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protonation of 2 yields 4, which then cyclizes to 1. The 
regioselectivity of CO incorporation is rather puzzling. In 
principle, both termini of 3 can react with CO. Reaction 
at  the aldehydic carbon should lead to the isomeric 5 (eq 
3). Since an a-OH group is supposed to stabilize a car- 

benium ion,1° 5 may be expected to be the major product 
on the basis that  Koch reaction products are generally 
determined by the relative stabilities of the intermediate 
carbenium ions. However, 5 was not observed in any of 
the reactions studied. I t  is, of course, possible that car- 
bonylation is reversible and that 6 is less thermodynam- 
ically stable than 4 or either 6 or 7 is unstable under the 
reaction conditions. The real cause for the absence of 5 
will have to await further study. 

2(5H)-Furanones occur as natural products'l and are 
versatile synthetic intermediates since, e.g., they react 
readily as Michael acceptors12 and can be reduced to fu- 
rans.13J4 A large body of literature is available on the 
synthesis of these compounds,15 but none is comparable 
to our method with respect to simplicity and availability 
of starting materials. 

Experimental Section 
Nuclear magnetic resonance spectra were recorded on a Varian 

EM360 or a JEOL FX90 spectrometer. Infrared spectra were 
recorded on a Beckmann AccuLab instrument. Mass spectra were 
obtained by use of a Finnigan 4000 GC/MS system operating in 
the chemical ionization mode with methane. Gas chromatographic 
analysis utilized a Hewlett-Packard 5700A instrument with 6 f t  
X 'Ig in. columns packed with 5% Carbowax 20M or SE 30. 
Elemental analyses were performed by the Analytical Laboratories, 
Michigan Division, The Dow Chemical Co. 

General Method. All reactions were run under identical 
conditions and are illustrated by the procedure for the carbo- 
nylation of n-propanal. Sulfuric acid (96%, 100 mL, 1.81 mol) 
was placed in a 300-mL stainless steel autoclave equipped with 
a high-speed stirrer and heated to 50 "C. After the vessel was 
closed and flushed with nitrogen, carbon monoxide was introduced 
until the pressure reached 6.9 MPa. With stirring at  1700 rpm, 
n-propanal (17.4 g, 0.3 mol) was added at a rate of 0.15 mol per 
hour by means of a modified HPLC pump. Stirring and heating 
were continued for 2 more h after all the aldehyde had been added. 
The vessel was then cooled to room temperature and the excess 
carbon monoxide vented. The contents were cautiously added 
to 200 g of ice. The aqueous solution was saturated with am- 
monium chloride and extracted with ether (2 X 300 mL). After 
the mixture was dried with anhydrous MgS04, the solvent was 
removed on a rotary evaporator at room temperature and the 
resulting residue distilled at reduced pressures to give l b  (8.32 
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g, 44%): bp 100-103 "C (10 mmHg) [lit.16 bp 112-118 (12 
mmHg)]; 'H NMR (CDC13) 6 4.63 (s,2 H), 2.30 (9, 2 H, J = 7.0 
Hz), 2.05 (s, 2 H), 1.1 (t, 3 H, J = 7.0 Hz); 13C NMR (CDCl,) 6 

(Et, Me); IR (neat) 1750, 1680 cm-'; MS, ( m  + l ) / z  127 (M). 
3-n -Propyl-4-ethyl-2(5H)-furanone (IC). The carbonylation 

of n-butanal (21.6 g, 0.3 mol) gave 8.9 g (38.5%) of IC: bp 125130 
"C (12 mmHg); 'H NMR (CDCI,) 6 4.76 (s, 2 H), 2.38 (m, 4 H), 
1.52 (m, 2 H), 1.03 (m, 6 H); 13C NMR (CDC13) 6 175.1,161.9,126.2, 
70.7, 25.3, 21.3, 20.2, 13.7, 12.2; IR (neat) 1750, 1670 cm-'; MS, 
(m  + l) /z = 155 (M). Anal. Calcd for CgH1402: C, 70.13; H, 9.09. 
Found: C, 70.35; H, 9.11. 

3-n -Hexyl-l-n -pentyl-2(5H)-furanone (ld). From n-hep- 
tanal(34.2 g, 0.3 mol) was obtained 8.6 g (24%) of Id: bp 142-146 
"C (1 mmHg); 'H NMR (CDC13) 6 4.55 (s, 2 H), 2.26 (m, 4 H), 
1.31 (m, 14 H), 0.89 (m, 6 H); 13C NMR (CDCl,) 6 175.09, 160.51, 
127.09, 71.13, 31.63, 31.52, 29.14, 28.06, 27.57, 27.03, 23.56, 22.53, 
13.97,13.81; MS (m + l) /z = 239 (M). Anal. Calcd for Cl5HZ6O2: 
C, 75.63; H, 10.92. Found: C, 75.90; H, 10.71. 
3,4-Dimethyl-2(5H)-furanone (la). The carbonylation of 

2-methyl-2-butenalg gave 54.6% of la: bp 99-102 "C (10 mmHg) 
[lit.16 bp 103-112 "C (14 mmHg)]; 'H NMR (CDC1,) 6 4.51 (s, 2 
H), 2.00 (5, 3 H), 1.81 (s, 3 H); 13C NMR (CDCl,) d 175.1, 156.4, 
122.5, 72.3, 11.9, 7.9. 

Registry No. la, 1575-46-8; lb, 35594-14-0; IC, 103563-97-9; 
Id, 103563-98-0; 2a, 1115-11-3; 2b, 623-36-9; 2c, 64344-45-2; 

HO, 111-71-7; HzS04, 7664-93-9; CO, 630-08-0. 

174.6 (C=O), 155.8 (C-3), 128.7 (C-4), 72.4 (C-5), 16.7, 12.6, 12.0 

CH&HzCHO, 123-38-6; CH,(CHZ)&HO, 123-72-8; CH,(CHZ),C- 

(16) Duenger, M. Ger. Offen. 2 154439, 1971. 
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There have been several reports of the photolytic 
cleavage of bridgehead iodides by direct photolysis of the 
carbon-halogen chromophore.2 The cleavage of simple 
benzylic systems (such as benzyl chloride), through light 
absorbed by the aromatic ring, has also been extensively 
studied? Our own interest has been in the photochemical 
intramolecular activation of remote (frequently UV 
transparent) functional  group^,^,^ and, in this context, we 
noted calculations5 that indicated significant K,P*/ u,u* 
interaction's6 might occur in a bridgehead-substituted 
benzonorbornene. This suggested one might observe 
photolytic cleavage of a 1-chlorobenzonorbornene deriva- 
tive despite the unfavorable location of the halogen. 

As a prototypical example, we prepared 1,bdichloro- 
7,7-dimethoxybenzonorbornene (1) by using published 

(1) Organic Photochemsitry. 64. Part 63: Morrison, H.; Muthuramu, 
K.; Pandey, G.; Severance, D.; Bigot, B. J.  Org. Chem., in press. 

(2) (a) Kropp, P. J. Acc. Chem. Res. 1984, 17, 131. (b) Kropp, P. J.; 
Davidson, R. I.; Worsham, P. R. J. Am. Chem. SOC. 1982,104,3972. (c) 
Sollott, G. P.; Gilbert, E. E. J. Org. Chem. 1980,45, 5405. (d) Kropp, P. 
J.; Poindexter, G. S.; Pienta, N. J.; Hamilton, D. C. J. Am. Chem. Soc. 
1976,98,8135. ( e )  Perkins, R. R.; Pincock, R. E. Tetrahedron Lett. 1975, 
943. 

(3) For a review, see: Cristol, S. J.; Bindel, T. H. Org. Photochem. 
1983, 6, 327. 

(4) Morrison, H.; DeCardenas, L. Tetrahedron Lett. 1984,25,2527 and 
referneces therein. 
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 procedure^.^ The presence of the methoxy groups is a 
matter of synthetic convenience and there is no spectral 
evidence for interaction with the benzene ring. Photolysis 
of a 0.02 M solution of 1 in methanol, using a low-pressure 
mercury source (254 nm), led to the formation of two major 
products observable by GLC (eq 1). At 72% loss of 1, the 

hv 2(R,=CI,R,=H) +J(R,=R,=H) (1) 
254 nm ' - 
MeOH 

ratio of 213 was 2.6; there is no evidence of the bridgehead 
ethers one might expect from heterolytic cleavage.2vs At  
higher conversion (84%) the ratio of 213 diminished to 1.7, 
indicating that 2 was fragmenting to 3. This was confirmed 
by photolysis of the monochloro photoproduct wherein 
clean reduction to  3 was o b ~ e r v e d . ~  

The quantum efficiency (4) for photofragmentation of 
2 to 3 was determined using the photosolvolysis of exo-2- 
chlorobenzonorbornene in methanol (4 = 0.55)6 as a sec- 
ondary actinometer. The measured value of 0.024 may be 
compared with 4's reported for (unconstrained) benzyl 
chloride (0.26-1.0, depending on the solvent)1° and to the 
0.55 observed for the homobenzylic 2-position (see above). 

Exper imenta l  Sect ion 
'H NMR were obtained with a Perkin Elmer R-32 (90 MHz), 

a Varian XL-200 (200 MHz), or a Nicolet NT-470 (470 MHz) 
spectrometer. 13C NMR spectra were recorded on the Varian 
XL-200 spectrometer at 50 MHz. Mass spectra were obtained 
with a Finnigan automated gas chromatography EI/CI mass 
spectrometer. Vapor-phase chromatography utilized Varian Model 
90-P, A-90-P, and A-700 chromatographs for preparative work 
and Model 1200 or 1400 FID chromatographs with a Hewlett- 
Packard 3380 or 3380-A digital integrator for quantitative studies. 
Photochemical studies mainly employed a rotating tumtable with 
quartz tubes and a Hanovia Model 68814-45 low-pressure mercury 
arc lamp. 

Photolysis of 1,4-Dichloro-7,7-dimet hoxybenzonorbornene 
(1): In a typical procedure, 500 mg (1.8 "01) of 1 was dissolved 
in 100 mL of methanol (Burdick and Jackson Spectroquality, 
sparged with argon for 30 min, and irradiated for 440 min, with 
constant argon bubbling, using the 254-nm lamp. After addition 
of some solid Na2C03 to reduce acidity, the methanol was removed 
on a rotary evaporator and the residue taken up in dichloro- 
methane. Analysis by a 20 f t  X in. 10% FFAP on 60/80 mesh 
Chromosorb W (AW-DMCS) column at 210 O C  (90 mL of He/ 
min) showed compounds 2 ( t ,  25 min) and 3 ( t ,  12.4 mid7 plus 
ethylene glycol (t, 4.8 min) and traces of an unidentified product 
( t ,  19 min). 
l-Chloro-7,7-dimethoxybenzonorbornene (2) has hitherto been 

reported and was isolated by preparative VPC: 'H NMR (CDCl3, 
470 MHz) 6 7.20-7.40 (m, 4 H, Ar), 3.51 (s, 3 H, anti OCH,), 3.30 
(d, 1 H, bridgehead H), 3.20 (s, 3 H, syn OCH,), 2.35 (dd, 2 H, 
CH exo), 1.45 (dd, 2 H, CH endo); 13C NMR (CDCl,, 50 MHz) 
6 25.89 (C-3), 34.84 (C-2), 45.22 (C-4), 50.63, 51.96 (OCH3), 74.76 
(C-1), 115.32 (C-7), 119.87, 120.97,126.59,127.19,141.50 (Ar); mass 
spectrum (70 eV) 238,240 (M"), 163,165 (base peak + isotope 
peak, M - CH(OCH&). 

Anal. Calcd for CI3Hl5C1O2: C, 65.40; H, 6.33; C1,14.85. Found 
C, 65.81; H, 6.35; C1, 14.44. 

(7) Wilt, J. W.; Vasiliauskas, E. J. Org. Chem. 1972, 37, 1467. 
(8) The lack of ionic product from the chloride is consistent with and 

extends other studies" showing that photolysis of 1-iodonorbornane in 
methanol gives 89% ether whereas 1-bromonorbornane only gives 30% 
ether. 

(9) Earlier studies6 have shown that, for example, exo-2-chloronor- 
bornane, is not susceptible to intermolecular aryl sensitization. 

(IO) Cristol, S. J.; Bindel, T. H. J. Org. Chem. 1980,45, 951. Ivanov, 
V. B.; Ivanov, V. L.; Kuz'min, M. G. J. Org. Chem. USSR (Engl.  Transl.) 
1973, 9, 345. 
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Quantum Efficiency for Conversion of 2 to 3. Compound 
2 was made up as a 8.04 X M solution in methanol and 
charged (5.0 mL) into two matched quartz tubes. Two other 
matched tubes were charged with 5.0 mL of 1.00 X M exo- 
benzobicyclo[2.2.1]hepten-2-y1 chloride (4) in methanol. The five 
tubes were degassed with argon for 30 min and the three solutions 
of 2 irradiated for 181 min. One of the solutions of 4 was irradiated 
for the intial10.3 min (lamp prewarmed for 50 min) and the other 
for the final 10.3 min. Analysis of 4 was by a 10 ft X 1/8 in. 10% 
Carbowax 20 M column at 130 O C  by comparison with unirradiated 
solution. Analysis of 3 was on the same column using bibenzyl 
as an internal standard; both tubes gave the same & = 0.024. 
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We report here the results of our study in which methyl 
vinyl ketone is P-arylated by a Li2PdC1&atalyzed reaction 
with various thallated aromatic compounds. 

0 0 

The palladium(I1)-catalyzed olefinatioin of arylthallium 
compounds was first reported by Spencer and Thorpe in 
1975.' Since then, numerous examples and variations of 
this reaction have been reported.2 Except for one isolated 
case,3 however, none of those examples have involved the 
use of a vinyl ketone as the olefin4 That one isolated case 
was the Pd(I1)-catalyzed reaction of methyl vinyl ketone 
with a thallated indole. It involved the use of a high 

(1) Spencer, T.; Thorpe, F. G. J. Orgunomet. Chem. 1975,99, C8-ClO. 
(2) (a) Larock, R. C.; Varaprath, S.; Lau, H. H.; Fellows, C. A. J .  Am. 

Chem. SOC. 1984,106,5274-5284. (b) Uemura, S.; Miyoshi, H.; Wakasugi, 
M.; Okano, M.; Itoh, 0.; Isumi, T.; Ichikawa, K. Bull. Chem. SOC. Jpn. 
1980,53, 553-554. (c) Larock, R. C.; Liu, C.-L.; Lau, H. H.; Varaprath, 
S. Tetrahedron Lett. 1984, 25, 4459-4462. 

(3) Somei, M.; Hasegawa, T.; Kaneko, C. Heterocycles 1983, 20, 
1983-1985. 

(4) Methyl vinyl ketone has been used in Heck-type reactions involv- 
ing substrates other than arylthallium compounds; see the following for 
examples. (a) Diphenylmercury: Heck, R. F. J.  Am. Chem. SOC. 1968, 
90, 5518-5526. (b) Vinylic iodides: Ziegler, F. E.; Chakraborty, U. R.; 
Weisenfeld, R. B. Tetrahedron 1981,37,4035-4040. (c) Aryl halides (very 
low yields): Zebovitz, T. C.; Heck, R. F. J. Org. Chem. 1977, 42, 
3907-3909. (d) Aryl halides under phase-transfer conditions: Jeffery, T. 
J .  Chem. SOC., Chem. Commun. 1984, 1287-1289. (e) Alkylpalladium 
complexes: Holton, R. A.; Kjonaas, R. A. J.  Organomet. Chem. 1977,133, 
C W 9 .  ( f )  Arylmercury compounds under conditions giving protonation 
rather than elimination: Cacchi, S.; Misiti, D. J. Org. Chem. 1982, 47, 
2995-2999. 

0 1986 American Chemical Society 


