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N- Acyl Oxszolidin-2-Selones Promoted Aldol Reictions. 

I$ysaard Michalczyk, Zizhong Li, Ruilian Wu, and L. A. “Pete” Silks 111” 

Los Alamos National Laboratory, Bioscience Division, The Leo Szilard Resource, 
t Group B-3, E529, Los Alamos, New Mexico, USA 

Abstract Selenocarbonyls that are housed in a chiral environment have been found to 
play a pivotal role aldol reactions. We have found that, in general,, the aldol reaction 
affords the non-Evans aldol syn products. However, the use of glycolate donors with 
glycoaldehydes, under proper conditions, gave rise to predominately the anti aldol. 

INTRODUCTION. During the past decade we have been developing both the 
chemistry of the selenocarbonyl and its use as a 77Se NMR probe to interrogate remotely 

disposed chircrl centers.’ Chemically, we have found these chiral N-acyl selones to 
perform 1) aldol reactions, 2) intramolecular allylic oxidations, and 3) addition reactions 

with bromine to form stable hypervalent chiral selenium species. During the initial 
investigation of the use of the selenocarbonyl group as a platform for the development of 
new chemistries associated with selone based chiral derivatizing agents (CDA’S)~ we 
have uncovered an aldol reaction in which the selenocarbonyl plays a pivotal role in 
determining the stereoselectivity of these reactions. Herein we report the use of titanium- 

(IV) enolates of N-acyloxazolidin-2-selones with a variety of aldehydes. 
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As our aldol investigations proceeded, it was clear that a method to generate large 

quantities of N-acylated selones needed to be developed. Based on our previous NMR 
results using the [2-I3C] labeled valine derived selone in the study of the acylation 
rea~tion,~ we were confident that a 
one-pot process could be developed 
for the conversion of the oxazoline to 

the N-acylatecl selone. Treatment of 

the 

oxazoline .1 with lithium ‘bis- Scheme 1. One pot installation of the selenocarbonyl 

(trimethylsily1)amide gave rise to 
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selective deprotonation at C2 (Scheme 1). Addition of elemental selenium, followed by 
slow warming to OOC, allows for the selenium insertion into the C2 carbon lithium bond. 
As soon as the reaction is shown to be complete by TLC, the anion is quenched with the 
appropriate acid chloride. Use of propanoyl chloride in this one-pot process has afforded 
a 95% yield of the N-acyl selone 2. This sequence of chemical reactions is remarkable 
considering two functional groups are installed onto the heterocyclic frame in a one-pot 

reaction. In addition, the reaction results 
are somewhat surprising in light of the 

data obtained by Ugi4 and others. 
chloroformate Treatment of 3 (Scheme 2) with n- 

3 
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4 butyllithium at -78°C was reported to 
effect ring opening giving rise to the Scheme 2. Formation of isocyanides from 

ox azolines . isocyanide alkoxide. This was then 
trapped with chlorocarbonates to afford the isocyanides that were then used in U-4CR’s. 
Interestingly, A. I. Meyers’ reported in 1971 that for similar systems the ring opening 
occurs upon warming the reaction. For the reported yields, our reactions require the use 
of lithium amide bases for the deprotonation at C2. Use of n-butyllithium always gave 
low yields of the desired product chiral selones. While it is tempting to suggest that 
isocyanide formation does occur in our reactions and that these could react with 
elemental selenium to form the isoselenocyanide (which then presumably then undergoes 

annulation upon attack of the alkoxide), the annulation process, in fact, requires refluxing 

THF or chloroform suspensions. Because it is exceeding difficult to promote 
intermolecular alkoxide additions to isoselenocyandies, even under forcing conditions, 
the annulation reaction leading to the formation of the oxazolidine-2-selone would be 
expected to fail. 

I 

During the initial phase of selone promoted aldol condensations we observed that 
reaction of benzaldehyde with the titanium-based enolate of 2 gave one predominant 
product in goad yield. Not only did the product appear to be stable and formed in good 



Table 1. Aldol Reactions of Chiral N-Acyl Selones. 

R A 
Ln 
*,n. 

R" 

R' 

ant/ 
R" 

OH 0 k,, 

OH 0 R,' 

Compound R R R" T("C) t yield(%) syn:anli' &jHb Jc 677,; B 
5 Me,CH BnO M@H -78 * 2,O h 72,O 6:l:l 6.6' 2.0' 412.6' 5.0' 

6.9' 8.7' 423.6' rn" 
6.6" 9.3jHb 422.4" m" 

-78 15m 86,O >99: 1 5.3 2.7 4512 6.1 6 Me,CH CH3 Bn 
7 Pr BnO Me,CH -78 2.0 h 90,O 961:l 6.5 2.1 428.5 4.7 

-713 15md 85.6 >99 1 5.2 2.8 451.6 5.6 E I'r CH, Bn 
9 MeCH=CH BnO Me,CH -78 2.0 h 85.0 99:l 6.6 3.6 441.0 4.9 
10 MeCH=CH CH, Bn -78 15rn 85.6 >99:1 5.3 4.2 444.3 5.3 

11 MeCbCCH, BnO Me,CH -78 toRt 2.0 h 63.0k 11:7 6.8' 3.2f 419.0' 4.5' 
6.9' 7.2' 428.0' 4.2b 

-78. 15m 17.6 >99:1 5.4 3.4 440.0 6.0 12 MeCH=CCH, CH, Bn 
-78 to -15 10m 87.0 >99 1 MeCH=CCH, CHI Bn 

13 Ph BnO MezCH -78 2.0 h 97.0 9 9  1 6.9 3.2 432.8 4.3 
-78 15 rn 90.6 >99:1 5.6 4.5 449.3 5.8 14 Ph CH, Bn 

15 HnOCH, BnO Me,CH -78 to-15 2.0h 91.0 43:26 6.6f 2.4' 431.9' 4.7f 

-78 to-15 10m 91.8 ' 1:l 5.3' 4.3' 447.2' 5.5' 

LL I, LI L. 

Hn0CqB BnO Me,CH -78 to-15 2.0h 90.0 cO.lI99.9 6.8' 8.3" 440.e 4.8. 1.5"" 

BnOCH+ CH, Bn -78 to-15 lorn 99.4 <0.1/99.9 5Sh 7 d '  441.1h 5.ShJ 
16 BnOCH, CH, Bn 

a Measured by 'H integration of the H, proton andlor by integration of the "Se signals. b, 8" of H, in pprn, c. H, JH." d. 877s0 
of major isomer in ppm. e. J I ~ . ~ ~ , .  f. Data for syn isomer. g. The aldehyde was precomplexed with 1.05 equiv of TiCl, at 
-78°C h. Data for anti isomer, i. Four spin systems couple'to the Se. j. Apparent doublet. k. Crude yield from NMR, Aldol 
could not be purified. 
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yield, but the reaction also gave the opposite syn isomer observed for an Evans-type 

U 

Figure 1. ORTEP for the anti aldoR 
15, 

process. Although rare, “non-Evans” aldol 
reactions have been reported. The Crimmins6 and 

Yan7 groups reported some recent “non-Evans” 

aldols that employ thiocarbonyl-based CDA’s. 
Table 1 illustrates the range of products that can 
be obtained using our selenium-based CDA’s. 
The scope of the aldol process was evaluated 
using the propanoyl and glycolate selone adducts 
with a -aryl, -alkyl, -alkenyl, and -alkoxy 

aldehydes. The reaction of the N-propanoyl 

selone enolates with uncornplexed aldehydes 
gives rise to the syn, “non-Evans” products in 

yields ranging from 85-92% and with good 
selectivity (>98%). For the aldol reaction with, 
the more sterically demanding 2-methyl-2- 
propenal required higher temperatures for the 

reaction to go to completion (product 12). We were especially pleased to observe that 

the glycolate selone adducts enolized quite readily and presumably with chelation of 
the a-benzyloxy group, giving rise to the Z-enolate. Lower yields and selectivities 

were observed for the glycolate enolates when isobutyryl aldehyde and 2-methyl-2- 
propenaldehyde were used (5 , l l ) .  

Interestingly, the use of benzyloxyacetaldehyde with the glycolate selone has given 
rise to an anti selective aldol (1 5 ,  16). If the benzyloxyacetaldehyde was not 
precomplexed with one equivalent of TiCl,, the reaction gave little or no 

diastereoselectivity . However, pre-complexation of the benzyloxyacetaldehyde with 

1.0 equiv of TiC1, gave rise to excellent diastereoselectivity (> 99% by ’H and 77Se 
NMR spectroscopy). The relationship between the two new chiral centers that are 



generated in this carbon-carbon bond forming reaction is anti (the proton-proton 
coupling constant (J = 8.3 Hz) and the ORTEP (Figure 1) clearly demonstrate this 
assignment). Especially in aldol reactions, this type of anti relationship is one of the 

more difficult to access with high levels of diastereoselectivity.8 

The selone auxiliary can easily be removed using a variety of methods. We have 

reduced an aldol amide with LiBH, to give the corresponding 1,3 diol in 98% yield. 

The selone CDA was recovered in 95% yield. The optical rotation of the resulting diol 
indicated an ee of 98% that compares favorably with the ee of the parent chiral selone. 
Hydrolysis to the P-hydroxy acid is completed within 5 minutes using LiOH. The end 

point is reached when the yellow aldol solution becomes nearly colorless. Direct 
conversion of the aldols to esters (81%) or the Weinreb amide was effected with 

DMAP.' It is clear from these results that the selenocarbonyl group is intimately 
involved in the aldol transition state of this reaction. We believe the transition state of 

the aldol reaction is as illustrated in Figure 2. It is highly ordered and tightly compact, 

t 

with the selenium atom firmly 

Y Y  

CI 
Figure 2. Proposed transition 
state for the syn aldol process. 

coordinated with the titanium atom. The approach of 
the aldehyde to the enolate complex is facially 

selective, coming from the opposite face of the 
phenyl and methyl groups on the selone ring. 

The aldehyde oxygen associates with the 

titanium center of the complex and bond 
reorganization occurs via a 6 membered 
Zimmeman-Traxler transition state giving the 
observed products. We are currently evaluating 
the enolate solutions by 'H, I3C, "Se NMR 
spectroscopy to confirm the solution states 
before and after the carbon-carbon bond forming 

process. As shown in Table 2, complexation of the benzyloxyacetyl-N-selone with 

TiCl,, generated in CD,Cl, solution, gave rise to 'H NMR data that clearly indicated 



Table 2. NMR Study of the Complexation of benzyloxy acetyl-N-selone with 
TiC14 and Subsequent Enolization. 

17 19 

17 18 19 
HI andH, . 4.72 (s) 5.36 (s) 5.2 (AB q) 
H3 and/or H3* 5.3 (s) 5.6 (AB q) 6.1 (s) 

H4 4.8 (app dt) 5.0 (m) 4.4 (app, dt) 
HS 2.44 (m) 2.48 (m) 2.3 (m) 
ys 4.49 (m) 4.7 (m) 4.75 (dd) 

cw 0.9, 1.0 (d’s) 0.9, 1.05 (a’s) 0.9 (d) 
H7 4.49 (m) 4.7 (m) 4.6 (app t) 

strong association of the Lewis acid. There are numerous chemical shift changes and 
moreover, the a-methylene group (H3 and H3’) was observed as a quartet indicating 

these protons are non-equivalent. This suggests the Ti is coordinated to both the 

carbonyl oxygen and the oxygen of the benxyloxy group, Preliminary data from the 

77Se NMR spectrum of the complex indicates a chemical shift of 645 ppm. The 

selenium chemical shift for 17 is 449 ppm. Considering other 77Se chemical shifts for 
Se-Ti containing compounds are reported to center around 1000 ppm,” we conclude 
that our pre-enolate complexes do not have a high degree of Ti-Se=C association and 
the deshielding observed merely reflects the through bond electron density pull by the 
Lewis acid. Treatment of 18 with approximately 1.5 equivalents of 

diisopropyethylamine (DIPEA) (within the time for measuring the NMR spectrum) 
gave the enolate 19. Considering the a-alkoxy system, we were surprised how rapidly 



the enolate is generated (within 5 min). Upon enolization, the H3 resonance shifted 
from 5.6 to 6.1 ppm and the quartet collapsed to the expected singlet. NOE 
experiments did not detect a H4 to H, interaction and that result may suggest that the 

selenocarbonyl of the enolate complex is "syn" to H,. In addition, the enolate H, and 
H, resonances appear as an AB quartet indicating these protons are non-equivalent. 
The NH of the protonated DIPEA appears at 8.2 ppm. Interestingly, when the enolate . 
was quenched with deuterated methanol, the 'H NMR of the product indicated no 
deuterium incorporation had occurred. Evidently, the DIPEA-H is closely associated 

with the enolate frame. However, all attempts to determine the solution structure of 
the DIPEA-H enolate complex using NOE's failed. In fact, no NOE's from the enolate 
to the DIPEA-H could be observed. 

Our structural investigations were initially targeted to gain insight into the high 
stereoselectivitives shown for these selone aldol reactions and an unexpected 
observation in the aldol products was proton couplings to the selenium of the CDA. 

Intrigued by this observation, we systematically examined these aldol structures by 

gradient selected 1H-77Se HMQC NMR spectroscopy and X-ray crystallography. 
Though controversial, C-H-QN hydrogen bonds are generally classified as weak 
interactions." The observation of the corresponding C-H-*S,Se interactions'* is very 

2.71 A 2.63 A 2.72 A 

20 
Figure 3. 

21 ~ 22 

rare. Single-cry stal X-ray andysis of three of the aldols indicated C-Hh3e distances 
of 2.63, 2.71, and 2.72 A (Figure 3), which are sub-van der Waals. 'The 6, of the 

aldols H, are between 5.2-6.9 ppm, when compared to similar systems indicates 
significant deshielding of this proton. To date, we have observed J1H-77Qe couplings for 



all of the aldols we have investigated. For the syn aldols, we observed an apparent 
unique doublet in each 1D proton coupled (Ha) selenium spectrum (J1H-77Se = 5-6 Hz) 

indicating that the P-hydroxyl group is not significantly hydrogen bonding to the 

selenium as we had initially expected. The proton resonances were unambiguously 
assigned and the J!,'s were determined from 'H-'H DQF-COSY spectra for both anti- 

15 and syn-23. The gradient selected 'H/77Se HMQC spectrum of syn-23 and 
anti-15 are illustrated in Figure 4.13 The syn-23 selenium interacts with 3 proton 
spin systems. The strongest interaction arises from the H,. Minor interactions 
are observed for the oxazolidine ring methyl and a-methyl groups. For the anti 

438 - 
di"st3, - 

442 - 
1 

A 

Ha Hb HC Hd * ' 8  4 4 

1 " ' l '  " l " ' l " ' l  ' I '  
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Figure 4 
aldols, the ID proton coupled '7Se spectra also exhibited more than one spin system 
interacting with the selenium. The gradient selected 'Hr7Se HMQC spectrum of 
anti-15 displayed confinned the interactions of 4 different spin systems with the 
selenium (Figure 4). The major H-Se interactions arose from both the a- 
methine (33,) and P-hydroxy hydrogen (Hc), while weak, but clearly observable, 



interactions resulted from the P-methine hydrogen (Hb) and one of the methyl 

groups on the CDA's isopropyl group (HJ. 
We believe that we have uncovered a type of non-opportunistic hydrogen bond in 

the aldols in~estigated.'~ In addition, we have for some time been puzzling over 

the reasons our chiral selones have the ability to interrogate remotely disposed 
chiral centers by 77Se NMR spectroscopy, especially when there are no 
intervening aromatic or vinyl groups to facilitate the communication. An 

explanation for the remarkable ability of the selenium atom to 
report on the status of a chiral center up to 8 bonds removed 
from the observing selenium n ~ c l e u s ' ~  is provided by the C- 
H-OSe interaction. This interaction allows for both the 

necessary conformational amide rigidity and the critical 

truncation in the communication pathway between the chiral 
center and the observing selenium atom. This is supported by the fact that there is 
a strong scalar proton-selenium coupling and therefore electron density must be shared 
between the two atoms. However, an ideal test for the special role of this weak bond 
would be to study a system that lacks an a-proton. In fact, we have studied systems 
which lack an a-proton (see Figure 6) and there is a general, pronounced, decrease in 

the 77Se chemical shift sensitivity observed. Generally the difference in the chemical 

shifts (A&.,) for a diastereomeric mixture (1 : 1) of compounds possessing this C-H-Se 

interaction, with a chiral center 5 bonds removed from the observing nucleus, have a 

A&,- 2.6 ppm? For the analogous bond distance in the system which lacks this 

interaction the Ass ,  = 0.2 ppm!17 In addition, we reported16 that a compound 

possessing the C-W***Se (1: 1 ratio of diastereomers) interaction containing a chiral 

center 7 bonds removed fkom the observing selenium nucleus possessed a Atis= of 5.3 

Hz. (For a compound that is 8 bonds removed from the selenium we have observed a 
A&, of 21 Hz'~). As comparison, when a similar system was evaluated which lacked 

xJ R*O u" 
Ph 

Figure 6 



the C-H*-Se bond (Figure 6), and was 6 bonds removed from the selenium, it 
possessed a Ai!&,= 3 Hz. 
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