline in 10 ml of dryv THFEF was added a solution
of LDA (1.1 equiv.y at —787C slowly. To this mixture was added £.76 ¢ (7 mmot) of
trimethyvisilyl chloride at —787C. The color of the solution changed to vellowish
green from deep purple. After stirmng for 3 h at —~787C and for 1 b at room
temperature the same work-up and purification procedure as above gave .47 ¢ (218
mmol) of the product which was a pale vellow ol vield 31.9% K. {cthyl
acetate,//hexane 25 v /v) (.56,

IR (neat): ")4()« 2940, 2890. 1245, 840 cm ' "H NMR (C'DCl,p: 8 89 (dd. 1H).

(dd. THD. 7.7 7.1 (m, 4H} 2.8 (s 2H). ~0.05 (s. 9H) ppnt. 'O NMR (CDClLy: 8
148.5. 146.6. 140.6, 136.0, 128.6. 127.8. 126.2, 1239, 120.6. 22.0. - 1.3 ppm. Anal.
Found: C.72.41: FL 8.08: N, 6.62. O, H NSt ealed. €0 723100 HL 7960 NU6.30%,

Svarhesis of the palladium chelate 5

(A). To 0.153 g (0.5 mmol) ol R-{(trimethylun)ymethyljquinolinein T mi of CDCT,
was added 0.190 g (0.5 mmol) of PAC H. CN).ClL, in T mi of CHCL, at room
temperature. As soon as the palladium complex solution was added. which was dark
red. the resulting solution tarned black and then gave a dark green precipitate. The
addition of 0.131 g (0.5 mmel) of triphenvlphosphine m 2 m! of CHCE, followed.
The filtration of the orgame laver from a black powder which was palladium metal
and evaporation of chloroform gave a vellow solid. Recrvstallization mtl: methyvlene
chloride /pentane gave 0.028 ¢ of vellowish green crvatals, vield 1003% . mop. 148°C
{dec.).

(B). To 0,108 g {0.5 mmol‘ of B-J( lrimelh\lsilyl)mclhylIquinolmc m 2 ml oof
CDCl, was added 0.190 ¢ (0.5 mmol) of PAAC.H. ONG.CHoin 2 ml of CHCH, at
roonm temperiature. The rmn]tmg solution was refluxed for 6 d. The dark hro\x n
precipitate was separated and dissolved in the solution of triphenviphosphine (0.1 31
2. 0.5 mmoly in 5 mi of CHCT.. This heterogeneous solution was filtered and the
solvent was evaporated in vacuo to give a dark green powder. Recrvstalhzation with
methvlene chloride /pentane gave a vellowish green solid which showed the same
NMR spectrum and m.p. as material prepared from 2.

IR (CDCT ) 3050, 2880, 1305, 1225, 1100, 1075, 1063, 1055, 1025, 995, 825, 780,
690 cm FUUH NMR (CDCH 1 8 9.9 (m. TH). 8.4 (dd. THY 81 -7.6 (m. 4H)y 7.6-7.3
(m. 15H). 2.9 (d. 2H) ppm. "C NMR (CDCl,): 8 150.4. 147.2. 137.9, 1350, 1348,
131.8.131.0, 130,50 12910 128.4. 1282, 1277, 123.8, 325 ( R pmn Anal. Found:
C.o 61560 H, 424 N 256, C. H L CINPPd caled.: C 61520 H. 443 N 2.63%.

Svathesis of 34N N-dimethylamino)propyvitri-n-burviiin (6)

(A) ({a) Synthesis of (2-cvanoethvhtri-n-butyltin.  Tri-n-butvitin hvdride ¢1.454
g. 5 mmol) and acr\'lonitrilc {0.398 g. 7.5 mmoly were placed in 25 ml round bottom
l‘ldxl\ and heated at 80°C for 3 h with a trace of AIBN. Thiy mixture was cooled 1o
room temperature. Flash chromatography over silica gel using methvlene chloride
and evaporation in vacuo gave a colorless oilv hiquid which was ransferred to the
next step directly.

IR (neat): 2950, 2920. 2860, 2840, 2235, 1460. 1425, 1415, 1372, 1068, 995, 957,
870, 690. 660 cm . "H NMR (CDCI,): 5 256 2H) 1807 tm. 29H) ppm. - C
NMR (CDCI ) § 1237269, 26,6, 252, 12.1. 11.5. 7.7 ppm.
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(b} Reduction of (2-cyanoethyl)tri-n-buryitin. 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 vacuo 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 . 'H (CDCl;): § 2.65 (1, 2H), 2.0-1.7 (m, 31H) ppm.

(¢) 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 (CDCl,): § 2.2 (m,
8H), 1.7-0.7 (m, 31H) ppm. *C NMR (CDCl,): § 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). To0.25 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 HCI 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 vacuo to give 1.89 g of yellow
liquid. Bulb to bulb distillation (0.1 mmHg, 120°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-dimethylaminopropyliri-n-butyltin with Pd(C,H.CN),Cl, to give 7

0.188 g (0.50 mmol) of 3-N, N-dimethylaminopropyltri-n-butyltin in 2 ml of
CHCI, and 0.192 g (0.50 mmol) of 1 in 2 ml of CHCI, 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. 106-109°C.

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

IR (CDCl,): 2880, 2230, 1460, 1455, 1225, 1170, 1140, 1100, 1075, 1005, 960, 775
cm”~ ' '"H NMR (CDCl,): § 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,,H,,CI,N,Pd, caled.: C,



1: N, 6.14%. "C NMR (CDCl.): § 67.46. 67.21. 51.06, 50.76. 31.36.
2. 24.64 (—~23°C) ppm.

Svnthesis of 3-N.N-dimerhyluminopropyitriphenyiiin (8)

Triphenvltin lithium was prepared by adding to a well-stirred suspension of
lithium clippings (0.417 g, 60 mmol atoms) in 20 ml of drv THFEF 1.928 g (5 mmoli of
triphenyltin chloride in 20 mi of dry THF at room temperature. After stirring
overnight this dark ohve solution was transferred to a 100 ml drv round bottom flask
by svringe. To this triphenyviun lithium /THFE solution was added -V, N-dimethyvi-
aminopropyvl chloride stowlv at — 10°C. which was prepared from the hvdrochloride
salt (0.79 g, S mmol) by neutralization, extraction with ether and drying over sodium
sulfate. This resulting solution was stirred overmight at room temperature. The
addition of 0.1 M sulfuric acid gave a white precipitate which was extracted with
water. The water laver was ncutralized and extracted with 153% NaOH and ether.
The ether laver was dried over sodium sulfate and evaporated in vucuo to give
colorfess otly hquid. Bulb to bulb distillation (0.1 mmHBHg, 130°C) gave 098 g of
product: vield 44.9%.

IR (neat): 3050, 3018, 3000. 2960, 2930, 2845, 2805, 2760, 1475, 1437 1422, 1069,
1018, 992, 7224 695 ¢cm TH NMR (CDCH, ) 8 7.7-7.4 (mu 15H)L 2300 2HL 21y
6H). 1.9 1.8 (m, 2H). 1.5 (1. 2H) ppm. "C NMR (CDCLy: 8 13910 1369, 128,23
63.2. 454, 24.8. 85 ppm. Anal. Found: €, 6328 H. 6,43 N, 2020 ¢, H..NSn
caled.: €. 6334 H. 6.24: N 3215

~
IR

Svathesis of 4-NN-dinrethyiaminoburyliri-n-burvinn (9

(ay Svathesis of 3-chioropropyiivi-n-burvitin, - To 1.37 ¢ (10 mmoly of l-bromuo-3-
chloropropane in 20 ml of dry cther was added 1.74 mi (10 mmoly of HMPA and a
THF solution of tri-n-butvlun Iithium (1.1 equiv.). which was prepared as before. at
0°C dropwise. After stirring for 2 h ar the same temperature. work-up was with
saturated sodium bicarbonate solution and extractuon with methvlene chlonde. The
methylene chloride laver was dried over magnesium sulfate and evaporated under
reduced pressure to give a vellow oily hquid: quantitative vield.

IR (neat): 2945, 2915, 2860. 2840 (C-H). 1458, 1370, 1288, 1195, 1063, 980. 870.
740. 662 cm . 'H NMR ((‘I)(‘l y86 3.4 (0w 2H), 2.0-1.8 (o 2H) 17 07 (me 29HD)
ppm. Anal. Found C.49.08: H, 933, C,.H,,CiSn caled.: €. 49.01: H. 9.03%

(b) Substitution of chlorine uu/z Qanza'e anion.  In a 100 mi round bottom {lask
were placed 3.93 g (10.7 mmol) of 3-chloropropvltri-n-butvitin, 1.43 g (22 mmoh of
potassium cyantde and a catalvtic amount of tetra-n-burvlammonium chioride and a
catalvtic amount of 18-crown-6 in 50 ml of a mixture of n-butanol and water (3,71).
This mixture was refluxed overnight and then extracted with methylene chlonde.
Drying and evaporation of the organic laver gave a colorless oily liguid which was
transfered to the next step directiv.

IR (neat): 2945, 2915, 2860. 2840. 2235. 45) 1412, 1370, 1335 1288, 1242, 1175,
1445, 1065, 1040. 1020, 995. 955, 870, 860, 683, 665 cm™ ' "H NMR (CDClL. ) 6 2.3
(t. 2H). 1.9-0.7 (m, 31H) ppm.

(¢) Reducrion and methyilaiion of 3-cyanopropyiiri-n-butvilin. 1o a 100 ml round
bottom flask. equipped with a magnetic stirrer, a condenser and a dropping funnel.
was placed 0.1 g (7 4 mmol} of lithium alumimum hyvdride and 20 mt of drv ether. An
ether solution of .86 g (2.4 mmol) of 3-cvanopropvliri-n-butvitin in 2 dropping
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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,): 8 2.3-2.2 (m, 8H), 1.6-0.7 (m, 33H) ppm. *C NMR (CDCl,): 8§
59.5,453,32.2,29.3,274,25.1,13.6, 9.2, 9.0 ppm. Anal. Found: C, 54.62; H, 10.34,
N, 3.62. C,;H,NSn caled.: C, 55.40; H, 10.34; N, 3.59%.

Synthesis of 2-N,N-dimethylaminoethyltri-n-butyltin (10)

A THF solution of tri-n-butyltin lithium and an ether solution of 2-dimethyi-
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 vacuo 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 46.2%, R, 0.25.

IR (neat): 2950, 1439, 1370, 1165, 685, 660 cm '. '"H NMR (CDCl;): § 2.5 (m,
2H), 2.2 (s, 6H), 1.7-0.8 (m, 29H) ppm. *C NMR (CDCl,): 8§ 57.5, 44.7, 29.3, 27 .4,
13.7,10.1, 5.0 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-dimethylaminopropyltrimethylsilane (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 o1l in high yield.

'H NMR (CDCl,): 2.2-2.6 (m, 8H), 1.5-1.3 (m, 2H), 0.4-0.5 (m, 2H), —0.05 (m,
9H) ppm. *C NMR (CDCl,): 8 64.0. 46.0, 22.7, 14.9, — 1.2 ppm.

Structure determination of the chelate 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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reduction. structure determination, refinement. and graphics and tables. The chiel
crystallographic data are summarized in Table 6.

Reflection data were collected with 26 scans, and three standard reflections were
measured at the beginning and after every 45 reflections thereafter. Early standard
intensity increased to 105% of its initial value during the course of data collection.
and the data were scaled to remove this increase.

Absorption corrections were calculated by numerical integration from the posi-
tons of the 8 indexed faces that bounded the crystal. The transmission factors
ranged from 0.397 10 0.608. Structure factors were then extracted in the usual way.

The structure was determined by multisolution direct methods. The heavy atoms
were found readilv. and the other nonhydrogen atoms followed from a difference
map. Some, but not all. hydrogen atoms appeared as well.

The structure was refined by weighted least squares on F. Temperature factors of
all nonhvdrogen atoms were taken as anisotropic. All hvdrogen atoms were inserted
in theoretical positions. each with an 1sotropic temperature factor parameter 20%
larger than the equivalent isotropic parameter for the carbon atom to which 1t s
bonded. A final difference map exhibited no peaks larger than 0.6 ¢clectron A
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