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Abstract: The lithium enolate of ethyl dithioacetate reacts with a-methyl
aldehydes to yield the aldol products in which the syn configuration in the
positions g and v to the thiocarbonyl of the product 15 favored over the anti
configuration, This selectivity is solvent-dependent, and is enhanced at
Tower temperatures. In most cases, syn:anti product ratios obtained under these
conditions varied from 57:43 to >§9:{, depending upon the structure of the a-
methyl aldehyde. When the lithium enolate of ethyl dithiopropionate was allowed
to react with a-methyl aldehydes, only two out of the four possible diaster-
eomers were detected in the product mixtures.

INTRODUCTION

Among the strategies utilized to control the stereochemistry of acylic organic
molecules the aldol reaction of an enolate anion and an aldehyde has enjoyed particular
success. Several recent reviews have discussed the progress which has been made in this
area and take note of two types of stereoselectivity attainable via the aldol reaction.]

One 1is simple diastereoselectivity, in which the relative configurations of the two

carbons being joined by the aldol addition reaction are se]éctively controlled (equation
1). A second type of stereoselectivity, diastereofacial stereoselectivity, involves

the selective formation of diastereomers having relative configurations at the g

and v positions of the aldol product {equation 2). The goal of simple diastereoselection
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is now attainable using a variety of strategies. However, the attainment of

1 and the results

diastereofacial selection using currently-known methods is less certain,
from several recently reported natural products syntheses which have utilized aldol
reactions requiring such selectivity indicate a need for a better understanding of

factors influencing the aldol diastereofacial selection.2

One recent report has
described the Lewis acid-mediated aldol reaction between chiral aldehydes and silyl enol
ethers which exhibits good diastereofacial selectivity.3 It was found during the course
of the recently-comp]eted4 synthesis of (-)-maysine that the lithium enolate of ethyl
dithioacetate, 1, reacted with the a-methy)l aldehyde 2 to yield the aldol product 3 in
a91:9 syn:anti ratio.® This potentially general diastereofacial selectivity, plus
the known synthetic versatility of the dithioester functional group present in the aldol

products6 justified further investigation i{nto the scope of the stereoselectivity of the
5089
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addition reaction between the dithioenolate and a variety of a-methyl aldehydes. The
results of this investigation are described herein, as well as those from related
investigations into 1) the temperature dependence of aldol diastereofacial selectivity,
2) the comparative diastereofacial selectivities of the enolates of a variety of acetate
equivalents, 3) the simple and diastereofacial selectivities of the enolate of ethyl
dithiopropionate, and 4) the diastereofacial selectivity of the aldol-like 1,4-addition

of a dithioenolate to an enone.
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RESULTS AND DISCUSSION
Diastereofacial Selectivity of the Enolate of Ethyl Dithiocacetate
Ethyl dithioacetate reacts instantaneously at -78°C with lithium diisopropylamide

(LDA) in ethereal solvents to form a colorless solution of the 1ithium dithioenolate.
During the course of this study, it was found that the dithioester reacts equally well
with n-butyllithium to form the same enolate species. This dithioenolate decomposes
above 0° C to form deep orange polar (polymeric?) products. When an aldehdye is
added, an exothermic reaction occurs instantaneously (<1 minute) to form the bright
yellow aldol adduct. Inspite of the apparently clean conversion to the aldol product,
conventional silica gel chromatography of the reaction mixtures resulted in some
decomposition of the product, thus allowing isolated yields of only 40-60%.

As an initial probe of the factors involved in the reaction of the Tithium enolate 1
with a-methyl aldehydes, we studied the reaction with 2-phenylpropanal 4a (Table 1,
entry a). The resulting aldol product mixture was analyzed by HPLC, then separated

chromatographically into the two aldol products 5a and 6a. Cram's ru]e7 predicts that
Me
Lo e
r cHO ) [ CSEt . R s, £t
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the major product for this reaction would be the syn aldol S5a. The selectivity which
the enolate 1 exhibited toward the aldehyde 4a was observed to improve modestly when
the reaction temperature was lowered. The results of a study of the effect of the
reaction temperature upon the syn:anti ratio in the product mixture indicate that the
ratio improves slightly from 85:15 at -78°C to 89:11 at -120°C. It was also found
that by allowing the added aldehyde solution to freeze into a layer over a frozen
solution of the enolate at -195°C, then slowly warming the frozen mixture to melting
point (-120°C) resulted in a 94:6 syn:anti product mixture. This increase in
selectivity (89:11 to 94:6) reflects a rather small change in the 246* (0.6 kcal/mol),
but is believed to be significant in view of its reproducibility (S.D. = £2.0% over 11
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experiments) and the greater synthetic utility of an enhanced selectivity. It is, at this
time, not clear why the stereoselectivity increases in the frozen mixture but we have
observed virtually no product formation at -195° C wuntil the reaction temperature nears
the melting point of the solvent (about -120 C, indicated by the appearance of a yellow
color in the slowly thawing mixture). Furthermore, much lower ratios are observed

TABLE 1. Addition of Lithiodithicacetate to a-Methyl Aldehydes

atd KPLC
RF! 15:6) Ret. Time
Mdltions at:
Entry Aldehyde, & -120°C  -195 — -120°C f Syn M,.u)
¢ /k 89:1) 96:4 6.6/5.6°
Ph cHO
. b
b 2.701)\ CHo 94:6 98:2 7.7/6.4
)\ : 99:1 8.0/--C
< t-Bu Ho >99:) >
: . b
d ‘,uoh,J\m, 74:26 84:16 7.5/7.2

e )\n«o 7:23 76:24 18.8/18.2%
f /j/t’w 50:50 57:43 13.8012.8%¢

b
78:22 84:16 3.1/90
9 P- CF:Ph)\‘ CHO 3.1

h o-hcph)\u«o 78:22 85:15 -f-

>_

HeOPh cHo 8:18 69:31 -f-
p-

b ° 72:28 81:19 -g-
cHo
Me

TC performed using w-Porasil colum. b) Hexane-ethy] acetate (95:5).
! Hexane-ethyl acetate {98:2). d) Hexane-ethyl acetate ($9:1). e} Using
Oupont Zorbaxsil column {Su). f) Could not be separated-converted to
methyl ester8 to give Indicated ratios, R.T. (hexane-ethyl acetate, 90:10)
, 13.8 min, anti:, 15.9 min. g} Deur-ined by HPLC on Mcyc"c derfv-
—'E"ves 2, R.1. (Pexa ne-ethyl uuuu 99:1): 7, 5.2 min; 8, 4.4 min.

under the “freeze-thaw” conditions when ether (77:23 5a:6a) or pentane (73:27 5a:6a) are
used as the solvent; only tetrahydrofuran (THF) or 4:1 THF:ether gives the observed 94:6
syn:anti ratio. These latter two observations suggest that the phase change during the
reaction, not the -195° C temperature, and the nature of the solvent, may be important to
the selectivity. Obviously, further studies are necessary to elucidate the reason for
this observed temperature/solvent effect.

The reactions of 1 with other a-methyl aldehydes were studied and the results of
this study are shown in Table 1. In most cases, the ratios of the diastereomers formed
could be determined from HPLC analysis. Based on the predictions of Cram's rules, the syn
configuration was assigned to the major product in each case. Entries a-f in Table 1
indicate that, despite the temperature dependency of the aldol reaction discussed
above, the selectivity of the addition is still dictated significantly by the steric bulk
of the a-methyl aldehyde. Increasing the bulkiness relative to 2-phenylpropanal
(entries b and c) resulted in virtually complete diastereoselectivity, with 1little or
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no temperature dependence, 1in favor of the syn product. Decreasing the bulk
(entries d,e,f) resulted in a lower diastereoselectivity, although the selectivities
with aldehydes 4d and 4f could be improved by using “freeze-thaw" conditions.

Entries g, h and i reflect electronic effects upon the diastereoselectivity of
the reaction. Electron-donating substituents on the pheny! ring of 2-phenylpropanal
should stabilize, and thus favor, the desired transition state geometry for the aldol
reaction, relative to the unsubstituted case, by lowering the energy of the aldehyde's
w*co orbital via overlap between the o* orbital of the C5-C;: bond and the »*c bond,
in accordance with Anh's theoretical calculation7e'7f. Conversely, an electron-
withdrawing group would be expected to have an opposite effect. Indeed, the para-
trifluoromethyl-substituted aldehyde 4g exhibited a lower selectivity (Table 1, entry g)
as expected for an electron-withdrawing group. An ortho or a para methoxy group
on the phenyl ring also resulted in a decreased selectivity (Table 1, entries h and i).
This can be attributed to the fact that the inductive effect of a methoxy group is
that of an electron-withdrawing groupg, therefore the diastereofacial selectivity should
be diminished by the inductive effects of these groups, as observed. Anunfavorable
effect upon through-space interactions between the »* orbitals of the aromatic ring and
the x*c orbital’® may also account for these results. MNo present explanation is offered
for the apparently anomalous temperature effect on the selectivity of aldehyde 4i shown in
Table 1. The 5h:6h and 5i:6i ratios were determined, respectively by the HPLC and 4 nmr
analyses of the methyl ester derivatives,8 thus some error in these determinations may

have been introduced by the added experimental manipulations needed for these analyses.

0 _Me
H
0" o H s
S, Et Mo
0.868 (pmv) &
15.062 (cmr) 7
5).8j
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Entry j in Table 1 shows the results from the aldehyde 4j, a simple analog of the
aldehyde used in two syntheses of ca1c1myc1n.2°-2b The high syn:anti ratio observed,
relative to the ratio from the benzyl propanal 4f, indicates a possible positive chelation
effect of the ketal oxygens & to the aldehyde carbonyl. The diastereomeric aldols 5j and
6j could not be distinguished by HPLC. However, brief treatment with a trace of acid
yielded the separable oxathianes 7 and 8 in high yield. The assignment of the major
product as the presumed syn-derived endo isomer 7 was supported by the nmr chemical

shifts (lH and 13C) of its 5-methyl group occurring upfield from those of the minor
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anti-derived exo isomer 8, as expected because of the greater spatial distance between
this methyl group and the bridgehead oxygen in the endo isomer.

Diastereofacial Selectivity With Other Acetate Equivalents

The question of the uniqueness of this stereoselectivity, particularly under the

"freeze-thaw" reaction conditions, was considered with other enolates. Table 2 lists
TABLE 2. Addition of Yarfous Lithioenolates to 2-Phenylpropanal

]Sa;: Anti HPLC
t

105 (11:12) Ret. Time
Additions at: a
(min)
Entry Enolate Precursor, 9 -120°C  -195 — -120°C  Syn/Ant{
b
a CHALS,Et 89:11 96:4 6.6/5.6
il b
CHqCOEL 87:13 90:10 7.5/1.0
] b
c CHaC-SEL 73:27 75:25 14.2/13.1
d A 75:25 76:24 12.7/11.9
e CH,CONNe, 79:21 8:18 8.8/10.3¢
f PhCONe 67:33 61:39 -d-
0 C
8 o4 l 8317 84:16 13.1/12.8
(]
h CHyCN 82:18 83:17 18.4/17.8°

a) Performed on a u-Porasil column. b) Hexane-ethylacetate (95:5).
¢) Hexane-ethylacetate (50:50). d) Ratios determined by 'H-nmr of

product mixture by integration of doublets at §1.406 (syn) and 1.36)
(anti). e) Hexans-ethylacetate (90:10).

the erythro:threo aldol ratios obtained when 2-phenylpropanal (4a) was treated with the
Tithjum enolates 10 of a variety of acetate equivalents 9. As with the dithioester aldol
products (Table 1), the syn:anti ratios 11:12 could, in most cases, be determined from
the HPLC analysis of the product mixture. The assignment of the syn and anti
configurations to the major and minor products, respectively, is again based upon

precedent. For each case studied, the 13¢ chemical shift of the hydroxy-bearing C-3

carbon was downfield in the syn (major) product relative to that in the anti (minor)
product.

x XLi )\ ¥
)k LDA ___< Ph”_ “cHO Ph +  Ph Y
e Y on X o X

9 1 1_1(syn) !_2(lntl)

Table 2 indicates that the acetate equivalents 9b-9h exhibit moderately good
diastereofacial selectivity (61:39 to 90:10 syn:anti). However, only in the,case of O-
ethyl thioacetate (9b) is the selectivity nearly as high as ethyl dithioacetate (9a). The
acetyl precursors 9c¢-9f, the oxazoline 9g, and acetonitrile (9h) exhibited significantly
Tower selectivities. All acetate equivalents except acetophenone (9f) showed a slightly
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higher aldol stereoselectivity under the "freeze-thaw" conditions. The anomalous behavior
of acetophenone may be due to unusual electronic or steric factors imposed by the phenyl
ring of the enolate upon the transition state of the aldol reaction. Since the linear
lithioacetonitrile exhibits selectivity on a par with larger enolates, factors other than
the steric bulkiness of the enolates may be involved. It has been observed that, in
nucleophilic additions to carbonyls, "soft” nucleophiles give the highest
stereoselectivity in their approach.7f Evidence from theoretical calculations has
indicated that when the counterion of the enolate chelates to the aldehyde oxygen, the
selectivity of the direction of the approach by the nucleophile to the aldehyde is not as

high as in the uncomplexed case.’® ’f

In the present example (Table 2), it appears that
the "soft" sulfide-bearing enolate ions from 9a and 9b, which would not be very tightly
bound to the "hard" 1ithium ion, do not allow such a deleterious complexation between the
lithium and the aldehyde during the aldol reaction. The enolates from the acetate
equivalents 9c-9h, on the other hand, bear "hard" oxygen or nitrogen anionic centers,
and probably form tight complexes with their 1ithium counterions, thus allowing the

lithiumtointeractmoreintimatelywiththe aldehyde.

Stereoselectivity of the Lithio Ethyl dithiopropionate

The aldol stereoselectivity of the enolate of ethyl dithiopropionate, 13, was also
investigated. Initially, the simple diastereoselectivity of 13 was assayed by reacting
the lithium enolate, (generated by reaction of ethyl dithiopropionate with either LDA or
n-butyllithium at -78° C) with benzaldehyde. The configurations of the resulting
separated aldol products 14 and 15 could be assigned on the basis of their 4 amr
spectra. The chromatographically more mobile product exhibited a vicinal coupling
constant between the a and g protons of 4.8 cps, implying the syn configuration 14,
and the less mobile aldol product exhibited a coupling constant of 81 cps, for the anti
configuration _1_5.2 As shown, the reaction using Tithio-13 exhibited very little
simple diastereoselectivity, despite the reported specific Z geometry of the lithium
enolate of dithiopropanoate.10 Selectivity for the syn diastereomer improved as the
temperatures were lowered to -195°C. Using the bis{cyclopentadienyl)chlorozirconium

11

(IV) enolate of 13, formed from the 1lithium enolate, the syn:anti ratio was

substantially improved.

1
OH H
SM PhCHO CS,Et s, Et
i
SEt

13 u(lyn) Q(anti)

Ratio (14:13)

" -78°C -120°c -195°—» -120°C

L 46:54 52:48 59: 41
2rCp, €1 81:19 84:186 84:15
Ph,Sn N.R.
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Interestingly, an attempt at performing this reaction using the reportedly
selective triphenyltin (IV) enolate of 13, (from the lithium enolate and triphenyitin
(1v) ch]oridelz). failed because of the apparent stability of the tin enolate. In
addition, attempts to form and react the selective dibutylboron enolates of dithioesters
failed because of the reaction of the dithfoesters with dibutylboron triflatel3 to form
intractable tars.

The reaction of 13 (M=Li) with 2-phenyipropanal was also examined. It was surprising
to discover that even the lithium enolate, at -120° C, yielded a mixture of only two out
of the four possible diastereomers, 16 and 17, in a 95:5 ratio respectively. Using
“freeze-thaw" conditions or the zirconium enolate did not change the product ratio from
95:5. The products, 16 and 17, were separated chromatographically and 13C nmr
spectroscopy attested to their stereochemical purities. The structure of each was
assigned by first converting them to the corresponding methyl esters using copper

(Il)-mediated methanolys1'58

and then comparing them chromatographically with the
reaction mixture obtained from the Reformatsky reaction of methyl-2-bromopropionate and 2-
phenylpropanal. Matsumotol? has rigorously deduced the structures of all four
diastereomers produced by this Reformatsky reaction, and found that the major
diastereomers had the 2,3-syn, 3,4-syn configuration (18) and his next major

diastereomer had the 2,3-anti, 3,4-syn configuration (_1_9).14 The HPLC retention time of

G e — e e

18 (95%) 11 (5%)

p»)j)\co,m Ph)\‘/kco.u.

OM OH
i 18
the methyl ester of the major dithioester aldol product precisely matched that of the
major Reformatsky reaction product, 18, while the ester from the minor dithioester
aldol product precisely matched the next major diastereomer from the Reformatsky
products, 19. Using these results, structures 16 and 17 were assigned to the major and
minor dithioester aldol products, respectively.

These results indicate that the enolate of ethyl dithiopropionate exhibits very
high (>99:1) diastereofacial selectivity and high (95:5) simple diastereoselectivity with
2-phenylpropanal. When the dithiopropfonate was treated with 2-cyclohexyipropanal only
two diastereomers were obtained, in an 84:16 ratio. These aldol products, after
chromatographic separation, yielded the pure diastereomers as ascertained by 13¢ nmr and
we have assigned the structures 20 and 21 for the major and minor diastereomers,

respectively, based upon the precedent set by the reaction with 2-phenylpropanol.
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The two examples of simple diastereoselection/diastereofacial éelect1on studied
above suggest that the introduction of a methyl group in the enolate results in a
substantial improvement in the diastereofacial selectivity. These results also
indicate that the 1ithium enolate of 13 exhibits favorable simple diastereoselectivity
with the a-methy)l aldehydes studied. We suspect that the reason for this rests on the
basis that the reaction occurs via a non-cyclic transition state, as shown with 2-
phenylpropanal in 22, and with benzaldehyde in 23. In both cases it is assumed that
electronic and steric repulsion will favor the approach shown, with the (Z)—enohte's10
anfonic sulfur anti to the aldehyde cl-cz bond, and the enolate carbonyl carbon anti to
the carbonyl oxﬁvgen.15 In the case of the a-methyl aldehydes, the substituents on the sp3
a-carbon of the aldehyde project out from the plane of the carbonyl sufficiently to
favor the less hindered approach by the enolate shown in 22.  This approach would yield

Z 4-carbon (phenyl

the a,8-syn product. However, in the case of benzaldehyde the sp
group) of the aldehyde does not exert as great a steric buik as an sp3 a-carbon {alkyl
group), and thus does not demand the syn-producing anti transition state 23 as strongly
as an sp3 a-carbon. Use of the bis(cyclopentadienyl)chlorozirconium{IV) enolate,
however, would involve coordination of both the enolate sulfur and the aldehyde
carbonyl to the transition metal, thus changing the nature of the favored transition
state to one such as 24, which would yield the syn aldol product.2
- &

°, Me L}
"‘;YL ' o J
Me==y": "y ] Cp_ | 877 skt
H H ° ~ /“ s

H ®

g"; ’ EIS/E

Two recent reports have indicated the proclivity of dithioester enolates to

undergo 1,4-additions to a,8-unsaturated ketoneslG. Since such a 1,4-addition can

be considered to be a homolog to an aldol addition, it was decided to test the
diastereofacial selectivity of the addition of the enolate 1 to the enone g.”
The reaction occurred readily at -50° C to yield the 1,4-addition adducts 26 and 27 in an
84:16 ratio (66% isolated yield) with none of the 1,2-addition product observed. The
structure of the major product was assigned to the threo diastereomer 26 on the basis of
the approach vector depicted by 28 which {s expected to be favored in analogy with the
aldol reaction transition state geometry. However, it was not possible to obtain
evidence from the spectra of the separated adducts 26 and 27 which would rigorously

substantiate this assignment. Lowering the reaction temperature for this addition to
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-78° C slightly increased the diastereomeric ratio to 89:11, however the yield dropped to
42%, and at reaction temperatures of -120° C and below no reaction occurred.

SLi

° ‘l\sﬂ
Ph i —_— P CS,Et 4 Ph CS,Et
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28
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Conclusions

The results presented herein indicate that the dithioenolates have the potential
for yielding high diastereofacial selectivity when reacted with a-methyl aldehydes. The
stereoselectivity exhibited by these species appears to be highly dependent upon the
structure of the aldehyde reactant and upon the conditions of the reaction.
Nevertheless, the results show that the dithioacetate exhibits diastereofacial
selectivity superior to that of other acetates and we suspect that this superiority is
due to the thioenolate being a "softer" anion than the other enolates. The “softness" of
the thioenolate may be responsible for both the promising simple diastereoselectivity
and the diastereofacial selectivity observed. The weak association of the thioenolate
anion with the lithium counterion contributes to formation of an acyclic transition state
(see 22) which dictates the simple diastereoselectivity, and the weak association of the
enolate's 1ithium counterion to the aldehyde in the transition state appears to be

Te,7¢ While some synthetically useful

18

responsible for the diastereofacial selectivity.
transformations have been made using heterogeneous conditions,”” the concepts of using
frozen solutions as the "solid support” and using heterogeneous conditions to achieve
diastereofacial selectivity are novel.19

The ready conversion of the dithioester functional group in the product to other
groups via Raney nickel reduction, thiophilic or carbophilic Grignard or organolithium
additions, and solvolysis reactions6'8 should make the products from these additional

. . . . *
processes quite useful in organic synthesis.

FATter this manuscript was submittéd, a report by BeslTin {(Beslin, P., Vallee, Y.
Tetrahedron 1985, 41, 2691) appeared which described the reaction of Z-enolates of

dithiopropionates with aldehydes showing poor diastereoselectivity. However, use of
chelating alkyl groups or large alkyl groups, indeed, improved the simple
diastereoselectivity (i.e. 14, 15). Another study reported after submission of this

manuscript (Gennari, et al., Tetrahedron Letters 1985, 26 797) described high levels of

simple diastereoselectivity using thioester ketene silyl acetals.
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EXPERIMENTAL

General. Pure 2-phenylpropanal was separated from the attendant aceto-phenone 1in the

commercial material by flash chromatography (silica gel, 95:5 hexane:ethyl ac%te).
Ethyl dithioacetate and ethyl dithiopropionate were p{fpared according to Meijer, -
ethyl thioacetate (9b) was prepared according to Ohno. Cooling baths employed in this
study, and their approximate temperatures, are as follows: water/ice, 0°C; 28%
aqueous CaClp/dry ice, -20°C; acetonitrile/dry ice, -35°C; chloroform/dry ice,
-55°C; acetone/dry ice, -78°C; absolute methanol/liquid nitrogen, -100°C; 4:1:1 (v/v/v)
pentane:isopropanol:acetone/liquid nitrogen, -120°C; isopentane/liquid nitrogen, -160°C;
1iquid nitrogen, -195°C.  “Flash chromatography" refers in all cases to air pressure-
driven solvent elution on 230-400 mesh silica gel.“ Medium pressure liquid chromato-
graphy (MPLC) refers in all cases to chromatography through a 75cm x 28mm (zljo) co]uTn
packfg with 230-400 mesh silica gel using the apparatus previously described. A1l °H
and “~C spectra were recorded in deuteriochloroform at 100 MHz and 25 MHz respectively.

Ethanethiol acetate (9c). To a cooled stirring solution of ethanethiol (14.6 m1,
approximately 0.2 mol) In 70 ml dichloromethane containing 28 m1 (approximately 0.2 mol)
of dry triethylamine (distilled from CaH,) under a CaCl,-filled drying tube, was added
dry acetyl chloride (140 ml, approximately 0.2 mol) dropwise. The resulting mixture
was stirred at room temperature for 4 h, then carefully mixed with 75 ml of water.
The aqueous phase was extracted with dichloromethane (50 ml), and the combined organic
phases were washed with saturated NaCl, dried (NayC04), fi]terid. and distilled to
yield 12.3 g (60%) of pure ethanethin acetate, b.p. 1&9-111°C. H-Nmr: 2.85 (q,2H),
2.35 (s,3H), 1.28 (t,3H). IR; 1690cm™* Aldehydes 4b, 4d, 4g, 4h, and 4i. These were
prepared by acid hydrolysis 4" of the enol ethers ?'e%gvﬁr rom the ‘corresponding methy!l
ketones by the procedure of Earnshaw, et al., and were purified by flash
chromatography, and used without further purification.

2-(2-methylphenyl)propanal (4b). 53% yield. ly-Nmr: 9.55 (d,1H), 7.10 (m,4H), 1
{J=1.5) of q(J=7, 1H), 2.40 (s, 3H), 1.40 (d, J=7, 3H). IR: 2700, 1715cm™".

2-Cyclohexylpropanal (4d). 44% yield. 1y Nmr: 9.160 (d,1H), 2.15 (br q, 1H), 1.01-1,08

{br m, 11H]}, lgé (d, J=7, 3H). IR: 2690, 1725 c¢cm~*. This aldehyde has been reported in
the literature,® but no spectroscopic data was given.

2-(4-Trifluoromethylphenyl)-propanal {4g). 39% yield. ly_Nmr: 9.68 (d1H), 7.60
L2HY, T, ,2H), 3. of q,TH), T.5Z (d,3H). IR: 2710, 1725, 1620 cm™*.
2-(2-Methoxyphenyl)-propanal (4h). 18% yield. ll'&-Nmr: 9.65 (s,1H), 7.0 (m,4H), 3.90
¢ 2700, 1718 cm~ 4,

3.80 (d

2-(4-Methoxyphenyl)-propanal (4i). 64% yield. MH-Nmr: 9.55 (d,1H), 7-?8 (d,2H), 6.83
s,3H), 1.38 (d,3H). IR: 2710, 1720, 1610 cm~1.

2,3,3-Trimethylbutanal (4c). Methyl 3,3-dimethylbutanoate (2.01 g, 15.4 mmol) in 10 m}
THF was added dropwise to a cooled (-78°C) solution of 23 ml of LDA in THF, and the
solution was stirred for 1 h. lodomethane (1.91 m1, 30.7 mmol), in 13.4 ml (77 mmol)
HMPA was then added dropwise and the mixture was stirred at -78°C for 3.5 h. The mixture
was then quenched with water (20 m1) and extracted with ether (3 x 50 ml). The
combined extracts, after aqueous acid and brine washes and then drying (MgSOa) gave 1.75

. IR: 1740
cm”*). This material was added, in 10 m} THF, to a stirring mixure of 0.30 g (7.9 mmol)
of lithium aluminum hydride in 35 m1 THF.  After stirring at room temperature overnigflt,
the mixture, upon workup, yielded 1.107 g (78%) of pure 2,3,3-trimethylbutanol (“H-
Nmr: 3.80 (d of d), 3.30 (d of d),, 2.45 (D,0-exchangeable), 1.30 (m), 0.94 (d),
0.85 (s).._ IR: 3340, 1470, 1370 cm-1l. Oxidation of this alcohol by the Swern
proced re2?  followed by bulb-to-bulb distillation yielded 0.69 g (64%) of the f‘ldehyde
4c. H-Nmr: 9.75 (d), 2.15 (br m), 1.05 (g& 219.02 (s). IR: 2720, 1730 cm~*, This
‘aldehyde has been reported in the literature®»¢7,  although no spectroscopic data
were given.

2,3-Dimethylbutanal (4e). This aldehyde was prepared via the a-methylation of N-
cycTohexyT-3-methylbutanimine according to the procedure of Stork and Dowd?Y followed by
acidic hydrolysii to yield, upon workup and distillation, a 19% yield of the volatile
aldehyde _43.1 H-Nmr: 9.60 (d), 2.1 (br m), _1.056 (d), 1.03 (d), 0.95 (d). IR:
2650, 1730 cm ~. This aldehyde has been repor*ted.28 but no spectroscopic data was given.

2-Methyl-3-phenylpropanal (4f). Lithium aluminum hydride (0.42 g, 11 mmol) was stirred
Tn 25 ml lﬁg at U?’C whiTe T.032 g (7 mmol) of a-methyl cinnamaldehyde in 15 m1 THF was
added dropwise. About 0.5 g (3.8 mmol) of anhydrous aluminum chloride were then
cautiously added, and the mixture was heated to reflux overnight. Upon cooling, workup,
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and flash chromatography (80:20 hexane:ethyl acetate), 1.04 g (98%) of 2-methyl-3-
phenylpropanol was obtained. Oxidatilon by the Swern procedure¢’ yielded 0.46 g
(94%) of the unstaPle aldehyde 4f. H-Nmr: 9.70 (d), 7.20 (s), 2.9 (br m), 1.15 (d).
IR: 2700, 1725 cm™",

2-(3-Formylbutyl)-2,5,5-trimethyl-1,3-dioxane 14?L 5-Ketohexanoic acid (1.226 g, 9.7
mmoT), trimethy| orthoformate {1.1Z g, 10.6 mmol) and 2,2-dimethyl1-1,3-propanediol (1.10
g, 10.6 mmol) were stirred together in 15 m) dichloromethane with 1-2 mg of p-
toluenesulfonic acid for 3.5 h. The solution was partitioned between water and
dichloromethane, and the organic phases were washed (brine), dried (Na,S04),
filtered, and concentrated in vacuo. The resulting crude oil was then dissolved in
ether and treated with an excess of ethereal diazomethane. Concentration of this
reaction mixture, followed by flash chromatography (95:5 hexane:ethyl 3§etate) yielded
1.27 g (57%) of 2 1)-2,5,5-trimethyl-1,3-dioxane (*H-Nmr: 3.65 (s),
3.55 (s), . 3.50 s), . my, 1. , L. s), L. s), O. s). IR: 1745, 1440,
1375 cm‘l). Treatment of 1.25 g (5.4 mmol) of this material with LDA followed by
iodomethane in HMPA in the same manner used above for the preparation of 4c yielded,
after nonacidic workup and fHash chromatography (95:5 hexane:ethyl acetate), 1.00g
(76%) of the a-methyl ester ‘H-nmr: 3.65 (s), 3.55 (s), 3.50 (s), 2.40 (br m), 1.70
(br m), 1.35 (s), f.I7 {dY, 1.05 (s), 0.95 (s). IR: 1745, 1465, 1380 cm-1. Reduction
of this material with 1ithium aluminum hydride (0.132 g, 3.35 mmol), ether (room
temperature overnight) yielded, upon workup, 0.80 g (90%) of pure 2-{4-hydroxy-3-
methylbutyl)-2,5,5-trimethyl-1,3-dioxane; "H-Nmr: 3.45 (s), 3.{0 (s), 1.% {br m), 1.35
£§§] 1.05 (s}, 0.92 (d), 0.87 (s). IR: 3415, 1480, I%ZP, 1400 cm™". Oxidation of 0.40 g

1.85 mmol) of this alcohol using the Swern procedure¢’ yielded, upon workup and f]Tsh
chromatography (90:10 hexane:ethyl acetate), 0.329 g (99%) of the pure aldehyde 4j. H-
Nmr: 9.58 (d), 3.42 (s), 3.48 (s), 2.30 (br m), 1.70 (br m{, 1.40 (s), 1.10 {d), 1.05
(s), 0.88 (s). IR: 2710, 1730, 1480, 1460, 1400, 1380 cm~'. This material was used
without purification.

General Procedure for all Dithioenolate Additigp Reactions. Ethyl dithioacetate (or
ethyT dithiopropfonate) (1.2-1.5 equ1va|ents§§{ was stirred at -78°C in 4:1 (v/v)

THF:ether (4 m1/mmol dithioester), and an equimolar amount of n-butyllithium (in hexane)

was added via syringe. Within 15 minutes of this addition, the colorless enolate

solution was cooled to the desired temperature and a solution of 1.0 equiv of the

aldehyde (or enone), in 4:) THF:ether (1 mi/mmol of aldehyde), cooled to the same

temperature as the enolate, was added via canula. The reaction mixture was then

stirred for 30 minutes. For those reactions initiated below -120°C the reaction vessel

was placed in a -120°C bath and thus allowed to warm to -120°C over 30 minutes.

(CAUTION: When the enolate solution is initially cooled to -195°C wunder argon,
si?nificant condensation of argon occurs in the reaction vessel. ~Subsequent warming to
-1 will cause a rapid evaporation of this condensed gas. Precautions (i.e. adequate
venting of the flask] should be taken to allow for the release of the pressure caused by
this evaporation from the reaction vessel in order o prevent excess pressure build-up in

the inert gas line.J The reaction mixture was then quenched with dilute Naﬁcﬁg
solution, allowed to warm to 0°C, and extracted with ether. The ether extract was then

washed (brine), dried (K,C0,), filtered, and concentrated in vacuo to yield the crude

dithioester aldol products’ In all cases, thin layer chromatography and HPLC analysis

of the crude reaction mixtures indicated that the aldol reaction succeeded to the

extent of 80-90%, with the remaining 10-20% as unreacted aldehyde. However, silica

gel chromatography resulted in 50-60% yields of the purified aldol products. Analysis

of the crude reaction mixtures (see Table 1) gave the ratios of diastereomers. In all

cases the dithioester products were bright yellow oils or waxy solids.

General Procedure for Other Enolate Additions. The enolates of the acetate
equivalents 11b-11h were generated by the addition of the precursor in 4:1 THF:ether to
a -78°C solution of an equimolar amount of LDA. The resulting enolate solutions were
stirred at -78°C for 30 minutes and their reactions with 2-phenylpropanal, and
subsequent workups, were carried out in a manner identical to that described above for
the dithioester enolate addition reactions. Yields of the aldol products in each case
were 50-60% after chromatography.

for of 8 A solution of the
dithioester in absolute alcohol (methanol or ethanol) was stirred with 3 equivalents
each of cupric oxide and cupric chloride monohydrate at room temperature for 3-12 h.
The mixture was then diluted with 3 volumes of ether, filtered, washed (brine),
dried (MgS0,), again filtered, and concentrated to give the crude esters 285-90$
yields after flash chromatography).

General Procedure for the Conversion of Dithioesters to Esters.

Syn- and Anti-Ethyl 3-hydroxy-4-phenyldithjopentanoate (5a,6a). Medium pressure
Tiquid_ chromatography of the diastereomeric mixture (95557hexfne:etq§l acetate, 10
m1/min) yielded the separate diastereomers. See Table 3 for 'H and

(identical for both diastereomers): 3430, 1590, 1488, 1150 em-l,

C Nmr data. IR
Mass spectrum
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(identical for both diastereomers): m/e 254 (2.3%, M’). 236 (14%), 192 (5%), 134 (32%),
120 (12%). Anal. Calcd. for Cy3H;g0S,: C, 61.37; H, 7.13. Found: C 61.31; H. 7.24.

Syn- and Anti-Ethyl 3-hydroxy-4-(2-methylphenyl)dithiopentancate (5b, 6b). Flash
cﬁroma&ograbﬁhwﬁi hexane: ethyl acetate) yielded the separate diastereomers. See Table
3 fqlr H and *~C-Nmr data. IR (identical for both diastereomers): 3440, 1490, 1455, 1150
cm~*. Anal, Calcd. for C14H20052: C, 62.64; H, 7.51. Found: C, 62.52; H.7.80.

Syn-Ethyl 3-hydroxy-4,5,5-trimethyldithiohexoate (5c). Flash chroinatogr y (98:2 hexane:
e%ﬁyl acetate) y1f1ded the pure aldol product. See Table 3 for “H and -Nmr data. IR:
3460, 1160 cm™". Anal. Calcd. for Cy1Hy,05,: C, 56.36; H, 9.46. Found: C, 56.30; H,
9.63.

Syn- and Anti-Ethyl 4-cyclohexyl-3-hydroxydithiopentanoate (5d, 6d). Medium pressure

iquid chromatography (98:2 hexane: fthy‘l afftate. 13 ml/min) yielded the separate
diastereomers. See Table 3 for [ H and C-Nmr data. IR (identical for both
diastereomers): 3440, 1450, 1160 cm~}. Anal. Caled. for C13H24052: C, 59.95; H, 9.29.
Found: C, 60.30; H, 9.60.

Syn- and Anti-Ethyl 4,5-dimethyl-3-hydroxydithiohexanoate (5e, 6e). The two
diastereomers could not be separated from each other, so the mixture w3s purif}'ed by
flash chromatography (99:1 hexane: ethyl acetate). See Table 3 for “H and ““C Nmr
data. This aldol product mixture could not be sufficiently purified for satisfactory
elemental analysis.

Syn- and Anti-Ethyl 3-Hydroxy-4-methyl-5-phenyldithiopentanocate (5f, éfi)g T?s
agastereomgsm mixture could not be separated into the component diastereomers. and

(f‘ Nmr data”> for the mixture are given in Table 3. IR: 3440, 1600, 1500, 1455, 1155 cm”
. Anal. Calcd. for C14H20052: C, 62.64; H, 7.51. Found: C, 63.00; H, 7.82.

Syn- and Anti-Ethyl 3-hydroxy-4-(4-trifluoromethylphenyl)dithiopentanoate (5g, 6g).
Medium pressure Tiquid chromatography (95:5 hexane: ethylacetate at 13 mi/min), followed
by preparative HPLC (u-Porasil column, 95:5 hexane: iglyl acetate at 1.5 ml/min) allowed
the separate diastereomers to be obtained. H and ““C-Nmr data are given in Table i
IR (identical for both diastereomers): 3425, 1620, 1450, 1420, 1325, 1160, 1120 cm™ .
Anal. Calcd. for Cy,H,;F30Sy: C, 62.17; H, 5.32. Found: C, 53.11; H, 5.67.

Syn- and Anti-Ethyl 3-hydroxy-4-(2-methoxyphenyl)dithiopentanoate (5h, 6h). The
diastereomeric mixture couTd not be separated into 1ts componenfs, sq4 the mixtucg, was
purified by flash chromatography (95:5 hexane: ethyl acetate). “H and *“C-Nmr data”~ for
the mixture are given in Table 3. [IR: 3445, 1600, 1585, 1495, 1240 cm”*. Anal.
Calcd. for C14H2002$2: C, 59.12; H, 7.09. Found: C, 59.15; H, 7.38.

Syn- and Anti-Ethyl 3-hydroxy-4-(4-methoxyphenyl)dithiopentanoate (5i, 6i). The

astereomeric mixture, which could not be separated. into 1}3 componenty, was purified by
flash chromatography (95:5 hexane: ethyl acetate). 1y and 3¢ mmr data®> for the mixture
are given in Table 3. IR: 3440, 1610, 1515, 1245 cm™ . Anal. Calcd. for CygHy0,S: C,
59.12; H, 7.09. Found: C, 59.50; H, 7.39.

Syn- and Anti-Ethyl 3-hydroxy-4-methyl-6-[2-(2,5,5-trimethyl-1,3-dioxanyl)]dithioocta-
hoate {5j, 6j). The diastereomeric mixture, which could not be separated intlo its
fgmponents, 3yes purified by flash chromatography (95:5 hexane: ethyl acetate). H a_rld

C Mmr data”” for the mixture are given in Table 3. IR: 3440, 1450, 1380, 1090 cm -,
This aldol product tended to decompose to the derivatives 7 and 8 wupon standing,

precluding satisfactory combustion analysis.

Syn- and Anti-Methyl 3-hydroxy-4-{2-methox henﬂ}gentar@e. The methyl esters were
prepared from the dithjoesters 5h and 6h u%\'?g the general procedure, in methanol,
Flash chromatography (85:15 hexane: fthyl acetate) yielded an inseparable mixture of
the diastereomeric methyl esters. H-Nmr: 7.136 (br d), 6.864 (br t), 4,133 (m),
3.7%(} (s), 3.598 (s), 3.305 (m), 3.270 (exchanges D,0), 2.329 (d), 1.318 (d}. C-Nmr:
syn“~: 173.103, 156.404, 131.765, 127.737,331 .095, 120.439, 110.338, 71.862,
55.047, 51.251, 39.282, 37.939, 15.186; anti~~: 172.869, 156.755, 130.306, 128.204,
127.095, 120.439, 110.338, 71.044, 55.047, 51.251, 38.815, 37.180, 15.986.

Syn- and Anti-Methyl 3-hydroxy-4-(4-methoxyphenyl)pentanoate. The methyl esters were
prepared from the dithioesters 51 and 61 using the general procedure, in methanol.
Flash chromatography (85:15 hexane: etl}_y] acetate) yielded the inseparable mixture of
the diastereomeric methyl esters. H-Nmr: 7.100 (d), 6.828 (d), 4.062 (m), 3.770
és). 3.662 (s, anti), 3.638 (s, syn), 3,182 (br s, exchanges D,0), 2.7]193(pentet . 2360
br m), 2.3087(dJ, 2.295 (d),'{?336 (d, syn), 1.287 (d, anti). C-Nmr: syn””:
173.03, 157.981, 135.502, 128.321, 113.724, 72.679, 55.047, 51.485, 44.712, 39.282,
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17.446; anti33; 172.869, 157.981, 135.502, 128.846, 113.607, 72.154, 55.047, 51.485,
44.245, 38874, 17.213.

Endo and Exo-2,5-Dimethyl-8-thioethoxy-1-oxa-9-thia[3.3.1]bicyclonona-7-ene (7, 8). . The
diastereomeric mixture of ketal dithioesters 5] and 6] were stirred in acetone with a
catalytic amount of p-toluenesulfonic acid (monohydrate) at room temperature for 20
minutes. Saturated aqueous NaHCO3 was then added, and the mixture was extracted with
ether. The extract was washed (brine), dried (MgS0s), filtered, and concentrated to
yield the pure bicyclic derivative (80-90% yields). greparative HPLC  (p-Porosil, 99:1
hexane: , ethyl acetate at 2.0 mi/min) yielded the two pure diastereomers as colorless
oils. “H-Nmr: syn-derived endo product 7: 6.038 (d), 4.441 (d of d), 2.834 (q), 2.783
(q), 1.93 (br m), 1.6 (br m), 1.629 (s), 1.303 (t), 0.866 (d); anti-derived exo product
(10): 6.024 (d), 4.313 %), 2.842 (q), 2.784 (q), 2.09 (br m), 1.80 (br m), 1.631 (s),
1.298 (t), 1.172 (d). C-Nmr: endo (9): 130.831, 121.489, 82.546, 76.007, 42.727,
34.962, 30.700, 27.897, 25.328, 17.621, 15.052; exo (8): 129.547, 124.759, 83.188,
76.474, 36.889, 30.992, 30.875, 27.897, 22.f42, 17.329, 15.111. IR (identical for both
diastereomers): 1595, 1450.+ 1375, 1360 cm™ ", Mass spectrum (identical for both diaste
reomers): m/e 230 (3% M 2. 200 (5%), 183 (5%), 109 (7%), 158 (8%), 143 (11%), 129
(11%), 111 (78%). Anal. Calcd. for Cy;H;g0S,: C, 57.74; H, 7.88. Found: C, 57.66; H,
8.00.

Syn- and Anti-0-Ethyl 3-hydroxy-4-phenylthiopentancate (11b, 12b). Medium pressure
T1quid chromatography (90:10 hexane: ethyl acetate, 10 m1/min) yielded the separate
diastereomers (the less polar anti isomer required further purification by preparative
Ehin 1a)i§r chromatography (siTica gel, 80:20 hexane: ethyl acetate)). See Tab]le 4 for
H and -Nmr data. IR (identical for both diastereomers): 3440, 1§90, 1490 cm™ . Mass
spectrum .pa (identical for both diastereomers): m/e 220 (15%, M - H,0), 134 (24%),
105 (94%). Anal. Calcd. for Cy3H,g0,5: C, 65.51; H, 7.61. Found: C, 65.56; H, 7.92.

Syn- and Anti-Ethyl 3-hydroxy-4-phenylthiopentanoate (1l1c, 12c). Flash chromatograp?y
195:§ exane: ethyl acetate) yielded the separated diastereomers. Sei Table 4 for “H
and -Nmr data. IR (identical for both diastereomers): 3445, 1680 cm” Anal. Calcd.
for C13H18°25’ C, 65.51; H. 7.61. Found: C, 66.17; H, 8.20.

Syn- and Anti-Ethy]l 3-hydroxy-4-phenylpentanoate (11d, 12d). Flash chromatography (95:5
exane: ethyl acetate) yielded the purified syn diastereomer, but could not fully
separate the minor anti component. However, treatment of the anti dithioester 6a with
Cu0/CuC12/ethanol, using the general procedure described above, yielded an ethyl
ester identical chromatograpllically ﬁ‘d spectroscopically to the partially-purified
aldol 12d. Sﬁe Table 4 for "H and ““C-Nmr data. IR (identical for both diastereomers):
3440, 1730 cm™*. Anal. Calcd. for C13H1803: C, 70.25; H, 8.16. Found: C, 69.98; H, 8.52.

Syn- and Anti-N,N-Dimethyl-3-hydroxy-4-phenylpentanamide (lle, 12e). Separation of the
two diastereomers could not be achieved chromatographically, so the flash
fhromatoggaphed (70:30 ﬁxane: ethyl acetate) mixture was characterifed. See Table 4 for
H and C-Nmr data. IR: 3410, 1630, 1495, 1455, 1400 cm™-., Anal. Calcd. for
c13H19N02: C, 70.56; H, 8.65. Found: C, 69.11; H, 9.03.

Syn- and Anti-1,4-Diphenyl-3-hydroxypentane-1-one illf, 12f). The two diastereomers

could not be separated chromatographically, therefore the flash chromafographfg (95:5

hexags: ethyl acetate) mi;iture was characterized. See Table 4 for “H and ““C-Nmr

ggtzao . IR: 3380, 1670 cm”™". Anal. Calcd. for Cy7Hyg0,: C, 80.29; H, 7.13. Found: C,
.20; H, 7.12.

Syn- and Anti-4,4-Dimethyl-2-(3-hydroxy-3-phenylbutyl)-2-oxazoline (119, 12g}). The
product mixture, which tended to decompose to an insoluble white solid upon sitting, could
not be separated into its component diastereomers. Therefore the flash chrf)matogragged
(50:50 hexgge: ethyl acetate) mixture was characteriied. See Table 4 for °“H and C-
Nmr data. IR: 3400, 1670, 1500, 1460, 1370 cm~". Anal. Calcd. for C15H21N02: C,
72.84; H, 8.56. Found: C, 71.72; H, 9.06.

Syn- and Anti-3-Hydroxy-4-phenylpentanonitrile (1l1h, 12h). The two diastereomers could
not be separated chromatographically, therefore the flas chrlomatogmphed (90:1035exane:
ethyl acetate) mixture was characterized. See Table 4 for “H and *°C-Nmr data®>. IR
3440, 2240, 1495, 1455 cm~ L. Anal. Calcd. for €y Hy3NO: C, 75.40; H, 7.48. Found: C,
74.98; H, 8.05.

Syn- and Anti-Ethyl 3-hydroxy-2-methyl-3-phenyldithiopropanoate (14, 15). Flash
chromatography (95:5 hexane: ethyl acetate] yielded the separated diastereomers (HPLC
retention timei (95:5 hexane: ethyl acetate, 2.0 ml/min?: syn (14): 3.6 min,, anti
(15): 4.5 min, “H-Nmr: syn (14): 7.217 (s), 4.906 (d), 3.699 (s, exchanges D,0), 3.503 (d
of q), 3.032 (t), 1.272 (d), 1.117 (t); anti (15): 7.308 (s), 4.959 (d o d)r3 3.566
(A3BX pattern), 3.210 (t), 2.868 (d, exchanges D,0), 1.273 (t), 1.095 (d). C-Nmr:

5101
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syn (14): 141.282, 127.562, 126.919, 126.014, 76.562, 61.089, 29.590, 16.366, 11.724;
anti -(T_‘.'g): 209.185, 141.633, 128.029, 127.620, 126.569, 78.284, 61.411, 30.051,
20.365, 11.899. IR (identical for both diastereomers): 3440, 1450, 1400, 1190 cm™%.
Anal. Calcd. for C12H16052: C, 59.96; H, 6.71. Found: C, 59.81; H, 6.98.

2,3-Syn-3,4-Syn and 2,3-Anti-3,4-Syn-Ethyl 3-hydroxy-2-methyl-4-phenyldithiopentanoate

. 1um pressure Tiquid chromatography (95:5 hexane: ethyl acetate, 10 m1/min)
yielded the two separated diastereomers (HPLC retention times (95:5 hexane: ethyl
acetate, 1.0 ml/min): 2,3-syn-3,4-syn (16): 6.9 min,; 2,3-anti-3,4-syn (11): 8.1
min. See Table 5 for *H ang - ata. Mass spectrum (identical ftor both
diastereomers): m/e 268 (1%, M), 250 (1%), 221 SZ%), 134 (35%), 105 (93%). Anal. Calcd.
for CMHZOOSZ: C, 62.66; H, 7.51. Found: C, 62.95; H, 7.8

2,3-Syn-3,4-Syn and 2,3-Anti-3,4-Syn Methyl 3-hydroxy-2-methyl-4-phenylpentanoate §18r
19). Treatment of each diastereomer 16 and 17 w‘tﬁ Cul/CuCl ’mefﬁanol, using the genera
procedure, yielded the corresponding methyl esters 18 and 19 (HPLC retention times
(80:20 hexane: ethyl acetate, 2.0 mi/min): 2,3-syn-3,4-syn (18): 4.4 min, 2,3-anti-
3,4-syn (19): 3.9 min). The configuration of 18 was verified by its identical HPLC
retention time to the major product produced by the Reformatsky reaction of methyl 2-
bromopropionate and 2-phenylpropanal and the diastereomer 19 wag likewise identified
with the next most major product from the Reformatsky reaction.

2,3-Syn-3,4-Syn and 2,3-Anti-3,4-Syn-Ethyl 4-cyclohexyl-3-hydroxy-2-methyldithiopenta-
noate (20, 21). Flash chromatography (95:5 hexane: ethyl acetate] yielded the two
separated diastereomers (HPLC retention times (95:5 hexane: ethyl acetate, 1.5 ml{min);
f33-15ﬁn-3,4-§m 20): 5.6 min, 2,3-anti-3,4-syn (21): 4.1 min). See Table 5 for “H and

C-Nmr data. IR {identical for both diastereomers): 3440, 1440, 1180 cm™*, Anal. Calcd.
for C14H25052: C, 61.26; H, 9.55. Found: C, 61.36; H, 9.57.

5-Phenylhex-3-en-2-one (25). Dimethyl (2-oxopropyl)phosphonate (2.0 g, 12 mmol), in §
ml dry THF, was added to a 0°C suspension of 0.3 g (12.5 mmol) of sodium hydride in 10 m}
dry THF.  The mixture was stirred at room temperature for 1 hour then cooled to 0°C, and
to it was added 1.51 g (11.2 mmol) of 2-phenylpropanal in 10 m1 dry THF. The mixture
was then allowed to stir at room temperature for 2.5 hours. Water (20 m1) was then
added, and the mixture was extracted with ether (3 x 20 ml1). The extracts were then
washed (brine), dried (MgS04), concentrated, and the crude product was flash
chromatographed (95:5 hexane: ethyl acetate) fo yield 1.32 g (68%) of the enone 25,
which was used without further purification. -Nmr: 7.2 (s), 69 (d,of d), 6.0 (d of
d), 3.6 (pentet), 2.2 (s), 1.4 (d). [IR: 1690, 1673, 1620, 1600, 1500 cm™*.

Threo and Erythro Ethyl 2-oxo-3-(1-phenylethyl)dithiohexancate (26, 27). Flash
chromatography [395:5 hexane: ethyl acetate] yielded the pur1f1ﬂiastereome?sl 26 and
27 (66% combined yield) (HPLC retention times (90:10 hexane: ethyl acetate, 1.5
mi/min): major (threo, 26) product: 7.229 (s), 2.937 (br m), 3.175 (q), 2.415 (br m),
2.018 (s), 1.266 (t), 1.236 (d); minor (erythro, 27 ) pr'oductl'.:I 7.224 (s), 3.033 (br m),
3.192 (q), 2.378 (br m), 1.952 (s), 1.297 , 1291 (t). C-Nmr: major (threo, 26)
product: 207.025, 144.202, 128.029, 127.445, 126.044, 53.704, 43.545, 41.735,
40.859, 30.524, 29.999, 16.745, 12.075; minor (erythro, 27 ) product: 207.550, 144.550,
128.145, 127.737, 126.219, 53.061, 44.479, 842.143, 41.618, 30.816, 30.174,118.263.
12.075. IR (identical for both diastereomers): 1720, 1600, 150Q, 1450, 1160 cm *. Mass
spectrum (identical for both diastereomers): m/e 233 (1%), M’ -SCH CH3), 174 éz%). 131
(6%), 104 (27%). Anal. Calcd. for CIGHZZOSZ: C, 65.26; H, 7.53. gound: C, 65.17; H,

.28.
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TABLE 3. MMR Spectral Osta for 5, 6
N Position Position SCH,CHy SCH,CHy  C-2 ¢-3 c-4 C-CHy R
Tw v.2e0 3.183  3.074, 4.327 2.820 1.8 7.272
Erythro 2.877
Phenyl V¢ y7.037 56.214 33.408 75.598 45.296 11.841  143.443,128.087,
1 127.328,126.102
H o 1.263  3.206 2.987, 4.411  2.945  1.34) 7.312
Threg 13 2.984
-areo t 17.096 55.689 30.291 75.073 44.77M1 17.666 141.983,127.737,
125,927
T st 354 1068 4283 3.00°  1.325  2.305,7.112
Erytheo 13 2.969
¢ 16.979 56.156 30.524 75.365 39.983 11.958 142.081,135.152,
o-Tolyl 130.189,126.044,
) . 125.868,19. 840
H o 1.310  3.296  3.143, 4.314  3.00 1.297  7.136,2.354
Threo 13 3.105
I ¢ 17.388 55.630 30.933 75.715 40.158 12.133  155.820,136.261,
130.364,126.452,
126.219,20.015
Tw 1325 32; 2.099, 4.488  1.22° 0.9 0.94)
t-Butyl Erythro 4 3.087
c 12.075_ 58.783  30.700 71.453 47.048 _ 7.988  33.327,28.247
];n 1.325  3.303  3.099 4.231  1.70*  0.918 1.70%,1.2¢%,
Erythrg ' C 12.016 57.207 30.700 72.621 40.08) 10.440 43.311,31.342,
Cyclonexyl 52'232'26.729'
"W 1.3 3246 3.105, 4.088 1.70° 0.368 1.70°,1.20
Threo  13¢ p.133 55.222  30.875 73.088 38.640 11.491  43.545,31.692,
28.481,26.788,
26.613
(mixture) "W 1.332  3.240 3.113 &6 1.33"  0.893 1.738,0958,0.924
1-Propyl Erythro  13€12.743  59.218 31.076 74.223 44.738 10.524 29.032 or 21.909,
1 Erythro 19.982
Threo V3¢ 12.743 57.524 31.484 75.040 45.906 11.341  29.032 or 21.909,
— 18.523
T
Erythro H 1.291  3.210  3.106  3.973 1.9 0.894 2.457,2.335,7.200
1.278 3.9 0.868
(mixture) 13
genzyl € 15.227 56.039 30.700 74.898 40.450 13.476 140.365,140.348,
55,222 73.730  40.275 12.016 128.963,128.8?6.
Threo 127.912,125.518,
30.574,38.348
TW 1.293  3.200 2.955 4.274 2,924 1.383 7.576,7,355
13 2.949
Erihro € 16.808 56.039 30.816 75.248 45.296 12.075 128.759,147.938,
128.087,125.226
p-Trifluorophenyl 118,687
Wi 3222 -a- 4.297 -a- 1.381  7.576,7402
Threo 13
C 17.913  55.98)  30.875  75.131  45.296 12,133 128.671,125.05
(mixture) 'M 1.232  3.138  3.074  4.336  3.302  1.320 3'7ﬂ%7'193‘7'123'
6.8
o-Anisyl Erthro  13C 15.753 56.506 30.349 74.956 38.115 11.841 156.229,131.765,
- 126.919,120.332,
13 110.221,54.988
Threo ¢ 16.337 55.981 30.349 74.606 37.356 11,841 156,521,130.306,
. 128,321,126.919,
120.332,120.22
54.988
(mixture) W 1.259  3.160  3.007 4.199 2.770 1.3  7.126, 6.825
2.938 3.745
13
p-Anisyl Erythro '°C 17.037 56.214 30.349 75.715 44.362 11.724 157.572,135.484,
128.087,113.432,
54.696
Threo  '3C 17.037 55.864 30.349 75.715 44.012 11,724 157.572,134.042,
- 128.729,113.432
54,696
(mixture) 'K 1.303  3.237  3.148  4.147 1.67°  0.949 3.545,3.397,1.673
3.115 1.303,0.977,0.877
Erythro '3C 14.61) 58.284 30,725 75.741 39.308 12.743  99.679,70.836
) 36.798,31.484,
23.369,21.092,
M 13 28.098
Threo t 16.304 67.233 30.375 76.675 40.009 12.743  99.679,70.836,

36.389,31.192,
21,384,28.098,
23.018

a) Signal obscured by other signals;

chemicals shift value, if given, {s approximate.
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TABLE 4. NMR Spectral Data for 11, 12

X X
b .
ox Position st c-2 ¢-3 c-4 C-CH,y Pheny)
Ty 4.e2,1.322 2.200 4.2248  2.857°  1.351 7.249
S Erythro 2.681 .
I V3¢ 221.738,68.008, 51.368 74.13¢  45.356  13.476 143.618,126.204,
17,21 127.503,126.277
—C——0Et . .
W 4.475,1.5 2,780 4.38% 2.920 1.7 7,283
Threo 13 2,707
€ 221.855,68.350  51.076 74.022  45.179  13.651  142.567,128,262,
17,388 128,145.126.511
Erytheo N 2.822,1.185 2.580  4.105  2.746  1.380 7.272
B 198,851 23.168 72,796  45.471  14.468 143,384,128.204,
48.799,17.096 127.328,126.277
—C—SEt W 2.878,1.23¢ 2.683 4.199  2.76%  1.M2  7.273
Threo 2.621
V3¢ 198.967,48.499, 23.518  72.737  45.206  14.702  142.275,128.379,
17.329 128.087.126.686
TW a.n2,1.22 2300 4.0 2373 1.314 7.249
Ervth 2.290
r V3¢ 172.927,60.652 39.458  72.621  45.646  14.235 143.569,128.437,
OEt 17.426 128,007,127 ,520
—C— . 126,511
B 4.100,1.212 2414 476 2.824  1.300 7.249
Threo 2.354
V3¢ 172.402,60.418 38.990  71.978  45.008  14.060 142.450,128.087,
17.037 127.970,127.445.,
126.336
(mixture 1 2
o miatr® \'H 2.889,2702 P20 a0 27wt 18 797
V3¢ 172.168,36.889  34.728  72.562  45.471  18.030 143,968,127.970,
—C—NMe, 36.597 127.095.125.927
Threo  13C  172.168,36.889 34.728 71.745  44.420  18.030 142.917,127.737,
— 36.597 127.445 125460
(mixture 1 2
W 7.805,7.724, 2.926 4.283 2.9 1.406 7.384
of diast.) 7.394 2,921 1.261
0
| V3¢ 200.427,128.321, 43.077 72.329  45.588  17.796 143.910,128.204,
Erythro 127.737.136.495 127.445.126.336
—C 132,99
V3¢ 200.077,128.321 42.435  71.745  44.946  17.096 142.742,128.087,
127.737°136.611 127.445.126.336
132.991
Imixture Ty 5 gag 3807,  2.150  3.979 2,770 1.384  7.200
of diast.)
Me . 1.217 21185
N Erythro 13C  164.637,78.284 32.918  72.446 45,705  17.621 143.734,128.087
_</0 Me 66.607,28,189 127.386.126.102"
Threo  '3C  164.627,78.284 32.276  71.862  44.829  16.862 142.684,127.854
— §6.607,28.189 127.386.126.102
(';‘;}“': )1u ----- 2.309 3.85 2.827 1.364  7.246
of clast. 2.264 1.285
—C=N Erythro '3 117.928 24336 71.978 45471 17.388  142.450,128.554,
127.153.126.744
Theeo V3¢ M7.81) 23.406 71.336 44771 17.388  141.049,128.32)

127.854,126.744

a) signal obsured by other signals; chemical shift

value, {f given, {s approximate.

cH oM,
SEt
TABLE §. NMR Spectral hata for 16, 17, 20, 21 R
H S
StructurNasition SCHyCHy SCHCHy  €-2 2:CHy  C-3 c-4 ccHy R
_— VW 1.266  3.150 3.4z 1.355  3.969 2.882  1.273  7.249
® I 16 ' 17.680 55.806 29.941 15.928 78.459 42.961 11.956 144.143,128.496
; 16 127.328.126.394
o on Tw  1.340 3.236 3.417 1.3 4.023 2.878  1.306 7.286
@ I ;7 ' 1896 s6.8s6 30,116 16.512 78.401  42.961 12,133 143.209,128.204,
s u 126.452
o Ty 1ms 3213 3.469 1.350 3.910 1.60° 0.918 1.683.1,572,
1168
! 20 3¢ 18.088 57.499 31.342 12.133 76,241 40.275 10.498 29.941,29.182,
£ 26.905.26.729
H, Oy )] a
d\f\u’" W 1.252  3.247  3.427  1.250  4.005 1.70°  0.8%8 1.700,1.13
2L V3¢ 20.307 58199  31.400  12.133 _ 76.416 _ 40.217  10.206 _ 30.233,26.788

a) signal obscured by other signals; chemical shift value, {f given, ts approximate
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