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Diastereoselective [2,3] Wittig Rearrangement of 
Tertiary Allylic Ethers 

Summary: The [2,3] Wittig rearrangement of oxazoline 
ethers of a-alkoxy, tertiary allylic alcohols affords a 
diastereoselective entry to  remotely functionalized tri- 
substituted olefins; the stereochemistry of the rearrange- 
ment is directed by a stereogenic center external to the 
sigmatropic framework. 

Sir: The prominence of the [3,3] Claisen' and [2,3] Wittig2 
rearrangements among existing procedures for homologa- 
tion of a functionalized allylic system can be attributed 
in part to the highly predictable stereochemical induction 
which can accompany these proce~ses.~ For sigmatropic 
substrates derived from primary and secondary allylic 
alcohols, the stereochemical consequences of the electro- 
cyclic mechanism are well-documented and have been 
widely exploited for the stereocontrolled elaboration of 
synthetic targets possessing remote chiral elements. By 
comparison, the rearrangement of substrates derived from 
tertiary allylic alcohols has received little attention, due 
to practical difficulties associated with preparation of the 
requisite tertiary precursors and the unsatisfactory mix- 
tures that result from rearrangement of tertiary systems 
through two or more conformations of comparable ener- 
gy.41~ We now report that the [2,3] Wittig rearrangement 
of tertiary, a-alkoxy allylic ethers provides a direct and 
diastereoselective entry to highly functionalized, trisub- 
stituted olefins (i.e., 3), which incorporate key structural 
and stereochemical elements of biologically significant 
acyclic and macrocyclic systems.6 Critical to the observed 
stereoselectivity in these tertiary systems is the role of a 
stereogenic center external to the sigmatropic framework, 
which controls the stereochemical course of the electro- 
cyclic event.' 

During the course of synthetic studies directed a t  the 
ansamycin macrolides, we required an effective procedure 
for the sigmatropic homologation of racemic alcohol 1. Not 
surprisingly, all attempts to  prepare a suitable substrate 
for Claisen rearrangement by acylation of 1 were unsuc- 
cessful; however, alkylation of 1 proceeded smoothly to give 
ether 2. Subsequent [2,3] Wittig rearrangement of the 
derived a-allyloxy anion8 afforded a 35:l mixture of 

(1) (a) Rhoads, S. J.; Raulins, N. R. In Organic Reactions; Wiley: New 
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(2) For a recent review, see: Nakai, T.; Mikami, K. Chem. Reo. 1986, 
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(4) See: (a) Chillous, S. E.; Hart, D. J.; Hutchinson, D. K. J. Org. 
Chem. 1982,47,5418. (b) Still, W. C.; Schneider, M. J. J. Am. Chem. SOC. 
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Table I. [2,3] Wittig Rearrangement of Tertiary Ethers 
entry substrate conditionsa product(s) (ratio)b yield, % c  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

2 
Sa 
8b 
8b 
8c 
5 
10a 
loa 
10b 
10b 

A 
B 
B 
C 
B 
A 
B 
D 
B 
C 

3 (35:l)* 
9a (>1001)' 
9b (68:l)' 
9b (8.8:l)f 
9c (>100:1)e 
6:7 (1.7:1)g 
lla:12a (1.8:l) 
Ita ( > l O O l ) e  
llb:12b (2.2:l) 
llb:12b (1.2:l) 

95 
82 
87h 
85h 
91 
90h 
95h 
20 
87h 
85h 

Conditions: (A) LDA, THF,  -78 "C; (B) n-BuLi, THF,  -78 "C; 
(C) n-BuLi, THF: 20% HMPA, -78 "C; (D) MeMgBr, THF,  0 "C. 
Determined by capillary GC (detection limit, 1001)  except entries 

1 and 6. cAll yields are for isolated, chromatographically pure 
materials. dDetermined by HPLC analysis of the 0-methyl ether; 
stereochemistry of minor product not established. e Only product 
detected. 'Minor product identified as 2 olefin. #Determined by 
300-MHz 'H NMR spectroscopy. Combined yield of major and 
minor products. 

products in which crystalline oxazoline 3 predominates."'l 
Of considerable interest was the analogous sequence 
starting from the epimeric alcohol 4, which yielded a 1.7:l 
mixture of two products, 6 and a 2 olefin 7 (Figure 1). 

Intrigued by this remarkable contrast in olefin selec- 
tivity, we have examined the [ 2,3] Wittig rearrangement 
of a series of optically active, tertiary ethers and report that 
the divergent stereoselectivity observed for 2 and 5 is 
paralleled in related tertiary systems. Oxazoline ether 8a, 
prepared from (S)-(-)-methyl lactate,12 was subjected to 

(9) All new compounds have been fully characterized by IR, 'H and 
lSC NMR, and mass spectroscopic or combustion analysis. 

(10) Olefin geometries for [2,3] Wittig products were determined by 
'H NOE difference studies and (where applicable) comparison of '*C 
chemical shifts. See: Nishino, C.; Bowers, W. S. Tetrahedron 1976,32, 
2875. 

(11) The structure of 3 has been established by X-ray crystallography 
(C. E. Pfluger, Syracuse University, unpublished results). 
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[2,3] Wittig rearrangement8 to give a single product, 9a. 
Similarly, the chiral E and 2 propenyloxazolines 8b and 
8c undergo highly selective rearrangement to 9b and 9c, 
re~pective1y.l~ Rearrangement of the epimeric substrates 
10 was examined; in each case, the major products 11 are 

(12) Oxazolines 8b and 812 were obtained from the tertiary alcohols, 
which, in turn, were prepared by chelation-mediated addition of methyl 
Grignard to the corresponding acetylenic ketone i followed by LiA1H4 
reduction or semihydrogenation. Alcohol precursors to oxazolines 10 were 
prepared by addition of the appropriate acetylenic or vinyl Grignard to 
methyl ketone ii. Both i and ii are readily available from (S)-(-)-methyl 
lactate (Aldrich, ee >95%). Optical purity of tertiary alcohols used in 
this study were determined in each case to be >95% by NMR analysis 
using the chiral shift reagent Eu(DCM)* 

*levy M e p o M  Me 

0 0 

I, 1 - 

(13) A minor (<3%) product in observed in the rearrangement of 8b 
has been identified as a 2 olefin (stereochemistry undefined); we are 
unable to detect other diastereomers in the product mixture of this and 
related rearrangements, an observation consistent with the high internal 
diastereoselectivity, which has been established for the [2,3] Wittig re- 
arrangement of oxazoline systems.8 
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, CH, 

- B - C 
Figure 4. 

accompanied by significant amounts of the 2 olefinic 
products 12 (Figure 2). Rearrangement of ether 10a yields 
a 1.8:l mixture of l l a  and 12a, while 10b affords a 2.2:l 
mixture of 1 l b  and 12b. Remote stereochemistry of the 
[2,3] Wittig products in these examples has been unam- 
biguously established by degradation to known optically 
active intermediates (Figure 3). Thus, oxazolines l la and 
12a were transformed to the 0-benzyl maleic esters (R)-  
(+)-1314 and (S)-(-)-13, while oxazolines 9b, 9c, and l l b  
were transformed to ketals (2R,3S)-(-)-14, (2S,3S)-(+)-15, 
and (2S,3R)-(+)-14, re~pective1y.l~ 

These results demonstrate that the [2,3] Wittig rear- 
rangement can indeed provide for the highly stereoselective 
sigmatropic homologation of tertiary allylic ethers and 
further indicate that the stereochemical outcome of the 
reaction is dramatically influenced by a stereocenter ex- 
ternal to the electrocyclic arena.7 The selectivity observed 
for the a-alkoxy-substituted systems is in striking contrast 
to that of simple alkyl analogues, which afford product 
mixtures in which 2 olefinic products predominate.16J7 
The high diastereoselectivity and exclusive formation of 
E olefinic products observed for ethers 2 and 8 can be 
rationalized by rearrangement through a chelated species, 
A, which involves coordination of the a-methoxymethyl 
group to the cation. In this conformation, the MOM ether 
and oxazoline system are required to be proximal, resulting 
in formation of an E olefin. This model accommodates 
the diminished selectivity observed for substrates 5 and 

(14) Barton, D. H. R.; Benechie, M.; Khuong-Huu, F.; Potier, P.; 
Reyna-Pinedo, V. Tetrahedron Lett. 1982,23, 651. 

(15) (a) (2R,3R)-(-)-14: Mori, K.; Nomi, H.; Chuman, T.; Kohno, M.; 
Kato, K.; Noguchi, M. Tetrahedron 1982,38, 3705. (b) (2S,3R)-(+)-15: 
Nicolaou, K. C.; Papahatjis, D. P.; Claremon, D. A.; Magolda, R. L.; Dolle, 
R. E. J .  Org. Chem. 1985,50, 1440. 

(16) For example, rearrangement of ether iii affords 2.6:l ratios of Z E  
olefins. 

Me 
, \  Y 

2 6  IU 1 

(17) (a) Evans has observed the rearrangement of tertiary allylic sul- 
foxides to the corresponding E trisubstituted olefins: Evans, D. A.; 
Andrews, G. C.; Fujimoto, T. T.; Wells, D. Tetrahedron Lett. 1973,1389. 
(b) Rearrangement of a-allyloxy carbanions gives predominantly 2 ole- 
fins: Still, W. C.; Mitra, A. J. Am. Chem. SOC. 1978,100, 1927. Still, W. 
C.; McDonald, J. H.; Collum, D. B.; Mitra, A. Tetrahedron Lett .  1979, 
593. (c) The [2,3] Wittig rearrangement of (secondary) zirconium enolates 
to give 2 olefins has been reported: Uchikawa, M.; Katsuki, T.; Yama- 
guchi, M. Tetrahedron Lett. 1986, 27, 4581. 
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10, where the eclipsing of the tertiary methyl group and 
the alkyl chain offsets the thermodynamic advantages of 
chelate formation, resulting in a partitioning of the rear- 
rangement through conformations B and C (Figure 4). 
The observed sensitivity of the reaction to  the nature of 
the cationic species provides evidence that supports the 
role of multidentate chelation in defining the transition 
state. Rearrangement of the magnesium enolate of 10a 
is considerably more selective than that of the lithium 
species, affording only lla, although yields are significantly 
diminished. Also consistent with the proposed chelation 
model is the deterioration of selectivity observed in the 
presence of a cation-coordinating additive; for example, 
in 20% HMPA-THF, rearrangement of 8b gives an mix- 
ture of 9b and a 2 olefinic product, while the rearrange- 
ment of 10b becomes essentially nonselective. 

The [2,3] Wittig rearrangement of 1 and related tertiary 
substrates represents a powerful entry to highly func- 
tionalized acyclic intermediates, which incorporate struc- 
tural features not readily accessible by other linear pro- 
tocols. In particular, the ability to develop a remote ste- 
reochemical relationship across a trisubstituted olefin of 
defined geometry should prove a valuable addition to ex- 
isting methodology.'* The availability of both the homo- 
allylic hydroxyl and allylic alkoxy substituent as control 
elements should facilitate further stereoselective func- 
tionalization of the trisubstituted olefin, for example, by 
directed hydr~genation'~ or osmylation,20 and we envision 
tertiary [2,3] Wittig products such as 3 as advanced pre- 
cursors to a variety of functional arrays present in poly- 
ketide-derived natural products. Application to the syn- 
thesis of biologically significant targets is under way and 
will be the subject of future reports. 
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Changing Coenzymes Improves Oxidations Catalyzed 
by Alcohol Dehydrogenask' 

Summary: Oxidation of alcohols to aldehydes catalyzed 
by HLADH proceeds more smoothly if the oxidant, NAD', 
is replaced by a stronger oxidant, e.g., thionicotinamide 
or 3-acetylpyridine adenine dinucleotide. 

(1) Presented in part at the American Chemical Society Meeting, New 
Orleans, LA, September 1987. Abstract ORG 193. 
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Sir: One goal of current efforts in site-directed muta- 
genesis is to improve existing enzymes for use in synthesis 
by modification of the amino acid chain of an enzyme.2 A 
complementary approach, described below, is to optimize 
the coenzymes to be used in such syntheses. 

As an example reaction, we have examined the oxidation 
of ethanol with NAD+ catalyzed by alcohol dehydrogenase 
from horse liver, EC 1.1.1.1 (eq 1). This oxidation, like 
CH3CH20H + NAD+ + CH3CHO + NADH +H+ (1) 

Keq = 0.0004 a t  pH 7.03 

other oxidations involving NAD', proceeds poorly due to 
inhibition by the product acetaldehyde (Ki(acetaldehyde) 
= 0.6 mM, noncompetitive).4t5 Examination of 13 different 
analogues of NAD+ identified thionicotinamide adenine 
dinucleotide (SNAD+) and acetylpyridine adenine di- 
nucleotide (APAD+), both of which are stronger oxidants 
than NAD', as useful substitutes for NAD+ because they 
show increased rates and yields of acetaldehyde. Similar 
substitutions in other oxidoreductases will allow the 
reevaluation of previously impractical  reaction^.^ 

Kinetic parameters of eq 1 were measured for two classes 
of NAD+ analogues by steady-state kinetics (see Table I) 
under identical conditions. These values allow direct 
comparison of the different analogues and are consistent 
with values measured under similar  condition^.^-^ 

The first class of NAD+ analogues contain modifications 
only in the adenine portion, thus substitution of these 
analogues does not alter the equilibrium constant of eq 1. 
No significant changes in the inhibition constants for ac- 
etaldehyde were observed. The second class of analogues 
contain modifications in the carboxamide portion of the 
nicotinamide ring. The largest changes in the inhibition 
constant for acetaldehyde were observed with SNAD', 
APAD+, and formylpyridine adenine dinucleotide which 
showed increases by factors of 10,60, and 100, respectively. 
These three analogues are stronger oxidants than NAD+ 
and shift the equilibrium constant of eq 1 toward aldehyde 
formation by factors of 15, 130, and 92, respectively. 
Several analogues that are weaker oxidants than NAD+ 
were ineffective coenzymes. 

The reactivity of two analogues that showed less product 
inhibition, SNAD+ and APAD+, was further investigated 
to determine whether they would be suitable for en- 
zyme-catalyzed syntheses. Both analogues showed a V,, 
approximately twice that for NAD'. Two procedures for 
regeneration of NAD+-NH,+/2-oxoglutarate10 and 
methylene blue/0,5-could also be used to regenerate 
SNAD+ and APAD+. Oxidation of the reduced coenzymes 
(0.12 mM) by 2-oxoglutarate (14 mM) and ammonia (220 
mM), catalyzed by glutamate dehydrogenase (bovine liver) 

(2) For examples, see: Knowles, J. C. Science (Washington, D.C.) 
1987,236, 1252-8. 

(3) Calculated from redox potentials tablulated in Walsh, C. Enzy- 
matic Reaction Mechanisms; W. H. Freeman: San Francisco, 1979; p 313. 

(4) Jones, J. B. In Enzymes in Organic Synthesis; Ciba Foundation 
Symposium 111; Pitman: London, 1985; p 3. Whitesides, G. M. Ibid. p 
76. 

(5) Lee, L. G.; Whitesides, G. M. J. Am. Chem. SOC. 1985,107,6999- 
7008; J .  Org. Chem. 1986,51, 25-36. 
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223-44. 
(8) Shore, J. D.; Theorell, H. Eur. J.  Biochem. 1967,2, 32-6. Shore, 
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Biochem. Biophys. 1971, 147, 825-7. 
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Woenckhaus, C.; Jeck, R. Biochemistry 1986,25, 5396-402. 
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