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It is possible to correlate the distribution of stereochemical products produced during a Hantzsch thiazole synthesis according to the Hammett
free-energy equation. This analysis confirms the presumed control of the rate of epimerization during thiazole formation due to stabilization
of a cationic transition state intermediate during dehydration of the thiazoline ring system. In the chemical system under study, the stereochemical
outcome of the reaction also appears to occur according to a kinetically controlled protonation of a thiazoline tautomer.

In the course of construction of a combinatorial library, itis or by alternative methods of thiazole synthésige wished
common to encounter unanticipated reaction products. Whileto understand this phenomenon with a system other than
systemization of a synthetic procedure is one of the principal amino acids and in a manner that would guide R group
concepts of parallel and combinatorial chemistry, it is Selection to avoid the formation of epimeric products. We
important to remember that a diversity of reagent structures report results that show a clear correlation with the Hammett
inherently leads to a diversity of reactivity. In this report, © constants as part of a linear free-energy relationship. We
we describe the effect of the diversity sebebromoketones believe that these results indicate that the stereochemistry
on the stereochemical outcome of stereogenic centersOf stereogenic centers adjacent to the thiazole C2 position
adjacent to thiazoles formed via the Hantzsch reaction. is directly controlled by the rate of carbocation formation

Although there have been several reports of epimerization dUring thiazole formation by reaction of thioamide and

of stereogenic centers adjacent to thiazoles usually derived® Promoketones. From these results, one can envision
from amino acid building blocks? we have found no strategies to control the stereochemistry at centers adjacent

quantitative study which might be generalized for application to forming thiazoles.
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The shikimic acid ring system is an attractive template ||| | | N NIEIDDE

Table 1. Epimer Product Ratios as a FunctionpSubstituted
having defined stereochemistry as well as multiple points ;_gromoketone

of diversity attachmerftThiazole formation via the combi-

for the development of combinatorial library chemistry

nation of thioamides and-bromoketone® are attractive products ratlo - chemical
from the point of view of combinatorial chemistry due to R (23) yield % o0 10gl(orlPr) o]
the reaction’s ease, speed, and tolerance to other functionOCHs >20:1 o1
groups and diversity of available reagents. CHs 20:1 9% 0L —0.408

In part, given the prevalence of the successful application ': ;'gji 2‘21 806 80934
of Hantzsch synthesis of thiazotemd aminothiazole®¥,we 481 64 0.23 0.212
were interested in applying this reaction to a modified ocp, 2:1 64 0.35 0.592
shikimic acid template for new lead generation purposes. cr; 1:1.1 66 0.54 0.933
When several products having unexpected stereochemicalCN 1:1.5 71 0.66 1.069

configurations were detected during the analysis of products  agaactions performed ir45 mM DMF at room temperature with 3.0
derived from a combinatorial library, a parallel, solution equiv of the indicated 2-bromoacetophenone.

phase model system derived from shikimic acid as starting
material was used to study the stereochemical course of the

Hantzsch thiazole reaction on this template in which there chemical shift of HC-5 is particularly diagnostic of the C-5
are significant steric constraints (Scheme 1). configuration (HC-5a ~4.6 ppm, HC-55 ~4.4 ppm).

An analysis of these results in terms of Hammett

constant¥ led to the Hammett plot shown in Figure 2. In
Scheme 1
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A MOPAC, semiempirical molecular orbital computational 3 2
analysis! indicated that thg-epimer (R) thiazole conform- = 00
ers (2) for this system are thermodynamically more stable £
than the a-epimer (5S) conformers (3) by ~2 kcal/mol 021
(Figure 1). Despite this thermodynamic driving force toward 0.4 1 & CH3
the more stablg-epimer, significant quantities of the less

stableo-epimer were detected for electron-withdrawjvaya 02 04 00 04 02 03 04 05 06 07 08
substituents (Table 1). The identity of each reaction product
was determined on the basis'ef NMR analysis of reaction

components isolated by flash column chromatography. The Figure 2. Hammett plot ofp, versus log[(a/Br)/(a/Br)]-

Op

this analysis performed on the basis of the mechanism shown
in Figure 3 originally proposed by Holzapfél,it was
assumed that the distribution of products resulting from the
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Figure 1. Thiazole epimer conformers and calculated energies.
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Figure 3. Mechanism and reaction pathways for formationjef(2) anda-epimer (3) products.

B-epimer thioamidel could be correlated to the rate of also been reportett. This observation in conjunction with
formation of intermediat8. Thus, the analysis was simplified the fact that no epimerization is seen with the electron-
to the comparison of linear least-squares analysis of Hammettdonatingp-methoxyphenyl ketone argues against tautomer
constants versus logl&/fr)/(an/fr)] for ar/fr as the ratio formation via cation intermediai@.
of B-product2 to a-product3 having thepara-substituents Unlike the results reported for thiazoles derived from
R for each phenyl ketone. amino acid building blocks, in this shikimic acid system
The Pearson correlation coefficient Bf = 0.98 in the  protonation of thee face of enaminé is favored kinetically
linear least-squares analysis gives credence to the assumptioas the least hindered path of attack. However, this result does
of the Hammett free-energy relationship in this system. The not rule out reversion along these reaction pathways after
positive slope of the line is also consistent with the protonation of the C5 position.
interpretation that electron-withdrawing groups slow the  To understand the kinetic control of the protonation
reaction rate of formation of intermediade As a matter of pathway of this sequence, thethioamide (5S)15 was
comparison, the constant derived from the Hammett plot  examined for epimerization tg-thiazoles (5R) upon cy-
indicates that the rate of intermediat formation is  clization. Theo- and-thioamides are available in four steps
somewhat more sensitive tpara-substituent effects as  from (4R,5S) epoxidd 025 Of several standard conditions
compared to the substituent effects on benzoic acid acidities,attempted for cyanide opening of epoxitig, only ESAICN
the classical Hammett analysis comparator (o = 1.7® VS \as found to provide useful quantities of both cyano-alcohol
= ~1). regioisomers (11:1 of K)-cyano- to 4R)-cyano-alcohol
Consideration of these data validates the supposition products)t® These regioisomers were easily separated by
proposed by Holzapfel et & .Apparently, the rate of cation  silica gel flash column chromatography. It was necessary to
formation predominates for electron-donating substituents, satyrate the 1,2 double bond under standard palladium-
thereby accelerating the dehydration of the thiazoline I’ing Cata'yzed hydrogenation Conditions prior to Cyano_to_thio_
to form thiazole product with retention stereochemistry at amjde transformation in order to avoid side reactions of this
C-5 (1). However, with increasing electron-withdrawing double bond with the thiolating reagent (TMS} Different
nature of the phenyl ring substitutions, the rate of the imine  ratios ofa-thioamide epimers were formed depending upon
enamine tautomerizatios ¢o 6) becomes competitive with  the commercial source of (TM& as shown in Scheme 2.
the rate of thiazoline dehydratio® o 2). Holzapfel et al.
have shown that imineenamine tautomerization is likely (14) Wipf, P.; Fritch, P. CTetrahedron Lett1994,35, 5397—5400.
catalyzed by HBr generated in situ and occurs prior to cation  (15) Rohloff, J. C.; Kent, K. M.; Postich, M. J.; Becker, M. W.; Chapman,

[, : - P H. H.; Kelly, D. E.; Lew, W.; Louie, M. S.; McGee, L. R.; Prisbe, E. J,;
formation; unepimerized product fprmethoxy substitution Schulize. L. M.: Yu, R. H.. Zhang, LJ. Org. Chem.1998. 63, 4545
further supports this conclusion. The decrease in overall 4550. Federspiel, M.; Fischer, R.; Hennig, M.: Mair, H.-J.; Oberhauser, T.:
reaction yield is consistent with a slower product formation Rimmler, G.; Albiez, T.; Bruhin, J.; Estermann, H.; Gandert, C.; Goeckel

. y P . V.; Goetzoe, S.; Hoﬁmann, u,; Huber, G,; Janatsch, G.; Lauper, S.; Roeckel-
via reaction pathways that are open to the formation of other siaepler, 0.: Trussardi, R.: Zwahlen, A. Grg. Process Res. Del. 1999,
side products. > (26) Nagata, W.: Yoshioka, M. Ok Tetrahedron Lettl

Acid-catalyzed epimerization of stereogenic centers ad- g, o) Na0ata. W-; Yoshioka, M.; Okumura, Tetrahedron LettL966,

jacent to thiazolines via imineenamine tautomerization has (17) Lin, P.-L.; Ku, W.-S.; Shiao, M.-Bynthesis1992 12, 1219-1220.
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Scheme 2. Preparation of 5(S)- anBi(R)-Thioamidesl?® Scheme 3. Exclusive Formation ofr-thiazole (5S)
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aConditions: (a) 2-bromo-44'trifluoromethylacetophenone (3.0
NH equiv), DMF, 1 h, rt, 65%.

§7NH, s
15 1

aConditions: (a) BAICN, toluene, (85% forll, 7.5% forl2);

(b) TBDMSCI, imidazole, DMF, 87%; (c) K 50 PSI, 10% Pd/C, :
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Upon reaction ofa-thioamide 15 with a 2-bromo-4 Note Added after ASAP: This Letter was posted ASAP
trifluoromethylacetophenone, only toethiazole produci6 on 10/16/2001 with an incorrect formula for thé3 epimers
was detected (Scheme 3). This result is consistent ith  in Table 1, Figure 2, and the text. The print and final Web
face protonation as the only pathway possible for intermedi- versions (10/19/2001) are correct.
ate6.

In summary, we have shown a clear correlation of
epimerization during thiazole formation with the ease of
cation formation. In the system under study, it was possible
to isolate various stereochemical control elements. Such
mechanistic understanding facilitates increasingly sophisti-
cated library designs. 0OL010175T

Supporting Information Available: Detailed experi-
mental procedures and spectroscopic data for synthesized
compounds described. This material is available free of
charge via the Internet at http://pubs.acs.org.
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