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ABSTRACT

2% Grubbs' catalyst

5aR=R'=H
5bR=H,R'=Me
5c R=Me,R'=H
8dR=R'=Me

DCM, A

7a 15%
7b 57%
7¢ 53%
7d 70%

Muscothiazoles A (2b) and B (2c) have been prepared by two approaches that differ in the order of assembly of the rings. Comparative studies
show that substitution of the carbon chains in substrate 5 or 12 (respective precursors to 13-membered and 14-membered rings by RCM),
even by a single methyl group, can have a profound effect on increasing the efficiency of the macrocyclization.

Musks are high-value components of perfumery products. Racemic muscopyridine was first synthesized by Blchi et

(R)-(+)-Muscopyridinel (Scheme 1) is a naturally occurring

Scheme 1
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2aR=R'=H
2bR=H,R =Me
2cR=Me, R =H
2dR=R'=Me

(R)-(+)-Muscopyridine, 1

macrocyclic musk isolated from the musk gland of the
Tibetan or Himalayan male musk dedoschus moschiferds
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al? and later by a number of other groupmdicating its
importance as a musk; the first total synthesis of the active
enantiomer, (R)-(+)-muscopyridine, was reported in 1982,
but more recently, syntheses have been repontétt ring-
closing metathesis as the key step. Structural isomers of
muscopyridine have also been prepdréa studies on
structure-odor relationships on this valuable family.
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In studies unrelated to those compounds, Kraft and acetate in acetic acitithen led to the thiazoleSb—d in
Cadalbert have noted a similarity between thiophene and excellent yield (Scheme 2). This route to the thiazoles was
benzene in terms of their olfactory effects, and this suggestschosen as it should later also conveniently provide macro-
that sulfur may generally replace Zconfigured alkene  cycles13, key intermediates in synthetic route (b).
without greatly perturbing the odor characteristics of com-  Qur first attempt¥ to form macrocycle7a by RCM on
pounds. Since thiaterpenes are among the most powerfulthiazole5a were fruitless. Addition of solutions da to a
odorants known, a sulfur-containing counterpart to musco- solution of Grubbs’ catalysé did not lead to detectable
pyridine would be a useful and important target to synthesize. macrocyclic monomera, but instead to a complex mixture
Hence, it was our aim to prepare “muscothiazoles A and B” containing principally isomers of the cyclic dim@aas well
2b and2c, sulfur-containing analogues of muscopyridine  as a “deletion” product with mass 14 amu less ti8aras
as potential new and powerful odorants with muscopyridine- indicated by GCMS. The deletion product must arise by
like characteristics. isomerization of the (o,w)-diene either &a or the putative

Two routes are readily seen that use ring-closing metath- intermediateda to its [o, (w-1)] counterpart, prior to macro-
esis (RCM) as the key step to the muscothiaz@les and cycle formation. (A single isomer d8a is represented in
their relative2a,d. The first, route (a) (Scheme 2), assembles the scheme, but we recognize that seven isome&aaire
a disubstituted thiazol® as a substrate for RCM, while the possible; with8b—d, this number increases due to the chiral-
second, route (b), proceeds by initial formation of a macro- ity induced by methyl substitution. Representations afe
cycle (in this case, macrocycl), followed by generation  intended to represent all the isomers. Waftonly the “head-
of the thiazole ring. Both routes were explored during this to-tail” isomer is represented, b8tshould be taken also to
study. represent the “head-to-head” and “tail-to-tail” isomers.)

Taking route (a) first, thiazol&a was prepared without Reports of compounds resulting from alkene isomerization
difficulty by using the Hantzsch proceddrirom bromo-  are unusudf with Grubbs’ catalys®, although the more
ketone3aand thioamidela. The related thiazolég—d were
prepared by initially coupling the appropriate thitha or
10b with acid chloridella or 11b? Cyclodehydration of
the product thioesterd? in the presence of ammonium

(9) Although the racemic compound®b and11bhave been used here,
their source is citronellic acid, both enantiomers of which are commercially
available, so syntheses of enantiomerically pure samples of muscothiazoles
are possible with use of this route.
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reactive Schrock molybdenum catalydtais well as the

successful cyclization of the correspondmtpluenesulfon-

carbene-based catalysts are sometimes associated witlamide. The success of the latter was attributed to the sterically

isomerizationt3a14

We attributed the difficulty in forming the monomeric
macrocyclerato problems in attaining the desired proximity
of the reactive termini of the side chains5e,f(R = R’
H) due to the 1,3-disubstitution of the thiazd¥eBetter
conditions for the macrocyclization 8awere subsequently
found (0.02 equiv of catalyst, DCM), 15 h), but this still
provided a very poor yield of the monomeric macrocycle
7a(15%), while affording the dimeric products in 30% yield.
These products includeBa as well as the linear dime3a
(as shown by GCMS). When thiazolBb,c were subjected

demanding sulfonamide group. However, to our knowledge
only one cas¥’ has been reported where a small alkyl
substituent, an ethyl groi,has dramatically affected the
yield of cyclized product! And yet, it is entirely reasonable
that substitution by a small group could profoundly alter the
efficiency of the reaction. In metathesis, the steric bulk of a
metal—carbene group is considerable and so the energetic
preference for the extended conformation of a side chain
relative to a gauche one could be much larger than that for
other reactions where smaller groups are present. Accord-
ingly, even a single methyl substituent is likely to have a

to similar reactions [under the same conditions], the reaction more profound effect in RCM than in most other reaction

was much more successfll gave 57% of7b and 37% of
8b + 9b; while 5¢c gave 53% of7c and 35% of8c + 9c).

types.
Returning to the synthesis of the muscothiazoles, we were

These experiments showed that the presence of a singlaissatisfied with the yields of7 seen in route (a) and

methyl group in either thiazole side chain greatly facilitated
the formation of the monomeric productb,c. The impor-

suspected that the efficiency of this route was limited by
constraints imposed by the 1,3-disubstitution of the thiazole.

tance of substitution in the side chain was reinforced when Accordingly, the kinetically more favorable cyclization of

the dimethyl substratéd was reacted in like manner. This
afforded the macrocycléd in 70% yield, together with 22%
of dimeric products8d + 9d.

The control of substrate conformation in determining the

the five-membered thiazole ring was deferred until after the
macrocyclic core had been prepared, as in route (b).
Macrocyclizatiod? of 12a afforded the monomet3ain a

moderate 57% vyield, while under identical conditions,

success of RCM reactions has previously been discussedmonomethyl-substitutedl2b and 12c respectively gave

particularly for medium-sized rings. Thus the role of con-
formational constraints in formation of eight-membered
rings'® was probed by a number of groups. Crimnifrend

Taylor*?® respectively extended the study to the role of vicinal

excellent 86% and 95% yields of the monomeric products
13band13g respectively. Furthermore, the disubstitued
afforded13din 97% yield. The relative yields again attest
to the importance of monosubstitution with a methyl group.

acyloxy and acyloxymethyl groups and the corresponding In this case, we judge that the energetics for macrocyclization

silyloxy and silyloxymethyl groups in the synthesis of cyclic
ethers. Linderman and co-workers probethe effect of

are not so difficult as wittb, and hence the yield of the
unsubstituted cas&2a is higher than that foba; mono-

single substituents in eight-membered ring formation. They substitution so increases the yield that the benefit of a second

showed that whilgert-butyl was not effective in permitting
cyclization, the larger tributylstannyl group was effective.
Hoveyd&® presented an intriguing difference between an

methyl substitution to yield is less pronounced.
The greater efficiency of route (b) compared to route (a)
is reminiscent of studies on the synthesis of a key tricyclic

unsuccessful cyclization of an unsubstituted ether and aintermediate in the synthesis of roseophilin using RCM,
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where initial attemp#s to build a macrocycle around a fused
[5.5] ring system proved challenging, but reversing the order
of ring construction [i.e. initial construction of a macrocycle,
followed by creation of the smaller ringfsprovided an easier
route. (More recently, another synthesis succe®ded
preparing the macrocycle around the [5.5] ring system in a
very efficient manner.)

To demonstrate that route (b) could indeed lead through
to the desired muscothiazol&b,c, macrocyclel3b was
converted to thiazol&b in 88% yield, while13c afforded
7c in a similar yield (86%). Finally, palladium-catalyzed
hydrogenation of compound® and7crespectively afforded

(20) That was a complex structure, where one ethyl-substituted stereo-
isomer cyclized well and the other did not; the origin of the effect was not
so transparent as in our current simpler molecules.

(21) For a clear effect on product stereochemistry, see: Firstner, A,;
Langemann, KJ. Org. Chem1996, 61 3942.
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the desired target muscothiazol2s and 2c¢ (100%) (not energetics of this process, is currently under investigation
shown in Scheme 2). As expected, these compounds have @ our laboratories.
pleasant musk odor.
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