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Varian XL-200 or Varian VXR-300 epectrometer. lac NMR 
spectra were at 76.4 or 126.76 M H z  on the Varian VXR-300 or 
a Bruker 600 spectrometer, reapectively. Chemical ehifta are 

in deuterated solvents. coupling constants are reported in hertz. 
Coupling constants ( J w )  were obtained from gated ('H NOE 
enhanced) spectra. Solvents were PA grade. Ether, hexane, and 
toluene were dried initially over sodium wire, and THF was dried 
over aolid KOH then they were dmtilled from the appropriate 
drying reagent ( d u m  bemaphenone ketyl for ether and THF, 
sodium for hexaue and toluene) under argon prior to use. Deu- 
terated solvents were dried over 4-A molecular eievea. High- 
reeolution W CPMAS NMRepectraOf2nand30 were "d 
u a i n g d ~ p ~ ~ i 8 b  Cmee-palarizationcontact 
timeawere 10 me and the 90' proton pulse was 3.3 pa wits1 a recycle 
delay of 4 e between pulsee. Line broadening was 2 Hz. 

To a etirred solution of 0.471 g (0.79 m o l )  of La(Cae6){CH- 
(SiMea)$, (1) in 20 mL tobne at -40 OC wae added 0.348 g (1 
equiv) of [PhNMe2H]BPh, as a solid. The resulting euapenaion 
W a e a l l 0 w e d t o W a r m t o " ~ p e r a t u r e .  TheinitiallycokIrh 
supension became a light yellow solution concomitant with 
dissolution and reaction of [PhNM%H]BPb,. After 30 min at 
20 OC, the toluene was removed in vacuo and the lemon-yellow 
powder waahed with 2 X 5 mL of hexane to remove residual 
PhNM% and CH2(SiMe& Cryetallization from 6 mL of tolu- 
ene/lO mL of hexane at -40 OC afforded 0.656 g of 2a. Yield 
93%. 'H NMR (C&D&l,, 25 OC): d 7.37 (m, Ph), 7.2 (m, Ph), 2.02 
(s,15 H, C@e& -0.18 (418 H, SiMes). The methyne mnance 
could not be unequivocably aseigned. '% NMR (c&, 25 OC): 
d 161.5 (m, C d ,  136.7 (Cd, 129.3 (C,,,), 125.2 (C ,124.7 ( C a d ,  

124.9 (Caed,  55.8 (CH), 12.55 (C@ed, 6.1 (SiMes). lac NMR 
123.36 (C&e&, 11.2 (Cfled, 3.3 (SiMes). 'gC NMR (CD&12, -86 
OC): 6 160.73 (br, (24,134.84 (d, 155 Hz), 128.24 (d, 166 Hz), 
124.22 (d, 161 Hz), 123.3 (8, C&fe6), 51.78 (d, 96 Hz, CH), 11.4 

reported in parteper million and referend to the midual protona 

hp-*n of h ( G % ) ( c H ( S ~ ) d ( T " 4 & W %  (a). 

54.5 (Jm = 97 Hz, CH), 12.1 (C&e6), 6.0 (5' l i  ea). 'Bc NMR 
(C&Cl4,25 OC): d 162.7 ('d", Jw 63 Hz), 136.4,129.3,125.2, 

(CD&b, -60 OC): 6 161.1 (ud", J w  = 54 Hz), 134.8,128.1,124.0, 

(q, C&e& 2.3 (q, SiMes). '*C CPMAS NMR: d 170.4, 167.3, 
169.6,166.3 (each m C ),l46.6, 139.3-1222 (phenyb), 125.3 
(Caed,  67.0 (v br, 13.2 (Caed, 6.6 and 6.2 (SiMed. 'F 
CPMAS spectra were also measured with CP ti" of 0.5,5.0, 
and 20 me. Anal. Calcd for C41H&aSi2B C, 66.4Z H, 7.23. 
Found: C, 66.15; H, 7.12. 

In the drybox, 0.04 g of La(C&led{CH(SiMe&$BPh, (2a) wae 

the box for ca. 1 h, yellow crystals began to precipitate. f i r  
6 h the aupematant liquor wae removed by pipet to yield [La- 
(C&!e&CH(SiMe&CJBPh, (84 .  'H NMR (- 25 OC): 
8 3.64 (m, 12 H, TfIF), 1.94 (4 16 H, C&fe&, 1.77 m, 12 H, 'I"), 
-0.134 (e, 18 €3, SiMes). The meth e CH ~(#OLUI~ICB could not 
be unequivocably aeeigned. 'Bc &(Cal, ,  -30 OC): d 164.0 

(C@e&, 122.1 (d, 162 Hz), 70.2 (t, 163 Ha, THF), 61.3 (J = 
94 Hz, CHI, 26.8 (t, 134 Hz, THF), 123 (Caed, 6.0 (SMedclf"C 

(phenyls), 123.4 (CaMed, 1228 (ah, Ph), 122.4 (ah, Ph), 71.6 and 
70.9 (THF), 26.0 and 25.7 (ah) (THF), 11.6 (Caed, 7.5 d 4.9 

C, 65.69; H, 8.11. Found: C, 86.52; H, 7.94. 

d 7.27 (d, 2 H, H,,,), 6.82 (t, 1 H, H ,1.96 (e, 16 H, Caed ,  1.44 
(e, 18 H, CMes), 0.24 (e, 18 H, S IM.' e&, 0.00 (e, 1 H, CH(SiMe&). 

122.9 (CJMed, 126.1 (d, 158 He), 117.4 (d, 166 Hz), 66.86 (d,97 
Hz, CH), 34.68 (e, CMes), 31.80 (q, CMe& 11.33 (q, C&ed, 4.47 
(9, Sies). 

Acknowledgment. I thank Dr. A. D. Horton (KSLA) 
for kindly donating [PhNM%H]BPh,, [PhNMeH]B(p- 
C&,F),, and [NH("B~)~]B@-tolyl)~, and for helpful die- 
cueeions. I also thank J. van Braam Houckgeeat for run- 
ning the lsC CPMAS spectra. 
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P = P u a b  of [ L . ( ~ H C H ( S ~ h K T E F ) * € ? 4  (W. 
diseolved in C& and 40 p L  Of THF d d d  A f k  8 - h  in 

(1:l:kl q, Jw 49 Hz), 136.4 (d, 162 Hz), 126.2 (d, 169 HE), 123.2 

CPMA8 Nhm d 164.0 (br, CW), 137.6,135.8,127.0,lm, 126.2 

(Si&. C H w e s n O t o ~  Anal c a l C d f o r C ~ i $  

h ( ~ H c a ( S W & O t &  'H N'MFt ( C A  26 '0: 

'Bc NMR (C@e, 25 "(2): d 162.3 (I), 136.6 (e), 128.3 (d, 169 Hz), 

Oxygenatlon under UV Llght of Allylsilanes Catalyzed by Palladium( I I )  
and of ($-Allyl)palladlum Complexes: A Mechanlstk Approach 

Jacques Muzart' and Abdetkhalek Riahi 
&I* de Recherche "Rhm-ts 7hmnk~ues et MtcnWn@"s' A d  au CARS, 

W R  Sciencesl U n M  de C h ~ ~ g ~ ~ n e ~  51062 Reimsl France 
RecelvedAprll 14, 1992 

Summty: The use of l-phenyl-3-(trimethyisilyl)-l- 
propene, 1-phenyWtrimethylWk2-, and b W -  
chkro)bis(( 1 ,2,3-~3~1phenylpropenyl)dipeHium as sub- 
strates led us to reject a free-radical mechanism for the 
title reactions and to retain an incorporation of oxygen at 
the level of a common organopalledium intermediate. 

A few years ago, we showed that the irradiation by UV 
light of oxygenated solutions of either allylsilanes in the 
presence of palladium(II) (path a)' or (qs-allyl)palladium 
complexea (path bI2 leads to the oxygenation of the allyl 
groups (Scheme I). In the absence of oxygen, the irra- 
diation of ($-ally1)paUadium complexes induces the cou- 

(1) Riahi, A, Gwy, J.; Muzart, J.; Pete, J. P. Tetrahedron Lett. 1986, 
26,839. 

(2 )  (a) Muzart, J.; Pale, P.; Pete, J. P. J.  Chem. Soc., Chem. Commun. 
1981,668. (b).Te.trahedron Lett. le, 24,4667. (c) Muzart, J.; Pale, P.; 
Pete, J. P.; R i b ,  A. Bull. SOC. Chm. Fr. 1988,731. 

0276-733319212311-3478$03.00/0 

pling of the aUyl ligands (Scheme I, path c)? The in situ 
formation of (qs-allyl)palladium complexes during the 
palladium-catalyd oxidation of allylsilanes w a ~  BUS- 
petted' from literature data' EPR6 and C I D W  studiea 

(3) (a) M e ,  J.; Pete, J. P. J. Chem. Soc., Chem. Commun. l W ,  
267. (b) Ml. Soc. Chim. I% 198(,66 (Part E). (c) Lb Porte, B.; Muzeut, 
J.; Pete, J. P. Organometallics 1963,2, 1494. 
(4) (a) K l i v ,  J. M. J. Organomet. Cham. lB71,29.78. (b) Yun- 

amoto, K.; S h i n h a ,  K.; Ohuchi, T.; Kumeda, M. Tetmhedmn Lett. 
1974,1163. (c) Itoh, K.; Fukui, M.; K u r d ,  Y. J. Cham Soe., Chem. 
Commun. 1977,wO. (d) I~AYIW& T.; Koniahi, U, Kumda, M. J. Ckm. 
Soc., Chem. Commun. 1983,736. (e) Akhrem, I. 5.; Chiatovllovq N. & 
Vol'pin, M. E. RUM. Chem. Rev. (E@. h 1 . )  l W ,  62, M2. (0 Cord& 
R. J. P.; Ewudi6, N.; Gdrin, C. J. Orgonomet. Chem. 1 W ,  271, C7. (g) 
Hayanhi, T.; Ya"oto, A.; Iwata, T.; Ito, Y. J. Chom. Soc., Chcm. 
Commun. 1987,398. (h) Hayanhi, T.; Koniahi, M.; Ohnoto, Y.; Wta, 
K.; Kumada, M. J. Org. Chem. 1987,62,3772. (i) Fugnmi, IC; O a h i ~ ~ ,  
K.; Utimoto, IC; Ncrzaki, H. Bull. Chem. Soc. Jpn. 1987,60, %OD. 

(6) Crozet, M.; Muzart, J.; Pale, P.; Tordo, P. J. Organomst. Chum. 
1983,244,191. 

(6) Vemmwmh, G.; Marko, J.; Muznrt, J. J. Chem. Soc., firkin Itanr. 
2 1986,383. 
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Notes 

Scheme I 
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X 

have shown the formation of allylic radical intermediates 
during the coupling reaction of (&dlyl)palladiwn com- 
plexes but have not been decisive in the case of their 
photochemically mediated oxidation. Thus, the mecha- 
nism of the preceding oxygenationa remained largely not 
understood. 

Subeequently, we became very interested by the work 
of Corey and Walker7 concerning the oxygenation of (1- 
phenylprop2-enyl)tributyltin (1) and (3-phenylprop-2- 
eny1)tributylth (2) (Scheme II). Stoichiometric amounts 
of FeBrs a t  -78 OC induced the selective formation of 
phenyl vinyl ketone (3) from an oxygenated solution of 1, 
while 2 was converted to a &ure of 3 and 4 con- 

amounts of oxygenation producta on primary and sec- 
ondary ext"ities of a phenylallyl radical generated at 
-78 O C  were observed.' The copper-catalyzed oxidation 
a t  70 O C  of allylbenzene with AcOO-t-Bu or AcOH/t- 
BuOOH led ale0 to a mixture of 3-acetoxy-1-phenyl- 
propene and 3-ace~toxy-3-phenylpropene? Although dif- 
ferent i n t m p "  have been pr~powd,'-~~ it remained 
intereating to W y  the mechanism of our above-men- 
tioned allyl ic -on8 using theee types of substrates. 
Thus, we studied the reactivity of 1-phenyl-3-(trimethylrimethyI- 
dyl)-l-gropene (6): l - p ~ y l - l - ( ~ ~ y ~ y l ) - 2 - p r o ~ n e  
(6)t1J2 and biS~~oro)bis((l,2,3-~)-l-phenylpro~nyl)- 

mainly- In COD- approximateY equal 

dipalladium (7l.19 

SMe, 
5 

' C  

7 

SMe, 
6 

An oxygenated acetone solution of 5 and palladium 
trifluomacetate (0.1 equiv) was irradiated at X = 366 nm 

(7) Cow, R J.; Walker, J. C. J .  Am. Chem. SOC. 1987,109, 8108. 
(8) WJline, C.; ZlVitUr, A. A. J.  Am. Chem. SOC. 1963,&, 2084. 
(9) m t h ,  A. L. J.; &vitaan. A A. J. Am. Chem. SOC. 1986,108, 

8290. 
(10) Arrurihgbrm, R D.; Balch, A. L.; Cornman, C. R.; Lab-Gra- 

@,L. J. Am. Chem. Soe. 1oB),111,4%7. 
(11) (a) Smith, J. G.; Quinn. N. R, Viwmathau, M. Synth. Copmun. 

lW,lS, 773. (b) Smith, J. 0.; Droda, 5. E, Petr S. P.; Qumn, N. 
R; Rice, E. M.; Taylor, B. 8.; V i t h a n ,  M. J.?$ Chem. 1984,49, 
4112. 

(12) In agree"t with the litmature," 6 b contaminnted with mal l  
a"t. o f S a u d t b s k ~ t o u r a & i c  "mt icm wm UIU- (6/S - _  - 92/8 in OUT cw). 

(18) s1Ltibuu, M.; Tabhhi,  Y.; &hi, S.; W, Y. J.  Chem. SOC. 
D l%S, 398. 

x 

Scheme I1 

1 
/ 3  

SnBu3 
2 4 

over 48 h. The 'H NMR spectrum of the crude mixture 
showed partial conversion of 5 to cinnamaldehyde, no 
signal corresponding to 3, cinnamyl alcohol, or l-phenyl- 
prop-2-en-1-01 being detected. Purification gave S (68%) 
and 4 (25% yield, 78% ~electivityl~). Under the same 
conditions, 6 contaminated with a amall amount of 512 led 
to 23% conversion and to a 19% yield of 4 (S = 83%)" 
without formation of 3, cinnamyl alcohol, or l-phenyl- 
prop-2-en-1-01. It is interesting to note that recovered 6 
contained the same proportion of 5 as before irradiation;12 
this observation means that no l,&migration of the silyl 
group occurred under the experimental conditions. The 
same regioselectivity was observed when irradiation of 5 
was prolonged to 92 h (conversion 7490, S = 71% in 4) and 
when the quantity of Pd(OCOCF3)2 was increased to 0.5 
equiv (100% conversion for an irradiation time of 92 h with 
S = 72% in 4). The irradiation at X = 366 nm over 12 h 
of an oxygenated acetone solution of 7 induced the full 
conversion of the substrate, leading to 4 in 95% yield. 

These results urged us to examine the oxygenation of 
the free phenylallyl radical obtainable from 3-phenyl- 
prop2-enylmercuric bromide (81.' Under the Corey con- 
ditions but at room temperature instead of -78 OC, we only 
observed the degradation of 8. In contrast, the cleavage 
of the C-Hg bond by sodium borohydride16 produced a 
clean readon. After reduction of the crude mixture with 
LiAlH4, to simplify the analysis, 1-phenylprop-2-en-1-01 
and cinnamyl alcohol were isolated in a 36/64 ratio.l6 
Since the oxygenations of phenylallyl derivatives carried 

out under either Pd catalysis or radical conditione led to 
different regioeelectivitiea, the intarvention of free radicab 
seemed to be excluded under the former conditions. The 

(14) S - mlectivity = yield calculated from the amount of starting 
material consumed. 

(16) Quirk, R P.; Lea, R. E. J. Am. Chem. SOC. 1976,98,6978. 
(16) Since thie work WBB wried out, it h been reporbd that the 

oxygenation at 0-20 O C  of phenylallyl radical produced from cinnamyl 
bromide in the pretence of tin hydride a h  yielded a mixture of cinnamyl 
alcohol and 1-phenylprop2-en-1-01: Nakamura, E.; Inubuhi, T.; Aoki, 
S.; Machii, D. J. Am. Chem. SOC. 1991,113,8980. 
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observation of the same regiospecificity from either 5 and 
6 plus Pd catalyst or 7 led us to suspect a common in- 
termediate for these three reactions. In agreement with 
literature4 and as shown by NMR, the addition of 
PdC12(MeCN)2 to 5 led quickly to 7. Consequently, an 
(~~-allyl)palladium complex could be the common inter- 
mediate. 

The nature of the reactive oxygen is another problem. 
The intervention of singlet oxygen as reagent for the 
light-mediated oxygenation of (q3-allyl)palladium com- 
plexes has been excluded by using lo2 quenchem.% Nev- 
ertheless, the visible-light irradiation of an oxygenated 
acetonitrile solution of 7 in the presence of rose bengal, 
which absorbs the incident light, led to 4. As the sensi- 
tization of 7 by rose bengal (ET = 165-167 kJ mol-')" can 
be envisaged, the irradiation of deoxygenated solutions of 
7 was carried out for 7 h under unsensitized and sensitized 
conditions. Irradiation at X = 366 nm mediated an 85% 
conversion of 7 with, as expected>6 formation of 3,4-di- 
phenylhexa-1,5-diene (S = 43%) and l,6-diphenylhexa- 
1,5-diene (S = 43%). In the presence of rose bengal, the 
visible light induced a lower conversion (25%), leading to 
the same 1,5-dienes (S = 40% for each). Thereby, an 
energy transfer from excited rose bengal to 7 is established. 
We also examined the reactivity of allylbenzene toward 
lo2, since the formation of the free allyl ligand by irra- 
diation of (q3-allyl)palladium complexes has been report- 
ed.leJg Indeed, allylbenzene was recovered almost quan- 
titatively after irradiation in the presence of oxygen and 
rose bengal; this result was expeded since it is well-known 
that a monosubstituted double bond is resistant to allylic 
hydroperoxidation by 102.17 Otherwise, the formation of 
4 or a corresponding peroxide from '02 and 6 or 6 also 
seems to be excluded since singlet oxygen would lead to 
an ene reaction without loss of the silyl group.2o 

The role of acetone as solvent remains obscure. Pre- 
viously, we have observed that the oxidation of ($4- 
1yl)palladium complexes can be carried out in a variety of 
solventa,2C while the palladium-catalyzed transformation 
of allylsilanes' and alkenes21 to cY,&unsatwated carbonyl 
compounds prefers acetone as solvent. As oxygen is con- 
sumed by acetone in the presence of both palladium and 
UV light,21b the in situ formation of peroxide derivatives 
of acetone, which could help the regeneration of active 
palladium species, has been suspected.21c*22 

It thus appears that, under the above conditions, (a) the 
mechanism of the oxygenation of 5, 6, and 7 requires 
neither free radicals nor lo2, (b) both 5 and 6 lead to an 
(q3-allyl)palladium complex similar to 7, and (c) the oxi- 
dation step starta after excitation of such a complex. The 
presence of the phenyl substituent leads us to consider a 
dissymmetric structure such as A for this complex.B With 

Notes 

(17) Braun, A. M.; Maurette, M. T.; Oliveros, E. In Technologie 
Photochimique; Presses polytechniques romandea: Lauaanne, Switzer- 
land, 1986; Chapter 11. 

(18) Hojabri, F. J.  Appl. Chem. Biotechnol. 1973,23, 205. 
(19) We, however, never observed such a decomplexation at X = 366 

m.23 
(20) (a) Fleming, I.; DunoguBe, J.; Smithers, R. In Organic Reactions; 

Wiley: New York, 1989; Vol. 37, p 57. (b) Daug, H. 9.; Davies, A. G. 
Tetrahedron Lett. 1991,32,1745. 

(21) (a) Muzart, J.; Pale, P.; Pete, J. P. Tetrahedron Lett. 1982,23, 
3577. (b) J.  Organomet. Chem. 1988,353,267. (c) Muzart, J.; Riahi, A.; 
Pete, J. P. J. Organomet. Chem. 1986,280, 269. 

(22) The report of a few peculiar allylic oxidations by Pdn t-BuOOH 
partly supports this interpretation; see: (a) Hosokawa, 4; Inui, S.; 
Murahaehi, S. Chem. Lett. 1983,1081. (b) Muzart, J.; Pete, J. P.; Riahi, 
A. J. Organomet. Chem. 1987,991, 113. 

(23) (a) Htitter, P.; Butters, T.; Winter, W.; Handechuh, D.; Woelter, 
W. Liebigs Ann. Chem. 1982,111. (b) Mah€, C.; Patin, H.; Van Hulle, 
M. T.; Barton, D. H. R. J. Chem. SOC., Perkin Trans. 1 1981,2504. (c) 
Keinan, E.; Roth, Z. J. Org. Chem. 1983, 48, 1769. 

Scheme 111 

A 
5 w 6  
and 
peroxidic derivatives 
of acetone 

B 

I OP + 
H 

PhLcHO \ J 

C 

this assumption, we propose the mechanism described in 
Scheme III. After promotion of A to an excited state, the 
cleavage of the longer C-Pd bond leads to the q2 complex 
B, which inserte oxygen to produce the pseudo-peroxo- 
pauadacycle C. C givea 4 and also pauadium speciea which 
are regenerated mainly by peroxide derivativea of acetone, 
to species active toward 6 and 6. 

Experimental Section 
General Considerations. Solventa were dietilled under an 

argon atmosphere: acetone was distilled ftom &Os and aceto- 
niidefromP&andthenCd& D e e c n l > e d p d m w e r e d  
for the preparation of I,' 611'1'~ 711' 8,' and Pd(OCOCFd2.ar 'H 
NMR spectra wem recorded on CDCla solutions using a Bruker 
A G W  spectmmeter, and data amgiven in 6 (ppm) with refemme 
to tetramethyleilane (we refs llb and 25 for 'H NMR data for 
5 and 6). 

General P&ure for Irradiations. Irradiatiou were 
carried at room tempsrature in Pyrex t u b  using either a Philipe 
HPW 125-W T lamp (A = 366 nm) or a Philipe 125-W tungeten 
lamp (visible light). Before irradiations, argon or oxygen was 
bubbled into the  solution^ (concentration of the eubetrate 1.5 X 
lo* M) over 1620 min. For oxidations, a positive oxygen at- 
mosphere was maintained by opening the system to an oxygen- 
fiied rubber balloon. After irradiation, the mixture wae filtered 
over Celite; the Celite was washed with CH2C12, and the mixed 
fractions were evaporated at room temperature under a 2W30 
"Hg preseure. The residue was aualyd by 'H NMR and then 
purified by chromatagraphy on homemade silica gel p l a b  (Merck 
5-40 m) eluted with EtOAc/petroleum ether (5/95). Yields are 
given for isolated compounds except for 1,5dienes, where yields 
correspond to the mixture of isomers (inseparable by silica gel 
chromatography). 

BirWhloro)bia( (1,2,3-$)- 1-phenylpropeIIyl)di~um. 
'H NMR: 6 3.04 (dd, J = 1,12 Hz, PhCHCHCH anti), 4.00 (dd, 
J = 1, 6.8 Hz, PhCHCHCH syn), 4.68 (d, J = 11.4 Hz, 

l,&Diphenylhexa-l,S-diene. 'H NMR: d 2.42 (m, CHCHI), 
6.2-6.55 (m, PhCH4H) ,  6.48 (d, J = 14 Hz, PhCH), 7.3 (m, 
c a s ) .  

3,a-Diphenylhexo-l)de. 'H NMR: d 2.68 (dd, J - 6,6 
Hz, PhCH), 5.1 (m, CHCHI), 5.97-6.20 (CHCHI), 7.3 (m, C a d .  

Reaction of (3-Phenylprop-2-enyl)mercu~c bromide. 
Sodium borohydride (116 mg, 6 equiv) was added to a slurry of 
8 (243 mg) in a THF/H20 solution (2/3,30 mL) maintained at 
room temperature under an oxygen atmorphere. A convent id  
workup was performed after 2 h. Then, the crude mixture was 
diluted in ether (20 mL) and reduced with LiAlH,, After 3 h, 

PhCHCHCHz), 5.80 (ddd, J = 6.8, 11.4,12 Hz, PhCHCHCHZ), 
7.2-7.6 ( C a d .  

(24) Slutaky, J.; Kwart, H. J. Am. Chem. SOC. 1978,95,8678. 
(25) Stephenson, T. A; Morehow, S. M.; Powell, A. R.; Haffar, J. P.; 

Wilkineon, G. J. Chem. SOC. 1985,3632. 
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the spectroscopic data for 6, Dr. M. Crozet (Facult4 des 
Sciences et Techniques de Saint JBtGme, Maraeii, France) 
for discuseions, and Dr. G. Bird (IC1 Pharma, R e h ,  

conventional workup followed by chromatography led to allyl- 
benzene (24 mg), l-phenylpr0~-2-en-l-o1(18 mg), and dnnam~l 
alcohol (32 mg). 

France) for checking the English of the manuscript. 
OM920208W 
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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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