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Formation of the Novel Six-Coordinate Atrane Cation in
[FMGSH(HMGNCH2CH2)2N(CH2CH2NMe)]BF4

Winfried Plass,' Jiri Pinkas,* and John G. Verkade*

Department of Chemistry, lowa State University, Ames, lowa 50011

Receied August 28, 1996

The reaction of the azastannatranes RSn(NMg2);N 1 (R = Me), 2 (R = n-Bu), and3 (R = Ph) with
BFs-Et,O in THF gave the novel six-coordinate tin compoudess, respectively, in which Bfadds across one

of the three covalent SrN bonds to give a FSn—NMe(BF,) linkage. The tricyclic atrane framework retained

in the reaction with BE-Et,O is preserved under hydrolysis conditions with substoichiometric amounts of water.

A hydrolysis product oft is the new fluorotin salt [FMeSn(HMeNGEH,),N(CH,CH,NMe)|BF, [7(BF4)] whose
structure, determined by X-ray analysis, also features a six-coordinate tin atom. The IR and NMR spectra of
4—6 confirm their six-coordinate nature. TRE and3C NMR spectra are assigned using COSY, NOESY, and
selectively proton decoupletfC NMR spectral techniques. Crystallographic parameters7{BiF,) are as
follows: triclinic space grougPl, a = 8.295(2) A,b = 8.924(2) A,c = 13.639(2) A,a = 88.59(2}, B =
74.83(2), y = 79.99(2), andZ = 2.

Introduction The IR and NMR characteristics of the new compoudds

We recently described a series of new azastannatranes?'® described.

synthesized by the transamination reaction of RSn(NMeith

+

tris(2-aminoethyl)amine (tren) or its th-methyl-substituted Me

derivative (Me-tren}. The chemistry of the new azastannatranes Me Mell\I Me

is dominated by preservation of the tricyclic atrane framework. HZ & Y SaH BE.-
. . . N—>Sn-<«—N 4

They were found to undergo facile transmetalation reactions TJ

with transition metal alkoxides, transferring their atrane frame- <”F-N

work intact onto the transition metal. The reaction of the ;

dimethylamino-substituted azastannatrane ,N&n(HNCH-
CH,)3N with protic species took place exclusively at the/Me
nitrogen due to the stability of the transannulated framework Experimental Section
in which the tin is five-coordinaté. Thus, the chemistry of these
tricyclic aminostannanes was found to contrast that of their
acyclic analogues studied by Lappert et al. in 1965.

Here we report on the reaction df—~3 (which possess
more innocent apical substituents) with $EL,O to give

All manipulations were carried out in an atmosphere of dry argon
under strict exclusion of moisture using standard vacuum line tech-
niques. Solvents were purified by standard methads distilled prior
to use. Samples for IR and solid state NMR experiments were prepared
in a drybox under an atmosphere of dry and oxygen-free nitrogen. The
azastannatrands-3 were prepared as described eadiévielting points
were determined with a Thomas Hoover capillary melting point
apparatus and are uncorrected. Microanalyses were carried out by
Galbraith Laboratories. MS measurements were carried out on a
Finnigan 4000 instrument using CI (NJHand El techniques. IR spectra
were recorded on an IBM98 FT-IR spectrometer. The samples were
prepared as KBr pellets (408600 cnt?) and as Nujol mulls between
polyethylene plates (650150 cnt?), respectively. Solution NMR
spectra were recorded on a Varian VXR508,(499.84 MHz;%F,

R
Me
Me 4 Me R

N N
N—Snq < 1 Me
t NZ 2 n-Bu

X 3 Ph

4—6. Interestingly the tricyclic atrane framework4rwas found

Me
R | 470.27 MH), a VXR300¥H, 299.95 MHz;11B, 96.23 MHZz;1*C, 75.43
Me IS R MHz; 19F, 282.20 MHz;119Sn, 111.92 MHz), and a Bruker WM200
MN—Sh N4 g’ﬁ;xgu (*°Sn, 74.63 MHz;'%C, 50.32 MHz) instrument using deuterated
6.R =Ph solvents as internal lock and TM3H, *3C), BR-EtO (!B), CFCk

(*F), and SnMg (*1°Sn) as external standards, respectively. Positive
values ofd are downfield of the standard. For solid-state NMR spectra,
glycine (3C) and tetracyclohexyltin'{°Sn); respectively, were used

as secondary references. For the measurement of solid-state NMR
spectra, polycrystalline samples (ca. 3@00 mg) were packed in either

an airtight insert or directly into a Zr{rotor, which was sealed by a
threaded Teflon plunger. Spectra were obtained on a Bruker MSL300
spectrometer fC, 75.47 MHz;11°Sn, 111.92 MHz) under proton
decoupling using the CP/MAS technique, with sweep widths of 10

to be stable under hydrolytic conditions, affording the novel
cation? stabilized by three coordinating amino functionalities.
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25 (33C) and 100 kHz°Sn), respectively. A 90pulse was employed
with mixing times for polarization transfer of23 ms followed by a 6
s recycle delay. Spinning rates were in the range-2.8 kHz. Spectra
were generally rerun at different speeds to establish the position of the
centerband. The magic angle was set by using’#Beresonance of
KBr.8

Synthesis of 4. To a stirred solution of 2.3 g df (7.1 mmol) in 30
mL of tetrahydrofuran (THF) was added dropwise 1.0 equiv (0.87 mL)
of neat BR-Et;0. During the addition the solution warmed to about
40°C. After the mixture was stirred for 30 min at room temperature,
the small amount of white precipitate formed (probably including
B(OH);) was removed by filtration. After removal of the solvent in
vacuum, the resulting colorless solid was washed wiffentane and
dried in vacuo giving 2.5 g (91%) of product.

Synthesis of 5. After addition of 1.3 mL (11 mmol) of neat BF
Et,0 adduct to a stirred solution of 3.8 g (11 mmol)2in 50 mL of
THF, the temperature of the reaction mixture spontaneously rose to
ca. 40°C. After the mixture was stirred for 45 min at room temperature,
the solvent was removed in vacuo. The resulting yellowish solid was
redissolved in toluene and filtered to remove the insoluble materials
(probably including B(OHy). Removal of the toluene afforded 4.0 g
(88%) of a colorless oil, which upon standing at room temperature
slowly solidified, mp dec> 110 °C. Anal. Calcd (found) for
Ci13H30BF3NSn: C, 36.40 (34.64); H, 7.05 (7.65); B, 2.52 (2.12); N,
13.06 (10.94). MS (CI, Ng: m/e431 ([M + H]*); with EI (70 eV)
a weak M peak was observed. IR (ci): 264 (w), 320 (vw), 363
(vw), 424 (vw), 438 (vw), 465 (w), 482 (m), 503 (w), 514 (vw), 576
(vw), 604 (vw), 622 (W), 689 (w), 762 (w), 802 (w), 851 (m), 862 (W),
879 (m), 926 (m), 1007 (s), 1020 (vs), 1040 (vs), 1072 (s), 1094 (m),

Plass et al.
Table 1. Crystallographic Data fov(BFs)
formula GiaHoBFsN4SNn
465.9
space group P1
cryst size (mm) 0.4 0.30x 0.18
cryst system triclinic
a, 8.295(2)
b, A 8.924(2)
c, A 13.639(2)
o, deg 88.59(2)
, deg 74.83(2)
y, deg 79.99(2)
Vv, A3 959.4(2)
A 2
deale Mg/m? 1.613
data collecn instrument P4/RA
u(Mo, Ky), mm? 1.380
temp, K 223
data collecn range 2 deg 3.5-50.0
scan method 0—26
unique data total 3397
unique data, with > 6.00(F) 3040
0.021
R.? 0.025

AR =3 ||Fol = |Fcll/X|Fol. ® Ry = [YW(IFo| — [Fe)73wIFol]*2 w

= 1o¥(|Fo|).

Table 2. Selected Bond Lengths ( A) and Angles (deg) for the
Cation in7(BFs)

Bond Lengths

1113 (m), 1155 (m), 1178 (s), 1196 (m), 1215 (m), 1229 (w), 1252 Sn(1)-F(1) 2.038(1) Sn(BC(10) 2.132(3)
(W), 1292 (m), 1302 (m), 1312 (m), 1344 (w), 1362 (m), 1377 (m),  Sn(1}-N(1) 2.291(2) Sn(LN(2) 2.049(3)
1391 (w), 1400 (w), 1423 (w), 1431 (m), 1458 (sh), 1466 (s), 1479  Sn(1)}-N(3) 2.238(3) Sn(BN(4) 2.291(3)
(m), 2673 (m), 2772 (s), 2822 (s), 2843 (s), 2868 (s), 2905 (s), 2949
(vs), 3009 (m). F(1)-Sn(1)-C(10) 94B§(nl(;I Anlgzl(elg-Sn(l)—N(l) 79.8(1)
Synthesis of 6. To a stirred solution of 2.5 g 08 (6.5 mmol) C(10y-Sn(1-N(1) 174.1(1) F(1¥Sn(1)-N(2) 158.1(1)
dissolved in 35 mL of THF was added dropwise 0.80 mL of#&0 C(10)-Sn(1)-N(2) 107.5(1) N(LFSn(1)}-N(2) 78.5(1)
(6.5 mmol). The temperature of the reaction mixture rose to ca. 40 F(1)—Sn(1)-N(3) 81.7(1) C(10¥Sn(1)-N(3) 100.6(1)
°C. Stirring was continued for 30 min at room temperature, and then N(1)—Sn(1)-N(3) 78.5(1)  N(2ySn(1)>-N(3) 96.5(1)
the solvent was removed under reduced pressure. The resulting F(1)—Sn(1)-N(4) 77.7(1) C(10yrSn(1-N(4) 101.7(1)
colorless solid was washed witkhpentane and dried in vacuo, affording N(1)—Sn(1)-N(4) 77.4(1) N(2ySn(1)>-N(4) 94.9(1)
2.7 g (93%) of a colorless solid, mp dec 120 °C. Anal. Calcd N@)=Sn(1)-N(4)  150.6(1) Sn(IyN(1)-C(1)  108.9(2)
(found) for GsH26BFsN4Sn: C, 40.14 (38.02): H, 5.84 (5.90); F, 12.70  Sn(1}"N(1)-C(3) =~ 105.9(2) = C(LyN(1)-C(3) 111.1(2)
(2530, 1245 115 NS 1 messp W pncine | SUINGTCE ol cnrcl) L
* peak was observed. : VW), VW), VW), : :
424 (vw), 439 (sh), 451 (w), 466 (w), 487 (m), 507 (sh), 514 (vw), gn(i*m(g):g(z) ﬁg-g(g) g(&N@—_CéQ ﬁgg(g)
576 (vw), 605 (vw), 622 (w), 656 (w), 688 (sh), 704 (m), 737 (m), c?zg)l—N(g))—C(é)) 111'98 sﬂ%ﬁNE 43_0&53 110'08

(vs), 1040 (vs), 1070 (s), 1091 (sh), 1115 (m), 1150 (m), 1180 (s),
1195 (sh), 1211 (m), 1267 (w), 1283 (w), 1290 (m), 1305 (w), 1315 exception of the solvent. A set of least-squares and difference-Fourier
(sh), 1339 (w), 1350 (w), 1373 (w), 1389 (sh), 1429 (m), 1458 (sh), runs provided the remaining non-hydrogen atoms. These were refined
1466 (s), 1481 (m), 1568 (w), 1580 (vw), 2770 (m), 2816 (vs), 2851 with anisotropic thermal parameters. The hydrogens of the cation were
(s), 2883 (s), 2908 (s), 2932 (vs), 2943 (s), 2959 (s), 2991 (s), 3013 refined as riding atoms with the ideal distance of 0.96 A from the host
(m). atom. This was carried out with individual isotropic thermal parameters
X-ray Diffraction Study of 7(BF4). A triclinic crystal of the for all of the hydrogen atoms with the exception of the amino protons
colorless compound was attached to the tip of a glass fiber and mountedwhich were refined as isotropic atoms. One solvent molecule of
on a P4/RA diffractometer for a data collection-a50 + 1 °C. The benzene was found for every two complexes. Selected bond lengths
cell constants for data collection were determined from reflections found and angles are listed in Table 2. The X-ray data collection and structure
by a rotation photograph. Pertinent data collection and reduction solution were carried out at the lowa State Molecular Structure
information are given in Table 1. Lorentz and polarization corrections Laboratory. Refinement calculations were performed on a Digital
were applied. A correction based on decay in the standard reflections Equipment Corp. MicroVAX 3100/76 computer using the SHELXTL-
was applied to the data. A series of azimuthal reflections was collected Plus program$.
in order to apply a semi-empirical absorption correction. The agreement
factor for the averaging of reflections was 1.0%. The space grdup
was not chosen initially, because the intensity statistics had an acentric
distribution. A direct-methods soluti®iwas generated i1 which
was later found to be centrosymmetric. The appropriate transformation
was made to half of the atomic coordinates to transforrRto This
assumption proved to be correct as shown by a successful refinemen
All non-hydrogen atoms were placed directly from &enap with the

Results and Discussion

Synthesis and Hydrolysis Study. The reactions of azastan-
natranesl—3 with BF3-Et,O in tetrahydrofuran at room tem-
perature took place quantitatively to givie-6, respectively.

i These products are soluble in THF, benzene, and toluene. They
are stable indefinitely even under refluxing conditions in these
solvents as monitored bYC and!1%Sn NMR spectroscopies.

Hydrolysis of4 with a substoichiometric amount of water in
THF yielded a few crystals of the salfBF,] which is formally

(8) Fry, J. S.; Maciel, G. EJ. Magn. Resonl982 48, 125.
(9) SHELXTL-PLUS, Siemens Analytical Xray, Inc., Madison, WI.



[FMeSn(HMeNCHCH,),N(CH,CH,NMe)]BF,

an adduct oflL with HF and HBR. The formation of the six-
coordinate tin catior? is further evidence for the robustness of
the tricyclic azastannatrane framework. The first step in the
hydrolysis of 4 is probably cleavage of the N\BF, bond,
yielding the formal hydrogen fluoride azastannatrane ad&uct

I\|/Ie

Me

H,0 Me §N7 ,Ng
—_— Sn=—N 1)

EED

HOBF, + 2H,0 —B(OH); + 2HF  (2)
Further hydrolysis of the HOBHiberated in reaction 1 could
then occur according to reaction 2. One of the HF molecules
formed in this reaction could add to the Broup of a second
molecule of4, thereby affording as a formal Bgadduct of8:

1\|/Ie
M
nE | M, C‘N7 °B§/i
“, & s e
4 — Hx — S~ - 3)
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observed concentration is significantly higher than that of the
other intermediate and final products. Therefore tentative NMR
resonance [ppm (Hz)] assignments for tHg2.78 (NCH, 3Jsnn

= 61), 2.52 (NCH, %Jspy = 45), 2.37 (NCH, the other
resonances are covered by thosetpfSnCH;: 0.61 (SnCH,
2Jsnn = 70), 4.79 (NH,Avy2 = 60)] and for the'3C [NMe,
39.2 and 38.2 (both withvy,, = 15), 52.0 (CH, Avyz = 15),
48.7, 48.2, 47.9 (CH Av12, = 20) additional observe@H, at
54.8,54.7, 50.6, 50.3;5.7 (SNCH, Avy; = 18; Lsnc= 664)]
spectra of7/[BF4] can be made.

Spectroscopic Features.The molecular masses 6fand6
were confirmed by the observation of a molecular ion peak in
mass spectroscopic experiments using chemical ionization
techniques (NB).

The IR spectra recorded férand6 show essentially the same
absorption bands. The major difference compared with the
spectra usually observed for azastannatrfahés that the
lowering of molecular symmetry causes the splitting of degener-
ate vibrations, thereby affording more observed principal modes.
The most important absorption bands for our purposes here
concern those associated with the NBRoiety. Three of the
five absorption bands expected for this fragmer and6 can
be assigned. Thus f& for example, the BN stretching mode
is found at 1466 cm! (Avy, = 40 cntl), the symmetric BF
stretch is at 926 and 928 crhfor 5 and 6, respectively, and
the out of plane Bfdeformation is at 689 cnt for 5 and at
688 cnt! for 6. The remaining two absorptions, namely the

The probable stereochemistries of the equatorial quaternaryantisymmetric BEstretching and the in plane BBeformation,

nitrogens in9 will be discussed later. The remaining HF
molecule could then cleave the-Bl bond in9 yielding 7[BF4]
as the final product with the overall reaction being

24 + 3H,0 —=7 + 8 + B(OH); (4)

appear in regions of the spectra where an unambiguous
assignment is not possible, i.e., at 1308100 and 476490
cm L, respectively (as is also the case for/MBF;'9). Whereas

the absorption of the symmetric BBtretching and the out of
plane BFR deformation modes occur in the expected range
compared with MeNBF, (980 and 670 cmt,1C respectively).

It should be noted that attempts to separate the intermediatesrhe B-N stretching mode is shifted significantly to lower

and final product in the hydrolysis @6 failed. Varying the
amount of HO added also did not facilitate separation.
Attempts to isolate more than a few crystals/adt a time also
were not successful.

The 1193n, 19F, 13C, and!!B NMR spectra of the hydrolysis
reaction mixture of4 reveal resonances consistent with the

wavenumbers compared with MdBF, (1562 cnt! 19, These
observations are in agreement with the structures proposed for
4—6, since the additional coordinative interaction of the BF»
nitrogen with the tin atom is expected to decrease the force
constant of the BN bond.

The 1H, 11B, 13C, 19F, and!1%Sn NMR data for compounds

presence of the proposed reaction products. In addition to the,_g are summarized in Tables=30. The data are evidence

resonances oft (see later), the'B spectrum contains two
additional resonances, one at 1.7 ppm (quiritkf = 22 Hz)
attributable to the BF of 7 and one at 0.9 ppm (quartéflzr
= 18 Hz) probably originating from the BFRadduct9. In the
19F NMR spectrum, four resonances (in addition to thosé; of
see later) are observed, namely, the quartet from the Bf7

for the presence of SnF and BBroups in these molecules.
The fact that the two fluorine atoms of the BBroup are
chemically different indicates the presence of a rotation barrier
for the boron nitrogen bond. Such a barrier could be imposed
by crowding of the methyl groups on opposite sides of the BF
moiety. The barrier could be augmented by donation of p orbital

at 95.2 ppm, a second quartet at 90.2 ppm attributable to thegensity from the nitrogen of the adjacent equatorial nitrogen.

BF; group of9, and two singlets at 87.1 and 99.0 ppm exhibiting
119Sn—19F couplings. The corresponding two new tin reso-
nances appear at310.7 {Js,r = 2340 Hz) and—331.4 ppm
(Msnr= 2745 Hz). Corresponding resonances [ppm (Hz)] were
observed for the hydrolysis mixtures ®f11B: BF;~, 1.6 (Jgr
= 21); BR;, 0.9 (Jgr = 18). 1%F: BF4, 94.6; BR, 90.2, SnF,
86.3 (Jspr = 2745); 97.5.1193n: could not be observed] and
of 6 [1B: BF4~, 1.5 (Jgr = 21); BFs, 0.8 (Jgr = 17). 9F:
BF,~, 94.3; BR, 90.2; SnF, could not be observet®sn: could
not be observed].

TheH and!3C resonances & and9 cannot be unambigu-

ously assigned, due to the low concentration of these derivatives
and the complexity of the expected spectra; i.e., all the carbons

The 1B chemical shifts are somewhat low compared with
literature values for other RIBF, compounds (1718 ppm)!!
The 11°Sn chemical shifts are in the expected range for six-
coordinate tin compound3 with relatively largetJsnrcoupling
constants. The moderate changes of the chemical shifts on
going from the solution to the solid state (see Table 3) suggest
that the principal structural features of the tin environment are
retained.

The 13C NMR spectra o4—6 show that all methylene and
methyl cage carbons are chemically different (see Tables 4 and

(10) Banister, A. J.; Greenwood, N. N.; Straughan, B. P.; Walked, J.
Chem. Soc1964 995.

and probably also all the hydrogens are expected to be (11) Nah, H.; Wrackmeyer, BNuclear Magnetic Resonance Spectroscopy

chemically different. The situation is different for the case of
the cation7 which possesses a virtual mirror plane, thereby

reducing the number of expected resonances. Moreover, its

of Boron CompoundNMR Basic Principles and Progress; Springer
Verlag: Berlin, Heidelberg, New York, 1978.

Mason, JMultinuclear NMR Plenum Press: New York, London,
1987.

(12)
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Table 3. 1B, 1%, and!'®Sn NMR Data for4—6? Cg F
nucleus group 4 5 6 R IL B“\\\F

up BF, 2.2(40,52)  2.1(39,52) 2.2 (40, 51) Ce |\ s)cA

197 BR, 939(F:79) 94.1(F:79) 93.8(F: 79) N—si=——N_

(B: 40) (B: 39) (B: 40) c V4 Ch Cq
85.3(F: 79) 85.2(F: 79) 85.2(F: 79) x\ F C/ /
(B: 52) (B: 52) (B: 51) N E
SnF  93.9(2512)  80.8 (2664) 87.4 (2471) C C

sgn  SnF  —316.2 (2512) —344.6 (2664) —400.9 (24719 @

a At 293 K in de-benzene; chemical shifts are given in ppf°Sn—
19F, 19 —19F and'%F—'B coupling constants in parentheses (H&olid Me He
state: —319.5 (2570)¢ Solid state: —418.2 (2340). N’ H

A
Table 4. 3C NMR Data for the Amino Methyl Groups ¢f—6?2 Sn\
N

atom 4 5 6

Clp 40.3 (F: 11.7) 40.6 (F: 11.8) 41.4 (F: 11.3) Hg Hp

Cc2 39.6 (F: 1.5) 40.0 (F: 1.6) 40.0 (F: 1.2) (®)

(Sn: 40.4) (Sn: 39.2) (Sn: 38.7) Figure 1. Labeling scheme for the assignment of %@ resonances
c? 38.2(F: 10.2) 38.4 (F: 10.2) 39.5(F: 9.7) in 4—6 (a). Newman projection along the carbon carbon bond of the
a At 293 K in de-benzene; chemical shifts are given in ppHSn— atrane framework with the labeling scheme for the methylene proton

13C and9F—13C coupling constants in parentheses (Hz)vy, = 2.0~ assignment ird—6 ().

X I | >
3.0 Hz; shoulders are indicating®8Sn—13C coupling constant of about Table 6. *C NMR Data for the Men-Bu, and Ph Substituents in

6 Hz. 4—6, Respectively
Table 5. 3C NMR Data for the Methylene Groups df-62 4 5 6
atom 4 5 6 —6.3(Sn: 849) B-C: 28.4 (Sn: 45.7) ipso-C® 140.5 (F: 24.7)
ca 58.5(Sn: 37.6)  58.6(Sn: 35.5)  58.6 (Sn: 40.3) (F: 22.0) . 269 (S 102 (tFZC?-%Sl o 478
c5 53.0 (Sn: 27.3) 53.2(Sn: 25.3) 52.9 (Sn: 30.1) y-C: 26.9 (Sn: 102) me(Fa > e 1(13‘ 8)
(F: 5.0) (F: 5.9) (F: 5.9) _ _ P20k 1.1)
Cec  525(Sn: 11.0)  52.5(Sn: 10.0)  53.4 (Sn: 10.0) a-C*14.4 (F: 18.3) paraC: 129.3(Sn: 18.3)
c7 50.8(Sn: 18.3)  51.0(Sn: 13.4)  51.2(Sn: 22.0) s c(;-AfoI%o-Hez); oG 128.6 (Sn: 333
cs8 49.2(Sn: 6.0) 49.2(Sn: 5.5)  49.3(Sn: 6.5) -C: 14.1(Sn: 6.5) ortho-C: .6 (Sn: 33.3)
(F: 3.7) (F: 4.3) (F: 4.3) (F: 1.1)
co 47.1(F: 8.0) 47.1(F: 8.1) 475 (F: 8.1) 2 At 293 K in de-benzene; chemical shifts are given in pp#°Sn—
a At 293 K in de-benzene; chemical shifts are given in ppH®Sn— C and'*F—C coupling constants in parentheses (HBn—CH*—
13C andSF—13C coupling constants in parentheses (M2, = 4.5 CHY'—CHy'—CHg’. © 1*Sn—1%C coupling not observed.Pattern in-
Hz. ¢ The pattern of this resonance is indicating t##6—3C coupling dicates unresolved coupling.

constants of 1.1 and 2.2 Hz. Table 7. Solid-State3C NMR Chemical Shifts fo and 6

5). The observation of tin satellites for essentially all nine cage 5 6

related carbons is additional evidence for the closed tricyclic R 15.4 128.9
six-coordinate tin structure. The degree of protonation for each 25.7 139.0
individual carbon resonance is establishedHmgodulated spin- 30.5 140.0
echo experiments (APT}. For the methyl carbons the reso- CH, gg-% 41.5
nances of the attached protons was determined by selective CH, 50.6 52 0

proton-decoupled*C NMR spectra. The identity of the
observed fluorine couplings was verified by recording #@
NMR spectra at a different magnetic field. Moreover, upon
raising of the temperature to 350 K tHéC NMR spectra
remained virtually unchanged. The solid-st&® NMR spectra
given in Table 4 resemble the pattern found in solution, although
the resonances for the methyl and methylene carbons of the
atrane tricyclic framework are not resolved, appearing as broad
structured peaks in the expected range.

The labeling system for assigning the numbered cage carbon
resonances in Tables 4 and 5 is given in Figure la. The

assignments are based 8 NMR data known for a series of substituents are given in Tables 6 and 10. Noteworthy here

other azastannairants.The G position can be expecied 1o are the observed additional fluorine couplings, due to either long-
most closely resemble the parent azastannatrane methyl group . pings, . 9
fange or through-space coupling to the ;Bffoup. Either

S0 it is assigned to the C2 resonance. Moreover, its coupling coupling path would be consistent with a closed tricyclic atrane
behavior is similar to that observed for 1-fluokgN',N'"- fran?ew%rrl)( y

trimethylazastannatrarieThis is in agreement with the NMR h . fth hvl
properties of the H1 hydrogens (Table 8) which are attached to ' "€ @ssignments of the methylene cage carbons@are

C2. The assignment of C1 (with H2 attached) toa®d of C3 based on two common properties of azastannatt¥Deeso-
(with H3 attached) to & respectively, follows from the nances associated with the methylene carbons attached to the

guarternary axial nitrogen, namely, the low field shift and the

(13) Sanders, J. K. M.; Hunter, B. Klodern NMR Spectroscop@xford larger Jsnc coupling constant compared to the Se?onq set of
University Press: Oxford, New York, Frankfurt, 1990. methylene cage carbons adjacent to the equatorial nitrogens.

a At 293 K, chemical shifts are given in pprhAvy, = 350 Hz.
¢ Avyp = 430 Hz.9 A shoulder at 40.0 ppm is observed\v, = 1400
Hz, shoulder at 58.0 ppmAvy; = 1100 Hz.

assumption that the methyl group at the quarternary nitrogen
possessing the Bfgroup will be at lower field. The broadening
of both thelH (H2 and H3) and3C resonances (C1 and C3)
may be due to unresolved coupling to either & or the 1%
of the BF, group, thereby indicating that the B§roup may be
between @ and G.

The assignments of thtH and 13C resonances for the R
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Table 8. *H NMR Data for the Amino Methyl Groups of—6?2

4 5 6
H1 2.69 (Sn: 51.3) 2.79 (Sn: 49.0) 2.71(Sn: 53.4)
(F: 1.9) (F: 2.0) (F: 1.5)

H2>  254(Sn: 37.0)  2.63(Sn: 36.3)  2.59 (Sn: 40.1)
H3»  2.17(Sn: 29.0)  2.19(Sn: 29.5)  2.45(Sn: 28.0)

a At 293 K in ds-benzene; chemical shifts are given in pp#°Sn—
1H and'%F—*H coupling constants in parentheses (HZ\v1, = 7—10
Hz.

This reasoning leads to the identification of two subsets of three
carbons each, namely, C4, C5, and C%,(Cg, Cf) and C6,
C8, and C9 (G, Cy, C), respectively. Within these subsets Figure 2. Molecular structure of catio in 7(BF,). Ellipsoids are )
the assignments follow the chemical shift sequence and thedrawn at the 50% probability level except for the hydrogens, which
: . are shown with arbitrary size.

magnitude of thelec coupling constants expected for the three
corresponding sites. Since tlgc coupling constants can be and Gy are Hy = H10, Hg = H8, Hc = H15, Hp = H13; and
expected to be small for dihedral angles close t&, #e C9 on G- and G are Hy = H7, Hg = H6, Hc = H9, Hp = H11.
resonance is assigned to carbon CThe resonances C6 and The NOESY spectra of compounds-6 show additional
C8 of this subset are assigned according to their different cross peaks between the three methyl proton resonances of the
chemical shifts; i.e., the resonance at lower field is assumed toatrane framework and the protons of the substituents Re
correspond to the carbon adjacent to the NBFoup (C6= andn-Bu (o-CHy) and the Ph ortho-H. The observation of these
Csand C8=C)). Similar arguments give rise to the assignment cross peaks is additional evidence for the closed tricyclic
of the second subset of methylene carbons as follows:=C4 structure of these compounds.
Cp, C5 = Cf, and C7= Cg. Probably the most interesting Crystal and Molecular Structure of 7(BF4)-CeHe. The
NMR spectral feature o#i—6 is the relatively large?Jsnc molecular structure of catiod in Figure 2 is nearly octa-
coupling constant of the €carbon and the pattern of the hedral with a nearly linear vertical axis (17#)Jnd an angle
assigned C6 (€ resonance, indicating coupling of two fluo- sum around the equatorial substituents of 3%0.81 accord
rines. These observations also support the postulate that thevith the presence of the meridional array of three tertiary
BF, group lies between £ and G and that this group  hitrogens (N(1), N(3), N(4)) their corresponding<SN coor-
experiences restricted rotation as a result of being between thesélinate covalent bond lengths are considerably longer (average
methyl groups. 2.273(3) A) than the SaN(2) distance (2.049(3) A) involving

The IH NMR spectral data for the methyl and methylene the covalent amido nitrogen. The.coordingte covalent-8n
protons of the tricyclic atrane cage of compountisé are bond lengths are also quite close in magnitude to one another

summarized in Tables 8 and 9. The assignments of the observe Table 2). The presence of a hy_drogen on N(3) and on N(4),
resonances are based on measurements at different magnetieOth Syn to the fluorine, is also signaled by the average of the
field, COSY, NOESY, and selectively decoupléiC NMR non-hydrogen substituent angles around them (112.1(2) and

spectra. The methyl proton assignment was discussed abovel12-3(2). respectively) while the corresponding average is

For the methylene protons, twelve well-separated res,onancesizzoACy for ’\r]](z)' Tr;]e trakr]]sa?nul?jr %%n(jzliggtkzlsn%) §2328%12
appear in théH spectra, which can be divided into three subsets (2) A) is shorter than that found ih0 (2.453(2) and 2.380(2)

of four resonances each. COSY and NOESY experiments Ph H NMe; e
allowed assignment of the subsets as follows: H4, H5, H12, H WNOH Me( | N7 _Me
N—Sniq\>< N—STn‘¥NV7

|
H14; H6, H7, H9, H11; H8, H10, H13, H15. The first subset N
can be assigned to the atrane arm with the coordinated BF </It </
<; N<;

group, based on the low-field appearance of their chemical shifts

and the broadening of resonances H4 and H12, possibly owing 10 1
to residual coupling t8'B or 1%F. The remaining two subsets F
can be assigned only on the basis of their chemical shifts, .
assuming similar chemical shift dependencies oftthand3C Sn \ *H,0
resonances on the electron induction/withdrawing properties of C

N

neighboring groups. This assumption suggests that H6, H7, H9,
and H11 correspond to the paig @nd G, whereas H8, H10, 12
H13, and H15 correspond to=@nd Gy. The labeling scheme
for the methylene proton assignment is given in Figure 1b
assuming a dihedral angle defined by &hd H, of about 90,
two subsets of protons are expected for eaghH,@roup in the
tricyclic framework. The first, namely Kand H, is expected
to show one geminaflyy and one vicinal®Jyy coupling,

. A for the two independent molecules in the unit &elind in

' 11 (2.368(3) B). This difference is made reasonable by the
presence of a positive charge @rcompared with the charge
neutrality ofl0and11. The transannular distance is also large
[2.410(6) A] in neutrall2 which was recently reported to be a
tetramer possessing intermolecular Sn-F interactions that render

nge.;.eas Ithe_ selcond l.SUbSIe:tB(HTg Fe) shoul((jjceéleblt ant the tin atoms six-coordinate in a geometry that largely retains
additionat vicinal coupling. From the measure SPECIa, 1ho atrane structurd. Moreover, whereas the Sifr bonds in

the expected coupling pattern was extracted. The NOESY 12 are lengthened by about 0.15 A over a-Snsingle bond

spectra gave further evidence for this argumentation, since six 1.96 A). this distance in catiofi is lenathened by only about
cross peaks were observed, namely—Hc and H—Hp, (()68)3\), g y only

following the labeling scheme in Figure la. From these
considerations the assignment for the methylene proton$on C (14) Kolb, U.: Draer, M.; Dargatz, M.; Jurkschat, Organometallics
and G are Hy = H4, Hg = H5, Hc = H12, Hb = H14; on G 1995 14, 2827.




1978 Inorganic Chemistry, Vol. 36, No. 9, 1997

Table 9. H NMR Data for the Methylene Groups df-62

Plass et al.

patter®t 4 5 6
H4 c 3.39 3.36 3.40
H5 ddd 3.14 (11.0, 7.5, 2.0) 3.14 (11.0, 7.0, 2.0) 3.21(11.0, 7.0, 2.0)
H6 td 3.09 (11.6, 5.6) 3.11 (11.4, 5.4) 3.24 (11.2,5.4)
H7 dd 2.76 (11.2, 5.6) 2.77 (11.2,5.4) 2.87 (11.2,5.4)
H8 ddd 2.79 2.66 (13.9, 11.6, 5.8) 2.75 (14.6, 6:3)
HO ddd 257 2.53(11.6,11.2, 4.8) 2.87
H10 dd 2.49 (11.9, 6.5) 2.45 (11.6, 6.3) 247
H11 dd 2.32(11.2, 4.2) 2.14 (11.2, 4.8) 2.22 (11.2, 4.4)
H12 f 2.14 2.10 2.11
H13 dd 2.08 1.97 (11.6, 5.8) 2.07
H14 dd 1.92 (11.0, 7.5) 1.75 (11.0, 7.0) 1.81(11.0, 7.0)
H15 ddd 1.89 (14.9, 6.5, 2.0) 1.71 (13.9, 6.3, 2.0) 1.76 (14.6, 6.3, 2.0)

2 At 293 K in ds-benzene. Chemical shifts in ppm at—'H coupling constants in parentheses (H£J.oupling constants are given in decreasing
order; d= doublet, t= triplet. ¢ Av1;, = 40 Hz; shoulders indicate a dd coupling pattér@verlapped with other resonances. Coupling constants
cannot be extracted.The larger two coupling constants have the same value, resulting in a td patteip.= 30 Hz; shoulders indicate a ddd

coupling pattern.

Table 10. 'H NMR Data for the Men-Bu, and Ph Substituents in
4—6, Respectivel§y

4 5 6
0.55 (Sn: 82.0) 5-H: 1.88 (m) ortho-H: 17 (Sn: 75.3)
(F: 2.3,0.7) (dd, H: 7.2,1.3)
y-H: 1.52 (m) meta-H: 7.27 (Sn: 29.0)
(dd, H: 7.2)

o-H: 1.47 (m, Sn: 70.0) para-H: 7.16 (Sn: 10.0)
0-H: 0.94 (t, H: 7.2) (tt, H: 7.2,1.3)

a At 293 K in de-benzene; chemical shifts are given in ppf°Sn—
1H, %F—1H, and'Hp—'H coupling constants in parentheses (HZ3n—
CH,*—CH/—CHy'—CHz.

Conclusions. Features of théH andC NMR spectra of
4—6 discussed above are consistent with the Bfoup lying
anti to the Sa-F bond. This seems odd at first since cis addition
of BF3 to a Sn-N bond via a four-center intermediate appears

more facile as shown schematically in reaction 5. If the
Me
| /Me Me Me
n—N $aBF2
O~y — 5N o
[E—BF, £ T\)
N N
Me -
x
THE Me SY Me
1 + BF; — N—Sn—N

+ [F,BTHF]* ==4 + THF

stereochemistry shown earlier for structuées$ is sterically
preferable, however, it could be achieved in an equilibrium of
the type shown in reaction 6 far The stereochemistry shown

for the HMeNCH group of 9 is supported by the crystal-
lographic X-ray study o¥(BF,) in which the same stereochem-
istry is observed for both of these groups. The preservation of
this stereochemistry for this group is then also impliedSais
shown in its structural formulation.

The stereochemistry shown for the HMeNgEHroups in
7(BF,) (and that deduced fo4—6, 8, and 9) would not be
dictated on steric grounds in a strictly octahedral geometry of
the metal. That such a geometry is not achieved, however, is
evident from the molecular structure @BF,) shown in Figure
1. Opening the N(3)Sn(1)-N(4) angle from 120 in 3 to
accommodate the fluorine atom HBF,) is made difficult by
the reluctance of the corresponding8—C angle of3 to open,
thus inducing strain in the “front” five-membered rings in the
structure of7(BF,) in Figure 2. This reluctance is reflected by
the equivalence (within @ of the angles around the axial
nitrogen of 7(BF4). The consequent resistance of N(3n-
(1)—N(4) to enlargement is registered by the small N{Sh-
(1)—F(1) and N(4}>Sn(1)>-F(1) angles (average 79.7(1})
compared with the N(3)Sn(1)-N(2) and N(2)-Sn(1)-N(4)
angles (average 95.7(1}). On the basis of this argument the
larger exocyclic group on an equatorial quaternary nitrogen in
4-6, 8, 9, and7(BF,) prefers to be anti rather than syn to the
Sn—F bond.
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