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Ahatrad-a-Hydroxy- and a-mercaptwcarboxylic acids are condensed with pivalaidehyde to give 
2-t-butyl-S-substituted-l ,?l-dioxolanones or 1,3-oxathiolanones (2); the predominate cr&isomers are 
separateci by crystallization. The ci.rdisubstituted heterocycln 2 derived from lactic, mandeiic and malic 
acid furnish, after deprotonation with LDA, reaction with electrophiles such as alkyl halides, aldehydes 
and ketones, and hydrolysis a-branched a-hydroxy-carboxyhc acids (3,6,8,9,10). These result from an 
overall substitution of the proton in the a-CO position with retention of cot@uration. The optically active 
carboxylic acids are a-alkylated without racem& tion and without employment of a chiral auxiliary 
(“self-reproduction of chirality”, Scheme 1). The diastereoselectivities (ds) are generally > 95% (Table 1, 
2, and 29-25). 

The three most important classes of compounds in 
the pool of chiral building blocks5 are carbohydrates, 
aminoacids and hydroxy-carboxylic acids. In con- 
trast to the carbohydrates, many representatives of 
the other two groups are now available in both 
enantiomeric forms, for instance lactic acid,“’ 
mandelic acid, malic acid,8 tartaric acid,*” and 
phenyl-lactic acid.‘* The variety is further increased 
by the fact that optically active aminoacids can 
readily be converted to a-hydroxy-carboxylic acids 
with retention of configuration.” Thus, it is not 
surprizing that compounds of this type are used 
frequently as starting materials for the synthesis of 
other enentiomerically pure products. The usefulness 
of a-hydroxy-carboxylic acids as building blocks for 
such EPC-syntheses2 would be even larger, if 
methods became available, by which they could be 
r-alkylated without racemization and without 
employment of chiral auxiliaries. a -Branched 
a-hydroxy-carboxylic acidsI have thus far been syn- 
thesized in optically active form by more or less 
elaborate asymmetric synthesesi or by multistep 
conversions of carbohydrates.” 

As part of our investigations on chiral lithium 
enolates derived from optically active a- and 
/I-heterosubstituted carboxylic acids,‘*” we prepared 
acetal-type derivatives of a-hydroxy- and 
a-mercapto-carboxylic acids and alkylated them with 
self-reproduction of chirality, see Scheme 1. In this 
process, a carboxylic acid A is selectively converted 
to an acetal with ci.s- or trans-configuration derived 
from pivalaidehyde. The original asymmetric center 
can then be destroyed to form an enolate E which is 
non-racemic due to the auxiliary acetal-type center. 
This in turn can be expected to direct an incoming 
electrophile so that one of the possible diastereomeric 
products B prevails. The auxiliary center can then be 
sacrificed to give an enantiomerically pure or en- 
riched product P, This product is related to the 
starting material A by a substitution of the a-proton 
either in a retention (A-+cis+E+E+P) or in an 

inversion mode (A+rrmw:-*E-*B+P}. Both en- 
antiomers P and P are thus available if (a) either the 
cis- or the franr-acetal is accessible from A selec- 
tively, or if(b) either one of the enantiomeric starting 
materials A or A can be employed. 

The present paper describes examples of the appli- 
cation of this principle to a-hydroxy- and 
a-mercapto-carboxylic acids. Instead of pi- 
valaldehyde as a source of the auxiliary asymmetric 
C atom 2-ethyl-butanal or benzaldehyde may also be 
used.16 The preparation and use of analogous 
a-aminoacid derivatives is described elsewherelc*ic, so 
is the application to a four step frontaline synthesis 
from lactic acid.id 

Preparation of the dioxolamtes and oxathiokznones- 
configurational assignments 

Acid catalyzed acetalixation of pivalaldehyde with 
the a-hydroxy- and a -mercapto-carboxyEc acids 1 in 
pentane, with azeotropic removal of the water- 
formed, produces mixtures of the cis- and trans- 
substituted heterocyclic compounds 2. Except with 
2g, it was possible to separate the c&/tra&somers 
by crystallization. The “undesired” isomer can be 
hydrolized back to the starting materials. 

The configuration of the major diastereomer was 
determined to be cb or I” in the case of the lactic acid 
derived dioxolanone 2a by NOE measurements: irra- 
diation with the ‘H-NMR frequency of the t-butyl 
protons caused a 9% intensity increase of the quartet 
signal from the proton in Sposition of one isomer 
(rrans) and no change with the other isomer (cis). The 
configurations of the major isomers of 2b through 2f 
are assigned to be cis by analogy with 2a, by com- 
parison with published ‘H-NMR data of diox- 
olanones and oxathiolanonesy and on the basis of 
generalizations about the steric course of reaction of 
enolates of type E (Scheme 1). In order to elaborate 
the last-mentioned point, we first have to examine 
some of the results of the alkylations and hydroxy- 
aikylations of these enolates. 
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In eight cases the heterocyclic products B (Scheme 
I) were chemically correlated for configurational 

2-hydroxy-2-methyl-butanoic acidU (3), (R)-( + )- 

assignment, see Scheme 2. Thus, in the overall pro- 
2-methyl- 1 ,2-butandio126 (4) and -hexaudioi2’ (S), 
(2R,3S)-( - )-2,3-uWy&oxy-pen~mroic UC@ (a), and 

asses, (S)-lactic acid was converted to the following (I?)-front&n” (7). Likewise, (S)-( + )-mandelic acid 
compounds of known co&ur&ion: (A)-( -)- gave (S)-( +)-atrolactic acida* (8) and 

C’s \ f” / bans 

Ii X 

R 

$heme 1. a-Alkylation of an acid A to a product P with se&reproduction of chirality. 

1 
la: (S )-lactic acid 
lb: (Qphenyl lactic acid 
Ic: (Qmandetic acid 
ld: (S)s-hydroxyisovaleric acid” 
le: (Sj-malic acid 
1E ( f )-thiolactic acidI 
lp: ( f )-thiomalic acidI 

h-2 trans-2 
2p: R = CHI, X = 0 (93%. 4: 1) 
tb: R = CH$& X = 0 (877& 5: 1) 
k: R=C& X=0 (82x, 2O:I) 
2d: R==CH(CH&, X-O (sOo/, 5:1) 
2c: R=CH2C00H, X-O (9So/ 3:2 or 5O:l)‘” 
21: R=CH,, x-s (9277. 2.5:1) 
Zg: R = CH,COOH, X = S (7204, 1: I)= 
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bottom of Scheme 2); further results supporting this 
view will be presented below. 

AIkylation of the enolates &rived from the major 
isomer of 2 

The separated main-products 2 with &- 
arrangement of the substituents are deprotonated 
in tetrahydrofuran (THF) with lithium diisopro- 
pylamide (LDA) or hexamethyldisilazide (LHMDS, 
recommended for 2b) at -78”. A somewhat lower 
concentration and addition of the heterocycles 2 to 
the base are necessary in some cases in order to avoid 
self-addition (+13) from competing with formation 
of enolates33 11. Primary alkyl, ally1 and benzyl 
bromides and iodides can be used to introduce a 
second suhstituent in the 5-position of the diox- 
olanone by enolate alkylation. The products 12 are 
collected in Table 1. The diastereoselectivities are 
constantly high, mostly above 95% as determined by 
‘H-NMR spectroscopy or capillary gas chr+ 
matography. In the case of the malic acid derivative, 
the carboxylic group is protected as the Li salt, see 14. 
Some of the products derived from lactic acid were 
reduce@ with lithium aluminium hydride (LAH) to 
the diols 4, 5, 15, 16, which in turn have been 
converted” to the l,ldi-substituted oxiranes 
V-useful chiral building blocks. In some cases, 
products 19 of the enantiomeric series were also 
prepared through enolates 18, see Table 2. 

OLI ?!x’x I 
R 

Scheme 2. Configurational correlation of some products 
from S-lactic, S-mandetic, and S-ma& acid. 

(S)-( + )-Zpropyl-mandelic acid% (P), and finally 
(S)-( - )-malic acid gave (S)-( + )-citramalic acid” 
(lo), see Scheme 2. In all these cases, the a-carbonyl 
H atom sitting in the (Re)-half-space has been re- 
placed in an electrophiiic substitution by an alkyl or 
hydroxyalkyl group with retention of configuration. 
In all three cases, the major, thermodynamically 
more stable isomer of the dioxolanones 2a, 2c or 2e 
was used as starting material, and the products were 
obtained with more than 90”/, enantiomeric excess 
(%ee), see Experimental. 

Since the lactic-acid-derived major dioxolanone 2a 
was assigned the c&zo&uration, i.e. (S,S)-chirality 
when made from the (S)acid, the relative topicity of 
approach of the electrophiles on its enoiate is 
specified23 u/-l .3, see bottom part of Scheme 2. We 
assume that the same steric course, i.e. attack of the 
face opposite to the t-butyl-group, is followed in the 
other cases as we1L3* Although much more ten- 
tatively, we also propose the relative topicit? fk for 
all additions to aldehydes, as found for the bond 
formation between the two trigonal, two- 
dimensionally chiral centers of propanal and the 
enolate derived from lactic acid (right side at the 

I4 

0 

hx X F-R' 

R2 

’ 16: R=C& 

18 

17 
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Table 1. Products I2 of alkylation of the enolates 11 derived from the major diastereomers 2” 

Product 

I2 - 

a 

b 

C 

d 

e 

f - 

9 

!I 

i 

k 

1 

m 

n 

0 

e 

R'/X 

CH3/0 

CH-p 

Q$/O 

CH$O 

CH3/0 

CH3/0 

C6H5/0 

CH2C6H5/0 

CH2C6H5/0 

CH2C6H5/0 

CH2C6H5/0 

CH2COOH/O 

CH2COOH/O 

CH2COOH/O 

CH3/S 

The yields are those of chromatographed, distilled or recrystallized material. If 
diastereoselectivities > 95% are given, no second isomer has been detected by 9OMHz ‘H-NMR 
spectroscopy, while specific % ds-values above 95% have been determined by capillary GC. The [a]D values 
were measured with CHCI, solutions at ambient temperatures. The m.p. an unuxrectad. For experimental 
details see general procedures. The yields of 12a-12l and of 12p were obtained with LDA, those of Em, 
12n, 12~ with LHMDS as the base for deprotonation. The yields of the phenyllactic acid derivatives 
Oh-121 can be greatly improved by using the latter base (Table 2). 

R2 

(halide used) 

C&i (1) 

C3H7 (1) 

C4H9 (1) 

C7"J5 (1) 

CH2-CH=CH2 W-) 

CH2-C6H5 W) 

C3H7 (1) 

CH3 (1) 

CzHs (1) 

C3H7 (1) 

CH2-CH=CH2 (Br) 

CH3 (1) 

CH2CH.CH2 (Br) 

CH2C6H5 (8r) 

CH2CH=CH2 (W 

yield 

1x1 

?A ds 

82 97 

72 97 

68 97 

84 96 

77 98 

81 96 

84 95 

30 > 95 

45 > 95 

40 s 95 

40 b 95 

79 > 95 

76 > 95 

77 ' 95 

92 > 98 

+43.8' 

+28.8' 

+26.6' 

t30.7O 

+52.9° 

t57.6' 

t29.9O 

-27.5' 

- 9.7o 

-14.6' 

t 5.z" 

t20.9O 

t66.0' 

t65.3O 

Reactions of endates from 2 with nldehya2.s and 
ketones 

ketones (422, 23) furnish prtiucts containing three 

The enolates of type 11/14/M are surprisingly 
asymmetric C atoms. Of the possible four di- 

nucleophilie and show little basicity, as evident from 
astereomers, only two are formed, usually one with 

the good yields of adducts (ZOa, 2Qh, 22,24) obtained 
strong preference (see the % ds values under the 
formulae). 

with acetone, cyclopentanone and acetophenone. Ad- 
ditions to aldehydes3s (-+21, 25) and unsymmetrical 

We assume that the sole adducts 20 to symmetrical 
ketones are formed with relative topicity ul-1.3-just 

Table 2, Products 19 of alkylation of the enolates 180 

Product 

19 - 

a 

!? 

C 

i! 

e 

R' 

CH3 

CH2C6H5 

CH2C6H5 

CH2COOH 

CH2COOH 

(halide used) 

~,COWCH,), (Cl) 

C2% (1) 

CH2-CH=CH2 (8rf 

Ui2-CH-CH2 WI 

CH2-C6H5 W-1 

yield 

76 

74 

78 

83 

84 

lalO 

t53.5O 

t 9.8' 

- 5.1° 
I 

-61.6O ; 
I 

-61.1' 
I 

me enolates 18 were generated either (KM, 1%) from the minor (runs) diastereomer 2 or (l%, 19b, 
UC) from the ckdiastereomer obtained from @)-acid rather than from @)-acid 1. Details as given in the 
legend of Table 1. In all but the first sase (-19s) LHMDS was employed as base. All diastereosefectivities 
are above 95% ds. 
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Table 3. Comparison of the ‘H-NMR shifts (circled values, in ppm) of some characteristic signals from 
the adducts of the @)-lactic acid derived enolate with aldehydes and ketones” 

MAJOR(u) DIASTEREOMER MINOR 6, 

21a 

21b* 

2le 

22 

* CL ~m~cat caretotton with 6 

me main-conformers are assumed to be the hydrogen-bonded OMS shown in ah cases. The acetal 
hydrogen of the u-isomer obtained with aliphatic aldehydes appears at lower field than that of the 
l-isomer; with the products from benzaldehyde and acetophenone a reversed behaviour is observed. 

J,=lHz,J,=7Hz, IH), 1.48(d,J=7Hz,3H),0.98(~, 
9 H). ‘%I-NMR (CDCl,): S 173.17 s, 109.07 d, 71.36d, 34.16 
S, 30.40 q, 16.14 q. MS m/e: 114, 101, 73, 57, 45. (Found: 
C, 60.74; H, 9.02. Calc for GH,,03: C, 60.74, H, 8.920/,.) 

fruns-t: ‘H-NMR (CDCl~): 6 5.30 (d, J = 1 Hz, t H), 
4.36 (d x q, J, = 1 Hz, J, = 7 Hz, IH), 1.44 (d, J = 7 Hz, 3 
H), 0.96 (s, 9 H). 

(2S,5S) - 5 - Benzyi - 2 - (I - bury/) - 1,3 - &xokzn - 4 - 
one (cis-2b). From 35 g (210 mmol) of S-( -)-lb and 43 g 

(500 mmol) of pivalaldehyde 43 g (87%) of 2b as a 5: 1 (a) 
(cti/frun.s) mixture was obtained. After two re- 
crystallizations from ether/pentane at - 30”. 33 g (67%) of 
cFr3b (ds 99% (b)) was obtained, m.p. 56-58”. [a@ - 45.9” 
(c = 1.80; CHCI,). IR (KBr): 3060 w, 2960 m, 1785 s, 1220 
m, 1195 m, 1185 m, 1105 m cm-‘. ‘H-NMR (CDCI,): 6 7.25 
(s, 5 H), 5.09 (d, 1 Hz, 1 H), 4.504.38 (m, 1 H), 2.30-2.76 
(m, 1 H), 0.85 (s, 9 H). MS m/e: 234, 121. 91, 57. (Found: 
C, 71.82; H, 7.90. Calc for C13H,,03: C, 71.76; H, 7.74x.) 
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trnns3b: ‘H-NMR (CIXl,): b 7.25 (s, 5 H), 4.82 (d, 
J = 1 Hz, 1 H), 4504.38 (tn. 1 H), 3.30-2.76 (m. 2 H), 0.85 
(s, 9 W. 

(2SSS) - 2 - (t - BuIyl) - 5 - phenyl - 1,3 - &5x5&n - 4 - 
one (cis-lk). From 18.6 g (122 mmol) of (S)-( + )-lc and 43 g 
(500 nunol) of pivalaldehyde 25.8 g of crude &-dioxolanon 
2e (98% ds (b)) was obtained. One recrystallization from 
etherlpentane gave 22.Og (SzO/,) of tip-2e as colouriess 
crystals. ( > W/, ds (b)), m.p. 140”. [aB + 88.7” (c = 1.2; 
CHQ). IR(KBr): 2980 m, 1800 s, 1205 m, 1090 m, 975 s 
cm-‘. ‘H-NMR (CDCl,): 6 7.28 (m, 5 H), 5.28 (d, 
J= ISHz, 1 H), 5.19 (d, J= 1.5Hg 1 H), 1.04 (s, 9 H). 
“C-NMR (CDCQ: b 171.72 s, 133.73 s, 129.11 d, 128.70 d, 
127.09 d, 109.27 d, 77.00 d, 34.46 s, 23.63 q, MS m/e: 220, 
135, 107, 70, 57. (Found: C, 70.94, H, 7.44. Calc for 
CuHib03: C, 70.89; H, 7.32%.) 

(2S,5S) - 2 - (t - Eutyl) - 5 - (isopropyl) - I,3 - &ox&m - 
4 - one (c&&I). From 20 g (I 70 mmol) of S-f + bid and 30 g 
(340 mmol) of pivalaldehyde 15.7 g (WA) of 2d was ob- 
tained after Kugelrohr distillation as a 5: 1 (a) (cis/rrarts) 
mixture. Recrystallization from ether/pentane at -78” gave 
11.2 g (36%) of &s-&I ( > 95% ds (a)), b.p. 110*/O. 1 mm Hg. 
[a% - 6.9” (c = 2.9; CHCI,). IR (Ccl,): 2990 m, 1795 s, 
1100 m, 990 m. ‘H-NMR (CDCI~): 5.10 (s, f H), 4.06 (d, 
J = 5 Hz, 1 H), 2.20 (m, 1 H), 1.10 (d, J = 7 Hz, 3 H), 1.05 
(d, J = 7 Hz, 3 H), 1.00 (s, 9 H). (Found: C, 64.47; H, 9.69. 
Calc for C,&I,,Oj: C, 64.49; H, 9.74x.1 

(2SSS) * 2 - (2 - Bulyl) - 5 - (methoxycarbonyf) - I,3 - 
dioxolan - 4 - one (cis-2e). To a suspension of 40g 
(300 mmol) of S-( - )-malic acid in 500 ml of pentane 40 g 
(465 mmol) of pivalaldehyde, 5 g of p-toluenesulfonic acid 
and 5 drops of cont. sulfuric acid were added. After 
acctalization under the usal conditions, the cooled resulting 
suspension was filtered. The filter cake was dissolved in 
400ml of CH2C1r and washed twice with 2OOml of 8% 
aqueous phosphoric acid. The soln was dried over MgSO, 
and concentrated to half the volume under reduced pres- 
sure. Crystallization at -80” gave 40.2 g (6704) ( > 98% ds 
(a)) of cis-2e as wlurless crystals. The combined mother 
liquors yielded I6 g (280/,) of a diastereomeric mixture which 
could be recycled as described above, m.p. 102-W”. 
[alb) - 2.3” (c = 1.3, CHCQ. IR (CHCl): 2960 s, (br.), 1790 
s, 1720 s, 115 m cm-‘. ‘H-NMR (CDCI,): S 10.6 (br. s, 1 
H), 5.20 (s, 1 H), 4.16 (dd, J, = 4Hz, Jr = 4H2, 1 H), 
3.17-2.60 (m, 2 H), 1.00 (s, 9 H). 

firms-2d: m.p. 114-117”. [a#+ 23.1” (c = 1.1; CHC13. 
‘H-NMR (CDCI,): 6 10.3 (br. s, 1 H), 5.34 (d, J = 2 Hz, 1 
H), 4.63 (d x t, J, = 2 Hz, J, = 5 Hz, 1 H), 2.94 (d, J = 5 Hx, 
2 H), 0.98 (s, 9 H). (Found: C, 53.52; H. 6.94. Calc for 
C$I,,O< C, 53.46; H, 6.98x.) 

2 - (I - Buiyl) - 5 - methyl - 1,3 - thioxolun - 4 - one (ci9-29. 
Racemic thiolactic acid (12) (52 g, 0.5 mol) and 86 g (1 mol) 
of pivalaldehyde gave, after Kugelrohr distillation, 2f (80 g, 
92%) as a mixture of two diastereomers (71% ds (b)). 
Recrystallization from ether&mane at - 80” gave the same 
cis diastereomer 21, B.p. 57”/1 mm Hg. IR (CHCl& 2960 s, 
1755 s, 1365 m, 1275 m, 1035 m, 1015 s an-‘. ‘H-NMR 
(CDCI,): 6 5.23 (s, 1 H), 4.00 (q, J = 7H2, 1 H), 1.57 (d, 
J = 7 Hz, 3 H), 1.03 (s, 9 H). “C-NMR (CDCQ 175.17 s, 
87.99 d, 41.14 d, 34.86 s, 25.04 q, 17.18 q. MS m/e: 174, 117, 
89, 57,41. (Found: C, 54.79; H, 8.72. Calc for ~H,,O,S: C, 
55.09; H, 8.10x.) 

tram-2E ‘H-NMR (CDCI,): 5.23 (s, 1 H), 3.90 (q, 
J=7Hz, 1 H), 1.60 (d, J=7Hz, 3 H), 1.03 (s, 9 H). 
“C-NMR (CDCI,): 175.78 s, 8799 d, 40.62 d, 36.53 s, 24.75 
q, 19.43 q. 

2 - (I - Butyl) - 5 - (merhoxycurbony/) - I,3 - thioxolun - 
4 - one (2s). From 75.0 g (0.5 mol) of racemic thiomalic acid 
and 86.0 g (1 .O mol) of pivalaldehyde 93.7 g (86%) of 2g, as 
a cis/frwrs mixture (50”/, ds (a)), was prepared according to 
the procedure for the malic acid acetahration. It was not 
possible to separate the diastereomers, m.p. 103-110”. IR 
(CHCI,): 3100 m (br.), 2970 m, 1720 s, 1400 m, 1195 m, 1040 
m cm- ‘. ‘H-NMR (CDCI,): b 9.80 (br. s, 1 H), 5.38 (s, 1 

II), 4.46-4.06 (m, 1 H), 3.15-2.63 (m, 3 H), 1.02 (s, 9 H). 
MS m/e: 218, 161, 151,87,70,57,41. (Found: C, 49.48; H, 
6.54, S, 14.56. Calc for C+H,,O,S: C, 49.54; H, 6.47; S, 
14.690/,.) 

General procedure for reactions of the enolate from the 
dioxolm~ne 2 with vartous electrophiles. A 10 nun01 run is 
described. Unless noted otherwise, 10 mmol of 2 was added 
to a soln of 10.5 mmol of LDA in 70 ml THF-hexane (9: 1) 
at - 78”. After 45 min at - 78”, 15 mm01 of the eleetrophile 
was added and the temp was alfowed to warm up to cu - 20” 
over a period of 3 h. The reaction soln was poured into 
lOOmI of half-sat ammonium chloride soln and extracted 
twice with lOOmI of ether. The organic layer was dried 
over MgSO, and the solvent removed in uacuo. Specific 
details are given for each compound. 

(2S,SR) - 2 - (f - Butyl) - 5 - erhyl - 5 - methyl - 1,3 - 
dioxolun - 4 - one (12s). Et1 (2.4g, 15 mmol) and 1.58g 
(10 mmol) of cis-2a gave, after Kugelrohr distillation the 
product 12a (1.53 g, 82%) (97% ds (b)) as a wlouriess liquid. 
B.p. 1 lo”/16 mm Hg. [a]8 + 43.8” (c = 2.52, CHCl3. IR 
(CDCf,): 2980 m, 1775 s, 1145 m, 1075 m, 975 m cm -I. 
‘H-NMR (CDCI,): 6 5.16 (s, 1 H), I%-1.64 (m, 2 H), 1.40 
(s, 3 H), 1.00 (t, J = 7 Hr., 3 H), 0.94 (s, 9 H). MS m/e: 187, 
129, 101, 73, 57, 43. (Found: C, 64.32; H, 9.76. Calc for 
C&,803: C, 64.49; H, 9.74”/) 

(2S,5R) - 2 - (I - Btttyl) - 5 - methyl - 5 - propyl - I,3 - 
dioX5llZtt - 4 - one (12b). PrI (5.1 g, 30mmol) and 4g 
(25 mmol) of c&h were used. Kugelrohr distillation 
afforded 3.6 g (72%) 12b as a wlourless liquid (97% ds (b)), 
b.p. 105”/19 mm Hg. [a]$+ 28.8” (c = 2.46, CHCI,). IR 
(film): 2960 s, 1795 s, 1635 m, 1345 m, 1180 s cm- ‘. 
‘H-NMR (CDCI,): 6 5.17 (s, I H), 1.80-1.45 (m, 4 H), 1.40 
(s, 3 H), 1.0@-0.88 (m, 3 H), 0.92 (s, 9 H). MS m/e: 201, 173, 
115, 87, 57. (Found: C, 65.91; H, 10.00. Calc for C,,H,03: 
C, 65.97; H, iO.O7%.) 

(2S,5R) - 5 - Butyl - 2 - (t - butyl) - 5 - methyl - 1.3 - 
diox&n - 4 - one (12e). From BuI (7.4 g, 40 mmol) and 4.6 g 
(29 mmol) of cis-2a 4.4 g (69”/,) of 12e was obtained as a 
wlourless liquid (97% ds (b)), b.p. 100”/16mm Hg. 
[a]B + 26.6” (c = 4.48; CHCI,). IR (film): 2950 s, 2920 s, 
1795s, 1480s. 1155s,980sem-‘.‘H-NMR(CDCl,:65.15 
(s, 1 H), 1.60-1.85 (m, 2 H), 1.40 (s, I H), 1.10-1.50 (m,,7 
H), 0.92 (s, 9 H). MS m{e: 215, 202, 158, 102, 57. (Found: 
C, 67.18; H, 10.40. Calc for C,,H=O,: C, 67.23; H, 10.35x.) 

(2S,5R) - 2 - (I - Butyl) - 5 - heptyl - 5 - methyl - 1.3 - 
dioxolan - 4 - one (126). Heptyl iodide (9.0 g, 30 mmol) and 
4.0 g (25 mmol) of cis-2a gave, after Kugelrohr distillation, 
the product 12d (5.3 g, 84%) as a pale yellow liquid (96% ds 
(b)), b.p. 120°/16 mm Hg. [a#+ 30.7” (c = 1.05; CHCI,). 
IR (tilm): 2960 s, 2930 s, 2840 s, 2820 s, 1800 s, 1175 s cm - I. 
‘H-NMR (CDCId: 6 5.16 (s, lH), 1.52-1.90 (br., m, 4 H), 
1.40 (s, 3 H), 1.18-1.36 (br., s, 8 H), 0.94 (s, 9 H), 0.84-8.90 
(m, 3 H). MS m/e: 212, 199, 143, 125, 57. 

(ZS,SR) - 5 - A&l - 2 - (t- -bury!) - 5 - methyl - 1,3 - 
dioxokzn - 4 - one (12e). Allylbromide (1.8 g, 15 mmol) and 
1.58 g (10 mmol) of cis-2.a were used. Kugelrohr distillation 
afforded 0.96 g (77”/,) of 12e (98% ds (b)) as a colourless oil, 
b.p. 130“/12 mm Hg. [a]g + 52.9“ (c = 2.23; CHCI,). IR 
(CHCI,): 2970 m, 1770 s, 1165 m, 1080 m, 985 m cm -I. 
IH-NMR (CDCI,): d 6.04-5.58 (m, 1 H), 5.32-5.06 (m, 2 H), 
5.18 (s, 1 H), 2.60-2.32 (m, 2 H), 1.42 (s, 3 H), 0.92 (s, 9 H). 
13C-NMR (CDCQ: 6 174.73 s, 130.80 s, 119.9 1 t, 108.12 d, 
79.39 s, 40.47 t, 34.22 s, 22.95 q, 22.41 q. MS m/e: 198, 157, 
129, 113, 87, 57, 43. (Found: C, 66.57; H, 9.32. Calc for 
C,,H,sOa: C, 66.64; H, 9.15%.) 

(2S.5R) - 5 - &nzyl - 2 - (t - buzyf) - 5 - methyl - 1.3 - 
&xoi@t - 4 - one (1X). From benzylbromide (1.9 g, 
11 mmol) and 1.58g(10mmol) of ck-2a 2.Og (81%) of 12f 
was obtained (96”/, ds (b)) after Kugelrohr distillation as a 
pale yellow resin. B.p. 140”/0.001 mm Hg. [aB+ 57.6 
L ;2&$&HCl,). IR (CHCl,): 296@ w, 1775 s, 1135 s, 1070 

-‘, ‘H-NMR (CDCl&: S 7.25 (s, 5 H), 4.44 (s, 
1~),3.11(d,H=13Hz,1H),2.83(d,J=13Hz,1H),1.41 
(s, 3 H), 0.83 (s, 9 H).“C-NMR (CDCI,): 6 175.19 s, 134.96 
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distillation afforded I .97 g (9PA) of f2p (998% ds (a)) as a 
colouriess liquid, bq. W/O.5 mm Hg. IR (CHCQ: 2960 s, 
1750 s, 1280 m, 1135 m, 1040 m cm-‘+ ‘H-NMR {CDCQ: 
6 6.23-5.56 (m, 2 H), 5,4&I-5.03 (m, 2 H), 5.16 (s, I H), 
2.83-2.47 (m, 2 H), 1.56 (s, 3 H), 1.03 (s, 9 H). 13C.NMR 
(CD&): S 176.62 s, 132.10 d, 120.16 t, 86.38 d, 54.70 s, 
44.98 t, 35.07 s, 25.63 q. 24.85 q. MS m/e: 214, 173, 12.4, 
100, 85, 59. (Found: C, 61.54, H, 8.43; S, 14.80. Calc for 
C,,H,,O,§: C, 61.64; H, 8.42; S, 14.%x.) 

(l’S,SR) - 3,g - III - (t - ~~~~ - 5 - [I’ - irydroxyeet&~] - 
2,4,?,9 - #etraoxabi&yc~014,3,01CrlnoMn - 5 - in&? (na). T-5 a 

stirred soln of 1.58 g (Idmm& of &r-h in 40 & b THF 
at -78”. 5 ml of 1 M LDA soln in THF-hexane 1:3 was 
added. The temp was allowed to warm to -30” over a 
period of 2 hr. After usual work up and ncrystallization 
from ether-pentane, I .42 g (SPA) of 13 was obtained as a 
pure diastereomer, m.p. 147”. [a% f 21.1” (c = 0.9; CHCl,). 
fR (K&f: 3480 m pi.), 2970 m, 1775 s, ltl?O m, 1045 m 
cm-‘. ‘H-NMR (CDCI,): 6 5.32 Is, f H), 4.51 (s, 1 H), 4.34 
(q, J = 6Hl i H), 3.06 (s, 1 Hf, i.40 (s, 3 H), 1.33 cd, 
J = 6 HZ 3 H), 0.95 (s, 9 H), 0.88 (5, 9 HI. W-NMR 
(CD&): 6 172.40 s, 110.06 d, 109.81 d, 102.10 s, 83.10 s, 
75.82 d, 34.52 s, 33.53 s, 24.07 q, 23.25 q, lg.86 q, 13.% q. 
MS m/e: 315, 259, 158, 145. 87, 70. Maw determination 
gave 311. (Calc for C,,H,O,: 316.) (Found: C, 60.78; H, 
9.02. Calc for C,J&,O,: C. 60.78: H. 8.92X.1 

~” .” ” 

(i’S,6R) - 3,8 - 6 - &trz~~ -. 1 i (2’ --&enyl - 1’ - 
hydroxyerhyi) - 3,s - di - (t - htyi) - 2.4,7,9 - 
rerraaxabicyclo[4,3,0~~~ - 5 - one (13b). Chromatography 
(pentane-etber 2: 1, RF 0.38) of the residue from the dis- 
tillation of 121 gave tbd dimir 13b in 20% yield. Subl. point: 
209-2 11’. [@g - 38.9” (c = 1.40, CHCi$ IR (KBr): 3450 s, 
br., 2980 s, 2960 s, 1770 s, 1 I SO s cm - ‘. ‘H-NMR (CDCI,): 
rlj 7.26 (s, 5 Hf, 7.18 (s, 5 Hf, 5.30 Is, 1 H), 4.32 (s, 1 H), 
3.33-2.94 (m. 5 HI. 1.60 Is. 1 HI. 0.93 fs. 9 H\. 0.50 Is. 9 HI. 
MS m/e: rii i, 23$ 91, Si.’ (Found: C; jl.27;-H, 7.ii. Cai‘c 
for CZllHX06: C, 71.77, H, 7.74%. Molecular weight: Found 
460; Calc 468.) 

(2RSS) - 2 - (1 - Buryl) - 5 - (dimethylcarbwnoybnerhyf~ 
5 - methyl - I,3 - dioxokm - 4 - one (19n). From l.Sgg 
(IOmmol) of the enantiomer of &-2a obtained from 
(R)-(--) lactic acid and 1.5og (12mmol) of 
N,Ndimathy~~h~~r~~de 1.85 g (76%) of 19a ( > 93% 
ds (a)) was obtained as Folouriess crystals afier KugeErohr 
distillation. M.p. 7P, b.p. iOO”~O.OS mm Hg. [a]zd + 33.3” 
(c = 1.89; CHCI,). IR (CHCl,): 2970 m (br,), 1785 s, 1650 s, 
l4OOm. 99Omcm-I. ‘H-NMR (CDCI,): 6 5.43 (s, 1 H), 
X10-2.87 (m. 8 H), 1.U) (s, 3 H), 0.97 (s, 9 H). MS m/e 244, 
243, 186, 140, 130, 72, 46. (Found: C, 59.4z; ii, 8.67; N, 
5.86. Cafe for C,,H,,NO,: C, 59.24; H, 8.70; N, 3.76x.) 

(ZR,5R) - 5 - Ally! - 2 - ft - My!) - 5 - ~~t~xycu~~ny~~ - 
I,3 - dioxolatr - 4 - one (1%). Ally1 bromide (IJOg, 
10.5 mmof) and 1.01 g (5 mmoi) of rrmrs-2e 8ave l.OOg 
(83%) of crude 1%. [a]8 -61.6” (c =0.68; CHCI,). Ail 
other physical data are identical with 12a. 

(2R,5R) - 5 - Benryl- 2 -(t - buryl) - 5 - (m&oxycarbonyi) - 
1.3 - dioxolon - 4 - oae (1%). From 1.01 g (3 mmol) of 
trans-la and 1.808 (lO.Smmol) of benzyi bromide 1.22g 
(84%) of 19e was obtained. 611: - 61.1” (c = 1.3, CHCl,]. 
Ail other physical data are identicai with 12~. 

(2S,5R) - 2 - (I - Bury!) - 3 - (I ’ - hydroxy - 1’ - methylethyl) - 
5 - merhyl- I,3 - diuxol~ - 4 - one QOa), Acetone (1.16% 
2Ommol) and 1.58g (IOmmol) of c&-k gave, after re- 
crystallization from ether-pentane, 1.8Og (83%) of 201 
( > 95% ds (a)) as colourless crystals, m.p., 95”. [a#$ + 26.3” 
(C = 0.93; CHCQ. IR (KBr): 2480 m (br.), 2970 m, 1770 s, 
1355 m, i 155 m, 970 m cm - I. ‘H-NMR (CDCl& 8 5.32 {s, 

H), 1.94 1 H), (s, 3 i.36 (s, H), 1.32 3 H), 
(s, 9 MS mJe: 158,87, 85, 57, 43. 

C, 60.97: 9.25. Calc C,,H,O,: C, H, 9.32!!!!.) 
- 2 (r - - 5 - (I’ - hydroxycyclopenryl) - 

5 - merhyl - I.3 - - 4 one @lb). 
(0.93 g, I mmolf 1.38 g mmol) of gave ai& 

from ether-pemane (83%) of 

( > ds (a)) coiouriess cy&aIs, 85”. [a + 9.3” 
= 1.68, IR (CHCi&: m (br.), s (br,), 

s, 1345 1150 cm- d 5.33 (s, 
1 Hf, 2.00 (s, 1 H), 1.77 (br.. s, 8 H), 1.51 (s, 3 HI, 1.00 (s. 
9 H). MS m/e: 158,139,111,87,70,57,43. (Found: C. 64.22; 
11, 9.13. Caic for C,,H,,O,: C, 64-W; H, 9.15X) - 

(2S.5R) - 2 - (i.- &fyi) - 5 - rwhyf ‘1.5 - (;l’ - 
kydruxw&henyknethvl~ - 1.3 - dioxolnn - 4 - one f2Qe). 
kenzoiheionc (1.91&’ 10mmol) and 1.58~ (lOmm& df 
ctk-tie&e after ~~~~tion from etber-$&ane, 2.57 g 
(87X1 of 2Oe i > 95X ds falf as cofouriess crvstals. m.u. W”. 
ia&-% 88.7” (c = 0:?3% &kl& IR (CHCI,j: 3500 & (br.), 
2940 m (br.), 1755 s, 1140 s. 1030 m cm-‘. ‘H-NMR 
(CDCI,): 6 7.93-7.16 [m, 10 H), 4.36 (br,, s, 1 Ii), 4.13 (s, 
i H), 1.63 (s, 3 H), 0.89 @, 9 H). MS m/e: 340, 209, 183, 
158, 105, 77, 57, 43. (Found: C, 73.99; H, 7.08. Calc for 
CIIH2,0t: C, 74.04, H. 7.1 iok.) 

(15,2S,SR) - 2 - (t - Buryl) - 5 - (I’ - k~~o~~efh~~~ - 3 - 
metkyf - f,3 - &oxo&n - 4 - one (21& A&taidthyd; iO.9 g, 
2Ommof) and 1.58~ ~IOmmol~ of cG!a were used and 
gave, aft& KugelroG &stillatioh, I .66 g (84d/,) of 21s (82X 
ds (a)) as a-colourless liquid. B.py ~90”~~.005m& Hi 
la@! + 23.5” fc = 1.71: CHCLI. IR (CHCLI: 3600 w &r.l. . .I 

980 m 
5 

MS m/e: 
203,138, C, 59.dQ; H,9.10. 
for C,,HI1O,: C, H, 8.970/) 

fl’S,2S;5R) - 2 - (r - BuryL) - 5 1 (I’ hydraxypropyl) 
1.3 - dioxolan - 4 - one (Zlb). Prcmanal 10.87 a. 

15 mmol) and 1 .SS g (10 mmol) oi cis& g&e, aft& KG: 
gelrohr distitlation. the product 2lb (1.73 g. 80%) as a 
coiourless liquid (83% ds (a)). It was not possible to separate 
the two diastereomers by distillation or cbromato~a~hv, 
b.p. i~‘~O.03 mm Hg. [6]B + 16.3” fc = 0.95, CHCi,): Ik 
ffilmk 3H10 s. br.. 2980 s. 1785 s. 1485 s. 983 s cm-f. 
“H-NMR (CDkl$6 3.32j3.16 (s, 1 k), 3.50-3.80 (m, 1 H), 
2.18-2.60 (m, 1 H), 1.50-1.53 (m, 2 H), 1.40/1.32 (s. 3 H), 
0.94-1.10 (t. J = 8 Hz, 3 H), 0.92 (s, 9 H). MS rn? 218,217, 
158, 70, 57. (Found: C, 60.75; H, 8.99. Calc for C,,H,O,: 
C, 61.09, H, 9.3TA.) 

(25,SR) - 2 - (I - Butyt) - 5 - (1’ - kydroxy - 2’,2’ - 
dj~fkyfpra~y~~ - 5 - metkyi - I.3 - dioxolan - 4 - ane <21e). 
From 1.58% (IOmmol) of cis-2a and 1.12 g (13 mmol) of 
pivalaldehyde 2.02 g (83%) of Zlc {53x ds (a)) was obtained 
after recrystallization from ether-hexane as coloudess crys- 
tals, m.p. 43-46”. IaR+ 19.6” fc = 1.02; CHCI,). IR 
(CHCl& 3500 m (br.i ti s (br.), i765 s, 1350 m, l&t0 m, 
975 m cm-‘. ‘H-NMR ICDCl,I: 6 5.39/5.26 fs. I HI. 
3.57/3.51 (s, H), 2.70 (‘br.: s, 1 I$, Hi: 
m (s. H), 0.99 (s, 9 H). MS m/e: 87, 70, 
57, 43. (Found: C, H, 9.89. for Ct3H2,0,: C, 

H, 9.9004.) 
(2S,5R) - 2 - - f&y/) (I* - hydruxy 3’ 

2’ - propenyf) I.3 - dioxolan OM (21d). 
Cinnamaldehyde g, mmol) and 1.3 g (9.5 mmoi) of 
ctS-20 Zld (6.5 mmol, 68%) 
as (@A (a)). mm 
la@? + 43.66” Ic 

1: bf the major 
diaster&mer 95% as coiok&s~ i.p. 
136-137”. 101.2” fc l.Do: CHCl3. The mother li- . *I 

a diastekomeric mixture with the 
r&no; diastez&&er. in excess (66O% ds (a)) as colourless 
ctystaisz mp. li2-ll?“.[a]~+ l0.B” (1.10, CHCI,). IR 
(KBr): ~s,2~m, 17705,1370s, 136Os, QOOscm-I. 
‘H-NMR (CDCl,): S 7.25-7.45 fm, 5 H,I, 6.1 O-6.75 (m, 2 H), 
3.45/5.40 (s, 1 H); 4.35-4.50 (m+ 1 H), 2.1b2.14 fd, J = 
4 Hz, 1 H). 1.40 (s, 2 H), 1.34 (s, 1 H), 0.94 (s, 9 H), MS m/e: 
291. 290. 138. 133. 57. [Found: C. 70.23: H. 7.53. WC for , ., 
C,,H,O,: C, 70.32, H, 7.64p/,.) 

(l’S,2S,SR) - 2 - (i - Bury/) - 5 - (I’ - hyukoxy - 1’ - 
pkenylmethyl) - 3 - m&yt - I,3 - rlioxoh - 4 - one (21~). 
midehyde (I. 1 g, IO mmol) and 1.58 B, (10 mmol) of 
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12a gave the dial 4. B.p. 105”/?4mm Hg. [rrb”-t- 8.7” 
(c = 1.35, CHCQ, cf: lit.“: [a]nu + 5.9 fee 4Y/& 

(R)-( + )-2-Me&$-I ,Zhexundiai (S). MI-i reduction of 
12c gave the dio? 5. B.p. 140”/15 mmHg. [a]D20+ 4.4 
fc = 0.97, CHC?,), cf ?it2?: [ato”: {ab + 4.0. 

(2R,3S) - 2,3 - ~~~~~axy - 2 - ~rhy~~t~~~ acid (6). 
Acidic hydrolysis of Zlb (86% ds) and recrystallization of 
the crude product to constant m.p. and [a]o gave the pure 
~2~~3~~jaste~orner 5, m.p. 10%IO6”, [alo” - 24.0” 
(c = 1.00, H,O). The (2R,3R)-isomer has a m.p. of 149-1514 
and an [alo-vaIue of f 13’.” 

(R)-( + )-Frontal& (7). Synthesis from S-( f )-lactic acid 
and refs are described in 1 c. [a]~~ i- 53.45” (e = 2.17; ether), 
cf lit.“: [a]~ + 53.4”. 

ZU~~oxy -2”merhylsuccinic acid (IO). Acidic hydrolysis 
of l&n gave IQ as a noncrysta??iib?e resin. [a]~~ + 20.8” 
(c = 2.9, H,U), cf lit. 31: m.p, 112”. iab + 23.6” fc = 3.0; 
H&Q 
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