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Figure 1. Product ratio as a function of temperature in reaction 1. The point 
marked t shows melting point of the solvent. 

completely suppressed in the solid-phase experiment at -196 
0C, and was accompanied by a marked increase in the primary 
C-H insertion product. This indicates that triplet carbene 
chemistry is prevailing also in this matrix system and provides 
another example for the temperature-dependent phenomena 
of competitive singlet and triplet arylcarbene processes. These 
results, together with the spectroscopic evidence5 that triplet 
arylcarbene can be generated irrespective of the organic ma
trices in which the low-temperature photolysis of the diazo 
compound is performed, apparently indicate that the key in
termediate leading to the C-H insertion products in each 
matrix systems would be mostly triplet carbene,6 while both 
singlet and triplet would participate in liquid-phase reac
tions.43'13 The decrease in the C-H insertion selectivity observed 
in rigid matrix is, however, completely unexpected behavior 
for triplet carbenes since triplet carbenes have been shown to 
be much more selective intermediates in the C-H insertion 
reaction than the corresponding singlets in gas- as well as liq
uid-phase experiments.4a'bJ The reason for the marked in
crease in the primary C-H insertion product in rigid matrix 
is then an important question. 

There is a possibility that the primary C-H insertion product 
would be formed by combination of a benzyl radical with a 
primary radical (e.g., /-C4H9-) produced by photoisomerization 
of an initially formed tertiary radical (e.g., ^-C4Hy) since such 
isomerization has been reported8 to occur by UV (<300 nm) 
irradiation in low-temperature matrices. However, this seems 
unlikely since the product distributions at low temperature are 
essentially independent on the wavelength employed (253~366 
nm). A more probable explanation is that the matrix imposes 
steric demand on the C-H insertion processes. Obviously the 
molecules which are going to participate in a matrix reaction 
occupy a space of a certain size and shape which depends on 
the relative size of guest and host molecules.9 It is therefore not 
unreasonable to assume that the size and shape provided by 
the host molecule and its rigidity impose severe steric hindrance 
on the guest molecule (i.e., PhCH:) as regards the accessibility 
of tertiary and/or secondary C-H bonds. A similar argument 
can be applied to explain the dramatic change in the insertion 
selectivity toward the secondary C-H bonds of n-pentane with 
temperature. It is tempting to assume that the carbene is 
trapped in cages of «-pentane matrix framework in a manner 
in which the C-H bonds at the 3 position are brought closer 
to the carbene center than those at other positions. Support is 
lent to the above argument by examination of the results in 
Figure 1 which show inversion of tertiary/primary selectivity. 
Thus, in solution, tertiary abstraction gains over primary ab
straction as temperature decreases because tertiary abstraction 
is favored by a lower activation energy. After the matrix is 
formed, continued decrease of temperature hardens the matrix 
and the increasing rigidity then causes primary abstraction to 
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gain relative to tertiary abstraction.10 

In conclusion, the present results reveal that, in addition to 
effects on the multiplicity of carbenes and on the mobility of 
molecules, a matrix imposes severe steric demands on the re
actions of carbenes within it. Similar steric effect could be 
operative in other types of reactions of carbenes and may ac
count for matrix-fostered reactions of carbene. 
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Thionium Ions as Reactive Carbonyl Equivalents 
in Cyclization Reactions 

Sir: 

The high polarity and low ir-bond order of the thionium 
group suggests that it should be more reactive toward weak 
nucleophiles such as aromatic rings than a simple carbonyl 
group. The lower activity of the latter has restricted cycliza-
tions involving such a functional group to non-acid-labile 
systems. We report that thionium ions allow formation of 
six-membered rings with electron-rich aromatic systems.1 

Furthermore, the mildness of the conditions and the potential 
utility in the ergot alkaloid field is illustrated by the application 
to the acid-sensitive and difficultly accessible 4-substituted, 
2,3-unsubstituted indole system. 

Thionium ions for cyclization (eq 1) were generated in one 
of three ways, ionization of a thioketal, ionization of a mono-
sulfoxide of a thioketal, or protonation of a vinyl sulfide. Since 
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the latter is available from an a-methylthiocarboxylic acid, 
such a compound is also a precursor.2 Thus, the vinyl sulfide 
1, obtained by oxidative decarboxylation of the thioacid, was 
treated with 5 mol % ofp-TsOH in acetonitriie in the presence 
of methyl mercaptan as a buffer to give the desired cyclized 
product 23 in nearly quantitative yield. On the other hand, 

CH-S CO,H 

NCS 

8 5 - 9 0 % 

performing the reaction at reflux in the absence of a buffer led 
smoothly to the eliminated product 3.3 A similar observation 
was made for vinyl sulfide 4. One advantage of the retention 
of the sulfur is illustrated by the directed metalation of 5a3 with 
?e/7-butyllithium which gave only 6 as determined by deute
rium quenching and observing the disappearance of the peak 
at <5 7.0 in the NMR spectrum of monodeuterated 5b.4 Nearly 
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neutral conditions for cyclization is accessible by reacting the 
thioketal 7 with mercuric trifluoroacetate which leads only to 
cyclization and elimination to form the dihydroriaphtha-
lene. 

With the establishment of the reaction, we turned our at
tention to the acid-labile pyrrole system. The requisite sub
strate 93 was available from the metalated pyrrole 85 and 1-

O Ck, — Ck^X' 
a ) 
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I 
C H , 

a ) 
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chloro-4,4(dimethylthio)pentane. The sensitivity of the cy
clization reaction is illustrated by observation of only decom
position products upon treatment of 9 with typical acid cata
lysts. On the other hand, treatment of 9b with p-toluenesulfinic 
acid, a mild acid whose conjugate base is a good nucleophile, 
led smoothly to crystalline cyclized product 10b,3 mp 139-140 
0C. In this case, the initial cyclization product 10a undergoes 
exchange of methylthio for p-toluenesulfinyl. Attempts to 
aromatize 10 to the indole led only to decomposition. 

A 4-substituted indole synthesis was readily accessible as 
outlined in Scheme I. Treatment of the unstable alcohol 11 

Scheme I. Synthesis of 4-Substituted Indoles" 
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a (a) C4H9Li, THF, (CHa)2C=CHCH2Br; (b) Ai-C4H9Li1THF, 
BrCH2CH2CH2OTMS and then H2O; (c) C5H5NH+ClCrO3, 
CH2Cl2, room temperature; (d) 8, (e) /J-C7H7SO2H, CH3CN, room 
temperature; (f) P-C7H7SO2H, CH3CN, 50 0C or reflux. 

with 1 equivofp-toluenesulfinic acid at room temperature in 
acetonitriie led to quantitative formation of the sulfone 12.3 

Resubjection of 12 top-toluenesulfinic acid at 50 0C in ace
tonitriie led to l-methyl-4-isopentylindole (13)3 in 61% yield. 
This rare regiocontrolled synthesis of 4-substituted indoles led 
us to apply this method to l-methyl-4-(3'-methyl-2'-bute-
nyl)indole (16), an intermediate toward 4-(3'-methyl-2'-bu-
tenyl)tryptophan6 which is a biogenetic precursor of the ergot 
alkaloids. This example also competes a double bond with the 
pyrrole ring for the intermediate thionium ion. Treatment of 
14 as described before, except that the second p-toluenesulfinic 
acid treatment was performed at reflux, gave the desired indole 
163 in 35% yield. 

The use of a thionium ion as a cyclization initiator works well 
only with electron-rich aromatic rings as nucleophiles in which 
six-membered rings are formed.7 The availability of the initial 
thioethers allows flexibility for further functionalization. The 
mildness of the conditions commends this reaction for acid-
labile systems. The benzannulation approach to indole syn
thesis highlights this aspect. The fact that other general indole 
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syntheses such as the classical Fischer indole8 and the recent 
Gassman indole9 syntheses do not provide regiocontrolled entry 
into the 4-substituted indoles10 (except for the case of an 
electron-withdrawing group such as nitro in the latter ap
proach) which are important intermediates toward ergot al
kaloids attaches special merit to this approach. 
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polyether antibiotics.3 Monensin presents a formidable chal
lenge to synthetic chemists; 17 asymmetric centers are present 
on the backbone of 26 carbon atoms, which means that in 
principle 131 072 stereoisomers exist for the antibiotic. In 
reporting the first total synthesis of monensin, we describe the 
synthesis of the left half of the antibiotic in this communication, 
the synthesis of the right half in the second,4 and the total 
synthesis in the third.5 

Wittig reaction of 2-(2-furyl)propionaldehyde6 with car-
bethoxyethylidenetriphenylphosphorane in refluxing benzene 
afforded the trans ester 2 '(1HNMR (CDCl3) 5 1.38 (3 H, d, 
7 = 7 Hz), 1.93 (3 H, d, J = 2 Hz), 6.70 (1 H, dq, J = 10, 2 
Hz)) in 70% yield along with a small amount of the corre
sponding cis ester (<5% yield). Hydride reduction of 2 
(LiAlH4, Et2O, RT), followed by benzylation (C6H5CH2Br, 
KH, DMF-THF (1:4), 0 0C), gave the benzyl ether 37 (1H 
NMR (CDCl3) 5 1.31 (3 H,d, J = 1 Hz), 1.75 (3 H,d,7 = 1.5 
Hz), 3.90 (2 H, br s), 4.43 (2 H, s), 5.43 (1 H, br d, J = 8 Hz)) 
in 95% overall yield. Hydroboration of 3 (B2H6, THF, 0 0C), 
followed by alkaline hydrogen peroxide workup, yielded the 
alcohol 47 (1H NMR (CDCl3) <5 0.98 (3 H, d, J = 7 Hz), 1.29 
(3 H, d, / = 7 Hz), 4.50 (2 H, s)) along with a small amount 
of its diastereomer in 85% yield. The ratio of 4 and its diaste-
reomer was ~8:1. The structure assignment of 4 was made 
based on an example similar to this case.8 The origin of the 
remarkable stereospecificity observed might be related to the 
conformational preference of 3; based on the pioneering in
vestigations by Wilson,9 Herschbach,10 Bothner-By,11 and 
others,12 the preferred conformation of 3 is assumed to be A. 
Therefore, hydroboration would take place preferentially from 
the sterically less hindered a face to yield 4. 

Methylation of 4 (CH3I, KH, DMF-THF (1:4), 0 0C, fol
lowed by debenzylation (1 atm of H2, 10% Pd/C, CH3OH, 
RT), gave the alcohol 57 (1H NMR (CDCl3) 8 0.96 (3 H, d, 
J = I Hz), 1.27 (3 H, d, J = 7 Hz), 3.21 (3 H, s)) in 88% 
overall yield. Optical resolution of 5 was achieved in a three-
step sequence: (1) (-^C6H5CH(CH3)N=C=O, Et3N at 50 
0C; (2) separation of the resultant diastereomeric urethanes 

C 

Total Synthesis of Monensin. 1. Stereocontrolled 
Synthesis of the Left Half of Monensin1 

Sir: 

Monensin (I),2 produced by a strain of Streptomyces cin-
namonensis, is perhaps the best known, most historical ex
ample from among a group of about 40 naturally occurring 
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