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Two-Dimensional lsC-ll@Sn Correlation: A New NMR Tool for Organotin 
Chemistry 

Stefan Berger*It and Terence N. Mitchell$ 

summary:  he measurement of twodimensha1 l3c- 
liBSn combation spectra is reported, and the use of such 
spectra forstnrctrralasslgrmentinorgan0t.h compounds 
bearing more than one tln moiety is demonstrated. 

Introduction 
Even in rather simple organotin compounds bearing 

more than one tin atom, it is often difficult to assign the 
"%n NMR spectra' on a firm basis. Due to the relatively 
high natural abundance of 'lgSn, the 13C NMR spectra 
reveal satellites from which 'J, 2J, and 3J 13C-'lgSn cou- 
pling constants can be measured, in favorable ~ 8 8 8 8  these 
can be used for aasignment purposes for both the carbon 
and the tin NMR spectra. On modem NMR spectrome- 
ters which are equipped with an independent third radio 
frequency channel, these spin couplings could be used to 
establish a two-dimensional (2D) correlation between 13C 
and "%n under complete proton decoupling, which to our 
knowledge has not yet been reported. Assignment of 
carbon and tin resonances should be straightforward on 
the basis of such a 2D matrix. Up to now only a limited 
number of reports of 2D correlations between carbon and 
other heteronuclei have appeared in the literature. These 
include 13C9H,2 13C-6Li,3 and (with the help of isotopic 
labeling techniques) 13C-16N.' The s u d  application 
of the hetemnuclear multiple quantum coherence method6 
(HMQC) for W ' P  correlation spectroscopy has ale0 been 
reported? Rscently, we have systematically compared 
three different pulse sequences for 'SC3'P c o ~ ~ e h t i o n ~  and 
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Table I. %n and l"C NMR Data fm Olefin lo 
atom 6 'J ZJ SJ 'J 
Sn-A 
Sn-B 
c-1 
c-2 
c-3 
C-4 
c-6 
C-6 
c-7 

-3.1 
-1.6 
13.0 322.0 (A) 12.8 (B) 

117.6 62.0 (A) 46.1 (B) 
129.8 62.0 (B) 62.0 (A) 
26.6 10.4 (B) 14.9 (A) 
17.6 308.0 (B) 13.6 (A) 
-9.6 313.8 (A) 
-9.1 314.1 (B) 

6 values in parta per million with reference to external 
Me&, 6 values with reference to TMS, spin coupling con- 
stauta in hertz; only the abeolute values are given; the aignm of the 
spin coupling ~ o ~ f a n t a  were not determined. Charactare in par- 
e n t h m  indicate the coupling tin atom. sJ(ll%n-ll%n) = 277 Hz 
an obtained from the I1%n NMR spectnun; Avllz of the %n rig- 
nalswa81Hz. 

extended the use of the HMQC method to a "%-%i 
correlation.89 In this note we demonstrate the ueefulnees 
of a l~C-llBSn correlation. 

Results and Discussion 
In the come of our synthetic work on organotin com- 

pounds we recently obtained an olefii, 1, bearing two 
trimethyltin groups.'O This molecule is formed from the 
palladium-catalyzed addition reaction between hexa- 
methyldith and isoprene, and a combination of chemical 
and spedroecopic arguments indicates that the (2)-olefin 
is formed. 

1 

\ 2  W C H 3  
,c = c 

'CH, CHZ 

H 

\ 5  

I I 
&n CH, Sn .CH, 

6 / \  ? / \  
CH, CH, CH, CH3 

1 

Thus, by taking a 2D NOESY measurement, it was clear 
that a methyl group was cis to an olefinic hydrogen, and 

(8) Bart, P.; Bergor, S. Bruker Rep. 1992,91/92,20. 
(9) Berger, S. J. Magn. Reaon., in p m .  
(10) Mitchell, T. N.; Kowd, B. J. Organomet. Chem., in pr". 
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PPe 1 2 3 I 

F'igure 1. ll@Sn-detactad '%-"@Sn 2D spectrum of 1 (60% in 
CDCg) obtainedby settingthede between the firettwo pulsea 

a doublet with a vicinal H-H spin coupling of 8.8 Hz 
showed the presence of a methylene group attached to an 
olefinic carbon atom bearing one hydrogen atom. An in- 
verse 2D H 4  correlation spectrum was used to assign the 
'9c sig3lal of this methylene group unequivocally. However, 
the question as to which methylene group was attached 
to which tin atom remained unanswered, WW the correct 
assignment of the tin methyl groups was also uncertain. 
Since the two tin resonances were only 1.6 ppm apart, 
chemical shift arguments were unconvincing. 

Although the problem may be tackled by using 'H-93n 
correlation tschniques in combination with various single 
frequencydecouplingerperiments, we decided touse a new 
and more efficient method. Thus, we recorded a '%-"@Sn 
correlation spectrum with 'l@Sn as the detected nucleus 
using the HMQC technique? Figure 1 shows the result 
when the 2D apedrum was measured with l/2*1J('3C- 
"@Sn) used as the delay between the firat two pulsea of the 
HMQC method. The connectivities between the two tin 
resonances and the attached carbon atoms can be easily 
extrected by impedon; the corresponding valw are given 
in Table I. 

Even more intareeting than the correlation based on 'J 
is a long-range correlation based on 2J to 'J which, in our 
compound, span the range from 10 to 60 Hz. A section 
of the aliphatic part of the 2D matrix taken with a delay 
correaponding to nJ(lSC-ll@Sn) = 15 Hz is shown in Figure 
2, while Figure 3 covers the olefinic carbon atoms. These 
conndvities over more than one bond nicely corroborate 
the assignments above and reveal a complete picture for 
the whole molecule. 

It is very interesting that the methyl group C-4 is con- 
nected via a 3J and a 'J spin coupling constant of similar 
magnitude to both tin atoms, as seen from Figure 2; sim- 
ilarly both methylene groups are connected by 'J coupling 
constants to the corresponding tin atoms. In addition, as 
Figure 3 reveals, both olefinic carbon atoms are coupled 
to both tin atoms via 2J and 3J spin coupling constants 
which are again of similar magnitude. Them coupling 
constants can of course be exhcted from a high-resolution 
'9c NMR spectrum, but their assignment to the different 
tin atoms can onlybe obtained fram the 2D sped". The 
value of 52 Hz for these 3J spin coupling constants allows 

of the HMQC method to 1/2.'J(' % -"gSn) (320 Hz). 

Notes 

" . " I " " I " " I . " '  
PO8 -2.0 -2.a -3.0 

Figure 2. Section of the aliphatic region of the ll@Sndetected 

the firet two p h  of the HMQC method to 1 / 2 % - ~ n )  
using a value of 15 Hz. 
w-~%2Depectnrmoflobtainedby~tbe be4" 
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Figure 3. Section of the olefinic region of the llgSn-detected 
13C-11%n 2D spectrum of 1, conditione as for Figure 2. 

us to calculata dihedral angles between the tin atoms and 
the olafinic carbon atoms of about 160° using the published 
Karplus curve on sJ(13C-11@Sn) spin coupling constanta.l 
For the hydrogen-bearing carbon atom 2 this is somewhat 
surprising, since a molecular model suggests that tin atom 
B should be somewhat more out of the olefinic plane due 
to steric hindrance by the methyl group C-4. 

Conclusion 
In this work we have shown the feasibility of 2D '90 

"@Sn correlation spectroscopy; experimentally this tech- 
nique was found not to be very difficult provided that a 
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three-channel spectrometer and a corresponding probe 
head are available. The figurea presented in this work 
demonstrate how difficult aeeignmenta may be made by 
simple inspection of theae 2D matricee. 

Experimental Section 
All epectra were rsoorded on a B h  AMXdoo spectrometer 

at 300 K using a concentrated (60% v/v) sample of 1 in CDC19. 
A triple reaonnnce probe head WM ueed, which had a 'H coil in 
invsne Beomstrrr this coil wtm dwMe tuned to 'Bc at 1%.76 MHz 
A second multinuclear tunable coil was to ll%n at 186.4 

MHz The 2D spectra were taken for 1024 data pointa in F, and 
with 128 time incrementa in Fl ueing relaxation delays of 2 s and 
64 scans for each free induction decay. An exponential window 
in F2 and a r / 3  ahiftul quared ainebell window in Fl wm applied. 
~ v a l u e e a r e r e f e m d t o ~ M e & ~  bc*wen,meslRped 
VB CDCls and calculated with 

Acknonledgnent. This work WRS supported by the 
Deutsche F o r s c h ~ ~ h c h a f t  (Grant SFB-260) and 
the Fonds der Chemischen Industrie. 
OM920299X 

- 6- = 77.0 ppm. 

Enthaiples of Reaction of (Benzyi1deneacetone)iron Tricarbonyi, 

Iron Chemistry 
Lubin Luo and Steven P. Nolan' 

Dqx3-t of -try, lAnEvwslty of New OHeam, New OHeans, Loldplena 70148 
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(BDA)Fe(CO),, with Phosphine Ligands. Thermodynamlc Indghts into 

t3"y: The enthalpks of rea& of (BDA)Fe(CO), 
(BDA = beqRd"cet0ne) wRh a series of 
tate phosphine Ugands (PR,) leading to the formation of 
t"-(PR&f%(COk complexes have been nmsured by 
sokrtkn cakrknetry In THF at 50 OC. These enthalpy 
d e t a h e @ ~ ~ f o # o w h 6 1 r e t a t h r e ~ o f s t a M R t y :  
p E t j > p B y > p M e s > p p h M e ~ > ~ > ~ .  The 
data span a range of 15 kcal/mol. lhls stability scale 
she& llgMantherelatlvedonethgabiyty of phosphines. 
Thew data a b  alkw comparison wlth other orgsm 
metalk sybtems and ghm Into factors hftuenchg 
the Fe-PR, bond dlsruptkn enthelples In the (PR,)#e- 
(COh system. 

Introduction 
Phoep~areco"onlylmedligand8 inorganometallic 

chemistry. Variations in the phoephorue coordination 
leads to a wide range of steric and electronic properties 
for the phoephine ligand and the metal center to which 
it ia bonded.' Theae ligands have been used an catalyst 
m a e r a  in a number of system, and their importance 
in homogeneous catalysis is well-known.2 Numerous 
studies have been conducted on metal complexes having 
phoephinea in their coordination sphere. However, rela- 
tively little is known of the bond energy requirement in- 
volved in metal-phoephine complexes.36 Many ap- 
proaches have been used to extract bond enthalpy terms 
out of organometallic Them techniques range 

from the temperature variation of the equilibrium con- 

One system of great interest to us is the (BDA)Fe(CO)3 
(1) (BDA = benzylideneacetone) complex, which han been 
shown to be a readily available source of Fe(C0)3, which 
haa found synthetic apptication as a diene pmtedag gmup 
in organic chemistry? Brookhart and co-workers have 
shown thie organometallic moiety capable of etabiking 
strained olefinelo in reactions exemplified by eq 1. This 

to photoacouetic calorimetry." 

(BDA)Fe(C0)3 + 0 I - + BDA (1) 

Fe(C0)s 

clearly is indicative of the high binding affiity of diene 
ligands for the Fe(COI3 moiety. It hae ale0 been shown 
that the4BDA)Fe(C0)3 complex is an effective source of 
Fe(CO)3 in the exchange reaction" illustaated in eq 2. 

Thie synthetic route is the one of choice for it leads to the 
isolation of (diene)iron tricarbonyl complexes otherwiee 
isolated in low yields from the iron carbonyls. A similar 
synthetic use of thie readily available source of Fe(C0)3 
hae recently been described in reactions of 1 with mono- 
dentate phosphinee:l2 

(7) (a) Skinner, H. A.; Cannor, J. k In Mo&cub  Structure and 
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6 M .  (b).Marle, T. J., Ed. Mebl-Ligand Bondiq Ensrgetia in 
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1977; 71,71-110. 

& So= NW Y o I ~ ,  ISSO; pp 94-121. (b) Khg, R B. In 
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Chemirtry oflron; Kwmer von Cwtaf, E. k, Creveb, F. W., Finder, 
I., a.; Academic precul: New York, 1978. 
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poundn. ACS Symp. Ser. 1990, No. 428. (d) Hoff, C. D. Bog.  Inorg. (11) Wilkinwn, C., Stow, F. G. k, Abel, E W., Eda C ~ m p r s h a ~ i w  
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