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Abstract: A nucleophilic synthon, $-(+)-4-(2-oxazolidonyl)-methyltriphenylphosphinyl iodide available

from L-serine in five steps (overall yield of 52%), reacts with aldehydes to produce alkenes in good to excellent
yields (74-89%) and, in some cases, provides excellent stereocontrol of the new double bond. The geometry
of the newly formed double bond is influenced by the nature of the aldehyde and reaction conditions. The
trends in olefin configuration are discussed. Application of this methodology allows for easy preparation of
molecules containing double bonds allylic to nitrogen, including oxazolidinoneg andnsaturated amino
alcohols. Several of the unsaturated oxazolidinones are convertgg-tmsaturated amino alcohols in high
yields (75 to 90%).

Naturally occurring difunctional amino acids with their rich  also focused on synthons derived from seffh&he chemistry
array of functional groups and inherent chirality are ideal of a nucleophilic alaninol synthon is the subject of this pdper.
building blocks for the preparation of useful chiral synthons.
Serine, an amino acid readily available in both enantiomeric

. . ; ) NH, NH, NH,
forms, has se_rved as one SL_Jch star_tmg material. leferentla_lly HO\/E\ = no. G = o
protected serine and derivatives derived from the parent amino 4, 0re m ;[(}_, ore

acid are useful synthons in the preparation of natural and
unnatural amino acids and amino alcohols. The chemistry of
nucleophilic, electrophilic, and radical alanine or alaninol A major emphasis of the utility of nucleophilic alanine
equivalents derived from serine has been explored in several(alaninol) synthons has been in the development of new
laboratories, most notably by Baldwirt, Garner§ Jacksor?, methodologies for the syntheses of nonproteinogenic amino
Sasaki, Vedera8 and Viallefont? Work in our laboratory has  acids. These amino acids are significant because of their wide
range of biological activitie¥? In particular, 3,y-unsaturated
amino acids have attracted considerable interest because of their
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potential as suicide enzyme inhibitdfand several procedures  Scheme 1
are available for their synthesiéSasaki et al have prepared o 0
very useful synthons from- andp-serine and evaluated them )k )L

> ; ; . NH,HCI .
as nucleophilic alaninol equivalents. Itaya and co-workeis, Ho. 2HCl Triphosgene O "NH  NaBHs Q7 NH
their synthesis of wybutine, showed that a Wittig reagent derived " CO,Me Et;N 95% “coMe 0% " oH
from serine undergoes olefination with little racemization, albeit 1 2 2 3

in very low yields (5-13%). A modification of this reagent o o)
and Wittig reactions with slightly better efficiency was recently . )l\ )(

. . . TsCl, Pyrid
reported by the same grodpWe were interested in preparing — —— > M Nal, Acetone M
a nucleophilic alaninol synthon from serine which could be used 82% " OTs 83% "
for the generation of eitheE or Z f,y-unsaturated amino 4 5
alcohols and amino acids, with good stereocontrol, and in high 0

chemical yields7 This paper describes the synthesis and  PPhs, DMF O)LNH

reactions of one such synthon and presents a mechanistic T’ /I
. PR . . . ° “,  +
explanation for the observed stereoselectivities in the olefination. 6 ‘—PPhg
? . 2 isolation of the product ester required a cumbersome lyophiliza-
’OJ\'/\PPhG Eto)j\ﬁsozﬂ tion due to its high solubility in water. In a modified and
NR; NR, optimized procedure, triphosgene can be successfully used as a
ltaya Sasaki phosgene equivalent. The yield of this reaction is 95%, and a
nonaqueous work up allows for easy isolation of the product
0 o oxazolidinoné? The next step in the sequence was the reduction
Eto)S/\Z"C' OJLNH of the methyl ester using sodium borohydride which furnished
NR, (A a highly water-soluble alcohdd in excellent yield$® The
Jackson sibi —PPhs alcohol is heat-sensitive and racemizes at high temperatures.

The alcohol3 was then converted to the corresponding iodo
compoundb in a two-step sequence. Tosylation of the primary
alcohol using TsCl/pyridine, followed by refluxing with sodium
Our initial task was to establish optimal reaction conditions iodide in acetone for 5 h, gave the iodi¢68% for two steps).

for the preparation of the phosphonium séltfrom readily Several alternative one-step processes were evaluated for the
availableL-serine methyl ester hydrochlorifesuch that the conversion o3 to 5. These were either inferior to the two-step
intermediates required very little or no chromatographic puri- procedure in overall yields or required chromatographic puri-
fication (Scheme 1). In our earlier reported methodology, fication. The phosphonium saitwas prepared by stirring the
treatment of serine methyl ester hydrochloride with phosgene iodo compound with excess triphenylphosphine in DMF at 100
(as a 20% toluene solution) in aqueous potassium carbonate (3C for 24 h. The phosphonium salt is stable and can be stored

Results and Discussion

h at 0°C) gave the best conversion to the oxazolidin@n€he in a desiccator indefinitely. Typically it was dried in an
abderhalden apparatus prior to use. The overall yield for the
(13) (a) Chang, M. N. T.; Walsh, Q. Am. Chem. S0d.98Q 102 7368. synthesis of the phosphonium salt from serine methyl ester over

il R. BMechanism-Based E Inaetion: Chemi ' . .
gi])ds'E\@;";?é]bgyCRCecpggzm Bgfnga?jz mEL n?%%%’? (8 svn(;'lsstr:y c. five stepsis 52% and requires no chromatographic purification.
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Havlicek, L.; Hanus, JCollect. Czech. Chem. Commui91, 56, 1365. and formation of the ylide fron. Encouraged by the studies
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see: (a) Baldwin, J. E.; Adlington, R. M.; O’'Niel, I. A.; Schofield, C.; that th lidi hould red th idity of th thi
Spivey, A. C.; Sweeney, J. B. Chem. Soc., Chem. CommaA89 1852. at the oxazolidinone should reduce the acidity or thé methine

(b) Duthaler, R. O.Angew. Chem., Int. Ed. Engll991, 30, 705. (c) at the chiral center, rendering it less prone to deprotonation (vide

CTZatster:hgr1or,ﬂ€%8L‘i;4 I-Sici;nle, Sd.; Tfaylor, Gt.hJ.; ,Bill(%giiau, thao Kr:ntf, A. infra). Seebach has also examined the structural features
etranedro s and reterences therein. ngs re . . : : H :

Chem 1987 59, 373, (€) Crisp, G. T : Glink, . Tretrahedroni992 45, necessary to prevefitelimination during carbanion formati#.

3541. (e) Badorrey, R.; Cativiela, C.: Diaz-de-Villegas, M. D’}\v@a, J. Both alkyllithium and metal amide bases were evaluated for

A. Synthesid 997, 747. (f) O’'Donnell, M. J.; Li, M.; Bennett, W. D.; Grote, ~ the generation of the ylide fro. These results are tabulated

T. Tetrahedron Lett1994 35, 9383, (g) Pedersen, M. L.; Berkowitz, D.  jn Table 1. Treatment of compour&lwith 1.9 equiv of base

B. J. Org. Chem.1993 58, 6966. (h) Berkowitz, D. B.; Smith, M. K. . . : °
Synthesis1996 39. (i) Clayden, J.; Collington, E. W.; Warren, S. (n-BuLi or LIHMDS) in THF or DME as solvents at78 °C

Tetrahedron Lett.1993 34, 1327. (j) Mehmandoust, M.; Petit, Y.;  resulted in an orange to red colored solution which was stirred
Larchevgjue, M. Tetrahedron Lett1992 33, 4313. at that temperature fd. h and then quenched with benzaldehyde
(15) Itaya, T.; Shimomichi, M.; Ozasa, Metrahedron Lett1988 29,
4129. (19) Sibi, M. P.; Harris, B. J.; Renhowe, P. A.; Rutherford, D.;
(16) (a) ltaya, T.; lida, T.; Shimuzu, S.; Mizutani, A.; Morisue, M.;  Christensen, J. W.; Li, B.; Lu, Drganic Synthunder evaluation.
Sugimoto, Y.; Tachinaka, MChem. Pharm. Bull. Jpril993 41, 252. (b) (20) Koellensperger, F. G.; Hartelben, Y.; Kretzschmar, R.; Neleter, B.
Itaya, T.; Kanai, T.; lida, TTetrahedron Lett1997, 38, 1979. Ger. Patent. 2538424, 197Chem. Abstr1977, 87, 23257Z.
(17) For applications of this synthon in synthesis see: (a) Refs 10aand (21) (a) Linderman, R. J.; Meyers, A Tetrahedron Lett1983 24, 3043.
c. (b) Bertozzi, C.; Hoeprich, P. D., Jr.; Bednarski, M. D.Org. Chem. (b) Refs 4a and 7a. (c) Ref 3a. (d) McGarvey, G. J.; Hiner, R. N.; Matsubara,
1992 57, 6092. (c) Bertozzi, C.; Cook, D. G.; Kobertz, W. R.; Gonzalez- Y.; Oh, T.Tetrahedron Lett1983 24, 2733. (e) McGarvey, G. J.; Williams,
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(18) Serine methyl ester hydrochloride is commercially available or it 4943. (f) Jackson, R. F. W.; James, K.; Wythes, M. J.; Wood, A.
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methanol (Guttmann, S.; Boissonnas, R.Helv. Chim. Actal958 41, (22) Eyer, M.; Seebach, DI. Am. Chem. Socl985 107, 3601 and
1852). references therein.



A Nucleophilic Alaninol Synthon

Table 1. Wittig Reactions with Compoun@l and Benzaldehyde

yield E:Z
entry conditions 962 (8/9)°
1 n-BuLi, THF, —78°C to rt 86 >99:1
2 n-BuLi, THF, =78°C 2.5h 86 3.6:1
3 n-BuLi, DME, —78°C to rt 87 >09:1
4 n-LiHMDS, THF, —78°C to rt 88 >00:1
5 n-LIHMDS, THF, —78°C 2.5 h 62 3.2:1
6 n-BuLi, THF, 20% HMPA,—78°C to rt 68 1.911
7 NaHMDS, THF,—78°C 2.5 h 57 2.5:1
8 NaHMDS, THF,—78°Ctort 62 3.2:1

2|solated yield after column chromatograptRatios determined
by *H NMR.

to produce alkend. The product identity and olefin stereo-
chemistry were established Bl NMR. The optical purity of
the olefin product was established by converting the product to
known N-BOC-homophenylalanine. No racemization was ob-
served during the olefination proce8sAddition of HMPA
increased th& selectivity of the reaction, providing nearly equal
amounts ofE:Z mixture (entry 6). The effect of the base
counterion on stereoselectivity was also examined. Use of
NaHMDS gave lower chemical yields as well as stereoselectivity
(entry 7)?* A change in temperature did not lead to further
improvements (entry 8). For further experimemsBuLi was
used as the base for deprotonation and formation of the ylide.
The next set of reaction conditions was developed to
distinguish what factors largely influenced tE#Z ratios for
the Wittig reaction of6 with aldehydes. Preliminary reactions

showed that, besides the identity of the aldehyde, the temperature

of the reaction at the time of quenching was the most influential
on E/Z ratios. For the investigation, two standard reaction
conditions were selected. In the first method (method A), ylide
7 was generated fror@ usingn-BuLi (1.95 equiv,—78 °C) as

the base and the yelloworange solution was stirred for 1 h.
The aldehyde was added a8 °C as a solution in THF, the
reaction stirred at-78 °C for 2.5 h then quenched with a
saturated ammonium chloride solution-af8 °C. The second
reaction (method B) was identical to the first, except that the
ammonium chloride quench was carried out after warming the

reaction to room temperature. The two reactions were conducted

side-by-side, and after identical workups, the crude reactions
were analyzed to determine tE#Z olefin ratio of the products
8 and9.

X X i
0" > NH MBuli | o SN PhCHO OJ\NH )
/ / -, H
| i =
PPhgl PPhy Ph
7 8 E isomer
9 Z isomer

The reactions of7 with five different aromatic aldehydes
using the standard reaction conditions are shown in Table 2.
The aldehydes were selected to encompass a range of func
tionalities on and in the aromatic ring. This included the
heteroatomic aromatic aldehydes of thiophene and furan. A
general trend is clearly evident from the data. Reactions that
were gquenched at room temperature gave almost excludtvely

J. Am. Chem. Soc., Vol. 121, No. 33, 18991
Table 2. E:Z Ratios of Wittig Reaction Using Aromatic Aldehydes

bt bt

1) 1.95 eq n-BulLi
THF/-78°C/1h

0" 'NH  2)RCHO 0” "NH
(S ) [ H
K 3) stirat-78 °C for2.5h :{
6 PPhgl 4) quench w/ NH,CI g17 R
temp. of  yield® product EZ
entry RCHO quench{C) (%) (config.) ratic®
1 PhCHO 25 86 8(E) 100:0
9(2)
2 —78 86 78:22
4-OMe-PhCHO 25 88 10(E) 100:0
11(2)
4 —78 88 79:21
5  4-piperonal 25 81 12(E) 100:0
13(2)
6 —78 73 81:19
7 2-furyl 25 88  14(E) 92:8
15(2)
8 —78 77 81:19
9  2-thienyl 25 88 16(E) 100:0
17(2)
10 —78 86 81:19

a|solated yield after column chromatograpiyRatios determined
by IH NMR.

Table 3. E:Z Ratios of Wittig Reaction Using Aliphatic Aldehydes

(0] 1) 1.95 eq n-BulLi (0]
L THF/-78°C/1h J
Q NH 2) RCHO H
3) stirat -78 °C for 2.5 h M
6 PPh3| 4) qUenCh w/ NH4C| 18-23 R
temp. of  vyield product EZ
entry RCHO quench{C) (%) (config.) ratio®
1 CHs(CH,),CHO 25 89 18(E) 31:69
19(2)
2 —78 74 23:77
3 (HsC),CHCHO 25 82 20(E) 50:50
21(2)
4 —78 59 24:76
5 CH;(CHy)1sCHO 25 86 22(E) 30:70
23(2)
6 —78 87 31:69

a|solated yield after column chromatographyRatios determined
by IH NMR.

integration of the olefinic protons in théH NMR. In the
reactions of7 with aromatic aldehydes quenched-af8 °C,
although the trans product still predominated, the low-temper-
ature quench increased the appearance of the cis isomer (Table
2, entries 2, 4, 6, 8, and 10). It is interesting to note that the
identity of the aromatic aldehyde had little effect on &
outcome of the reactions when comparing @& ratios of either
reactions quenched at room temperature or those quenched at
—78°C.

The reactions o7 with aliphatic aldehydes are presented in
Table 3. The aliphatic aldehydes were chosen to explore steric

products (Table 2, entries 1, 3, 5, 7, and 9). In all cases, excepteﬁects on the reaction: linear vs branched and short- vs long-

the reaction with furyl-2-carboxaldehyde (Table 2, entry 7), no
Z product was detectable. TH#Z ratios were established by

(23) Several products from the Wittig olefination process have been
converted to known compounds. See, for example, refs 10a,b and 17.

(24) The reasons for the variation in stereoselectivity with changes in
the base are not apparent.

chain. Examination of the data in Table 3 showed a distinct
trend. Reactions of with aliphatic aldehydes gave predomi-
nately Z products, regardless of the temperature at which the
reaction was quenched (except in Table 3, entry 3). This
observation is in direct contrast to the reactions7owith
aromatic aldehydes where the predominant unsaturated product
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Table 4. E:Z Ratios of Wittig Reaction Using Aldehydes
Containingo- and 5-Heteroatoms

(0] 1) 1.95 eq n-BuLi (0]
THF/-78°C/1h )L
0" "NH 2) RCHO 0" “NH
3) stirat -78 °C for 2.5 h :4"'
'iph3| 4) quench w/ NH4CI R
6 24-34
Entry RCHO Temp. of Yield® Product E:Z

Quench (%) (Config.) Ratio®
1 BnOCH,CHO 25°C 81 24 (E) 33:67

25(Z)
2 -78°C 76 39:61
3 BnSCH,CHO 25°C 74 26 (E) 59:41

27(Z)
4 -718°C 57 61:39
5 BnO(CH,),CHO  25°C 6l¢ 28(E  19:81

29 (Zy
6 -718°C  77¢ 18:82
7 Oyo 25°C 75 32(2) 0:100

CHO

8 -78°C 75 0:100
9 Oyo 25°C 72¢ 33(E  40:60

: 34 (2

X CHO

10 -78 °C  69¢ 40:60

2 |solated yield after column chromatograpiyRatios determined
by IH NMR. ¢ Isolated yield after Wittig reaction and BOC protection.
4 E isomer28 gave 30 after BOC protection¢ Z isomer29 gave 31
after BOC protection’ E isomer33 gave35 after BOC protectio.Z
isomer34 gave 36 after BOC protection.

was in theE configuration. Reactions that were quenched at
—78°C showed an increase in the amount ofZisomer (Table

3, entries 2 and 4). The identity of the aliphatic aldehyde did
affect theE/Z product distribution to some extent. Reactions of
7 with the more sterically demanding valeraldehyde gave a
higher proportion of theE product when quenched at room
temperature (Table 3, entry 3) as compared to the two linear

aldehydes quenched in the same manner (Table 3, entries 1 and

5). Reactions quenched at78 °C gave predominatelyZz
products in similaE/Z ratios regardless of the aliphatic aldehyde
used E/Z ratios did not vary outside experimental error for short-
vs long-chain linear aliphatic aldehydes (Table 3, entries 1 vs
5 and 2 vs 6).

The third type of aldehyde that was examined in this study
was aliphatic aldehydes which contained heteroatarasdj
to the carbonyl group. Reactions ofwvith these aldehydes are

presented in Table 4. One of the most striking features of these

Sibi et al.

E product observed when the oxygen wasvas nearly twice
that when the same heteroatom wha®

When oxygen and sulfur in the position were compared, a
significant change in th&/Z ratio was observed. With oxygen
in the . position, theE/Z ratio for the reaction witl® was similar
to the E/Z ratio seen with linear aliphatic aldehydes (Table 4,
entry 1 vs Table 3, entry 1 or 5): moderaZeselectivity.
However, when sulfur was substituted for the oxygen indhe
position, the selectivity was reversed: tBeroduct predomi-
nates.

The highest cis selectivity that was observed with any type
of aldehyde was the reaction ofglyceraldehyde acetonide with
the ylide7 (Table 4, entries 7 and 8). The reaction gave only
the Z product; noE product was observed in tHél NMR or
isolated by chromatography. Moving the chiral center from the
o position to thef position had a dramatic effect on iz
ratio. With the chiral center closer to the reaction site, a single
product was produced (Table 4, entry 7); when the chiral center
was one carbon removed from the reaction site, a 4@/6D
distribution was obtained (Table 4, entry 9).

The ylide7 investigated in this work exhibits characteristics
indicative of both a stabilized and nonstabilized ylide and is
best classified as semistabiliz&dFor this system, prediction
of E:Z outcome worked best by examination of the aldehyde
rather than the ylide. In systems where the aldehyde was
stabilized by resonance interaction with the aromatic ring,
predominatelyE configured olefins were produced (Table 2).
The comparison of reactions quenched-at8 °C with those
guenched at room temperature indicates that equilibration plays
a key role in determining product geometry. The low temper-
ature quenches give a kinetic product ratio, whereas room
temperature quench results in a thermodynamic outcome. In fact,
each of the aromatic aldehydes gave nearly idenEcAkatios
when the different aldehydes were quencheda @8 °C. TheE
selectivity observed with ylide¢ and aromatic aldehydes at
higher temperatures is in most part due to equilibration.
Additional enhancements in selectivity may result from nucleo-
philic participation of thex-amino substituent and subsequent
equilibration of the oxaphosphetane intermediates (eq 2), and

o] N )OL Li i
=H AL
Ph, . OOTNTT — NLi
Ph_«,;: H 0 Q I+ ArCHO
Ph 0 \ |
LiN PPhy (5
A O 7 |
Ar
O—=H
ZOlefin Ph,, i
Ph=P—XH
Ph )

E-Olefin

(25) The exact reasons for this variation in selectivity with structural

data is that there is no difference between reactions that weremodifications of the aldehydes are not apparent at this time. In an analogous

guenched at room temperature vs reactions that were quenche

at —78 °C. This is in contrast to that observed for reactions
with either aromatic or aliphatic aldehydes. Another intriguing
feature of these data was the differenc&ld values when an
oxygena. to the carbonyl was compared to an oxygen that was
f to the carbonyl (Table 4, entry 1 vs entry 5). The amount of

aeries,N-protecteda-amino aldehydes react with to provide Z-olefins

only. Sibi, M. P.; Christensen, J. W. Org. Chem1999 in press.

(26) (a) For comprehensive reviews see: (a) Vedejs, E.; Peterson. M. J.
In Advances in Carbanion ChemistrySnieckus, V., Ed.; Jai Press:
Greenwich, CT, 1996; Vol. 2, Chapter 1. (b) Maryanoff, B. E.; Reitz, A.
B. Chem. Re. 1989 89, 863. (c) Johnson, A. WYlides and Imines of
PhosphorusWiley: New York, 1993. (d) Enholm, E. J.; Satici, H.; Prasad,
G.J. Org. Chem199Q 55, 324.
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o. O 0 o] Table 5. Yield E/Z Ratios of 12:13 as a Function of Base
~ i Equivalents
NLi NLi o
o] o) o]
ﬁt‘:ﬁ—\?Hj ﬁr?:p\)ﬁ(o J 1) Base Ao
IJ—"hH OBn Ii’hH o) O\_/INH 2) Piperonal / H
E 60:40 F 100:0 "—PPhyl  3) Quench = 0
o o 6 12 0r 13 C?
o) (0]
\r]l//l_i \l\ii o equi temp. of yield E:Z°
(o] entry base of base  quench {C) (%) (12/13
h, O oBn Bspon A< -
Ifh:P' OH -,L O 1 n-BulLi 1.95 25 62 100:0
Bh h 2 nBuli 1.0 25 29 100:0
H 3 n-BulLi 3.0 25 40 100:0
G 80:20 H 60:40 4 n-BuLi 3.0 —78 50 91:9
; 5 LDA 1.95 25 85 100:0
Figure 1. 6  LDA 3.0 25 49 100:0

partly due to salt effect¥. The observeds-selectivity with 7
and aromatic aldehydes agrees well with the results of MéYers,
Maryanoff28 and Mioskowski® for oxido ylides.

In sharp contrast to the aromatic aldehydes, aliphatic alde-
hydes and aldehydes with- or j-heteroatom showed no
evidence of equilibration, as titeZ ratios of room-temperature
guenches vs quenches a8 °C were essentially identical.
When reactions using aromatic aldehydes were conducted, n
precipitation, or very little, of the insoluble triphenylphosphine
oxide was observed. However, in reactions of aliphatic or
heteroatom containing aldehydes, upon addition of the aldehyde
to the ylide, instantaneous formation of triphenylphosphine oxide
was observed. The best selectivities were with aldehydes
containing a ring systera to the carbonyl (Table 4, entries 7
and 8)3° A working hypothesis for the observed selectivity with
heteroatom containing aldehydes is as follows (Figure 1). The
invariance of diastereomeric ratio with temperature indicates
that reactions of7 with aliphatic and heteroatom containing
aliphatic aldehydes proceed under kinetic conditions. In these
cases, the initial approach of the aldehyde solely dictated the
product geometries. Assuming that the stereochemistry is

established in the transition state leading to the oxaphosphetane§'

the E:Z ratio differences within the series of alkoxy aldehydes
may be accounted for by considering the transition states shown
in Figure 1. The two set of compounds, thatis andg-alkoxy
aldehydes, differ in reactivity, with the former being slightly
more reactive than the latter. The high&stelectivity observed
was with glyceraldehyde acetonide (ModelFigure 1). When

the structure€ and F are compared, the-alkoxy group is
oriented anti to the carbonyl oxygen to minimize dipetipole
interactions. In structurd-, the ether oxygen may provide
additional stability by interaction with the lithium cation and
thus account for the observed higlselectivity3! WhenF and

G are compared, reactions with the less reacfivalkoxy
aldehydes could proceed through a later transition state and
account for lowelZ:E selectivity.

(27) For an excellent discussion on stereochemistry and mechanism of
Wittig reactions using oxido ylides see: Vedejs, E.; Peterson. M.Topics
in StereochemistryEliel, E. L., Wilen, S. H., Eds.; Wiley: New York,
1994, Vol. 21, Chapter 1.

(28) Maryanoff, B. E.; Reitz, A. B.; Duhl-Emswiler, B. A. Am. Chem.
Soc.1985 107, 217.

(29) Boubia, B.; Mann, A.; Bellamy, F. D.; Mioskowski, G&ngew.
Chem., Int. Ed. Engl199Q 29, 1454.

(30) ForZ-selective olefinations with-alkoxyaldehydes see: Takanashi,
T.; Miyazawa, M.; Ueno, H.; Tsuji, JTetrahedron Lett1986 27, 3881.

(31) The observed highzf-selectivity for the glyceraldhyde acetonide
is mostly due to the reactivity of the aldehyde and the irreversibility of the
reaction. Formation of the alternatg){isomer places the rigid dioxolane
ring close to bulky phosphine.

o

2|solated yield after column chromatographkyRatios determined
by H NMR.

In the preliminary report for the reactions with the nucleo-
philic synthon, the double deprotonation of the phosphonium
salt was proposed to have prevented the substrate from race-
mization during ylide formation. To test this theory, we
subjected the synthon to several reaction conditions that involved
manipulating the number of equivalents of the base. The
standard reaction used 1.95 equivreBuLi as the base and
piperonal as the aldehyde. Yields a8 ratios for this reaction
were taken as the reference point.

Two reactions were run side by side; in the first reaction,
1.95 equiv ofn-BuLi was used, and in the second, only one
equivalent was used. Both reactions were quenched at room
temperature after a standard reaction sequence was performed
(Table 5). The reaction run under standard conditions gave the
E product exclusively in 62% yield (entry 1). The reaction with
one equivalent of base also gave thproduct exclusively, but
in only 29% yield. No racemization was observed in either case.
These results show that dideprotonation is necessary for higher
ield of the olefin product. This observation is consistent with
& competitive deprotonation of the-NH versus the formation
of the ylide. The K, values for the N-H and the PsPTCH;R
are similar (~20.6 for N-H3%2 and~21—22 for PRPTCH,R)33
and will compete for the single equivalent of base. When the
nitrogen is deprotonated, it precludes the formation of the ylide
and the yield is lowered. A second sequence was carried out
with 3 equiv ofn-BuLi (Table 5, entries 3 and 4). The reactions
gave the olefins in reasonable yields and in characteltg#c
ratios for the respective quenches. In this case, the yields were
lowered because the ylide was in direct competition with the
extra equivalent ofn-BuLi for the aldehyde. The butylated
product was formed in 60% (Table 5, entry 3) and 53% (Table
5, entry 4) yield and accounted for the mass balance of the
aldehyde. Even in the presence of an extra equivalent of base,
the olefins showed no signs of racemization. A third reaction
sequence was performed with 3 equiv of nonnucleophilic LDA
as the base. The standard reaction with 1.95 equiv was compared
to one using 3 equiv (Table 5, entries 5 and 6). The standard
reaction (1.95 equiv) gave significantly higher yields than the
one with 3.0 equiv. The major byproducts observed in this
reaction were piperonyl alcohol (28%) and triphenylphosphine
(26%). The piperonyl alcohol presumably arose from the base-
catalyzed Cannizarro reaction of the aldehyde, whereas the

(32) (a) Zhang, X.-M.; Bordwell, F. GJ. Org. Chem1994 59, 6456.
(b) Zhang, X.-M.; Bordwell, F. GJ. Am. Chem. S0d.994,116, 968.
(33) Bordwell, F. G.Acc. Chem. Red.988 21, 456.
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Scheme 2 Scheme 3
o) o] o] 0 0 0 o)
oAy Nerora A oHs nat K on OJLN_ - O)LN/CHS OJKN/CHa
/ 85% / Acetone  \—/, \—/.,) . \x+ \_/,OJ P \&+
“—QTs “—OTs 72% —l C_—Pphg PPhy  {—PPhg PPhg
4 37 38
7 40
o]
PPhs, DMF O)J\N,CHs dianionic ylide7 reacted with piperonal to give tHe product
e \_/ exclusively; however, the methylated ylid® gave a mixture
"",_pph3| of Z and E products and th& isomer predominated. The
39 substitution of the methyl group for the hydrogen3f has

nearly reversed the:Z trend that was seen fd@. The results

Table 6. Comparison of Ylide 7 and Ylide 40 in Side-by-Side from reactions, which were quenched-&Z8 °C, are shown in

Reactions entries 3 and 4 of Table 6. The temperature at which reactions
o )OL with 39 were quenched made little differenceB ratios, but
)k a) n-BuLi o~ NP chemical yields were lower when the reaction was stopped at
O\_JNP b) Piperonal  \__/, M lower temperature (Table 6, entries 2 and 4). The low chemical
" pph ¢) Quench = o yields observed for reactions witB9 can be explained by
3 h > considering the electrophilicity of the carbamate carbonyl. When
I o two equivalents of base is added@pthe acidic hydrogen is
39 P = CHy P - 84324(;5)([:_1)34(22)(2) abstracted, leaving a negative charge on the nitrogen which, by

resonance, is spread over the amide carbon and oxygen. This
temp of yield of drastica_llly r_educes the elect_r(_)philicity of the_ carbamate cz_irbonyl,

entry P eq-Buli quench{C) olefin (%) EZz&2 ee (%) protecting it from nucleophilic attack. Wittig s&89 and ylide

40, without the anionic nitrogen, contain reactive carbonyls that

1 H 1.95 25 78 100:0 >99 . . .

2 CH 1.0 25 27 4159 65 are susceptible to nucleophilic attack byBuLi. Thus a

3 H 1.95 —78 67 81:19 >9% competition between deprotonation to form the ylide and
4 ChH 1.0 —78 14 47:53 nucleophilic attack may lower the yields of the olefin products
5 CH 10 25 34 48:52 (vide infra)34 Increased chemical yields of olefins fra38 by

6 CHs 2.0 25 14 49:51

using a nonnucleophilic base (LDA, Table 6, entry 5) or more

2 Ratios determined byH NMR. ? Determined by comparison of  equivalents ofh-BuLi (Table 6, entry 6) were not realized.
optical rotationcto authentic sample oOE)( olefin 41 prepared by The loss of the anionic nitrogen ihalso opens up another
alkylation of 12. ¢ ee for the major isomef.LDA was used as the base. possibility for the decomposition of the ylide. When the ylide

was first investigated! it was theorized that the double

triphenylphosphine was a byproduct from decomposition of the deprotonation of the phosphonium sivas necessary to reduce
ylide. In neither case was any racemization observed. From thisth® possibility of 3-elimination. The negative charge on the
study, the highest yields were obtained when 1.95 equiv of the Nitrogen in 7 significantly decreases the likelihood of the
respective base was used. Too little base resulted in significant’-€limination pathway (Scheme 3). In order for the elimination
reduction in yields, whereas excess base increased the numbel® 0ccur, a double negative charge would reside on the nitrogen.
of side reactions. However, with the loss of the anionic nitrogen, as3B) the

One of the goals of the present study was to determine what Possibility of'th'eﬂ-.elimination pathway. is increasgd. In this
role the anionic nitrogen in ylid@ played in determining the ~ case, thes-elimination would leave a single negative charge

stereochemical outcome of the olefinic products. To better On @ highly stabilized amide. This stabilization of fhelimina-
understand this role, we prepared a phosphonium salt in whichtion pathway would lead to a much more unstable ylide and
the oxazolidinone nitrogen was methylated (Scheme 2). The Would reduce the yields significantly. Evidence for tifise-
synthesis of theN-methylated phosphonium saB9 was limination _pa_thway was observed by th_e _part_|al racemization
straightforward. Tosylatd was alkylated with methyl iodide ~ Of the olefin in Table 6, entry 2. The elimination mechanism
in 85% yield, givingN-methyl tosylate87 which was converted destroyed the stereocenterdf, and wher89 was regenerated

to theN-methyl iodide38 by displacement with sodium iodide by reclosure of the ring, a racemized Wittig reagent was formed.
in refluxing acetone. Aldehyde condensation with the racemized Wittig reagent

The replacement of the acidic hydrogen with a methyl group Produced racemic olefins. _
(6 vs 39) significantly altered the reactivity of the phosphonium ~ Conversion of Oxazolidinones tg8,y-unsaturated Amino
salt. The methylated Wittig saB9 was subjected to reaction Alcohols. Amino acids and amino alcohols containing unsat-
conditions that normally gave high yields of exclusivey ~ uration of defined geometry at theposition have attracted
olefinic products when using the nonmethylated Wittig €alt considerable attention. The conversion of oxazolidin-2-ones into
(aromatic aldehyde and method B). Wittig satand39 were the corresponding amino alcohols has been investigated. The
converted to their corresponding ylid@sand 40, using 1.95 best method available for this transformation, developed by
equiv ofn-BuLi for 6 and 1.0 equiv of-BuLi for 39. The results ~ Kuniedai® involved a two-step process. The first step was the
are summarized in Table 6. There were two major differences Protection of the oxazolidinone nitrogen as tieet-butyloxy-
between the two reactions. First, the reaction us@grovided (34) We believe that the major decomposition pathway is through ring
extremely low yields of the olefinic products; only a 27% yield opening of the ylide and nucleophilic attack at the carbamate carbonyl is
was observed (Table 6, entry 2). The nonmethylated Wittig salt f7in°r. For an ?éarlnp'eb‘)f ””Q.Ope”'TngNo_f E‘”ff’xag)“g'_”?\l”et '?y B,\‘IJ'E'Rsee:
6 gave a similar olefin in nearly triple the yield (Table 6, entry H'erfearg'c'yc,; C'Hen?lgglé ET;&',%T’ + e HeTen B d Tatale, LR
1). Second, theE:Z ratios were drastically different. The (35) Ishizuka, T.; Kunieda, TTetrahedron Lett1987, 28, 4185.
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Table 7. E:Z Ratios of Wittig Reaction Using Aldehydes sodium benzophenone/ketyl prior to use. Chloroform, hexane, agd CH
Containinga. and -Heteroatoms Cl, were distilled from calcium hydride. Standard benchtop techniques
o were employed for handling air-sensitive reagents, and all reactions
BOCHN H were carried .out under nitrqgen. Flash column chromatography was

UH 2. UBOC LI Ho\/\/z\ 4 performed using Merck 60 silica gel, 23800 meshH and'*C NMR
., sH _J:H R spectra were recorded in CRGit 270 (400) and 65 MHz, respectively.

N N Gas chromatography was performed on a DB-5 capillary column with

R R FID detector. Chiral HPLC analyses were performed using a Chiralcel

Key: a) BOC,0, NEtz, DMAP, CH,Cly; b) Cs,CO3, MeOH OD column (Chiral Technologies, Inc.). The minor (cis) isomers from

the Wittig condensation of aromatic aldehydes with ylidevere

. . obtained by column chromatography of reactions quenched at low
Entry R Oxazolidinone Yield (%) temperature£78 °C).

(S)-(—)-4-lodomethyl-2-oxazolidinone (5).A mixture of 6.50 g

(config,) Stepa Stepb (24.0 mmol) of tosylatel and 18.2 g (112 mmol) of sodium iodide in
B 100 mL of freshly distilled dry acetone was refluxed under dry nitrogen
! Ph ® & (43) 92 (45) 93 until the reaction was judged to be complete by reverse-phase TLC
2 -C14Hp9 (16) (E) (44) 88 (46) 86 [Re(tosylate)= 0.71,R(iodide)= 0.64 in 50:50 EtOAc/hexanes] and/
or 'H NMR (5 h). The reaction was cooled to room temperature, the
3 -(CH2),0Bn  (31) (2) (28) 772 47) 92 excess sodium iodide was filtered off, and the solids were washed with
>( ethyl acetate. The combined filtrate was concentrated on a rotary
4 0”0 (34 2 (36) 722 (48)92 evaporator. The crude yellow solid was dissolved in EtOAc and washed

with a saturated sodium sulfite solution until the layers became colorless.
The aqueous layer was extracted with EtOAc X550 mL). The

ajsolated yield after column chromatograpfyRatios determined ~ combined organic layers were dried over anhydrous Mg#@ filtered,
by H NMR. and the solvent was removed under reduced pressure to give 5.72 g of

a tan solid. Column chromatography using 75:25 EtOAc/hexanes
carbonyl carbamate using BOC anhydride. The second step wayielded 5.14 g of white solid (95%). The solids may be recrystallized
the catalytic hydrolysis of the cyclic carbamate by cesium fom an EtOAc/hexanes solution: mp 681 °C; R 0.53 (100%
carbonate (eq 4). This methodology was applied to a sample ofEtOAC)' H NMR (400 MHz, CDCE) 6 3.24 (m, 2H), 4.12 (m, 2H),

, \ o . . 4.53 (app. tJ = 7, 8 Hz, 1H), 6.43 (s, 1H)**C NMR (100 MHz,
olefins available from the Wittig reaction, with the results shown CDCl) 6 8.4, 53.0, 70.4, 159.5: IR (CHEI3448, 3255, 1767 cmi:

in Table 7 _The met_hodo_logy allowed for '_smoo'gh conve_rsion MS (GC-MS)mle 227 (M, 4), 100 (80), 86 (100)d]Z° —30.2 € 1.6,
of oxazolidinone with eitherE or Z configurations, with CH,Cl,). Anal. calcd for GHgNO,: C, 21.16; H, 2.66; N, 6.17.
applicability to simple (Table 7, entry 1) or complex (Table 7, Found: C, 21.25: H, 2.63; N, 5.95.
entry 4) side chains in excellent yields. No isomerization of  (S)-(+)-4-(2-Oxazolidonyl)-methyltriphenylphosphonyl lodide (6)
the olefin was noticed with either reaction. To verify that there A solution of the iodides (15.00 g, 66.08 mmol) and triphenylphosphine
was no racemization during the Wittig reaction and subsequent(175.04 g, 668.1 mmol) in 30 mL of dry DMF was stirred at 1D
transformations, we converted the primary alcohols to their for 61 h. The DMF was removed under vacuum, and the resulting
corresponding Mosher esters and established their optical purityresidue was triturated with dry THF to remove excess triphenylphos-
to be>97% by'H and% NMR 38 The allylic amino alcohols phme, fqllowe.d by repeated. washings with ether to aﬁord. a yellow
serve as precursors for the synthesigigfunsaturated amino Z‘ﬂadérzg;jes:lgi\)?’:; ;;VSSéag'isego/?)Og? :"ﬁgg/ Egﬁﬁcggdznggén an
acids, compounds with interesting biological profiles. Several (decomp):*H NMR (406 MHz, D,O) 6 3.79 (m, 1H)" 3.96 (m, 1H),
methods have been reported for the above transform#tion. 4 o4 (app. ddJ = 9, 5 Hz, 1H), 4.38 (app. dl = 9, 2 Hz, 1H), 4.54

_ (m, 1H), 7.85 (m, 15H)13C NMR (65 MHz, D:0O) ¢ 28.3 (d), 47.6,
Conclusions 69.2, 116.9 (d), 130.6 (d), 133.7 (d), 135.4, 157.8; IR (C§I3R28,

In summary, we have shown that a new nucleophilic alaninol 3174, 1771 cm¥ [’ +34.9 € 2.28, MeOH). Anal. calcd for
synthon is easily prepared from serine and that it undergoes Cz2121INO2P: C, 54.00; H, 4.32; N, 2.86. Found: C, 53.84; H, 4.41;
condensations with aldehydes smoothly and with high stereo- N’vz\/.ittig Reaction: General Procedure. €)-(R)-(+)-4-(2-Phenyl
selectivity. The resulting olefins can be easily converted to _, e AN y
allylic amino alcohols without any racemization of the chiral L-ethyleny))-2-oxazolidinone (8) Phosphonium saff (0.489 g, 1.00

dditi V. th . f dianioni . mmol) was placed in a flame-dried, 50 mL, three-necked, round-bottom
center. Additionally, the requirement for a dianionic species to flask, and the flask was evacuated and filled with an atmosphere of

preventf-elimination was also established. An application of gy nitrogen (). Freshly distilled dry THF (10 mL) was added and
the synthon in the enantiospecific synthesis of indolizidine the suspension cooled t678 °C; n-BuLi (0.79 mL, 1.9 mmol) was

alkaloid slaframine and its analogues is described in a recentadded over a 10 min period to give an orange-colored solution. This

paperz® solution was stirred at78 °C for 1 h, and benzaldehyde (0.093 mL,
0.91 mmol) was added slowly over 5 min. The solution was stirred for
Experimental an additional 2.5 h, the dry ice/2-propanol bath was removed, and the

reaction was allowed to warm to room temperature. The reaction was

quenched with a saturated MEl solution (~10 mL) and stirred for

10 min. THF was removed by rotary evaporation and the aqueous layer

extracted with EtOAc (3x 15 mL), and the combined organic layers
(36) Esterification of the primary alcohol with Mosher acid see: Svatos, Were dried with anhydrous MgSOThe drying agent was filtered off

A.; Valterova, |.; Saman, D.; Vrkoc, Lollect. Czech. Chem. Commun. and the organic solvent removed under reduced pressure to leave a

199Q 55, 485. thick yellow oil. Column chromatography using 60:40 EtOAc/hexanes
(37) For selected methods for the conversion of amino alcohols to amino yielded 0.1480 g of a white solid (86%) as a single ison®r (mp

acids: (a) Anelli, P. L.; Biffi, C.; Montanari, F.; Quici, 9. Org. Chem. o .
1987 52, 2559. (b) Pasto, M.; Moyano, A.; Pericas, M. A.; Riera, A. 140-145 °C; R 0.47 (50:50 hexanes/EtOACK] NMR (400 MHz,

Tetrahedron: Asymmetry995 6, 2329. (¢) Burgess, K.: Liu, L. T.; Pal, ~ CDCh) 60 4.11-4.15 (m, 1H), 4.52:4.60 (m, 2"12 6.09-6.15 (m, 2H),
B. J. Org. Chem.1993 58, 4758. (d) Beaulieu, P. L.; Duceppe, J.-S.; 6.60 (d,J = 16 Hz, 1H), 7.26-7.38 (m, 5H);**C NMR (100 MHz,
Johnson, CJ. Org. Chem1991, 56, 4196. (e) See refs 7 and 17b. CDCls) 6 55.1, 70.1, 126.4, 126.6, 128.4, 128.7, 133.7, 135.4, 159.6;

All reagents were used as received from the supplier. Compounds
2—4 have been previously described (see Supporting Informaten).
Tetrahydrofuran, ether, and 1,2-dimethoxyethane were distilled from
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IR (CHCI3) 3459, 1755, 1658, 1602 crij MS (DIP/EI) m/e 189 (M, Acknowledgment. We thank NSF (OSR-9108770 and OSR-
36), 144 (25), 130 (100)fl5’ +19.3 € 1.945, CHCI,). Anal. calcd  9452892), NSF-REU, and North Dakota State University for
for CuHuNOz: C, 69.83; H, 5.86; N, 7.40. Found: C, 69.63; H, 5.84; providing financial support for this work and the Metabolism

N, 7.32. . .
General Procedure for Hydrolysis of N-(tert-Butoxycarbonyl)- Research Laboratories (USDA-Fargo) for the use of their

2-oxazolidinones toN-(tert-Butoxycarbonyl)-amino Alcohols.A 1.0 polarimeter. Partial support for this work was provided by the
mmol quantity of theN-BOC-2-oxazolidinone was dissolved in 10 mL ~ NSF's Instrumentation and Laboratory Improvement Program
of distilled methanol and stirred at room temperature. A catalytic amount through Grant No. USE-9152532.

of cesium carbonate (0.3 mmol) was added, and the reaction was stirred

until TLC indicated that the reaction was complete (typicahy63h).

The methanol was removed by rotary evaporation and the crude residue  Supporting Information Available: Characterization data

dissolved in 10 mL of CkCl,. The organic solution was placed in a  for compounds9—27 and 37—39 and data for compounds
separatory funnel and washed with 15 mL of a 10% citric acid solution. pertaining to reactions reported in Tables 5 and 6. This material

The aqueous layer was back extracted with,Chi(2 x 10 mL), the . . . )
combined organics were dried over Mgs@d filtered, and the organic 1S available free of charge via the Internet at http://pubs.acs.org.

solvent was removed by rotary evaporation. This residue was column
chromatographed to give thé-BOC-amino alcohol. JA9906249



