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High Facial Diastereoselectivity in the Scheme 1
Photocycloaddition of a Chiral Aromatic Aldehyde 0
and an Enamide Induced by Intermolecular
Hydrogen Bonding
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entry aldehyde solventtemp. PC] oxetane vyield [%)] dt(4/5)

Hydrogen bonding is commonly employed in nature as a tool 1 2a MeCN 65 4al5a 56 50/50
to attach a substrate to a receptor in a defined rigid orientation. 2 2a MeCN 30 4a/5a c 50/50
In attempts to gain a better understanding of the natural binding 3 2a benzene 30 4da/5a 62 83/17
pattern many artifical host molecules have recently been designed g ga" tbelnzene 180 izga gg gggl
and synthesized which bind guest molecules with high enantio- a oluene - — a

y 9 9 6 2b benzene 30  4b/5b 50 50/50

selectivity by this mean%.The study we now describe was
initiated to test whether enantioface- and diastereoface-dif- aThe reaction was conducted at 86 and 30°C in a merry-go-
ferentiating photocycloaddition reactions are possible in rigid round apparatus Rayonet RPR-1@06+ 300 nm; light source: Rayonet
hydrogen-bonded hosguest complexésand to show that the ~ RPR 3000) and at-10 °C in an immerison apparatus (Duran filter;
capability of the chiral host for hydrogen bonding is crucial for light source: Original Hanau TQ 150)The diastereomeric ratio of
this selectivity. Although there are some examples in which the ©X€tanes in the crude product was determined by integration of
facial diastereoselectivity of photocycloaddition reactions in the appropriatettt NMR signals.© The yield of isolated product was not
g . . - determined in this cas€An excess of the chiral aldehydza was
liquid phasé&® was influenced by intrd-or intermolecular employed (3 equiv).
hydrogen bonding, there have been to the best of our knowledge
no studi(.es.in which @hiral host was designed suph that a face We selected 3,4-dihydro-1H-pyridin-2-on@){ as the olefin
differentiation was to occur upon hydrogen bonding and photo- o mnonent, the enantiotopic faces of which were to be differenti-
cycloaddition to an achiral guest. _ _ ated by the chiral host. The photocycloaddition of this and related
The chiral hosawe employed was prepared in racemic form  enamides proceeds with excellent simple diastereoselectvity.
from the known esteta® by saponification and esterification as Upon photocycloaddition o and3 there are consequently only

shown in the scheme. For comparison purposes (vide infra) we two major product#t and5 to be formed, the relative ratid/5
also prepared thBl-methyl analogu&b in a similar fashion. of which reflects the facial selectivity.

It was expected that compourith can form two hydrogen
bonds via its secondary amide functionality and that the self-

association oRa was low due to steric hindrance of the bulky 2 [?
phenyl ester. Consequently, another amide should readily bind ° o @
to compound2a and if this amide contained an olefinic double R R
bond a PaterneBiichi reaction could be initiated by irradiation. o Ao o N %o

T To whom inquiries about the X-ray analysis should be addressed at the %Qi %)Ji
University of Marburg. 4 5
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Figure 2. Job plot analysis 0bny (28) in toluene at—10 °C for the
system2a/3.

addition, compound3 also shows self-association with an
association constar€, = 85 + 7 M~1. Compounds2a and 3
form a 1:1 complex as could be demonstrated by the Job plot
Figure 1. The structure of compounda in the crystal. shown in Figure 2. The association constant for the hydrogen-
bonded complex2a/3 was determined to be 22F% 34 ML
2ahad occurred exclusively on one of the enantiotopic faces of Consequently, the high facial diastereoselectivity observed in
the alkene3. In a control experiment the amidb, which does toluene at-10 °C is a consequence not only of the fact that the
not have the ability to bind to a secondary amide via two hydrogen rate constant of the intramolecular reaction is higher than the one

bonds, gave no significant diastereomeric excess (entry 6). of the intermolecular reaction but also of the fact that dihydro-
The enantiomerically pure hosttf-2a was subsequently  pyridone3is more strongly bound by the ha&a than by itself.

prepared from racemi2a by deprotonation (LDA in THF;-78 The latter result should make host systems suct2agood

°C) andN-acylation with )-menthyl chloroformate (THF-78 candidates for enantioselective reactions in which the host does

°C — rt) and subsequent chromatographic separation. After acidic not participate in the reaction but serves merely as a chiral
cleavage of the carbamate (TFA), compoutid-Rawas obtained template. Studies along these lines are currently underway in our
in enantiomerically pure form, and its reaction with dihydro- laboratory.

pyridone3 was studied under optimized conditions (entry 5 in

Table 1). No racemization occurred in the course of the photo-  Acknowledgment. This work was generously supported by the
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The relative configuration in oxetarka was determined by S ing Inf ion Available: Detailed hetic sch ¢
ingle-crystal X-ray crystallograpHy.The result of this analysis upporting Information Available: Detailed synthetic schemes for
single- o : > the preparation ofb, 2a, (+)-2a, 2b, 4a,and4b, NMR data {H, 1°C) of
is depicted in Figure 1. The structure not only supported our initial 1, >3 2p, 4a 5a and 4b/5b (mixture of diastereoisomers), HPLC
consideration concerning the side differentiation, but it additionally analysis of ¢)-4a, and curve fits (HOSTEST) for the NMR ftitration of
revealed the orientation of the corresponding amide groups which 23, 3, and2a/3(PDF). An X-ray crystallograhic file (CIF). This material
are still hydrogen-bonded in the product. is available free of charge via the Internet at http://pubs.acs.org.
NMR titration studies carried out witBaand3 at —10 °C in
JA992209M
tolueneds as the solvent enabled us to observe the system under
scrutiny more closely? As originally postulated the self-associa- (13) The HOSTEST program was used for determining the association
tion constank, for 2ais low (244 1 M~%)4 but not neglible. In constants: Wilcox, C. S. IrFrontiers in Supramolecular Chemistry and
_ PhotochemistrySchneider, H.-J., Du, H., Eds.; VCH: Weinheim, 1991; pp
(12) 4a colorless crystals; triclinid?1, a = 814.5(1) pmp = 1117.0(1) 123.
pm,c = 1324.1(1) pmo. = 105.191(19, f = 106.46, y = 101.38; Z = 2; (14) The given error limits represent the standard deviation obtained from
R = 4.9%; GOF= 1.046. applying a curve fit program (HOSTEST) to the measured data points.




