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polymer was accomplished by filtration; however, the (Ph3P),Ni-
(CO); had decomposed during the period of hydrogenation when a
temperature of 165° was employed.

Acknowledgments. The Office of Naval Research and the
National Science Foundation, Grant No. GH-37566, are
thanked for generous financial support of this research.

References and Notes

(1) C. U. Plttman, Jr., L. R. Smith, and R. Hanes, J. Am. Chem. Soc., pre-
ceding paper.

(2) H. Heinemann, Chem. Technol., 286 (1971).

(3) J. Manassen, Chim. Ind. (Milan), 51, 1058 (1969),

(4) J. L. Garnett, Catal. Rev., 5, 229 (1971).

(5) J. C. Ballar, Jr., Catal, Rev., in press.

(6) R. H. Grubbs, C. Glbbons, L. C. Kroll, W. D. Bonds, Jr., and C. M. Bru-
baker, Jr., J. Am. Chem. Soc., 96, 2373 (1974).

(7) (a) J. P. Collman and C. A. Reed, J. Am. Chem. Soc., 95, 2048 (1973);
(b) J. P. Collman, R. R. Gagne, J. Kouba, and H. Ljusberg-Wahren, ibid.,
96, 6800 (1974).

(8) M. A. Krause and A. J. Patchornik, J. Am. Chem. Soc., 93, 7325 (1971).

(9) K. Mosbach, Sci. Am., 26, 225 (1971).

(10) G. O. Evans, C. U. Pittman, Jr., R. McMIllan, R. T. Beach, and R. Jones,
J. Organomet. Chem., 67, 295 (1974).

(11) E. U. Pittman, Jr., and R. M. Hanes, Ann. N.Y. Acad. Sci., in press.

(12) 8. V. McKinley and J. W. Rakshays, Jr., U.S. Patent, 3,708,462 (1973).

(13) L. S. Merinether, M. F. Leto, E. C. Colthup, and G. W. Kennerly, J. Org.
Chem., 27, 3930 (1962).

(14) D. Evans, J. A. Osborn, and G. Wikinson, J. Chem. Soc. A, 3133
(1968).

(15) C. U. Pittman, Jr., and R. Hanes, unpublished studies.

(16) C. U. Pittman, Jr., and L. R. Smith, J. Organomet. Chem., in press.

(17) D. R. Fahey, J. Org. Chem., 38, 80 (1973).

(18) D. R. Fahey, J. Org. Chem., 38, 3348 (1973).

(19) This observation was noted in more detail in ref 1. Its explanation is ob-
scure, but It is suggested that the rate at which excess anchored -PPh;,
groups can contact anchored Ru sites is slow relative to that of dis-
solved PPhs. If this is true the “effective” phosphlne concentration
would be lower in the "all anchored” system. If the selectivity requires a
high “effective’” phosphing concentration, it might be possible to
achieve enhanced selectivity by preparing resins with very high (i.e.,
50/1 or 100/1) P/Ru ratios.

(20) This points out one disadvantage in using dual, anchored catalyst sys-
temns. In order to optimize the use of one catalyst, the second catalyst
can be subjected to conditions at which it can degrade or lose activity.

(21) C. U. Pittman, Jr., L. Smith, G. Wilmon, and S. E. Jacobson, studies in
progress.

Tin-119 Chemical Shifts of Ortho, Meta, Para, 2,6-, and
Polysubstituted Aryltrimethyltin Derivatives and Related
Organotin Compounds!

H.-J. Kroth,!® H. Schumann,!® H. G. Kuivila,'c C. D. Schaeffer, Jr.,'cand J. J.

Zuckerman*1c

Contribution from the Institute for Inorganic and Analytical Chemistry, Technical University
of Berlin, 1 Berlin 12 (Charlottenburg), Germany, and the Department of Chemistry, State
University of New York at Albany, Albany, New York 12222. Received September 3, 1974

Abstract; Tin-119 chemical shifts for 15 meta and para, 10 ortho, 7 2,6-disubstituted, and seven miscellaneous polysubstitut-
ed aryltrimethyltin compounds along with the shifts of 15 additional aliphatic organotin compounds have been recorded by
direct observation at 37.27 MHz in the continuous wave mode. Although the chemical shift response of the ten nuclei which
have thus far been incorporated into various series of phenyl compounds with respect to electron withdrawal is mixed, i.c.,
about half the series studied fail to change in the expected downfield direction with electron withdrawal, the tin chemical
shifts show excellent correlations (r > 0.97) with o1 and or® values, with the shifts changing in the anticipated manner. The
shift differences, Ad, imposed by moving the substituent from the para to the ortho position range from the small changes in-
duced by the halogen and trifluoromethyl groups to Aé = —16.3 ppm for the dimethylamino group. These changes are accen-
tuated in the 2,6-derivatives. Upfield shifts of the alkyl group-bearing substituents are interpreted in terms of steric compres-
sion and angular distortion produced in the bonds to tin, while dispersion forces may account for the downfield shifts of the
ortho and 2,6-disubstituted halo defivatives. Small tin-119m Méssbauer quadruple splittings, observed for these derivatives
are also found for the para compounds and are interpreted in terms of electronegativity. |J(119Sn-19F)| coupling constants
for the ortho, meta, and para derivatives have similar small values, and large upfield shifts characteristic of higher coordina-
tion at tin are lacking. The observed effects of introducing saturated carbon atoms in aliphatic derivatives «, 8, and 4 to tin
on the shifts are similar to those for carbon-13 and the heavier nuclei, with «- and 8-substitution producing a downfield shift
and y-substitution producing an upfield shift, suggesting a similar mechanism governing the shifts in each case. The shift of
the syn-7-trimethyltinnorbornene lies 14.3 ppm to lower field than in the anti isomer suggesting interaction with the double
bond. Large downfield shifts are also seen when the tin atom is incorporated into a small ring. Unsaturated groups induce
large upfield shifts when directly attached to tin.

Since the first publication by Burke and Lauterbur? in
1961, there have been over 40 research papers reporting tin-
119 NMR chemical shift data,? and an excellent review.*
Tin chemical shifts are now known to range from —1712 for
Snls in a 1:1 mixture with SnCl42 to +199 ppm for diethyl-
tin thioglycolate,® with respect to tetramethyltin as a stan-
dard, or 1911 ppm overall (or to —662 for CH3SnBrs2~ in
water,5 for a range of 861 ppm for organotin derivatives, or
to —282 for triethyltin hydride,? for a range of 481 ppm for
four-coordinated organotin species). Yet there is no satis-
factory answer to the question of the effect of electron with-
drawal on tin chemical shifts.

In an attempt to settle this question, we report in this
paper tin chemical shifts for 15 meta and para, 10 ortho, 7
2,6-disubstituted, and 7 miscellaneous and polysubstituted
aryltrimethyltin compounds, along with the shifts of 15 ad-
ditional organotrimethyltin species.

Results

The reader of the tin chemical shift literature is cau-
tioned to note carefully the sign convention used in tabulat-
ing the data. While the use of tetramethyltin as a standard
dates from the early work of Hunter and Reeves,” it is only
recently that the shift sign conventions of the heavier nu-
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Table I. Tin-119 Chemical Shifts of m- and p-RC,H,Sn(CH,),

(50% v/v in CClL,) +0.2 ppm

1755

No.2 R 5('1°Sn)b
1 m-CF ,¢ -23.9d
2 m-Cl -24.5
3 m-Fé -25.04
4 p-Br -25.0
5 p-Cl ~25.6
6 p-Ff _25.9d.g
7 m-OCH, -28.0
8 p-OC,H, ~28.6
9 p-OCH, -28.8

10 p-CH, -29.9
11 m-CH, -29.9
12 p-N(CH,), ~30.2n
13 H -30.3¢
14 p-Sn(CH,), ~30.5/
15 p-1-C,H, -30.6

aListed in order of increasing upfield shift, » A negative sign indi-
cates a resonance upfield of tetramethyltin. ¢ |5/(***Sn—C—C—-C—-C—
19F)|= 4.0 Hz. d Averaged value because of the coupling to fluorine-
19. €{4J(***Sn—C—C—-C—-"°F)| = 22.0 Hz. f|5J(*'*Sn—C-C-C-C—
19F)| = 9.2 Hz. & Listed as —25.9 ppm in cyclohexane solvent in ref
10. B Listed as 30.0 ppm in ref 10 in cyclohexane solvent. i Listed as
—30 ppm run as the neat liquid in ref 7./ Listed as —29.0 ppm run
20% in CH,Cl, in ref 3.

Table II. Tin-119 Chemical Shifts of 0-RCH,Sn(CH,),
(50% v/v in CCl,) +0.2 ppm

Table III.  Tin-119 Chemical Shifts of 2,6-R,C,H,Sn(CH,), and
Other Di- and Trisubstituted Aryltrimethyltins (50% v/v in CCL)
+0.2 ppm
No.a R 5(*1°Sn)d
1 2,6-CF ¢ -8.9d
2 2,6-Cl -11.6
3 2,6-Fe —28.4d
4 H -30.3
5 2,6-OCH, —43.7
6 2,6-0C,H; —46.0
7 2,6-CH, -51.4
8 24CF& -6.6
9 2,4-CH, -34.0
10 2,3-CH, —34.0h
11 3,4-CH, -30.9
12 3,5-CF,f —17.0d
13 2,4,6-0CH, —43.8
14 2,4,6-CH, —50.0n
15 2,3,4,5,6-Cl +123/

aListed in order of increasing upfield shift within substitutional
categories. b A negative sign indicates a resonance upfield of tetra-
methyltin. €]4/(***Sn—C—C—C—'°F)| = 1.8 Hz. d Averaged value
because of the coupling to fluorine-19. €]3/(***Sn—C—C—"°F)| =
42.7 Hz. fListed as —30.3 ppm run as the neat liquid in ref 7. §The
two couplings to fluorine could not be resolved. #From ref 3, 50%
in CH,Cl,. i |5J(***Sn—C—C—-C—-C—-"°F)| = 2.9 = 0.7 Hz. /From ref
3, saturated solution in CH,Cl,.

Table IV, Tin Chemical Shift Regression Analysis Parametersa

pRY ce rd Se nf
Ortho 34.5 -29.4 0.990 1.74 7
Meta 295 -29.7 0.983 0.700 6
Para 2.93 -29.6 0.973 0.665 7

@ Lack of oy and oR° values for —Sn(CH,);, —¢-C,H,, —OC,H,,
and —C,H, excludes these derivatives from the regression analysis.

No.a R §(*1°Sn)b
1 CF,c —16.6d
2 al —24,2
3 Fe -28.5d
4 H ~30.3f
5 Sn(CH,), ~33.8
6 CH, —34.08
7 OCH, ~346
8 C,H, -35.1
9 OC,H; —35.4

10 N(CH,), ~46.3

aListed in order of increasing upfield shift. » A negative sign indi-
cates a resonance upfield of tetramethyltin. ¢ |4/(***Sn—C—C—-C—
19F)| = 2.5 Hz. d Averaged value because of the coupling to fluorine-
19. € |3J(***Sn—C—C—"°F)| = 64.8 Hz. fListed as —30.3 ppm run as
the neat liquid in ref 7. & Listed as —33.0 ppm run 20% in CH,Cl, in
ref 3.

clei®? have begun to fall into agreement with that used in
proton NMR, where resonances upfield of the TMS stan-
dard are negative. In tin NMR papers submitted up to the
spring of 1972 with one Russian exception,!? resonances to
high field of the tetramethyltin standard are listed as posi-
tive, and a review article which tabulates the data available
to May 19734 follows this convention. After March 1972,
all papers submitted have listed upfield resonances as nega-
tive, In many cases it is extremely difficult or impossible to
tell from the information given which sign convention is in
use. Comparisons of literature data close to zero shift (te-
tramethyltin) are particularly hazardous. We will in this
paper adopt the convention that shifts upfield of the stan-
dard are negative, contrary to our previous practice.?!!
Table I lists tin-119 chemical shift values in ppm for 15
meta and para substituted phenyltrimethyltin compounds in
order of increasing upfield shift with respect to tetramethyl-
tin as standard. The values of absolute frequency, =, de-
fined as the resonant frequency in a magnetic field of
strength such that Si(CH3), gives a proton resonance of ex-
actly 100 MHz, have previously been used.!? The values of
the p-fluoro-,'® p-dimethylamino-,10 and p-trimethyltin3
derivative, and the parent phenyltrimethyltin’ have been re-
corded previously; however, all were redetermined in this

b Parameters of the equation 8 = pyoy + pror’+ C using oy and og°
values from ref 19. ¢Intercept. d Multiple correlation coefficient:
eStandard deviation of residuals: fNumber of compounds.

study. From the m-CF3 at —23.9 to the p-1-C4Hq at —30.6
ppm, the range of meta and para substituents available
taken together imposes an overall change of 6.8 ppm on the
position of the tin-119 resonance.

Table II lists values for ten ortho-substituted derivatives
in increasing upfield shift order. Only the o-methyl® and
the parent phenyltrimethyltin’ compound had been record-
ed previously, but both were redetermined for this study.
From the 0-CF3 at —12.6 to the o-dimethylamino at —46.3
ppm, the range of ortho substituents available imposes an
overall change of 33.8 ppm on the tin resonance.

Table III lists values for seven 2,6-disubstituted deriva-
tives in increasing upfield shift order for seven miscellane-
ous di- and trisubstituted compounds. Values for the 2,3-
di-, and 2,4,6-trimethyl derivative were taken from ref 3 as
was the value for perchlorophenyltrimethyltin. From the
CF; at —8.9 to the CHj3 at —51.4 ppm, 2,6-disubstitution
imposes a change of 42,5 ppm on the tin resonance. Ren-
dering the same change at the 2,4-positions imposes a
change of only 27.4 ppm on the tin shift. The resonance of
the perchlorophenyltrimethyltin compound lies in another
region entirely, downfield of tetramethyltin.

The tin chemical shift relationship with the o1 and or°
substituent constant values meets the requirements stated
by Miller et al.’?14 that data for NMR correlations be de-
rived from measurements on large numbers of representa-
tive compounds, giving correlation coefficients >0.95. The
regression analysis data are listed in Table IV for the ortho,
meta, and para series.
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Table V, Tin-119 Mossbauer Data at 77 K for RC,H,Sn(CH ) 4

8 (£0.06), A (£0.12),

R mm/sec  mm/sec rb r,
m-Cl 1.28 1.33
m-F 1.32 1.27
p-Br 1.25 1.35
p-Cle 1.24 1.72
p-Fd 1.31 1.75
m-OCH, 1.26 1.18
p-OC,H, 1.29 1.09
p-OCH,e 1.24 1.13
p-CH,f 1.28 1.16
m-CH, 1.29 1.11
p-N(CH,) £ 1.25 1.16
HA 1.32 1.15
p-Sn(CH,), 1.22 1.44
p-1-C Hi 1.30 1.18
o-CFJ 1.25 0.74 0.68 0,52
o-Cl 1.24 1.30
o-F 1.29 1.84
0-Sn(CH,), 1.28 1.35
o-CH, 1.27 1.04
0-OCH, 1.22 1.18
0-C,H, 1.27 1.44
0-0C,H, 1.22 1.12
0-N(CH,), 1.30 1.03
2,6-CF, 1.26 0.90 1.13 1.04
2,6-C1 1.27 0.87 0.88 0.96
2,6-F 1.32 1.00 1.24 1.11
2,6-OCH, 1.28 1.30
2,6-0C,H, 1.20 1.30
2,6-CH, 1.33 1.48
2,4-CF, 1.22 1.74
2,4-CH, 1.23 0.94
3,4-CH, 1.30 1.42
3,5-CF, 1.34 0.61 1.51 1.01
2,4,6-OCH, 1.21 1.57
2,3,4,5,6-CIk 1.32 1.09

aVs. Ba'**MSn0, (New England Nuclear Corp.) held at ambient
temperature. b Line width +0.06 mm/sec. ¢Listed as 1.34 + 0.05
mm/sec in ref 15. dListed as 1.23 + 0.03 mmy/sec in ref 16.
eListed as 1.30 + 0.05 mm/sec in ref 15. fListed as 1.22 + 0.03
mm/sec in ref 16. £Listed as 1,30 + 0.05 mm/sec in ref 15.
hlisted as 1.16 + 0,03 inref 17, as 1.25 + 0.05 inref 18, and as
1.26 + 0.05 in ref 15. iListed as 1.28 + 0.05 mm/sec in ref 15.
jListed as 1.16 + 0.03, 0.66 = 0.03 mm/sec in ref 16. ¥ Reference
17.

Table V lists tin-119m Mossbauer data for the com-
pounds studied, grouped by category as shown in Tables I,
I1, and III, and listed in order of increasing upfield tin-119
NMR chemical shift as in these tables. Some Mossbauer
data for the parent phenyltrimethyltin and its derivatives
have been published previously.!5-18 The F, Cl, and CF;
substituents give rise to small quadrupole splittings (QS) in
some circumstances. It should be kept in mind that in the
case of potentially tiny QS doublet spectra, computer fitting
can be forced to yield a QS value from a broad line. Such
borderline cases are found for the p-chloro, p-fluoro, and
o-fluoro derivatives with line widths, T' = 1.72, 1.75, and
1.88 mm/sec, respectively. Curve fitting the spectrum of
the o-trifluoromethyl derivative as a doublet gave unrealis-
tically narrow line widths (0.68, 0.52 mm/sec).

Discussion

A fundamental question with regard to nonprotonic
NMR chemical shifts is their response to electron with-
drawal. While current theories of shielding do not permit
satisfactory interpretation of individual chemical shift
values, it is expected that the spin nucleus will become more
shielded as the electron-releasing power of substituent

groups increases, and the chemical shift should move pro-
gressively to higher field. Available data from compounds
in which drastic electronegativity changes are imposed at
the heavier elements present a confused picture, and we will
confine our discussion to systems in which electron demand
is smoothly varied systematically through the use of substi-
tuted phenyl groups.

Understanding the data for the substituted phenyl deriv-
atives of the various spin nuclei requires a knowledge of the
range of shift imposed by the available substituent groups,
the direction of the imposed shift, and whether the chemical
shift data correlate with substituent constants or with simi-
lar shift data for other nuclei (the Taft o1 and or° parame-
ters are themselves derived from fluorine-19 chemical shift
data in part).'” The tin data must be viewed against the
background of available results on the substituted phenyl
derivatives of other spin nuclei, Unfortunately, even in these
well-regulated systems, the results are contradictory. Table
VI lists the results of studies on ten NMR nuclei: hydrogen-
1,20 carbon-13,21-22 pitrogen-14,2325-26 njtrogen-15,2427
flourine-19,2% silicon-29,2%3¢ phosphorus-31,>! tin-119,
mercury-199,89 and lead-207%° (including our results for
the phenyltrimethyltins) which have been incorporated into
various series of para-, meta-, and ortho-substituted phenyl
compounds. Table VI lists the number of compounds, n, ex-
amined in each category, the range of shifts observed, A, in
ppm, the substituents establishing the endpoints of the
range, +o and —g, and whether the general trend followed
by the data was according to that expected on the basis of
the Hammett ¢ constants, (positive) or opposite to it (nega-
tive). Plots or stated correlations in the literature seldom in-
clude correlation coefficients or other regression analysis
data, and no attempt has been made here to correlate the
recorded chemical shifts with Hammett or other substituent
constants. For the para derivatives the chemical shift range
encompassed increases 'H < 'C < 2°Si < I5NO; < 1“NO,
< 1198 < 31p < 207ph < 4NH, < NH; < '9°Hg, for the
meta derivatives 'H < 29SiF; < 13C < 2°Si(CH3); < ¥F <
14N < 31P < 13N < 119§ < 207Pb, and for the ortho deriva-
tives recorded 'H < 29Si(CH3j); < N < 3C < 9F <
119Gn. The change in shift imposed by the replacement of
the o-dimethylamino by the o-trifluoromethyl group at tin
is the largest yet recorded for any such replacement at a
single position. For three other nuclei as well ('H, '*C, and
298i(CH3)3), the magnitudes of the shift values are ortho >
meta and para, but for 1°F the magnitudes are ortho > para
> meta, and for 1¥NH, and 1>NH3, para > meta.

Clearly, of the 33 series represented in Table VI, 14 fail

-to change with electron withdrawal in the anticipated man-

ner. The examples in which NMR resonances respond to
electron withdrawal through the phenyl group by shifting
upfield, opposite to that expected, include meta-!3C and
meta- and para-3!P and -207Pb.

Recent discussion has focused attention on the change in
trend which is experienced by silicon-29 resonances in phen-
yltrimethylsilanes?® in which the 2°Si resonances respond in
the expected manner, and in phenyltrifluorosilanes®? in
which increased electron withdrawal results in upfield
shifts. A theoretical model has been applied which attempts
to rationalize the two opposite trends on the basis of the
total charge on the silicon atom. The theory asserts that an
atom with higher total charge (one with weakly electroneg-
ative ligands, e.g., Si(CH3)3) will tend to experience de-
shielding on electron withdrawal, but that the opposite can
be expected for an atom with a lower total charge (one with
strongly electronegative ligands, e.g., SiF3).>2 While appar-
ently true for the silicon-29 data, a reversal is seen between
the substituted anilines (positive) and nitrobenzenes-'4N
(negative). The more electropositive lead atom responds
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E Position nd +gb —ob AC Trendd Ref
'H- Para 10 —NO, —NH, 0.96 Pos 20
Meta 10 —CHO -1 0.46 Pos 20
Ortho 10 -NO, —-NH, 1.71 Pos 20
H,;'3C- Para 10 —CN -F 1.0 Pos 21
Meta 8 -F —OH 1.9 Neg 21
Ortho 7 —Br -F 8,1 Pos 21
(CH,),"*C— Para 8 -NO, —N(CH,), 1.61 Pos 22
H,"N- Para 8 -NO, —-NH, 23.6 Pos 23
Meta 6 -NO, —CH, 4.5 Pos 23
H,'sN— Para 8 -NO, —OCH, 25.5 Pos 24
Meta 8 -NO, —CH, 5.7 Pos 24
0,"“N- Para 6 -NO, —-NH, 5.5 Neg 25,26
Meta 6 -NO, —OCH, 5.0 Neg 25
Ortho 6 -NO, —OCH, 6.0 Neg 25
0,'’N— Para 9 —NO, —NH, 8.23 Pos 27
F— Para 14 -NO, —NH, 25.4 Pos 28
Meta 14 -NO, —CH, 4.2 Pos 28
Ortho 14 —Br -F 31.4 Neg 28
(CH,),**Si— Para 6 -NO, —OCH, 2.43 Pos 29
Meta 4 -NO, —CH, 2.26 Pos 29
Ortho 3 -NO, —CH, 3.42 Pos 29
F,*Si— Para 6 —CF, —OCH, 2.83 Neg 30
Meta 6 —CF, —CH, 1.74 Neg 30
(HO),*'P=0 Para 12 -NO, —OH 6.05 Neg 31
Meta 9 -NO, —OH 5.06 Neg 31
HO-*'P~(=0), Para 11 -NO, —NH, 3.50 Neg 31
Meta 8 -NO, -OH 4.32 Neg 31
(CH,),'**Sn— Para 10 —Br —t-Bu 5.57 Pos’ e
Meta 6 —CF, -H 6.45 Pos e
Ortho 10 —CF, —N(CH,), 33.8 Pos e
CI'*°*Hg— Para 7 —CF, -CH, 106 Neg 8,9
(CH,),;**"Pb— Para 6 -F -H 135 Neg 8,9
Meta 6 -CF,, -C1 -H 15.0 Neg 8,9

aNumber of compounds studied in each category. ? The substituent group producing the limiting shift at each end of the range, arranged
under more positive and more negative Hammett o values. Para constants were used to list the ortho substituents for which no constants are
available. ¢ The total chemical shift range in ppm. € A positive trend is defined as one in which electron withdrawal generally gives rise to a

downfield shift (deshielding). € This work.

negatively,®* while tin responds as expected in the closely
related phenyltrimethylmetal derivatives. In addition, the
phosphorus-31 shifts in substituted phenylphosphonic acid
anions, in which the phosphorus atom has a higher total
charge, fail to reverse the inverse correlation found for the
neutral acid molecules.3! No satisfactory theoretical basis is
available to rationalize these data.

For the tin chemical shifts there is apparently good inter-
nal consistency; while only poor results are obtained when
the meta and para data are plotted against their respective
Hammett o constants, excellent correlations are found
when data for each category of substituent group are plot-
ted against o1 and or® values.!? The correlation coeffi-
cients, r, are in each case >0.97 as shown in Table IV. Cor-
relations against corresponding NMR data for other nuclei
vs. 5 11%Sn were also tested, but very poor coefficients were
found for plots vs. proton,2? carbon-132!22 and mercury-
19989 data. The tin-119 shifts did, however, correlate in-
versely with the shifts of lead-207 in substituted phenyltri-
methyllead compounds®® (» = 0.89; n = 11) and especially
well with the data for the para derivatives®? (r = 0.96; n =
6).

The o1 and og° scale is based upon a combination of rate,
equilibria, and fluorine-19 NMR shift data for substituted
benzenes in which d orbitals play no part. The correlations
between these substituent constants and the tin-119
shieldings in the substituted phenyltrimethyltins suggest
that d orbital effects are not important in determining the

chemical shift variations in these series, and similar conclu-
sions have been drawn for the substituted phenyltrimeth-
ylsilanes on the basis of silicon-29 NMR shift data.??

Unlike the silicon case, the tin shift values for the ortho
and para derivatives are generally very different, ranging
from the halogen values which are most similar (Aé = +1.4
(Cl), and —2.6 ppm (F)) and increase to a difference of
+16.3 ppm for the dimethylamino group. In addition, the
ortho chlorine resonance lies downfield of the para, while all
the others lie upfield.

The shielding of ortho nuclei cannot generally be ex-
plained in terms of inductive and resonance effects alone,
and it is thought that the shielding is appreciably influenced
by diamagnetic anisotropy effects in the case of the proton
but that the magnitude of such influences would be relative-
ly the same for any nucleus and hence could not account for
the larger shifts seen in the heavier spin nuclei.833 For the
nonprotonic spectra, two effects have been discussed. A
deshielding due to intramolecular electric fields or disper-
sion forces has been observed in the fluorine-19 spectra of
chloro-substituted perfluorobenzenes.3 On the other hand
the chemical shifts of sterically perturbed carbon atoms are
generally found at higher fields than for similar carbons not
spatially crowded.?® In our previous study® we found that
the presence of adjacent polarizable groups and atoms gave
rise to upfield tin chemical shifts, and the range of com-
pounds available here allows a more detailed examination
of this factor.
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Table VII, Tin-119 Chemical Shifts of Di- and Trimethyltin
Derivatives (25% v/v in CH,Cl,) 0.2 ppm
No.2 Compound & (1'9°Sn)?
1 (CH,),SnCH(CH,), +8.6¢
2 (CH,),SnCH,CH, +4.2d
3 (CH,),SnCH,CH,CH,CH, —1.0¢
4 (CH,),SnCH,CH,CH, -2.3f
5 (CH,),;SnCH,C(CH,), -14.2
6 (CH;);Sn-c-C H, +14.0
7 (CH,),Sn-c-CH,, -4.7¢
8 (CH;);Sn(adamantane-1) -6.9
9 (CH,),;Sn(adamantane-2) —-13.7
10 (CH;);Sn(norbornane-1) +4.4
11 (CH;);Sn(norbornane-7) -9.2
12 (CH,;);Sn(syn-norbornene-7) -11.3
13 (CH,);Sn(anti-norbornene-7) -25.6
14 1-(CH;);Sn(dimethylaliene-1,3) -13.8
15 (CH;),Sn(naphthylene-1) -31.8
16 1-(CH,);Sn(n-butylacetylene-2) -72.0

a Listed in order of increasing upfield shift within categories. ? A
negative sign indicates a resonance upfield of tetramethyltin. € List-
ed as +9.9 ppm as the neat liquid in ref 7. @ Listed as +3.0 = 0.1 in
CCl, in ref 6, as +3.0 (0.5) in 30% C,H, in ref 5, and as +5.9 as the
neat liquid in ref 7. € Listed as —2 + 0.3 ppm in 10% C H, in ref 6.
fListed as —2.9 ppm as the neat liquid in ref 7. & Listed as —5.0
+ 0.5 in 10% CH,Cl, in ref 6 and as —1.7 ppm as the neat liquid in
ref 7.

The trends revealed for the para to ortho shift are con-
firmed by extension to the 2,6-derivatives. Converting the
ortho to the 2,6-dichloro derivative drives the tin shift still
more downfield, and the perchloro compound is found far-
ther downfield still. The shifts of the fluoro derivatives,
whether para, meta, ortho, or 2,6-disubstituted, remain rel-
atively constant, while the tin resonances of the methyl, me-
thoxy, and ethoxy compounds shift farther upfield on 2,6-
disubstitution. Like the chlorine case, substitution by the
-CF; group (where no para derivative was available) moves
the tin shift successively downfield in the sequence meta >
ortho > 2,6-disubstituted. Thus those substituents contain-
ing alkyl groups give rise to upfield shifts when placed in
ortho or 2,6-positions to tin. The methyl group data are in-
structive in this regard: para = meta (29.92) < ortho = 2,3-
= 2,4- (34.0) < 2,6-disubstituted = 2,4,6-trisubstituted (50
ppm), Clearly, two different mechanisms are operating
here. The upfield shifts can arise from sterically induced
charge polarizations which increase charge densities at the
crowded tin atom,?> while dispersion forces may account for
the downfield shifts in the halo derivatives.34

An additional direct interaction across space to the tin
atom is possible for the fluoro, chloro, and trifluoromethyl
substituents which possess lone pair electrons, however. One
measure of such interaction would be through the tin-119m
Méssbauer quadrupole splitting (QS) which would be ex-
pected to be sensitive to the electric field gradient created in
such a resulting higher coordinated species.36 Indeed, as
shown in Table V, the 0-CF; derivative does exhibit a small
QS, and the large line width of the o-fluoro derivative is
suggestive of an incipient splitting. Moreover, all three sub-
stituents exhibit doublet spectra when attached at the 2,6-
positions.

However, the p-fluoro and -chloro derivatives also exhibit
large line width spectra, and such high coordination at tin
would be expected to give rise to large, upfield shifts such as
those found for other higher coordinated species.3- The ob-
served tin-fluorine coupling to the o-fluoro and trifluoro-
methyl substituents can be compared to the values obtained
for the analogous couplings to the m-CF;, m- and p-fluo-
rine atoms, and to the coupling to the a-fluorine atoms in
the perfluoroethyltin system (2J(!'9Sn-C-'9F) =~ 300
Hz).? In this case the tin-fluorine internuclear distance

should be ca. 2.9 A, making reasonable assumptions. while
the distance between tin and an o-fluoro atom is ca. 3.2 A,

outside the sum of the van der Waals radii (ca. 3.0 A).
Most likely the Mdssbauer QS arises from electronegativity
differences.? A study of |J(!1Sn-19F)| and !'°Sn chemical
shifts in a series of trifluoromethyltin derivatives which ap-
peared while this paper was being processed corroborates
our finding of lack of higher coordination at the tin atom in
these systems.’”

The ortho substituent in our substituted phenyltrimethyl-
tins occupies a position which is formally + to the tin atom.
It is now generally accepted that the upfield shift seen in
carbon-13 resonances substituted at the v position is pro-
duced by pertubation of the C-H bonds at the y-carbon by
steric interference with the substituent. Substitution at the
a- and §-positions produces a downfield shift.38 Similar «-,
8-, and ~y-effects have been observed for boron-11 shifts in
amino-boranes,3 nitrogen-14 shifts in trialkylamines,
tetraalkylammonium ions, and nitroalkanes,*® nitrogen-15
shifts in amines and hydrazines,*' silicon-29 shifts in te-
traalkylsilanes,? and phosphorus-31 shifts in trialkyl-
phosphoryl compounds.42

The chemical shifts of 15 tetraorganotin derivatives are
listed in Table VII. The shifts recorded thus far for the
tetraalkyl series span a range of 57.9 ppm between that for
tetraisopropyltin (—43.9 ppm)’ and trimethylcyclopropyitin -
(+14.0 ppm). By comparing suitably chosen pairs of data it
is possible to estimate the effect of substituting a saturated
carbon atom for a hydrogen at positions «, 3, and 7 to tin.
Confining attention to the trimethyltin compounds, which
have been most studied, Ad.(MesSnH — Me;SnCH;) =
—104.5; Adg(MesSnCH3; — Me3SnCH,CH3) ~ —5; and
As,(Me3;SnCH,CH3 — MesSnCH>CH,CH3) ~ +6.5
ppm. Thus the tin chemical shift apparently behaves, at
least so far as the limited trimethyltin data available
suggest, in a manner similar to that for carbon-133% and
heavier nuclei, 342 namely that «- and S-substitution
produces a downfield shift, while y-substitution gives rise to
an upfield shift. The additivity of Adg can be illustrated by

the series Me3;SnCH,CH; (—4.2), Me3sSnCH(CH;);
(—8.6), and Me3SnC(CH3); (—17.5 ppm)’, and of AS,, by
the compounds Me;SnCH,CH,CH3; (+6.6) and

Me;SnCH,>C(CH3)3 (+18.2 ppm). The similarity in the
sign of the a-, 3-, and ~y-effects arising from the presence of
a saturated carbon atom in the six nuclei !3C, !'B, 4N,
15N, 29Si, and 3!P suggests a similar mechanism governing
the shifts in each case.

The factors influencing this effect have been discussed by
Roberts et al. in connection with a study of carbon-13 shifts
in substituted norboranes.*’> In that study the 1-methyl
group resonance was found to be downfield by 3.4 ppm of
the 7-methyl resonance in 1,7,7-trimethylnorbornane. We
find that the tin-119 resonance of the trimethylstannyl
group in the 1-position is likewise downfield (by 13.6 ppm)
of the 7-isomer as shown in Table VII. More interesting,
and curious, is the situation with regard to syn and anti sub-
stitution in the 7-trimethylstannylnorbornenes. The two 7-
methyl resonances differ by only 0.2 ppm (syn more
shielded) in the 1,7,7-trimethylnorbornenes,? but the 7-
syn-trimethylstannyl derivative lies downfield by 14.3 ppm
from its anti isomer. However, the syn isomer is found only
2.2 ppm upfield from the saturated 7-trimethylstannyinor-
bornane. Additional derivatives must be examined before it
can be decided whether the proximity of the unsaturated
center produces little change, as the norbornane-norbor-
nene comparison would suggest, or a large downfield shift
as the syn-anti comparison would suggest. From the open-
chain analogs, Me;SnCH,CH;CH,CH; (—1.00) and
Me;SnCH,CH,CH=CH3; (—0.5 ppm)** the former view is
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probably correct, but the large upfield shift seen in the anti
isomer would then go unexplained.

Incorporation of a dimethyltin fragment into a carbon
ring decreases the shielding with respect to tetramethyls-
tannane as shown in Table VII, but the comparison with the
open-chain analogs is more instructive: Me;Sn(CH;)e
(+4.5) vs. MeSnEt; or n-Pra (—2 ppm),® Me;Sn(CH3)4
(+55.1) vs. MeSnEt; (47 ppm),* the stannole
Me,Sn(CC¢Hs)s (—52)3 vs. Me;Sn(CH=CH,), (+79.4
ppm).” Incorporation into a seven-membered stannacyclo-
heptane apparently has little effect, but the strain induced
in the five-membered stannacyclopentane gives rise to a
large downfield shift, and an even larger shift is experienced
on ring closure of the divinyl system to the unsaturated
stannole.

Substitution of unsaturated for saturated groups general-
ly leads to shifts to higher fields as in the trimethyltin vinyl
(—35.47 —40%) and acetylene derivatives (Me;Sn-
C=CCsHs (—69),> Me3SnC=C(CH,);CH3 (—72.0)) and
in the phenyl (—30.3) and 1-naphthyl (—31.8 ppm) deriva-
tives. Separation by a methylene group insulates the tin
atom from the effect as in Me3SnCH,CH=CH, (—0.5),%>
and Me3SnCH,C¢Hs (+4 ppm),> whose shifts are close to
those of saturated analogs. Attachment to cyclopentadienyl
(+23.3)!19 or indenyl (+31.3 ppm)!° rings brings about
large downfield shifts, however. The shift of the allyl
(—13.8 ppm) derivative falls lowest among the directly at-
tached, acyclic unsaturated substituents studied.

Experimental Section

NMR Parameters, Natural abundance tin-119 NMR chemical
shifts were measured at 37.27 MHz by direct observation in the
continuous wave mode on a Varian XL-100-15 spectrometer. Sam-
ples were contained in 10-mm tubes, which were held concentrical-
ly inside 12-mm tubes with the outer annulus containing acetone-
de, the field/frequency lock material. Broad band proton noise de-
coupling was provided by the Gyrocode matrix of the XL-100.
Chemical shifts are relative to external tetramethyltin, Measure-
ments were not corrected for bulk magnetic susceptability differ-
ences, which were estimated to be less than the experimental error.
Values are averages of at least five traces in both directions at a
sweep width of 500 Hz and sweep time of 100 sec and are believed
accurate to +0.2 ppm. Solution concentrations were 50% (vol/vol
for liquids or wt/vol for solids) in spectroquality grade CCly for
substituted aryltrimethyltins and 25% in CH,Cl; for the tetraal-
kyltins. Ambient probe temperature was 39°.

Compounds. Substituted aryltrimethyltin derivatives were ob-
tained by reaction of trimethyltin chloride with the appropriate or-
ganolithium (L) or Grignard reagent (G) in anhydrous THF or di-
ethyl ether (both distilled from CaH,) under an atmosphere of
argon, followed by hydrolysis with saturated aqueous ammonium
chloride solution, extraction of the aqueous phase, and vacuum dis-
tillation. In several cases, distilled products were purified further
onan F & M Model 775 preparative gas chromatograph, operat-
ing in the isothermal mode. An 8 ft., ¥ in. i.d., Apiezon-L (10%)
on Chromosorb P column was used, with a helium flow rate of ca.
0.5 1./min. Purity of all compounds probably exceeded 95%, as in-
dicated by absence of spurious signals in the proton magnetic reso-
nance spectra. Method of preparation, boiling points, and melting
points are as follows: 0-OCH3 (G), bp 103-103.5° (5 mm) (lit.4¢
bp 70° (1.2 mm)); 0-CHj3 (G), bp 100-100.5° (9 mm) (lit.*¢ bp
90° (7 mm)); o-Cl (G), bp 99-101° (5 mm) (lit.#” bp 47° (0.5
mm)); 0-CF3 (G), bp 64.5° (3 mm) (lit.4¢6 bp 67° (3.6 mm)); o-F
(L), bp 86° (11 mm) (lit. bp 65° (4 mm)),*® 63-64° (7 mm*));
p-1-(C4Hs) (G), mp 71.5-72° (lit.*6 mp 74°); 3,5-(CF3)2 (G), bp
85-86° (10 mm) (lit.#¢ bp 81-82° (8.5 mm)); 2,4-(CH3)> (G), bp
111° (7 mm) (lit.% bp 84° (2.5 mm)); 1-trimethyltinnaphthalene
(G), bp 114° (0.75 mm) (1it.50 bp 120-121° (1 mm)).

o-Ethoxyphenyltrimethyltin was obtained in 80% yield from the
Grignard reagent of o-bromophenetole and trimethyltin chloride in
THF (bp 111.5-113° (5.5 mm)). Anal. Found: C, 46.70; H, 6.43.
C”H]sOSn Calcd: C, 4636, H, 6.32.

0-N,N-Dimethylaminophenyltrimethyltin was produced in 77%
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yield from the reaction of commercial n-butyllithium (15.1% in n-
hexane) with o-bromo-N,N-dimethylaniline in diethyl ether, fol-
lowed by addition of trimethyltin chloride in ether (bp 76-77° (0.5
mm)). Anal. Found: C, 46.59; H, 6.76. C,;H;NSn Caled: C,
46.52; H, 6.74.

o-Ethylphenyltrimethyltin was prepared in 70% yield from the
Grignard reagent of o-bromoethylbenzene and trimethyltin chlo-
ride in THF (bp 68-69° (0.75 mm)). Anal. Found: C, 49.06; H,
6.73. C”HlsSn Calcd: C, 49.12; H, 6.74.

2,6-Dimethoxyphenyltrimethyltin was synthesized in 80% yield
from the metalation of 1,3-dimethoxybenzenes!-33 by n-butyllith-
ium, followed by treatment with a solution of trimethyltin chloride
in ether. An analytically pure sample was obtained by preparative
gas chromatography (bp 110-111° (3 mm), mp 36-37.5°). Anal.
Found: C, 44.18; H, 6.12. C11H,30,8n Calcd: C, 43.90; H, 6.03.

2,6-Diethoxyphenyltrimethyltin was obtained in 73% yield from
n-butyllithium and 1,3-diethoxybenzene (RSA Corp., Ardsley,
N.Y.) in THF, followed by trimethyltin chloride in THF (mp 78-
78.5°). Anal. Found: C, 47.53; H, 6.71. C;3H»,0,Sn Calcd: C,
47.46; H, 6.69.

2,6-Dimethylphenyltrimethyltin was produced in 83% yield from
the Grignard reagent of 2-bromo-m-xylene in diethyl ether, fol-
lowed by reaction with trimethyltin chloride in ether (bp 121.5°
(10 mm)). Anal. Found: C, 49.21; H, 6.75. C1;H;5Sn Calcd: C,
49.12; H, 6.74.

2,6-Bis(trifluoromethyl)phenyltrimethyltin was prepared in 30%
yield by metalation of 1,3-bis(trifluoromethyl)benzene (Pierce
Chemical Co., Rockford, Ill.) in THF with a-butyllithium, fol-
lowed by treatment with a solution of trimethyltin chloride in
THF. The 2,6-derivative was separated from the 2,4-isomer* (ca.
60/40 mixture of 2,4- and 2,6-bis(trifluoromethyl)phenyltrimeth-
yltins) by preparative gas chromatography (bp 90-94° (10-11
mm)). Anal. Found: C, 35.31; H, 3.30. C;;H>F¢Sn Caled: C,
35.05; H, 3.20.

2,4-Bis(trifluoromethyl)phenyltrimethyltin was isolated from the
mixture of isomers produced in the preparation of the 2,6-deriva-
tive (vide supra) by preparative gas chromatography (bp 90-94°
(10-11 mm)). Anal. Found: C, 34.51; H, 3.19. C;;H,F¢Sn Calcd:
C, 35.05; H, 3.20.

2,6-Difluorophenyltrimethyltin was obtained in 60% yield by me-
talation of 1,3-difluorobenzene in THF with z-butyllithium® at
—178°,%9 followed by addition of trimethyltin chloride in THF. Pu-
rification by preparative gas chromatography yielded a single iso-
mer (bp 80° (9 mm)). Anal. Found: C, 38.67; H, 4.53. CgH,,F,Sn
Caled: C, 39.04; H, 4.36.

3,4-Dimethylphenyltrimethyltin was synthesized in 75% yield
from the Grignard reagent of 4-bromo-o-xylene in THF, followed
by addition of a trimethyltin chloride solution in THF (bp 108° (6
mm)). Anal. Found: C, 49.04; H, 6.83. C,;H3Sn Caled: C, 49.12;
H, 6.74.

2,4,6-Trimethoxyphenyltrimethyltin was prepared by metalation
of 1,3,5-trimethoxybenzene in THF with n-butyllithium, followed
by addition of trimethyltin chloride in THF (bp 131° (1.0 mm);
mp 56-58°). Anal. Found: C, 43.69; H, 6.22. C;,H,003Sn Calcd:
C,43.54, H, 6.09.

Additional meta- and para-substituted aryltrimethyltins! and al-
iphatic derivatives®2-64 were available from previous investigations.

Maoassbauer Parameters, Our cam-drive, constant-acceleration
Méssbauer spectrometer and curve fitting procedures have been
described in detail.®5> Méssbauer spectra were calibrated against an
NBS 5 mil §-tin foil as having an absolute value of 2.56 mm/sec
(lit.5¢ 2.56 + 0.01 mm/sec). SnTe which has been suggested as an
isomer shift standard for tin®7 has a value of 3.43 + 0.06 mm/sec
(1it.%5 3.43 £ 0.02 mm/sec) on this basis.
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