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calcd for C&IaO2 304.2400, found 304.2400. 
1 la from 11 as colorless needles (90% ): mp 117 "C (benzene); 

IR (CCl,) 3632,3584,2936,1642,1210 cm-'; 'H NMR (CDC1,) 
6 5.43 (1 H, b t, J = 8.3 Hz), 4.8 (3 H, m), 4.72 (1 H, d, J = 2.4 
Hz), 3.82 (1 H, d, J = 9.5 Hz), 3.45 (1 H, dd, J =  9.5,3.0 Hz), 1.77 

133.9 (s), 133.3 (s), 131.8 (s), 128.7 (d), 127.2 (d), 122.0 (d), 115.6 
(t), 80.1 (d), 75.5 (d), 45.2 (d), 39.0 (t), 36.5 (t), 28.7 (t), 26.9 (t), 
24.8 (t), 21.6 (q), 15.7 (q), 15.5 (q), 11.4 (9); MS m/z 304 (M+, 
4), 286,234,203,109,95,81 (100). Anal. Calcd for C&&O2: C, 
78.90, H, 10.59. Found: C, 78.72; H, 10.53. 

12a from 12 as colorless needles (58%): mp 89 O C  (benzene- 
/hexane); IR (CCl,) 3624,2924,1442,1386,1062,1006,900 cm-'; 

(3 H, s), 1.63 (6 H, s), 1.55 (3 H, 8); '9C NMR (CDCl3) 6 144.8 (s), 

'H NMR (CDCl,) 6 5.52 (1 H, b t, J = 8.0 Hz), 5.0 (2 H, m), 4.85 
(1 H, m), 4.70 (1 H, m), 4.04 (1 H, d, J =  3.1 Hz), 3.76 (1 H, dd, 
J = 7.9,3.1 Hz), 1.70 (3 H, s), 1.65 (6 H, s), 1.55 (3 H, 8); '8c NMR 
(CDCl,) 6 145.1 (a), 134.0 (s), 133.5 (s), 133.0 (s), 127.8 (d), 127.3 
(d), 122.0 (d), 115.5 (t), 80.0 (d), 77.1 (d), 44.0 (d), 39.6 (t), 36.2 
(t), 28.5 (t), 26.6 (t), 24.6 (t), 21.6 (q), 15.8 (q), 15.3 (q), 11.8 (q); 
MS m/z 304 (M+, 4), 286, 271, 203, 137, 121, 109,95,84 (100); 
HRMS calcd for CmHS2O2 304.2400, found 304.2403. 

Supplementary Material Available: 'H NMR for com- 
pounds 2a-e, 5b-e, 6b, 6c, 6e, 7&8,8b, 8c, Qc-e, loa, lOc, lOe, 
11, lla, 12,12a, and 13 (29 pages). Ordering information is given 
on any current masthead page. 
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In order to improve the relatively low yield (a. 35%) previously observed in the synthesis of tri-o-thymotide 
(TOT, 1) from o-thymotic acid (21, the cyclodehydration was studied using a variety of conditions. The low yield 
is due to the formation of di-o-thymotide (DOT, 3), previously reported, and at least three other products ( 4 4  
which apparently result from the acid-catalyzed decarboxylation of 2 and subsequent condensation with thymol 
(7). Using pyridine as a solvent, side-product formation is inhibited. Under appropriate conditions, namely, 
neat POCI, at 50 OC, the yield of 1 is 93%. Other salicylic acid derivatives also give high yields of the corresponding 
"trimers" under these conditions, thus providing a general, improved preparation of a family of potential clathrate 
host substances. 

Introduction 
The study of clathrate inclusion phenomena continues 

to command the attention of chemists and technologists 
because of the intrinsic scientific interest in clathrate 
formation and properties (bringing two different sub- 
stances together in a crystalline array and generating new 
and different properties compared to either of the com- 
ponents) and also because of the many potential applica- 
tions of such systems.14 The well-known host substance 
tri-o-thymotide (TOT, 1) has been especially well-studied5 
cage- and channel-type inclusion complexes and six ad- 
ditional clathrate types have been most 
TOT (1) complexes are chiral" (Le., they have enantiom- 
orphic space groups). Some of the specific applications 
for which TOT (1) clathrates have been used include the 
following: (a) media for chemical reactions of included 
guests: as well as asymmetric reactions;12 (b) agents for 
optical resolutions and configuration determination of 
guest species;13 (c) chromatography supports;14 (d) host 
species for studying guest molecular motion;15 (e) matrix 
isolation of labile species;16 (f) separation of terpenes 
(menthone, carvacrol, etc.) in essential ok;" (g) separation 
of specific hydrocarbons from complex mixtures;18 (h) a 
medium for effecting second harmonic generation (non- 
linear optical effect).lB 

Except for the reported synthesism of 1 in 1952 and a 
very recent stepwise strategy for preparing nonsymmetrical 
trimers,21 no studies on the synthesis of 1 have been de- 
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o-Thymotic acid (2) Di-o-Thymotide (DOT, 3) 

scribed. We herein report a study of the original cyclo- 
dehydration reaction and describe the side products pro- 
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duced. Because of this study we are able to present a 
simple and high yield method for the preparation of 1. 

Results and Discussion 
Synthesis of o-Thymotic Acid (2). Carboxfition of 

thymol (7) using the Kolbe-Schmitt reaction proceeded 
in 35% yield according to Spallino and Provenzal.22 By 
increasing the reaction time from 5 to 20 h and by using 
dry carbon dioxide, dry xylene, and efficient condenser 
cooling (to prevent the loss of 7 from the refluxing xylene), 
the yield of o-thymotic acid (2) was raised to 74% (eq 1). 

Gnaim et al. 
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Synthesis of TOT (1). TOT (1) has been synthesized 
from 2 in several laboratories using a variety of dehydrating 
agents and All of these methods suffer 
from a number of drawback (1) low yields of 1 (not more 
than ca. 35%); (2) cyclic and acyclic dimers along with 
decarboxylated side products are also generally produced 
in the reaction, and therefore tedious purification proce- 
dures are required in order to obtain pure product; (3) 
lengthy reaction times (from 14 to 48 h); (4) in some cases 
dimer, instead of the desired trimer, is obtained. 

In order to improve the yield of 1, the reactions of 2 with 
a variety of condensation agents, e.g., trifluoroacetic an- 
hydride (TFAA), dicyclohexylcarbodiimide (DCC), and 
phosphorus oxychloride (POCl,), were carried out. Since 
TFAAB had been used to prepare 1 from the 
corresponding open chain trimer (9), we considered the 
possibility of using this reagent directly in the cyclo- 
dehydration of 2. However, when 2 was treated with 30 
molar equiv of TFAA, 1 was not formed. lR and ‘H NMR 
spectral analysis showed a complex mixture of open-chain 
ester products. Cyclodehydration of 2 with DCC gave, 

(8) had-Yellin, R.; Green, B. S.; Knoesow, M.; Teoucaris, G. Tetra- 
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(12) Gerdil, R.; Barchietto, G.; Jefford, C. W. J. Am. Chem. Soe. 1984, 

104,8004. 
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after workup, an oil which solidified on cooling. Crys- 
tallization from ethanol gave the cyclic dimer (DOT, 3). 
Chromatography of the residue afforded 1 in 5% yield as 
a white solid. Baker and co-workers studiedm the action 
of P205 or POCl, in 2 in boiling xylene. In each case they 
obtained 3 and 1, which were separated by fractional 
crystallization and hand sorting. Higher anhydro deriva- 
tives (tetramer, pentamer, or hexamer) were not formed, 
and no additional products were reported. Until now 1 
has most conveniently been prepared from 2 by reaction 
with POC13 in xylene at  100 OC for 12 h, in 35% yield.m 

A careful reinvestigation of the synthesis described above 
indicated that besides the dimer (3), three other side 
products (4-6) were formedm (method A). The five 
products 1 and 3-6 (eq 2) were isolated and purified by 
column chromatography and identified by mp, micro- 
analysis, and mass, ultraviolet, and proton NMR spectral 
analyses. The esters 4-6 were also hydrolyzed in aqueous 
base and afforded a 2:7 ratio of 1:1,2:1, and 3:1, respec- 
tively, as expected from their constitution. 

L I n  

2Qh 
H3CACH3 

2 

The Mechanism of Decarboxylation. Side products 
4-6 arise from acid-catalyzed decarboxylation of 2. Thy- 
mol (7) that is formed can then condense with one or more 
molecules of 2 to yield the observed products (Scheme I). 
The intermediate structure (a protonated @-keto acid) 
shown, involving ipso addition of a proton to 2, may be 
analogous to addition of Br+ to salicylic acids which leads 
to their decarboxylation.30 The formation of acid certainly 
occurs immediately upon reaction of POC13 with 2. Con- 
sistent with this mechanism is the finding that the reaction 
in the presence of pyridine (3 equiv relative to POC13) 
under otherwise identical conditions revealed no detectable 
amounts of the decarboxylated side products 4-6; only 3 
and 1 were formed. Acid-catalyzed decarboxylation of 2 

(29) had-Yellin, R.; Green, B. S.; Knoesow, M.; Teoucnrie, G. 3rd 
International Symposium on Clathrate Compounds and Molecular In- 
clusion Phenomena, Tokyo, Japan, 1984. 

(30) Kolthoes, I. M. Pharm. Weekblad 1932,64, 116941. 
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also occurred when a xylene solution was heated with dry 
HC1. Without acid, decarboxylation does not occur even 
under drastic conditions. The pure acid 2 could be sub- 
limed unchanged at 127 "C; thus, thermal decarboxylation 
does not play a role in the formation of 4-6. The distri- 
butions of products 1 and 3-6 were identical when the 
esterification was performed at 50 or 100 "C. 

The facile reaction of 2 with 7 in the presence of POC13 
under the reaction conditions was demonstrated inde- 
pendently using equimolar quantities; the product 4 was 
isolated in 78% yield. Thus, the bimolecular reaction of 
2 with 7 is preferred over reaction between two molecules 
of 2. 

One might have though that in competition with 3 and 
1, the open-chain dimer 8 or trimer 9 would decarboxylate 
before ring closurea to give 4 and 5, respectively. However, 
independently synthesized samples2' of 8 or 9, when heated 
under the reaction conditions (100 "C, 15 h), led in con- 
version (5-10%) to cyclic products 3 and 1; 4 and 5 were 
not detected. Heating the open-chain acids 8 or 9 in xylene 
alone under the same conditions led to no detectable 
change. Free acids 8 and 9 probably cannot even exist as 
such under the reaction conditions but are most probably 
present as mixed anhydrides of phosphoric acid.31 

CHQ 

8 9 

The mechanism of the dehydration of 2 by POC13 has 
not been investigated and the presence of intermediates 
such as 10-12 has not been established. Some very pre- 
liminary 31P NMR studies showed that several different 
species are present. 

10  11 

12 

Stability of o-Thymotides. We have found that o- 
thymotides 1 and 3 are much more stable than the cor- 
responding salicylides and cresotides.m They are unaf- 
fected chemically under the following conditions: (a) 
b o i i  95% acetic acid in water for 24 h; (b) POC13, xylene, 
100 OC, 15 h; (c) POC13, xylene, water, 100 "C, 45 h; (d) 
toluene, 100 OC, 15 h; and (e) xylene, 140 "C, 24 h. They 
are only very slowly hydrolyzed (after -3-7 days, yield 

(31) Atherton, F. R. J.  Chem. SOC. 1917,8,77. 
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-90%) in dilute aqueous NaOH (<30%) heated to reflux. 
All of these conditionsu*% cause rapid hydrolysis of di- 
salicylides and dicresotides. Alkaline hydrolysis of both 
thymotides 1 and 3 was effected, however, under more 
vigorous conditions. Dimer 3 was hydrolyzed with aqueous 
NaOH (50%,100 "C, 3 days), and 1 was hydrolyzed using 
10% ethanolic KOH (reflux, 9 h). Both compounds give 
exclusively acid 2 on hydrolysis. Reaction of 3 with excess 
benzylamine gave N-benzyl-o-thymotarnide;P reaction with 
0.5 equiv of benzylamine gave N-benzyl-O-o-thymotoyl- 
o-thymotamide.m The latter reactions are of interest be- 
cause of the potential utility of the open chain protected 
dimers and trimers in the preparation of tetramers, pen- 
tamers, and hexamers as well as other higher order cyclic 
oligomers. Steric factors probably account for this marked 
stability of 3 and 1 toward hydrolysis.m 

Absence of Higher Anhydro Products. In the cre- 
sotides and salicylides, larger cycles containing 4- and 
&monomeric members are also formed.u* It is interesting 
to note that in the o-thymotide series, these are not formed 
in detectable quantities. The presence of 6 suggests that 
the precursor of the tetra-o-thymotide might be formed. 
One may speculate whether the substituents that are 
controlling the distribution of products formed from the 
various monomers change the relative stability of the 
different cycles or only the rates of their formation. We 
have not examined this question, but one experiment we 
have performed implies that 1 is more stable than 3, as- 
suming that the reactions are carried out under equili- 
brating conditions. In this experiment 3 and 1 (2 X lo4 
mol) were separately heated in xylene (1 mL) containing 
POC13 (0.2 mL) for 15 h at 100 "C. No change was ob- 
served for either case. However, when water (0.5 mL) was 
subsequently added to each reaction and the heating was 
continued for an additional 45 h, 1 was left unchanged 
while 3 was partially converted to 1 to another unidentified 
substance; on the basis of mass spectral analysis, this 
material was not the tetramer or hexamer. Interestingly, 
similar experiments reported in the literature2'*% with 
different cresotides and salicylides show some conversion 
of smaller to larger rings, the size of the ring being de- 
pendent upon the substituents. 

Improved Synthesis of 1. On the basis of our results 
and those of others using various reagents to effect the 
dehydration step, it appeared that POC13 was the best 
reagent for conversion to 1. We therefore attempted to 
defiie the optimal conditions using this reagent, varying 
the amount and type of solvent, reaction time, and tem- 
perature. The most critical factor was found to be the 
concentration of the reagents. There was a direct corre- 
lation between the concentration of the reagents and the 
selectivity of the reaction for the production of 1. The 
higher the concentration of 2, the more selective the re- 
action. The optimal conditions were found to be neat 
POC13 with a 1:l.l molar ratio of 2:POC13 and a temper- 
ature of 100 "C for 2 h (method B). The simple workup 
is modified as compared with earlier procedures and in- 
volves slowly transferring the reaction mixture to ice water 
and extracting with ethyl acetate, drying, evaporating, and 
crystallizing from ethanol. This procedure gives an 84% 
yield of the crystalline ethanol complex. The yield is 
further improved (93%) by carrying out the reaction at 
50 "C, but then the reaction time required is 48 h (method 
C). It was also possible to filter the product 1 directly &r 
quenching the reaction mixture with water. This crude 
product is adequate for some purposes but still contains 
small quantities of 2. The absence of the side products 
at high concentration of 2 is believed to be due to the 
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Scheme I1 

I 
R2 

Sdicylicrid R, Rz Trimer Yield (%) 
(mlbcdd 
A B  C 

2 Me i - R  1 31 84 93 

13  Me Et 17 27 64 . 
14 H i-R 18 31 76 - 
1 5  n n-R 19 22 84 - 
1 6  i-R Me 20 29 65 . 

competition between the pathways of protonation and 
dehydration with the latter bimolecular reaction being 
favored at higher concentration of 2. 

Generality of Improved Method. The high-yield cy- 
clization method would be of further value if i t  were gen- 
erally useful for the preparation of substituted salicylic 
acids. In order to establish the generality of the reaction 
in neat POC13, a number of additional salicylic acid de- 
rivatives (13-16, Scheme 11) were prepared and cyclo- 
dehyrated using both standard conditions (method A) and 
neat POC13 (method B). In all cases studied the isolated 
yields are 2-4 times higher with the newer method (method 
B). As described for 1, the high yield simplifies and ex- 
pedites the isolation of pure products, 17-20 (Scheme 11). 

Conclusions 
A simple modification of the literature method20 has 

allowed us to improve the yield of 1 and other analogues 
(17-20) several fold. These potential host compounds may 
now be obtained in high yield and in a high state of purity 
without the lengthy purification procedure previously used. 
This provides ready access to new or previously unstudied 
macrolites for the study of host-guest enclathration phe- 
nomena. 

Experimental Section 
General. Melting points are uncorrected. 'H NMR spectra 

were obtained at  100 or 300 MHz. Xylene was purified by dis- 
tillation and dried over sodium. POC13 was p d i e d  by distillation 
before use or was obtained from BDH company. TLC was per- 
formed on silica gel 60 FW precoated plates (layer thickness 0.2 
mm). Silica gel for column chromatography was obtained from 
Merck and Co. (silica gel 40 A, surface area 67 mz/g, pore volume 
0.68 cm2/g, mesh size 35-70]. The detection of starting material 
and determination of reaction products was conveniently per- 
formed using TLC; the absence of a spot was significant since 
even traces of all compounds 1-9 and 13-20 could easily be de- 
tected. 
3-(2-Propyl)-6-methyl-2-hydroxybnzoic Acid (2). Into a 

threenecked round-bottomed flask (5 L) fitted with a mechanical 
stirrer, a gas inlet tube, and a efficient condenser, there was 
introduced f i t  analytical grade xylene (3.75 L) and then 7 (300.0 
g 2.0 mol). The mixture was stirred vigorously while sodium (100 
g, 4.35 "01) was added over 5 h. The mixture was stirred and 
heated (110-130 "C) as a rapid stream of C02 was bubbled through 
the solution for 24 h. The mixture soon became very dark in color. 
The mixture was cooled, with stirring, to ambient temperature, 
and then the COz was disconnected. Excese sodium was destroyed 
by the addition of 2-propanol (500 mL) followed by water (500 
mL). The reaction mixture was acidified with aqueous HCl (ca 
l:l), and the organic layer was extracted four times with 250-mL 

portions of NaHC03 (5%). The combined aqueous extracts were 
acidified with concentrated HCl, and the precipitate was collected 
and dried. Recrystallization from n-hexane gave 2 (287 g, 74%) 
as pale yellow crystals, mp 127 "C [lit.n mp 127 "C]. 

The following four compounds (13-16) were prepared in the 
same manner as 2. The scale (moles of the phenol), solvent 
volume, reaction temperature, and time are given in that order. 
bEthyl-6-methyl-2-hydroxybnmic acid (13): 0.10 mol, 350 

mL, 135 "C for 24 h; yield 30%; mp 140-2 "C (CCl,) [lit.2i mp 
140.5-142 "C]. 
3-(2-Propyl)-2-hydroxybnzoic acid (14): 0.10 mol, 250 mL, 

140 "C for 20 h; yield 38%; mp 67-70 "C (n-hexane) [lit?l mp 
69-71 "C]. 
34 l-Propyl)-2-hydroxybnzoic acid (15): 0.17 mol, 200 mL, 

135 OC for 14 h; yield 58%; mp 86-89 OC (n-hexane); IR (KBr) 
1656 cm-I ( C 4 ) ;  MS 180 (M+, C1&i12O3), 162,151,147,134; 'H 
NMR (CDC13) 6 0.97 (t, J = 7 Hz, 3 HI, 1.65 (sextet, J = 7 Hz, 
2 H), 2.64 (t, J = 7 Hz, 2 H), 6.87 (t, J = 7 Hz, 1 H), 7.36 (d, J 
= 8 Hz, 1 H), 7.85 (d, J = 8 Hz, 1 H), 9.58 (b s, 2 H). Anal. C a l d  
C, 66.65; H, 6.71. Found C, 66.51; H, 6.54. 
3-Methyl-6-(2-propyl)-2-hydroxybenmic acid (16): 0.30 mol, 

750 mL, 140 OC for 30 h; yield 45%; mp 143-145 "C (n-hexane) 
[lit.% mp 140 "C]; IR (KBr) 1641 cm-' (C-0); MS 194 (M+, 

Hz, 6 H), 2.26 (8 ,  3 H), 3.93 (septet, J = 7 Hz, 1 H), 6.90 (d, J 
= 8 Hz, 1 H), 7.32 (d, J = 8 Hz, 1 H), 9.33 (b s, 2 H). Anal. Cald. 
C, 68.04; H, 7.21. Found: C, 67.70; H, 6.99. 

Method A: Tri-o-thymotide (1) by the  Action of POCla 
on 2 in Xylene. A mixture of 2 (38.8 g, 0.20 mol), analytical gade 
xylene (0.3 L), and POC13 (25 mL, 0.27 mol, 41.74 g) was heated 
in oil bath (110 OC, with stirring) for 20 h. The cooled mixture 
was poured into water (150 mL). The organic layer was separated, 
washed with water (300 mL), and dried (Na#O$. The latter was 
rinsed with ethyl acetate (100 mL). The combined organic layers 
were evaporated and left a partly crystalline residue (32.69 g), 
which was dissolved in 50 mL of CH?ClZ and evaporated onto 20 
g of added silica gel. The coated silica was placed on a column 
(100 cm x 7 cm; 800 g of SiOJ and developed with toluene-ethyl 
acetate as an eluent. The fractions were monitored by TLC 
analysis (10% ethyl acetate-hexane), which clearly resolved the 
five products. 

Compound 4: R = 0.79; yield 12%; mp 75-77 "C (ethanol); 
IR (KBr) 1665 cm-' fC-0); MS 326 (M+, C21H2809), 176; 'H NMR 
(CDC13) 6 1.24 (m, 12 H), 2.34 (s,3 H), 2.69 (s,3 H), 3.01 (septet, 
1 H), 3.38 (septet, 1 H), 6.72-7.32 (m, 5 H), 8.44 (b s, 1 H). Anal. 
Calcd: C, 77.30; H, 7.98. Found: C, 77.05; H, 7.96. 

Compound 5: R = 0.65; yield 9%; mp 123-4 "C (ethanol); 
IR (KBr) 1745 cm-I (C=O), 1660 cm-' (C=O); MS 502 (M+, 
C3zH,O,), 326,283,176; 'H NMR (CDClJ 6 1.03-1.25 (m, 18 H), 
2.12 (s ,3  H), 2.56 (8,  3 H), 2.68 ( s ,3  HI, 2.94 (septet, 1 H), 3.05 
(septet, 1 H), 3.32 (septet, 1 H), 6.51-7.45 (m, 7 H), 8.39 (b s, 1 
H). Anal. Calcd C, 76.49; H, 7.57. Found: C, 76.20; H, 7.50. 

Compound 6 R = 0.52; yield 4%; IR (neat) 1750 (W), 1740 
(C=O), 1660 cm-' (C=O); MS 678 (M+, CUHUO,), 502,326,283, 
176. 

Compound 3 R = 0.33; yield 30%; mp 207 "C (methanol) 
[lit.20 mp 207 "C]; fR (KB r) 1760 cm-' (C=O); MS 352 (M+, 

H), 2.31 (8,  6 H), 3.20 (septet, J = 7 Hz, 2 H), 7.00 (d, J = 8 Hz, 
2 H), 7.18 (d, J = 8 Hz, 2 H). Anal. Calcd: C, 75.00; H, 6.82. 
Found: C, 74.99; H, 6.58. 

Compound 1: R, = 0.22; yield 31%; mp 217-8 "C (methanol) 
[lit.% mp 217 "C]; IR (KBr) 1760 cm-' (C=O); MS 528 (M+, 

18 H), 2.46 (8 ,  9 H), 3.08 (septet, J = 7 Hz, 3 H), 7.23 (d, J = 8 
Hz, 3 H), 7.42 (d, J = 8 Hz, 3 H); U V  (methylcyclohexane) A,, 
= 275 nm, t -4600. Anal. Calcd C, 74.98; H, 6.86. Found: C, 
74.82; H, 6.92. 

Alkaline Hydrolysis of the Side Products 4-6. Compound 
4 (0.250 g) and aqueous NaOH (30%, 10 mL) were heated under 
reflux for 24 h. Water (100 mL) was added, and the solution was 
filtered. The aqueous solution was acidified with dilute HCl and 
extracted with diethyl ether (100 mL). The ethereal layer was 
extracted twice with 50-mL volumes of NaHC03 (570)~ and the 
combined aqueous extracts were acidified with concentrated HCl 
to precipitate 2 (0.140 g, 94%). The ethereal solution was washed 

C11HldO3), 176,161,148,136; 'H NMR (CDCl3) b 1.26 (d, J 7 

CZzHUO&, 176; 'H NMR (CDC1.q) 8 1.21, 1.29 (2 d, J = 7 Hz, 12 

CmHM08), 352, 176; 'H NMR (CDClJ 6 1.19, 1.26 (2 d, J = 7 Hz, 
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with water (25 mL), dried (NaFO,), and evaporated leaving 7 
as a yellow oil (0.110 g, 97%): H NMR (CDC13) 6 1.17 (d, J = 
7 Hz, 6 H), 2.24 ( ~ , 3  H), 3.09 (~eptet, 1 H), 4.75 (b 8, 1 H), 6.61-7.19 
(m, 3 H). Compound 5 (0.250 g) underwent hydrolysis to give 
2 (0.185 g, 96%) and 7 (0.069 g, 92%). Hydrolysis of compound 
6 (0.250 g) gave 2 (0.205 g, 95%) and 7 (0.048 g, 87%). 

Method B: Tri-o-thymotide (1) by the  Action of P0Cl9 
on 2 at 100 O C  for 2 h. A mixture of 2 (19.4 g, 0.10 mol) and 
freshly distilled POC13 (10.0 mL, 0.1 mol) was heated in oil bath 
at - 100 OC with stirring for 2 h. The cooled viscous mixture was 
added slowly, with stirring, to cold water (200 mL) over 30 min. 
The aqueous mixture was extracted with ethyl acetate (200 mL). 
The organic layer was separated and washed with NaHCO, (5%, 
100 mL) and water (100 mL), dried (Na2S04), and evaporated 
to give a yellow solid. Recrystallization from boiling ethanol 
yielded the ethanol complex of 1 (14.8 g, 84%) as colorless cryatah 
(mp 175-180 "C). The ethanol complex of 1 was recrystallized 
by extraction with methanol (500 mL) in a Soxhlet apparatus 
(approximately 10 g is extracted per 10 h). The cooled methanol 
extracts were filtered to give solvent-free 1, mp 217-8 "C dec.m 
The yield of solvent-free 1 is 80%. 

Method C: Tri-o-thymotide (1) by the  Action of POCl, 
on 2 at 50 OC for 48 h. A higher yield of 1 (93%, ethanol complex) 
was obtained when the reaction mixture using the above conditions 
was heated at 50 OC for 48 h. The yield of solvent-free 1 was 89%. 

The R values of the following compounds, 17-20, were de- 
termined in 10% ethyl acetate-hexane. 
Tri-3-ethyl-6-methylsalicylide (17): R = 0.19; yield 27% 

(method A), 64% (method B); mp 228-9 OC (benzene); IR (KBr) 

2.65 (9, J = 7 Hz, 6 H), 6.70 (d, J = 8 Hz, 3 H), 7.22 (d, J = 8 
Hz, 3 H). Anal. Calcd C, 74.06; H, 6.22. Found: C, 73.95; H, 
6.36. 

1743 (CIO), 1764 ~ m - '  (M): MS 486 (M+, C&,O6), 324,162, 
134; 'H NMR (CDCl3) S 1.22 (t, J 7.5 Hz, 9 H), 2.59 (8,  9 H), 

Tri-3-(2-propyl)salicylide (18): R = 0.30; yield 31% (method 
A), 76% (method B); mp 285-6 "C (edmol); IR (KBr) 1733 an-' 

6 1.16, 1.27 (2 d, J = 8 Hz, 18 H), 3.29 (septet, J = 7 Hz, 3 H), 
7.34 (t, J = 7 Hz, 3 H), 7.57 (d, J = 7 Hz, 3 H), 8.28 (d, J = 7 
Hz, 3 H). Anal. Calcd: C, 74.06; H, 6.22. Found: C, 74.15; H, 
6.20. 
Tri-3-(l-propyl)salicylide (19): R - 0.29; yield 22% (method 

A), 55% (method B); mp 204-6 OC (et& acetate): IR (KBr) 1743 
(C=O), 1759 cm-' (C-0): MS 486 (M+, C&,Od, 324,162,134; 
'H NMR (CDC13) S 0.93 (t, J = 8 Hz, 9 H), 1.65 (sextet, J = 8 
Hz, 6 H), 2.61 (t, J = 8 Hz, 6 H), 7.28 (t, J = 7 Hz, 3 H), 7.49 (d, 
J = 7 Hz, 3 H), 8.27 (d, J = 8 Hz, 3 H). Anal. Calcd: C, 74.06; 
H, 6.22. Found C, 73.81; H, 6.18. 
Tri-3-methyl-6-(2-propyl)salicylide (20): R = 0.26; yield 

[lit.% mp 247 "C]; IR (KBr) 1761 cm-' (C=O); MS 528 (M+, 

2.23 (8,  9 H), 3.18 (septet, J = 7 Hz, 3 H), 7.25 (d, J = 8 Hz, 3 
H),7.39(d,J=8Hz,3H). Anal. C a l d  C,74.98;H,6.86. Foun& 
C, 74.86; H, 6.69. 
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(C-0): MS 486 (M+, C&,Od, 324,162,134; 'H NMR (CDClJ 

29% (method A), 65% (method B); mp 259-260 I C (n-hexane) 
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The reaction of terminal and internal alkynes with diphenyl diselenide and ammonium peroxydisulfate in 
methanol proceeds smoothly to give a-keto acetals and a-keto ketals, respectively. This one-pot procedure is 
suggested to proceed through the initial formation of phenylselenenyl sulfate, a strong electrophilic reagent which 
effects the methoxyselenenylation of the alkynes. The addition products thus formed suffer methoxyde- 
selenenylation giving the observed products and regenerating the phenylselenenylating agent. In some cases 
the reaction can be carried out using only catalytic amounts of diphenyl diselenide. The same reaction carried 
out in the presence of water or of ethylene glycol givea the unprotected or the diprotected a-dicarbonyl compounds, 
respectively. 

We have recently introduced the use of ammonium 
peroxydisulfate to convert diphenyl diselenide into a 
strongly electrophilic phenylselenenylating agent. We 
suggested that from this very simple reaction phenyl- 
selenenyl sulfate is produced (Scheme I). Since the sulfate 
is a strong electron-withdrawing group, phenylselenenyl 
sulfate behaves as a phenylselenium cation synthetic 
equivalent which easily adds to unsaturated compounds. 
Moreover, the sulfate anion is a very weak nucleophile and 
therefore i t  does not interfere with other nucleophiles that 
can be added to the reaction mixture or that can be present 
in the molecule of the unsaturated compounds used as 
substrates. This simple method, which presents several 
advantages over the other previously described proce- 
dures,l has been successfully used to effect the methoxy-,2 
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Scheme I 
PhSeSaPh + S20:' - 2PhSeOSOj 

RCOMe PhSaSePh 
s20:-, Ron 

hydroxy-,2 and amidoselenenylati~n~ of alkenes. Similarly, 
several selenium-induced ring-closure reactions have also 
been carried out. Thus, starting from alkenes containing 
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