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(CDC13) 6 163.73 (C4), 151.65 (CZ), 139.08 (Cs), 113.46 (C5), 62.10 
(C43, 36.64 (N1 Me), 27.81 (N3 Me), 31.93, 26.89, 24.67 (C1&.O; 
mass spectrum, m / z  (relative intensity) 212 (23, M+.). Anal. Calcd 
for CloH16N203: C, 56.6; H, 7.60; N, 13.20. Found: C, 56.4; H, 
7.43; N, 12.97. 

(S )-5-[4-Hydroxy-5-(methoxymethoxy)pentyl]-l,3-di- 
methyl-2,4( 1H,3H)-pyrimidinedione (14). A mixture of 4 (92 
mg, 0.33 mmol), palladium (10%) on activated carbon (20 mg), 
and methanol (50 mL) was shaken under hydrogen (35 psi) for 
2 h. Filtration (Celite) and evaporation of volatiles in vacuo gave 
an oil. Chromatography (preparative TLC, ethyl acetate) afforded 
64 mg (70%) of 14 as an oil: ‘H NMR (CDCls) 6 6.96 (s, He), 4.64 
(s, OCH20), 3.90-3.40 (m, 3 H), 3.36 (s, OMe,NMe), 3.33 (s, NMe), 
2.45-2.18 (m, 2 H), 1.75-1.30 (m, 4 H); 13C NMR (CDC13) 6 163.68 

(Cw), 70.23 (C4/), 55.60 (OMe), 36.75 (N, Me), 27.92 (N3 Me), 32.52, 
27.15, 24.45 (CiTC3,); mass spectrum, m/z (relative intesnity) 286 
(10, M+-), 255 (31, M+. - CH30); calcd for C13HZ2N205, 286.1529, 
found, 286.1548. 
5-(Tetrahydro-2’-furanyl)- 1,3-dimethyl-2,4( lH,3H)-pyri- 

midinedione (15). A mixture of 1 (75 mg, 0.36 mmol), palladium 
(10%) on activated carbon (20 mg), and tetrahydrofuran (20 mL) 
was shaken under hydrogen (37 psi) for 1.5 h. Filtraton (Celite) 
and evaportion in vacuo gave an oil. Purification using preparative 
TLC (ether) afforded 56 mg (75%) of 15: mp 94-95 “C; ‘H NMR 
(CDC13) b 7.20 (d, J = 1.1 Hz, He), 4.88-4.65 (m, €-Il,), 4.15-3.68 
(m, H4,, H4,,), 3.37, 3.31 (9’9, NMe’s), 2.60-1.50 (m, 4 H); 13C NMR 

(C18), 68.33 (C4,), 36.89 (N, Me), 27.63 (N3 Me), 32.25, 25.59 (Cp, 
C3,). Anal. Calcd for CloH14N203: C, 57.1; H, 6.71; N, 13.32. 
Found: C, 57.1; H, 6.43; N, 13.07. 

(2’5 ) - trans -5-[Tetrahydro-5’-[ (methoxymethoxy)- 
methyl]-2’-furanyl]-1,3-dimethyl-2,4( lH,3H)-pyrimidine- 
dione (16). A mixture of 4 (70 mg, 0.25 mmol), palladium (10%) 
on activated carbon (20 mg), and tetrahydrofuran (125 mL) was 
shaken under hydrogen (35 psi) for 1 h. Filtration (Celite) and 
evaporation of volatiles in vacuo gave an oil. Chromatography 
(preparative TLC, ethyl acetate) affoded 60 mg (85%) of 16: ‘H 
NMR (CDC13) 6 7.30 (d, He), 5.00-4.75 (m, HI,), 4.68 (s, OCH20), 
4.45-4.20 (m, H4,), 3.67-3.50 (m, H5,, H5,,), 3.40, 3.38, 3.30 (9’9, 

NMe’s, OMe), 2.65-1.52 (m, 4 H); 13C NMR (CDC13) 6 162.32 (C4), 

74.59 (Cl,), 70.17 (C5,), 55.17 (OMe), 36.83 (N, Me), 32.63, 28.27 
(Cr, C3,), 27.59 (N3 Me); mass spectrum, m / z  (relative intensity) 
284 (2, M+.), 253 (2, M+. - CH30); calcd for c,&&05,284.1372, 
found, 284.1370. 
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Thus far two methods are known for the one-step a 
iodination of aliphatic acids using molecular iodine: (a) 
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Figure 1. Effect of initial concentration of SOClz on the product 
yield for CY iodination of propionyl chloride with iodine in 1,2- 
dichloroethane at 80 “C for 6 h; [CH3CH2COClIo = 1.52 M; [I2lO 
= 0.75 M. 

Chlorosulfonic acid-promoted iodination in 1,2-dichloro- 
ethane via a hypothetic intermediate of monoacyl ~u l f a t e ,~  
RR’CHC02S02H and (b) Harpp’s iodination with thionyl 
chloride as a ~o lven t .~  

Acyl chlorides, which should be formed by the reaction 
of carboxyic acids with S0C12 in the Harpp’s method, do 
not react with molecular iodine in solvents other than 
SOClz such as 1,2-dichloroethane and acetonitrile. This 
suggests that S0C12 is not only a solvent but that it also 
plays an unknown role in the iodination. The present 
paper intends to clarify the mechanism of this SOClz 
promoted a iodination of aliphatic acids.4 

Results and Discussion 
Effect of SOClz on a Iodination of Acyl Chloride 

with Molecular Iodine. Propionyl chloride was allowed 
to react with half an equivalent amount of iodine in a 
mixture of 1,2-dichloroethane (EDC) and S0C12 at  80 “C 
for 6 h. The yields of a-iodopropionyl chloride were 
plotted against the initial concentration of SOClz and are 
shown in Figure 1. The figure shows that the yield in- 
creases with increasing [SOClzl0 (i.e., initial concentration 
of SOCl2) and that SOClz is not a solvent, but participates 
in the iodination. 

Formation of Iodine Chloride in Solution of SO- 
Cl2-I2. Spectrophotometric Evidence. A dilute (below 
8.7 X lo-‘ M) solution of iodine in SOC1, has an absorption 
maximum at 500 nm (t 910), but the maximum shifts a t  
room temperature to shorter wavelength, down to 450 nm 
after 12 h, which is close to A,,, 430 nm ( t  120) of IC1 in 
SOCl2. Whereas, no change of spectrum was observed with 
IC1 dissolved in S0Clz. These observations suggest that 
I2 is gradually transformed to IC1 in S0C12 solution and 
stabilized at room temperature. Addition of water to this 
pale yellow S0C12 solution of IC1 generated purple mo- 
lecular iodine. This is explicable by reactions la,b. 

SOClz + HzO -+ SO2 + 2HC1 ( 1 4 5  

2IC1+ 2H20 + SO2 -+ I2 + 2HC1 + H2SO4 (lb)6 

No color change was observed on heating a M Iz 
solution of S0C12 at 80 OC, and the purple color of iodine 
appeared on heating a M IC1 solution of SOC12 in EDC 

(1) Contribution No. 300. 
(2) Visiting professor of National Taiwan University and emeritus 

professor of Nagoya University. 
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Ogata, Y.; Watanabe, S. Ibid. 1980,45, 2831. (c )  Ogata, Y.;. Watanabe, 
S. Bull. Chem. Soc. Jpn.  1980,53, 247. (d) Ogata, Y.; Adachi, K. J. Org. 
Chem. 1982,47, 1182. 

(4) Harpp, D. N.; Bao, L. Q. Black, C. J.; Gleason, J. G.; Smith, R. A. 
J. Org. Cheh. 1975, 40, 3420. 
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mie: Weinheim/Bergstr., Germany, 1963; Vol. 9, p 1791. 
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Berlin, 1933; Vol. 8, p 493. 
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Table I. 01 Iodination of Propionyl Chloride 
in SOC1,-ClCH ,CH ,C1 
SOCl,, [SOCl,], product 

reagenta vol '% M yield,b '% 

IC1 0 0 66 
IC1 1 5  1 . 8  7 1  
IC1 5 0  6.0 76 
IC1 100 1 2 . 1  8 3  
I, 100 1 2 . 1  8 9  

At 80 "C for 6 h;  [CH,CH,COCl], = 1 . 5 2  M ;  [I,], = 
0 . 7 5  M. Determined by means of NMR. 

a t  80 "C. These facts imply the following sequence of 
reactions. Equation 2a was assumed from the reaction of 
SOClz with KI, forming SOI,. 

I, + SOCl2 - IC1 + SOClI 

ICl, - IC1 + Clz 

(247 

(249 

3IC1- IC& + I2 

Chemical Trapping of IC1 by Addition to Double 
Bond. Methyl trans-cinnamate was used to trap IC1 
formed by eq 2a. The reaction of methyl trans-cinnamate 
with 0.5 equiv of I, in a S0C12 solution gave methyl P- 
chloro-a-iodo-P-phenylpropionate on heating at 80 "C for 
3 h (eq 3). 
PhCH=CHCO&H, + IC1 PhCHClCHIC02CH3 (3) 

The product was identified by NMR and mass spectra 
by comparison with the authentic specimen. The same 
product was obtained by the reaction of methyl cinnamate 
with IC1 in EDC or S0C12 alone. 
a Iodination of Acyl Chloride with Iodine Chloride. 

The reaction of propionyl chloride with IC1 in EDC gave 
a-iodopropionyl chloride as shown in Table I. This shows 
that IC1 can give a-iodo product even in nonpolar solvents 
such as EDC. The mechanism for the reaction may involve 
an electrophilic addition of 16+-C1" to  the double bond of 
ketene (RHC=C=0)9 or less probably to the enol of acyl 
chloride (RCH=CClOH).'O The observed moderate in- 
crease of yield by incresing the fraction of SOClz in the 
solvent EDC is ascribed to  the ability of SOCl2 to repro- 
duce IC1 from I2 formed by the decomposition of ICl. 

Effect of SOCl, on the Rate of a Iodination of Acyl 
Chloride with ICl. For the examination of the effect of 
S0C12 on the a iodination of propionyl chloride with ICl, 
the rate of consumption of IC1 was measured a t  different 
concentrations of SOC1,. The  conversion curves were 
analogous, indicating that  SOC1, had a small effect. The 
rates at various concentrations of SOC1, and reactants fit 
eq 4, and the values of k are listed in Table 11. The k 

values hold almost constant with a considerable change 
of concentration of reactants and solvent composition. But 
after 1.5 h, which corresponds to ca. 70% conversion of IC1, 
the k value tends to  decrease, probably because of the 

u = k[CH,CH,COCl][ICl] (4) 

~~~ ~~ 

(7) (a) 'Gmelins Handbuch dLAnorganische Chemie"; Verlag Che- 
mie: Weinheim/Bergstr. Germany, 1963; Val. 7, p 1872. (b) Jander, G.; 
Ullmann, D. 2. Anorg. Allg. Chem. 1937, 230, 405. (c )  Mayes, H. A.; 
Partington, J. R. J. Chem. SOC. 1926, 2594 (SOC1, + 2HBr - SOBr, + 
2HC1). 

(8) Thorpe, T. H. J.  Chem. SOC. 1880, 175. 
(9) "Gmelins Handbuch der Anorganische Chemie"; Verlag Chemie: 

West Berlin, 1933; Val. 8, p 620. 
(IO) (a) Kronstein, A. Ber. 1921,544 1. (b) Little, J. C.; Sexton, A. 

R.; Tong, Y.-L. C.; Zurawic, T. E. J .  Am. Chem. SOC. 1969, 91, 7098. 
(11) (a) Watson, H. B. Chem. Reu. 1930, 7, 173. (b) Watson, H. B. J. 

Chem. SOC. 1925,2067. (c) Watson, H. B.; Roberts, E. H. Ibid. 1928,1779. 
(d) West, R. W. Ibid. 1924,1277. (e) Sonntag, N. 0. V. Chem. Reu. 1953, 
52, 237. 

Table 11. Second-Order Rate Constants for the 01 

Iodination of Propionyl Chloride with SOC1,-I, 
and IC1 in EDC at 80 "C 

[CH,CH,COCll,, [ICI],, SOCl,, [SOCl,],, 103k, M - I  

M M vol% M 5.' 

1.50 1 . 5 0  100 12 .1  1.64 
1.50 1 . 5 0  5 0  6.0 1 . 2 1  
1 . 5 0  1 . 5 0  1 5  1 . 8  1 . 6 5  
1.50 1.50 0 0 1.65 
0 . 7 1 9  0 . 1 9 5  0 0 2 . 0 3  
0.350 0 . 2 0 1  0 0 2 . 0 0  
0 . 1 8 9  0 . 1 0 2  0 0 2 . 1 3  

decomposition of IC1 a t  80 "C. This trend is more re- 
markable a t  higher concentrations of IC1. 

This kinetic means that  the change of acyl chloride to 
ketene or enol is not accelerated by SOClz and that  the 
rate of a iodination is determined by an electrophilic ad- 
dition of IC1 to the double bond of the ketene or enol 
derived from acyl chloride. 

Experimental Section 
GLC analysis was done on a Yanagimoto G-180 gas chroma- 

tograph by using a colomn packed with PEG 20M. NMR spectra 
were measured on a Hitachi R-24B NMR spectrometer with 
tetramethylsilane as an internal standard. A Hitachi 124 UV 
spectrophotometer was used for UV analysis and a JEOL JMS 
D-300 mass spectrometer for GLC/MS analysis. 

Materials. Propionyl chloride, thionyl chloride, iodine, and 
iodine chloride were of commercial guaranteed grade. 1,2-Di- 
chloroethane was rectified after being dried over CaC12. Methyl 
tram-cinnamate was prepared by the reaction of trans-cinnamic 
acid with SOC1, followed by methanolysis of the chloride obtained; 
bp 102-103 "C (4  mm). Methyl @-chloro-a-iodo-@-phenyl- 
propionate was prepared by the reaction of methyl trans-cinna- 
mate with IC1 in acidic (aqueous HC1) solution and recrystallized 
from ligroin: mp 98-100 "C (lit.I2 mp 97-98 "C); NMR (CC1,) 

(s, 5 H, Ph); mass, (EI, 20 eV), m / e  324 (M+), 289,254,197,162. 
a Iodination of Propionyl Chloride with Iodine in a 

Mixture of 1,2-Dichloroethane and Thionyl Chloride. Mo- 
lecular iodine (4.4 g, 17 mmol) was dissolved in a mixture of EDC 
and SOClz (20 mL), heated to 80 O C ,  and added with propionyl 
chloride (3 mL, 35 mmol). An aliquot (0.5 mL) of the reaction 
mixture was pipetted out after 6 h and added with EDC (20 mL). 
Then SOCl, along with EDC was distilled off in vacuo to leave 
the residual liquid (ca. 2 mL). The residue was added with 
naphthalene (0.1 M methanol solution, 1 mL) as an internal 
standard, diluted to 10 mL by methanol, and analyzed by means 
of GLC. 

Iodochlorination of Methyl trans-Cinnamate. (a) Reac- 
tion with 12-SOCl,. Iodine (2.2 g, 8.7 mmol) and methyl 
trans-cinnamate (2.8 g, 17.3 mmol) were dissolved in SOClz (20 
mL) and heated at 80 "C for 3 h. After analysis by NMR (see 
below), SOC1, was removed from the reaction product under 
vacuum, the residue being recrystallized from ligroin to give methyl 
@-chloro-a-iodo-P-phenylpropionate: 0.5 g (10%); mp 97-98 "C. 
Its NMR and mass spectra were identical with those of the au- 
thentic specimen. The yield based on NMR reached 60-70%. 

(b) Reaction with a Mixture of ICl-SOCl,. Iodine chloride 
(2.50 g, 15 mmol) and methyl trans-cinnamate (2.50 g, 15 mmol) 
were dissolved in SOCl, (20 mL) and heated at 80 "C for 3 h. The 
NMR of the product was identical with that of part a. The solvent 
was removed from the product solution. The residue was re- 
crystallized from ligroin to give o-chloro-a-iodo-@-phenyl- 
propionate: 1.8 g (40%); mp 98-100 "C (lit.lo mp 97-98 "C). A 
better yield was obtained in a reaction in pure EDC. 
a Iodination of Propionyl Chloride with IC1 in a Mixture 

of 1,2-Dichloroethane and Thionyl Chloride. Iodine chloride 
(5.6 g, 35 mmol) was dissolved in a mixture of EDC-SOC1, (20 
mL) of an appropriate ratio, heated to  80 "C, and then added to 

6 3.9 (s, 3 H, COZCH,), 4.7 (d, 1 H, CHCl), 5.3 (d, 1 H, CHI), 7.4 

(12) Beilsteins Handbuch der Organischen Chemie Hauptw."; Springer 
Verlag: West Berlin, 1926; Val. 9, p 521. 
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propionyl chloride (3 mL, 35 mmol). An aliquot (1 mL) was 
pipetted out at  an interval of 15 min, added to CC1, (1 mL) and 
CHC13 (0.1 mL), and analyzed by means of NMR. The yields were 
calculated by the NMR area ratio of the proton of CHC13 and 
the a-proton of the product. 

The second-order rate constants were calculated by using the 
conversion curves and the rate equation shown in eq 5, where 
subscripts 0 and t mean initial and any times, respectively. 

u = k([CHLWCO@lo - [CH3CHIC02Hlt)([Izlo - [Izlt) (5) 
Kinetics of the Reaction of Propionyl Chloride with ICl. 

A typical kinetic procedure for a iodination of propionyl chloride 
with IC1 was as follows. An EDC solution of ca. 0.2 M IC1 was 
heated under a reflux condenser in a thermostated flask, and 
propionyl chloride (1 or 2 mL) was added by pipet. An aliquot 
(1 mL) was taken out at appropriate intervals of time, poured 
into aqueous KI-HzS04, and titrated with 0.01 N Na2S203. to 
follow the consumption of IC1. The volume change on addition 
of propionyl chloride (sp gr 1.0646) was taken into account for 
the calculation of reactant concentrations. 
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Although the reduction of aromatic rings by metal-am- 
monia solutions is a general method for the preparation 
of the corresponding dihydroaromatic structures, appli- 
cation to aryl ketones is often accompanied by partial or 
complete reduction of the carbonyl.' For example, ace- 
tophenone is reduced to ethylbenzene under normal re- 
duction conditions even though the use of cation-exchange 
techniques facilitates reductive alkylation, providing 1- 
alkyl-1,4-dihydroacetophenones in fair to good yields.' 

Some polynuclear ketones may be reduced without loss 
of the carbonyl group, and 1-acetylnaphthalene has re- 
cently received a considerable amount of In 
one report: a detailed product analysis was given, and the 
3,4-dihydro derivative 2 was indicated as the major product 
(56%) eq 1). The same conjugated product was also in- 

~ ~ ~ ~~~ 

(1) Narisada, M.; Watanabe, F. J. Org. Chem. 1973,38, 3887. 
(2) Mejer, S.; Pacut, R. Pol. J.  Chem. 1978, 52, 529. 
(3) Mejer, S.; Marcinow, Z. Bull. Acad. Pol. Sci., Ser. Sci. Chim. 1976, 

(4) Subba Rao, G. S. R.; Shyama Sundar, N. J. Chem. Soc., Perkin 
24, 175. 

Trans. 1 1982,875. 

R Tetrahedron 1982, 38, 2831. 
(5)  Radhakrishna Murthy, A.; Shyama Sundar, N.; Subba Rao, G. S. 

(6) Shyama Sundar, N.; Subba Rao, G. S. R. J .  Chem. SOC., Perkin 
Trans. 1-1982, 1381. 
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CCH, 
I 

1 2 (56%) 3 (4%) 

1(11%) (1 )  

dicated in a very recent report, and although other prod- 
ucts were not mentioned, the yield of 2 was 75 %. In any 
event, l-acetyl-3,4-dihydronaphthalene appears to be 
generally as the usual reduction product of 
1-acetylnaphthalene without mention of any detection of 
the expected7 1,Cdihydro product. This prompts us to 
report our results which indicate that rapid quenching 
techniques can, in fact, produce this latter 1,Cdihydro 
isomer exclusively. 

We have found that the sodium-ammonia reductions 
of 1 and its 4-methyl (4) and 4-ethyl (5) derivatives provide 
the corresponding 1,4-dihydro products8 in essentially 
quantitative yieldsg (eq 2). These products are quite 

0 
II 

I \ /  - 

A H 'R 

1, R =  H 
4, R =  CH, 
5, R = CH,CH, 

stable, and we have not noted any unusually facile con- 
version to the conjugated isomers such as 2. These com- 
pounds can be purified by vacuum distillation or steam 
distillation, although the latter process does produce a little 
rearomatization. However, no trace of the conjugated 
isomers was detected by either process. 

The marked contrast to previous results warrants some 
attempt a t  explanation, and a careful comparison of re- 
action conditions must be made. Although we obtained 
good results under all  of the conditions which we employed, 
we did observe an improvement proceeding as follows from 
a to c: (a) rapid quenching with aqueous NH4C1, (b) in- 
verse quenching into aqueous NH4C1,10 and (c) addition 
of 1.5 equiv of H20  before  the addition of the sodium." 
The latter method ensures efficient conversion to the 
monoanion 6 (eq 3) which is resistant to side reactions 
sometimes observed with radical anions (e.g., dimerization). 
An inverse quench also quickly eliminates the presence of 
strong base which could cause subsequent isomerization." 

(7) (a) Birch, A. J. Q. Reo., Chem. SOC. 1950,4,69. (b) House, H. 0. 
"Modern Synthetic Reactions", 2nd ed.; W. A. Benjamin: Los Angeles, 
1972. (c) Harvey, R. G. Synthesis 1970,4,161. (d) Birch, A. J.; Subba 
Rao, G. 'Advances in Organic Chemistry, Methods and Results"; Taylor, 
E. C., Ed.; Wiley-Interscience: New York, 1972. 

(8) Both cis and trans products are formed with 4 and 5. The stere- 
ochemistry of reduction (as well as the conformational analysis of prod- 
ucts) of a variety of naphthalene and anthracene ketones and esters is 
the subject of current research. 

(9) NMR analysis of the crude reaction mixture shows no other 
products. However, some material is lost in isolation (see Experimental 
Section). 

(10) We have previously reported on the importance of the quenching 
process and the general usefulness of an inverse quench Rabideau, P. 
W.; Burkholder, E. G. J. Org. Chem. 1978,43, 4283. 

(11) The presence of water before the addition of metal has provided 
a method for the ring reduction of benzoate esters. Rabideau, P. W.; 
Huser, D. L.; Nyikos, S. J. Tetrahedron Lett. 1980, 21, 1401. 
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