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When 3-(2'-tetrahydropyrany1thio)indole is treated with 1 equiv of silver ion in aqueous methanol, the silver 
salt of 3-thioindole and 5-hydroxyvaleraldehyde are produced quantitatively. If the reaction is carried out in an 
aprotic solvent (toluene, tetrahydrofuran), rearrangements occur to produce low yields of products in which the 
cyclic ether moiety is bonded to N-1 or C-2 of the indole nucleus. The reactions are envisaged as involving col- 
lapse of an initially formed adduct, in which silver ion is bound to sulfur, to release a cyclic ether oxonium ion 
which undergoes further reaction. Formation of the 1-tetrahydropyranyl(furany1) compound is envisaged as in- 
volving intermolecular formation of l-tetrahydropyranyl(furanyl)-3-tetrahydropyranyl(furanyl)thioindole 
which, uia a silver ion adduct. loses the cvclic ether moietv from sulfur. It is suggested that the C-2-substituted 
compound may arise by a process in which the cyclic 
followed by migration to C-2. 

Reaction of 3-[2'-Tetrahydropyranyl(furany1)thiolin- 
dole with Silver Ion. In connection with studies directed 
toward achieving new C-nucleoside ( e . g . ,  formycin, pseu- 
douridine, pyrazomycin)l syntheses, an investigation of 
the reactions of silver ion with 3-(2'-tetrahydropyranyl- 
thio)indole (la) and 3-(2'-tetrahydrofurany1thio)indole ( lb)  
was undertaken. Holland and Cohen2 discovered that the 
sulfur-hemiacetal linkage is cleaved readily by silver ion 
in aqueous solution to yield quantitatively a silver mer- 
captide and a hydroxy aldehyde. 

The present study was undertaken in anticipation that, 
in the absence of a protic solvent, a 1,2 shift from sulfur 
to carbon3 might occur. 
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In accordance with the results of Holland and Cohen,2 
treatment of 3-(2'-tetrahydropyrany1thio)indole (la) with 
aqueous silver nitrate a t  room temperature resulted in the 
immediate precipitation of a quantitative yield of the sil- 
ver salt of 3-thioindole4 and 5-hydroxyvaleraldehyde, iso- 
lated as the corresponding 2,4-dinitrophenylhydra~one.~ 
When equimolar amounts of la and silver perchlorate 
(chosen because of its availability in anhydrous form, its 
solubility in organic solvents, and the low nucleophilicity 
of the perchlorate ion) were combined in benzene a t  room 

ether moiety is first boni id  to C-3 of the indole nucleus 

temperature a precipitate was formed which darkened 
(decomposed) quickly. Evidence consistent with the for- 
mulation of this precipitate as the coordination compound 
2a was obtained from two additional experiments. When 
la and silver perchlorate were mixed in pyridine a t  room 
temperature no reaction occurred, indicating that the af- 
finity of pyridine for silver ion prevents its coordination 
with the sulfur of la. When the reactants were combined 
in toluene a t  -78" a colorless precipitate accounting for 
two-thirds of added reactants formed immediately. Addi- 
tion of pyridine to the reaction mixture at this point 
caused the precipitate to dissolve with quantitative regen- 
eration of the starting material, la, indicating that the 
precipitate was not a product involving cleavage or rear- 
rangement of the organic reactant. However, if the reac- 
tion mixture in toluene was allowed to warm in the ab- 
sence of added pyridine, the original precipitate decom- 
posed and pyridine was no longer capable of removing the 
silver, indicating that the silver ion was present as a mer- 
captide. 

In addition to providing evidence consistent with the 
formation of coordination compound 2, these experiments 
illustrate the extent to which the activity of silver ion is 
influenced by its interaction with solvent. After evalua- 
tion of a number of solvents, tetrahydrofuran was selected 
for use in the remainder of this study. 

At -78" in tetrahydrofuran, no evidence for the reaction 
of la with silver perchlorate was obtained. At higher tem- 
peratures (- 15 to 25") la underwent reaction presumably 
via the intermediacy of complex 2a, which, unlike its be- 
havior in benzene and toluene, appears to be soluble in 
tetrahydrofuran. In contrast, 3-(2'-tetrahydrofurany1thio)- 
indole ( lb)  reacted in the presence of silver ion even a t  
-78". Except for these differences in affinity for coordina- 
tion and reaction rate (which parallel the behavior of 2- 
0-alkyl acetals of tetrahydropyran and tetrahydrofuran 
toward acid-catalyzed hydrolysis),6%7 the reactions of la 
and l b  with silver perchlorate in tetrahydrofuran were 
similar. 

Silver ion mediated decomposition of la or l b  in tet- 
rahydrofuran produced heterogeneous precipitates which, 
in favorable instances, accounted for essentially all of the 
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added reactants (la or l b  and silver perchlorate). Remov- 
al of silver ion from a crude reaction product mixture 
(suspended in either the original tetrahydrofuran solution 
or in methanol) was accomplished by treatment with hy- 
drogen sulfide, hydrogen chloride, or methyl iodide. The 
resulting product mixture was then subjected to chroma- 
tographic separation, either directly or following desulfur- 
ization with Raney nickel. In all instances, yields of char- 
acterized products were low, accompanied by highly col- 
ored, polar materials which was not characterized. 

The ptecipitate obtained by reaction of l b  with silver 
perchlorate in tetrahydrofuran at  - 15” was treated with 
hydrogen sulfide to  remove silver followed by Raney nick- 
el desulfurization. From the resulting product mixture, 1- 
and 2-( 2’-tetrahydrofurany1)indoles (4b and 5b) were iso- 
lated. When la was treated similarly and the reaction 
mixture was fractionated following removal of silver but 
without desulfurization, the disulfide (6a) of 142’- 
tetrahydropyranyl)-3-thioindole and 1-(2’-tetrahydropyr- 
anyl)-3-(2’-tetrahydropyranylthio)indole (Sa) were isolat- 
ed. 

In a reaction of la with silver ion, when silver was re- 
moved after 30 min at 25” (during which time 25% of the 
reactants had formed a precipitate), la was recovered un- 
changed from the solution. When the filtrate, formed in 
the same manner, was treated with excess methyl iodide 
(to methylate all silver coordination sites), 3-methyl- 
thioindole (7)9 and 3-methylthio- 1- (2’-tetrahydropyranyl) - 
indole (sa) were produced. 
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The results of this study allow the construction of 
Scheme I, which indicates the general features of the sil- 
ver ion catalyzed reactions of 1. The products isolated, ir- 
respective of reaction conditions (i.e., 4, 6, 8, 9), all pos- 
sess a 2’-tetrahydropyranyl(furany1) substituent on the in- 
dole nitrogen. .The formation of such “rearrangement” 
products clearly must occur via an intermolecular path- 
way. The probable presence in solution of the secondary 
coordination compound 10, as evidenced by the isolation 
of 8a (and of 9a from reactions in which methyl iodide 
was used), and the insolubility of 3-thioindole silver salt 
indicate that  this “migration” of a cyclic ether moiety 
from sulfur to nitrogen is likely to occur exclusively uia 
the path 2 - 10 - 11. Interestingly, this sequence does 
not require formation of significant amounts of 3-thioin- 
dole silver salt, since, once some 10 is available, the reac- 
tion 2 + 10 - 11 + 10 -+ etc. is possible. 

While the pathway to the 1-substituted compound 11 is 
clearly intermolecular, the origin of the 2-substituted 
product 12 is less certain. I t  is possible that a 2-substitut- 
ed coordination compound analogous to 10 is an interme- 
diate; however, as no evidence for such was found, the 
possibility that 12 arises uia an intramolecular process 
must be considered. It is well knownlO that electrophilic 

Scheme I 

12 

substitution of 3-substituted indoles occurs readily a t  car- 
bon 2, probably via a mechanism involving rearrangement 
of the adduct formed by initial attack at  C-3.11J2 In this 
light, although no direct evidence for the reaction process 
1 - 3 was found, the possibility that 12 is formed via the 
pathway 1 - 2 - 3 - 12 is an attractive one. 

The spectral properties of the variously substituted in- 
doles comprising this study are highly characteristic and 
facilitated structural assignments. Among the isolated 
products from reactions of 1 with silver ion are compounds 
in which cyclic ether moieties are bonded variously to car- 
bon, sulfur, or nitrogen in the 3-thioindole nucleus. The 
nuclear magnetic resonance (nrnr) chemical shift exhib- 
ited by the proton on C-2’ of the cyclic ether moiety was, 
in every case, clearly identifiable and led readily to the 
correct assignment of the indole bonding site. Thus, the 
C-2‘ proton of l b  (C-2’ bonded to S) appears a t  6 5.34, the 
corresponding resonance for 1-(2’-tetrahydrofuranyl)indole 
(4b, C-2’ bonded to N) appears a t  6 5.92, and the signal in 
the spectrum of 5b (C-2’ bonded to C) appears a t  6 5.12. 
The compounds in the 2’-tetrahydropyranyl series exhib- 
ited analogous resonances, although shifted toward higher 
field; e.g., for la (C-2’ bonded to S) the signal appears a t  
6 4.84 and for 4a ((2-2’ bonded to N) the signal is a t  6 
5.35. 

Definitive assignment of structure 5b [as opposed to the 
isomeric structure 3-(2’-tetrahydrofurany1)indolel was 
made by consideration of the nmr chemical shifts ob- 
served for the 2 and 3 protons of various indole deriva- 
tives. Thus, in the nmr ~ p e c t r u m ’ ~  of 3-methylindole, the 
hydrogen at  C-2 gives rise to a signal a t  6 6.78 whereas the 
C-3 hydrogen in 2,5-dimethylindole appears a t  6 6.10s13 
In the spectrum of 1-(2’-tetrahydrofuranyl)indole (4b) the 
C-2 hydrogen is observed at  6 6.9 and the C-3 hydrogen 
appears a t  6 6.30. The resonance at  6 6.27 in the spectrum 
of 5b clearly is that  of the C-3 hydrogen and establishes 
the attachment of the tetrahydrofuranyl moiety as occur- 
ring at  C-2. 

These assignments are corroborated by examination of 
the mass spectra of the variously substituted compounds, 
The fragmentation of 1-(2’-tetrahydrofuranyl)indole (4b; 
see Figure 1A) is dominated by cleavage of the tetrahy- 
drofuranyl moiety from the indole nucleus (i.e., m / e  71 
and 117). The fragmentations of the various S-tetrahydro- 
furanyl and S-tetrahydropyranyl compounds are similar in 
this respect (see Experimental Section). In contrast, the 
electron bombardment induced fragmentation of 2-( 2’-tet- 
rahydrofurany1)indole (5b, see Figure lB) ,  in which the 
cyclic ether is linked to the indole nucleus uia a carbon- 
carbon bond, is considerably more complex. Whereas the 
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Figure 1. Mass spectra of l-(2’-tetrahydrofuranyl)indole (4b), A, 
and 2-(2’-tetrahydrofurany1)indole (5b), B. 

indole.+ rearrangement ion ( m / e  117), formed by loss of 
dihydrofuran, is the most abundant ion (z43 = 46%) in 
the spectrum of 4b (Figure lA), this is a low-abundance 
ion ( 2 3 9  = 3%) in the spectrum of 5b (Figure 1B). Al- 
though the molecular ions represent comparable percent- 
ages of total ionization ( i e . ,  15% for 4b and 11% for 5b), 
this ion is the base peak in the spectrum of 5b (Figure 
1B). These differences are strikingly similar to those ab- 
served in the spectra of N and C nucleosides.15 

To facilitate structural assignments, authentic l-(2’-tet- 
raAydropyrany1)indole (4a) was synthesized by treatment 
of indolyllithium16 with 2-ch10rotetrahydropyran.l~ An 
attempt was made to prepare 3-(2’-tetrahydropyrany1)in- 
dole from the indole Grignard reagentl6,l8 and 2-chloro- 
te t rahydr~pyranl~  in ether; however, the only product 
formed in greater than trace amounts was again the N- 
substituted compound 4a. This result is surprising in view 
of the absence of reports of such exclusive N-alkylation of 
an indole Grignard reagent in ether.16J8J9 

Experimental Section 
Infrared spectra were determined on a Perkin-Elmer 337 grat- 

ing spectrophotometer. Nmr spectra were determined with a Var- 
ian HA-100 spectrometer using CC14 solutions; chemical shifts are 
expressed as parts per million (6) downfield from an internal 
standard of tetramethylsilane. Mass spectra were obtained with a 
CEC Du Pont Model 21-1lOB spectrometer operated at  70 eV. 
Thin layer chromatography (tlc) was done on silica gel G. Melt- 
ing points were determined on a microscope hot stage and are un- 
corrected. Elemental analyses were by Heterocyclic Chemical 
Corp., Harrisonville, Mo. 
3-(2’-Tetrahydropyrany1thio)indole (la). To 250 ml of di- 

methylformamide, freshly distilled from calcium hydride and 
maintained under nitrogen, was added 0.5 g of an oil dispersion of 
sodium hydride, followed by 1.5 g (0.01 mol) of 3-thi0indole.~ 
After 2 hr, 1.2 g (0.01 mol) of 2-chl0rotetrahydropyran~~ was 
added to the stirred solution. After several additional hours the 
reaction mixture was poured into ether and was extracted with 
brine and water. The ether solution was dried, decolorized with 
charcoal, and evaporated. The resulting crude product was crys- 
tallized from a mixture of hexane and ether to yield 0.56 g (24%) 
of 3-(2’-tetrahydropyrany1thio)indole ( l a )  as cream-colored crys- 
tals: mp 84-85”; nmr 6 1.4-2.0 (m, 3’,5’-H), 3.45 (m, 6’-H), 4.16 
(m, 6’-H), 4.84 (dd, J1 = 6, J Z  = 3 Hz, 2’-H), 6.84 (d, J = 3 Hz, 
2-H), 7.05-7.14 (m, 5-7-H), 7.64 (m, 4-H). 8.39 (br, NH). 

Anal Calcd for C ~ ~ H I ~ N O S :  C, 66.9; H,  6.49; S, 6.0. Found: 
C, 67.0; H, 6.34; N, 5.82. 
3-(2’-Tetrahydrofurany1thio)indole (lb). Employing 2-chloro- 

tetrahydrofuran,20 l b  was synthesized in the same manner as l a  
in a yield of 28%. Recrystallization from 95% ethanol afforded 
colorless crystals: mp 98-100”; nmr 6 1.8-2.4 (m, 3’,4’-H), 3.8-4.15 

(m, 5’-H), 5.3-5.42 (m, 2’-H), 7.02 (d, J = 2 Hz, 2-H), 7.1-7.2 (m, 
5-7-H), 7.7-7.86 (m, 4-H), 8.48 (br, XH). 

Anal. Calcd for ClzH13NOS: C, 65.8; H, 5.94; N, 6.39. Found: 
C,65.8;H,6.16;N,6.18. 
1-(2’-Tetrahydropyrany1)indole (4a). Method A. To a stirred 

solution of 2 g (0.017 mol) of indole in 50 ml of tetrahydrofuran 
was added 7.7 ml (0.017 mol) of a hexane solution of n-butyllith- 
ium. After 5 min, 2.04 g (0.017 mol) of 2-chlorotetrahydropyranl7 
was added. After 30 min the solvent was evaporated and was re- 
placed with 50 ml of methylene chloride. The methylene chloride 
solution was washed with water (2 X 50 ml), dried, and removed. 
The residue was chromatographed on a column of silicic acid (3 x 
30 cm). 1-(2’-Tetrahydropyranyl)indole (4a), 1.44 g (42%), was 
eluted with 25% petroleum ether (bp 30-60”) in benzene as a col- 
orless oil: bp 118” (0.2 mm); nmr d 1.4-2.1 (m, 3’,5’-H), 4.58 (m, 
6’-H), 4.96 (m, 6’-Hj, 5.35 (dd, J1 = 8, JZ = 4 Hz, 2’-Hj, 6.36 (d, 
J = 3.5 Hz, 3-H), 6.9-7.5 (m, 2,4-7-H); mass spectrum m / e  (re1 
intensity), 201 (44), 144 ( 7 ) ,  130 (13), 117 (110), 85 (16). 

Anal Calcd for C ~ S H ~ ~ N O :  C, 77.6; H, 7.46; N, 6.96. Found: C, 
77.3; H, 7.44; N, 6.87. 

Method B. To a solution of methylmagnesium iodide [prepared 
from 0.23 g (0.01 mol) of magnesium and 1.4 g (0.01 mol) of meth- 
yl iodide] in anhydrous ether was added 0.7 g (0.006 mol) of in- 
dole, and, after stirring for 3 hr, 0.72 g (0.006 mol) of 2-chloro- 
te t rahydr~pyranl~ was added. After an additional 1 hr. water was 
added, and the ether phase was separated, washed several times 
with brine and water, and then dried. Removal of the solvent 
yielded crude 1-(2’-tetrahydropyranyl)indole (4a), which was sep- 
arated from unreacted indole by preparative tlc. This material, 
0.21 g (17%), was identical in all respects with the product pre- 
pared by method A.  

Reaction of 3-(2’-Tetrahydropyrany1thio)indole ( la )  with 
Aqueous Silver Nitrate. Solutions of 23.3 mg (0.1 mmol) of 3- 
(2’-tetrahydropyrany1thio)indole ( l a )  in 5 ml of 50% aqueous 
methanol and of 17 mg (0.1 mmol) of silver nitrate in 5 ml of 
water were cooled to 0” and combined. Immediately the silver salt 
of 3-thioindole precipitated, and was filtered and dried to yield 23 
mg (90%) as an amorphous powder. Removal of the silver was ac- 
complished by suspending the precipitate in methanolic hydrogen 
chloride. Tlc of the filtrate after removal of the silver chloride in- 
dicated the presence of 3-thioindole4 and the corresponding disul- 
fide. Treatment of the original filtrate with 2,4-dinitrophenylhy- 
drazine reagentz1 yielded 15.8 mg (56%) of red crystals of the 
2,4-dinitrophenylhydrazone of 5-hydroxyvaleraldehyde, mp 110- 
112” (lit.5 mp log”, 113-114”). 

Reaction of 3-(2’-Tetrahydrofurany1thio)indole ( lb)  with 
Silver Perchlorate in  Tetrahydrofuran. To a stirred, cooled 
(-15”) solution of 2.19 g (0.01 mol) of 3-(2’-tetrahydrofurany1thio)- 
indole ( lb)  in 75 ml of dry tetrahydrofuran was added a cooled 
(-15”) solution of 2.07 g (0.01 mol) of silver perchlorate in 10 ml of 
dry tetrahydrofuran. whereupon the solution immediately became 
yellow. After 30 min the precipitate which had formed was col- 
lected, resuspended in 50 ml of methanol, and treated with hy- 
drogen sulfide, the excess hydrogen sulfide being discharged with 
a nitrogen jet. The precipitated silver sulfide was removed with 
the filtrate passing directly into a suspension of ca. 10 g of Raney 
nickel in 150 ml of 7 N ammonium hydroxide. This mixture was 
heated under reflux on a steam bath for 2 hr. The hot mixture 
was then filtered to remove the Raney nickel, which was washed 
with 95% ethanol. The combined filtrate was evaporated and the 
resulting residue was triturated with methylene chloride (3 x 25 
ml). The methylene chloride soluble portion was subjected to pre- 
parative chromatography to yield two products: 1-(2’-tetrahydro- 
furany1)indole (4b, 50 mg) and Z-(Z’-tetrahydrofuranyl)indole (5b, 
5 mg). 1-(2’-Tetrahydrofuranyl)indole (4b) had nmr 6 1.62-2.16 
(m, 3’,4’-H), 3.6-4.0 (m, 5’-H), 5.92 (t,  J = 4 Hz, 2’-H), 6.30 (d, J 
= 3.5 Hz, 3-H), 6.8-7.3 (m, 2,5-7-H), 7.4 (m, 4-H); mass spec- 
trum m/e  (re1 intensity), 187 (33), 130 (5), 117 (loo), 71 (20) ;  ir no 
NH. 2-(2’-Tetrahydrofurany1)indole (5b).had nmr 6 1.86-2.44 (m, 
3’,4’-H), 3.84-4.02 (m, 5’-H). 5.12 (dd, J1 = 8, Jz N 1 Hz, 2’-H), 
6.2 (m, 3’-H). 6.9-7.3 (m, 5-7-H), 7.44 (m, 4-H), 8.36 (br, NH); 
mass spectrum m / e  (re1 intensity) 187 (loo), 154 (80j, 144 (43), 
130 (63), 117 (28), 71 (20); ir 3420 and 3310 cm-I (NH). 

Reaction of 3-(2’-Tetrahydropyrany1thio)indole ( la )  with 
Silver Perchlorate in  Tetrahydrofuran. To a solution of 233 mg 
(1 mmol) of 3-(2’-tetrahydropyrany1thio)indole ( l a )  in anhydrous 
tetrahydrofuran was added a solution of 207 mg (1 mmol) of silver 
perchlorate in anhydrous tetrahydrofuran. Concentrations in var- 
ious reactions ranged from 0.01 to 0.002 M with no discernible dif- 
ference in results. When the two solutions were combined at -78” 
a colorless solution resulted. The analysis of the solution (tlc) 
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showed the presence of uncomplexed starting material, la. No 
change was observed after several hours at -78". When warmed 
(-15 to 25"), the solution turned yellow and an orange precipitate 
was formed; no uncomplexed starting material was evident in the 
solution by tlc analysis. The collected, dried precipitate, which 
appeared during 30 min a t  25", weighed 100 mg and accounted for 
approximately 25% of the combined weight of the thioketal la 
and the silver perchlorate. The precipitate (fraction A), resus- 
pended in tetrahydrofuran, and the filtrate (fraction B) were 
treated separately with hydrogen sulfide in ether and the result- 
ing silver sulfide was removed. Water was added to each of the 
filtrates, followed by extraction with ether. The solvents were re- 
moved from the ether-soluble portions and the residues were sep- 
arated by tlc (chloroform-acetone 955). From the original filtrate 
(fraction B) unreacted starting material la was obtained; no la 
was present in the precipitate (fraction A). 

The components isolated from the precipitate (fraction A) were 
3-thi0indole,~ 3-thioindolyl d i~ul f ide ,~  and 1-(2'-tetrahydropyr- 
anyl)-3-thioindolyl disulfide (6a): mp 136-140"; nmr 6 1.5-2.1 (m, 
3'-5'-H), 3.68 (m, 6'-H), 4.0 (m, 6'-H), 5.39 (m, 2'-H), 6.9-7.6 (m, 
2,4-7-H); mass spectrum m / e  (re1 intensity) 464 (3), 432 (4), 348 
(4), 264 (19), 149 (loo), 148 (20), 117 (20), 85 (60). 

Reaction of Silver Complex 2a with Methyl Iodide. To a so- 
lution of silver complex 2a (methyl iodide was unreactive toward 
la in the absence of silver ion) prepared in tetrahydrofuran as 
described above was added an excess of methyl iodide. After sev- 
eral hours a t  room temperature (at lower temperatures, no reac- 
tion occurred) a yellow precipitate of silver iodide had formed. 
The mixture was filtered, water was added to the filtrate, and the 
solution was extracted with ether. By preparative chromatogra- 
phy the starting thioketal (la). 3-methylthi~indole~ (7), l-(2'-tet- 
rahydropyranyl)-3-(2'-tetrahydropyranyltio)indole (Sa), and 1- 
(2'-tetrahydropyrany1)-3-methylthioindole (9a) were isolated. 3- 
Methylthi~indole~ (7 )  had nmr 6 2.32 (s, SMe), 7.05-7.24 (m, 
2,5-7-H), 7.68 (m, 4-H), 7.9 (br, NH). 1-(2'-Tetrahydropyrany1)- 
3-(2'-tetrahydropyrany1thio)indole (8a) had nmr 6 1.5-2.1 (m, 
3'-5', 3"-5''-H), 3.4-3.8 (m, 6',6"-H), 3.9-4.2 (m, 6',6"-H), 4.80 
(m, 2'-H), 5.38 (m, 2"-H), 6.9-7.7 (m, 2,4-7-H); mass spectrum 
m / e  (re1 intensity) 317 ( l l ) ,  233 (43), 149 (loo), 117 (6), 85 (63). 
l-(2'-Tetrahydropyranyl)-3-methylthioindole (9a) had nmr 6 1.5- 
2.1 (m, 3'-5'-H), 2.29 (s, SMe), 3.60 (m, 6'-H), 4.0 (m, 6'-H), 
5.32 (dd, 51 = 8, Jz = 4 Hz, 2'-H), 7.0-7.4 (m, 2,5-7-H), 7.62 (m, 
4-H); mass spectrum m / e  (re1 intensity) 247 (51), 163 (loo), 148 
(32), 117 (6), 85 (50). 

Reactions of Raney Nickel with 3-(2'-Tetrahydropyranyl- 
thio)indole ( la) ,  3-Methylthi~indole~ (7), and l-(Z'-Tetrahydro- 
pyranyl)-3-methylthioindole (9a). A few milligrams of l a ,  7 ,  or 
9a in methanol was treated with a large excess (ca. tenfold by 
weight) of Raney nickel. After standing at room temperature for 
0.5 hr, the suspension was filtered and the filtrate was evapo- 
rated. In the case of l a  or 7, the resulting product was identified 
as indole by tlc and comparison of spectra. In the case of 9a the 
product was indistinguishable from 1-(2'-tetrahydropyrany1)in- 
dole (4a), prepared as described. 
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The reaction of substituted methanesulfonyl chlorides and ethanesulfonyl chlorides with triethylamine in the 
presence of 2-methyl-1-propenylamines is discussed. The observed stereoselectivity in the formation of products 
can be explained on the basis of a zwitterionic intermediate or a concerted [,2, + 112s] process. 

The chemistry of sulfenes has received considerable at- 
tent ion in  the past decade and several reviews have ap-  
peared.l T h e  reaction of sulfenes with enamines is proba- 
bly t h e  most  extensively investigated reaction of these 
chemical intermediates, but d a t a  concerning t h e  stereo- 
chemistry of t h e  products derived from t h e  reaction of 

subst i tuted sulfenes with enamines is meager and  incon- 
clusive.2 T h e  present s tudy deals with t h e  stereochemistry 
of the  products obtained i n  t h e  reaction of a number of 
substituted methanesulfonyl and ethanesulfonyl chlorides 
with triethylamine in t h e  presence of N,N-disubstituted 
2-methyl-1-propenylamines. 


