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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 reacti0n.l 

One is simple diastereoselectivity. in which the relative configurations of the two 

carbons being joined by the aldol addition reaction are selectively controlled (equation 

I). A second type of stereoselectivity, castereofacials&reoselectivity, involves 

the selective formation of diastereomers having relative configurations at the 8 

and Y positions of the aldol product (equation 2). The goal of simple diastereoselection 

y’“” I,. - 
OH 
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is now attainable using a variety of strategies. However, the attainment of 

diastereofacial selection using currently-known methods is less certain,' and the results 

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 en01 

ethers which exhibits good diastereofacial selectivity.3 It was found during the course 

of the recently-completed4 synthesis of (-)-maysine that the lithium enolate of ethyl 

dithioacetate, 1, reacted with the a-methyl aldehyde 2 to yield the aldol product 3 in 

a 91:9 w:anti ratio.5 This potentially general diastereofacial selectivity, plus 

the known synthetic versatility of the dithioester functional group present in the aldol 

products' justified further investigation into the scope of the stereoselectivity of the 
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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. 

2 
RESULTS AND DISCUSSION 

Diastereofacial Selectivity of the Enolate of Ethyl Oithioacetate 

Ethyl dithioacetate reacts instantaneously at -78Y with lithium diisopropylamide 

(LDA) in ethereal solvents to form a colorless solution of the lithium dithioenolate. 

Curing the course of this study, it was found that the dithioester reacts equally well 

with n-butyllithiumtoformthesame 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 (<l minute) to form the bright 

yellow aldol adduct. In spite of the apparently clean conversiontothe aldol product, 

conventional silica gel chromatography of the reaction mixtures resulted in some 

decomposition of the product, thus allowing isolated yields of only 40-60X. 

As an initial probe of the factors involved in the reaction of the lithium enolatel 

with a-methyl aldehydes, we studied the reaction with E-phenylpropanal fi (Table 1, 

entry a). The resulting aldol product mixture was analyzed by HPLC. then separated 

chromatographically into the two aldol products 3 and J& Cram's rule7 predicts that 

the major product for this reaction would be the s_y~ aldol s The selectivity which 

the enolate 1 exhibited toward the aldehyde & was observed to improve modestly when 

the reaction temperature was lowered. The results of a study of the effect of the 

reaction temperature uponthew:anti ratio in the product mixture indicate that the 

ratio improves slightly from 85:15 at -78'C to 89:ll at -12O’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 -1g5Y. then slowly warming the frozen mixture to melting 

point (-12OOC) resulted in a g4:6 syn:anti product mixture. This increase in 

selectivity (89:ll to 94:6) reflects a rather small change in the AAG* (0.6 kcal/mol). 

but is believed to be significant in view of its reproducibility (S.D. = t2.0% over 11 
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experiments) and the greater synthetic utility of an enhanced selectivity. It is, at this 

time, not clear whythestereoselectivity increases in the frozen mixture but we have 

observed virtually no product formation at -195" C until 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 
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under the "freeze-thaw" conditions when ether (77:23 ~:a or pentane (73:27 %:6aJ are 

used as the solvent; only tetrahydrofuran (THF) or 4:l THF:ether gives the observed 94:6 

syn:anti ratio. These latter two observations suggest that the phase change during the 

reaction, not the -195O 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 w 

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 little or 
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no temperature dependence, in favor of the m 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. hand i reflect electronic effects upon the diastereoselectivity of 

the reaction. Electron-donating substituents on thephenyl 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 

**CD orbital via overlap between the a* orbital of the C2-C11 bond and the m*CD 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 4~ 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. An unfavorable 

effect upon through-space interactions between the w* orbitals of the aromatic ring and 

the l*CD orbita17e may also account for these results. No present explanation is offered 

for the apparently anomalous temperature effect on the selectivity of aldehyde 4i shown in - 

Table 1. _._ _._ The 5h.6h and 5io6i ratios were determined, respectively by the HPLC and 'H 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. 

S,Et - 

15.052 (cmr) 1 

61861 

Entry j in Table 1 shows the results from the aldehydeQ, a simple analog of the 

aldehyde used in two syntheses of calcimycin.2ag2b The high w:anti ratio observed. 

relative to the ratio from the benzyl propanal c. indicates a possible positive chelation 

effect of the ketal oxygens 6 to the aldehyde carbonyl. The diastereomeric aldols 3 and 

6J could not be distinguished by HPLC. However, brief treatment with a trace of acid 

yielded the separable oxathianes 1 and gin high yield. The assignment of the major 

product as the presumed w-derived endo isomer1 was supported by the nmr chemical 

shifts (lH and l3 C) of its 5-methyl group occurring upfield from those of the minor 



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 Various Lithlocnolates to Z-Pbenylpropanal 

5 n:Anti Ii- HPLC 
tior(Il:12J Ret. Time 

Addittons at: 
(nln)' 

Entry Eno1at.e Pmcursor. 2 -120*c -195 3 -120*c m/Ant1 

a M3CS2Et 89:ll 96:b 6.6/5.6b 

b I% bEt 
3 

97:13 9O:lO 7.5/7.0b 

ii 
c 0(3C-SEt 7.3~27 75:25 14.2/13.1b 

d CH3C02Et 75~25 76~24 12.7111.9 

e cH3COnnc2 79:21 82:18 lw10.3= 

f PhCCUe 67:33 61:39 -d- 
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product tixtum by Ints9mtlon of doublets at 61.406 (SJIJ md 1.361 
(fib. c) Hsuw-rthylacetate (9O:lO). 

the erythro:threo aldol ratios obtained when 2-phenylpropanal (4aJ was treated with the 

lithium enol.ates M of a variety of acetate equivalents & 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 SJJ and anti 

configurations to the major and minor products, respectively, is again based upon 

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

carbon was downfield in the w (major) product relative to that in the fi (minor) 

product. 

CJV LDA t Xl.1 

V 
phACHo* Phw + pbb 

1. !2 +w) 

Table 2 indicates that the acetate equivalents 9b-9h exhibit moderately good -- 

diastereofacial selectivity (61:39 to 9O:lO syn:anti). However. only in the,case of O- 

ethyl thioacetate (9b) is the selectivity nearly as high as ethyl dithioacetate @a]. The 

acetyl precursors 9c-9f --) the oxatoline Bn. and acetonitrile (9h) exhibited significantly 

lower 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 sterlc 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.7e' 7f In the present example (Table 2). it appears that 

the "soft" sulfide-bearing enolate ions from 9a and%. which would not be very tightly - 

bound to the "hard" lithium 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 lithium counterions, thus allowing the 

lithiumtointeractmoreintimatelywiththealdehyde. 

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 'H nmr - - 

spectra. The chromatographically more mobile product exhibited a vicinal coupling 

constant between the Q and s protons of 4.g cps, implying the z configuration 2, 

and the less mobile aldol product exhibited a coupling constant of 8.1 cps. for the anti 

configuration 15.2 - As shown, the reaction using lithio-13 exhibited very little - 

simple diastereoselectivity, despite the reported specific 2 geometry of the lithium 

enolate of dithiopropanoate.lD Selectivity for the ~JJ diastereomer improved as the 

temperatures were lowered 

(IV) enolate of lJ, formed 

substantially improved. 

\ PM 
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to -195OC. Using the bis(cyclopentadienyl)chlorozirconium - 
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Interestingly, an attempt at performing this reaction using the reportedly 

selective triphenyltin (IV) enolate of IJ. (from the lithium enolate and triphenyltin 

(IV) chloride") . 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 dithioesters with dibutylboron triflate13 to form 

intractable tars. 

The reaction of 13 (M-Li) with 2-phenylpropanal 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 andx. in a g5:5 ratio respectively. Using - 

'freeze-thaw" conditions or the zirconium enolate did not change the product ratio from 

95:5. The products, 16 and IJ, 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 

(II)-mediated methanolysis* and then comparing them chromatographically with the 

reaction mixture obtained from the Reformatsky reaction of methyl-2-bromopropionate and 2- 

phenylpropanal. Matsumoto14 has rigorously deduced the structures of all four 

diastereomers produced by this Reformatsky reaction, 

diastereomers had the 2,3-w, 3.4-x configuration 

diastereomer had the 2,3-m, 3.4-m configuration @).I4 

and found that the major 

(18) and his - next major 

The HPLC retention time of 

L( 
CLI 

SEI + l h&nO - p+cs*Et + .h+*E, 

P J+ CO$* 
OH 

Ph 

the methyl ester of the major dithioester aldol product precisely matched that of the 

major Reformatsky reaction product, IJ. while the ester from the minor dithioester 

aldol product precisely matched the next major diastereomer from the Reformatsky 

products, 2. Using these results. structures 16 and 11 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 

E-phenylpropanal. When the dithiopropionate was treated with 2-cyclohexylpropanal only 

two diastereomers were obtained, in an 84:16 ratio. These aldol products, after 

chromatographic separation, yielded the pure diastereomers as ascertained by 13C 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 selection 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 lithium enolate of 13 exhibits favorable simple diastereoselectivity 

with the a-methyl 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)-enolate'slO 

anionic sulfur anti to the aldehyde Cl-C2 bond, and the enolate carbonyl carbon anti to 

the carbonyl oxygen.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 

the a,6-m product. However, in the case of benzaldehyde the sp2 a-carbon (phenyl 

group)ofthe aldehydedoes not exert as great a steric bulk as an sp3 a-carbon (alkyl 

group), and thus does not demand the z-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 tothetransition metal, thus changing the nature of the favored transition 

state to one such as 2, which would yield them aldol product.2 

II G 2 

Diastereofacial Selectivity in the Addition of the Ethyl Dithioacetate Enolate to an Enone ----- ---- 

Two recent reports have Indicated the proclivity of dithioester enolates to 

undergo 1.4-additions to u&-unsaturated ketones 16 . Since such a 1,4-addition can 

be considered to be a homolog to an aldol addition, it was decided to test the 

dlastereofacial selectivity of the addition of the enolate 1 to the enone 25.l' - 

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-addftion 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 fs expected to be favored in analogy with the 

aldol reaction transition state geometry. However, it was notpossibleto 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:ll. however the yield dropped to 

43. and at reaction temperatures of -120' C and below no reaction occurred. 

8l.I 

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 lithium counterion to the aldehyde in the transition state appears to be 

responsible for the diastereofacial selectivity.7eB7f While some synthetically useful 

transformations have been made using heterogeneous conditions, I8 the concepts of using 

frozen solutions as the "solid support" and using heterogeneous conditions to achieve 

diastereofacial selectivfty are novel.lg 

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** should make the products from these additional 

processes quite useful in organic synthesis.* 

*After this manuscript was submitted, a report by Beslln (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 m.3 797) described high levels of 

simple diastereoselectivity using thioester ketene sllyl acetals. 
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EXPERIMENTAL 

General.. Pure 2-phenylpropanal was separated from the attendant aceto-phenone in the 
commercial material by flash chromatography (silica gel, 95:5 hexane:ethyl acefeted. 
Ethyl dithioacetate and ethyl dithiopropionate were pffpared according to Meijer. - 
ethyl thioacetate (w was prepared according to Ohno. 
study, and their approximate temperatures, 

Cooling baths employed in this 
are as follows: 

aqueous CaC12/dry ice, 
water/ice, OY; 28% 

-55°C; acetone/dry ice, 
-20°C; acetonitrile/dry ice, -35Y; chloroform/dry ice, 
-78°C; absolute methanol/liquid nitrogen, -1OOY; 4:l:l (v/v/v) 

pentane:isopropanol:acetone/liquid nitrogen, 
liquid nitrogen, -195'C. 

-12OY; isopentane/liquid nitrogen, -16OY; 
"Flash chromatography" r@ers in all cases to air pressure- 

driven solvent elution on 230-400 mesh silica gel. 
graphy (HPLC) refers in all cases 

Medium pressure liquid chromato- 

pa",',ke4 

to chromatography through a 75cm x 28mm 
with 230-400 mesh silica gel using the apparatus previously described. 'r5D) $“T; 

C spectra were recorded in deuteriochloroform at 100 MHz and 25 MHz respectively. 

Ethanethiol acetate gc . 
approximateTy-GZ!-iX) 4-G 

To a cooled stirring solution of ethanethiol (14.6 ml, 
n 0 ml dichloromethane containing 28 ml (approximately 0.2 mol) 

of dry triethylamine (distilled from 
dry acetyl chloride (14.0 ml, 

CaH ) under a CaC12-filled drying tube, was added 
approxima ely t 0.2 mol) droowise. The resultina mixture 

was stirred at room .temperature.for 4 h, then carefully'mixed with 75 ml 'bf water. 
The aqueous phase was extracted with dichloromethane (50 ml), and the combined organic 
phases were washed with saturated NaCl, dried (Na2C0 ), 
yield 12.3 g (60%) of pure ethanethlpl acetate, b.p. lib1llY. 

filterrjd, and distilled to 

2.35 (s,3H), 1.28 (t,3H). IF41690cm 
H-Nmr: 2.85 (q,2H), 

prepared by acid hydrolysis 
ketones by 

of the e:;ie;;;;d;;id 4d.f4g, 4:, and 41. These were 

the procedure of Earnshaw, 
e vx tom t e corresponding methyl 

chromatography, and used without further purificatidk 
and were purified by flash 

2-(2-methylphenyl)propanal (J-1.5) of q(J=7, 1H). 2.40 53% yield. 'H-Nmr: 9.55 (d.lH), 7.10 (m.4H) 3.80 (d 1.40 (d. J=7, 3H). IR: 2700, 1715 cx'. 

E-Cyclohexylpropanal (4d). 
(br m, 11H) 

1.01-1.08 
1. 

44% yield. 'H-Nmr: 9 60 (d,lH), 2.15 (br q, lH), 

the literatlre, 
$I (d. J=7, 3H). IR: 2690. 1725 cm-l. This aldehyde has been reported in 

but no spectroscopic data was given. 

2-(4-Trifluoromethylph 1)-propanal 4 . 
d,2H . .2 d H 3 , I . M 

39% yield. 'H-Nmr: 
(d of q.lH), . 

9.68 ($lH), 7.60 
(d,3H). IR: 2710, 1725, 1620 cm . 

‘r- Nmr: 9.65 (s,lH), 7.0 (m,4H), 3.90 
: 2700, 1718 cm- . 

4-Methoxyphenyl)-propanal 9.55 (d,lH), 7.98 (d,2H), 6.83 
, I . IR: 2710. 1720, 1610 cm- . 

2,3.3-Trimethylbutanal(4c). Methyl 3,3-dimethylbutanoate (2.01 g, 15.4 mmol) in 10 ml 
w to a cooled (-78'C) solution of 23 ml of LOA in THF, and the 
solution was stirred for 1 h. Iodomethane (1.91 ml, 30.7 mmol), in 13.4 ml (77 mmol) 
HMPA was then added dropwise and the mixture was stirred at -78Y for 3.5 h. The mixture 
was then quenched with water (20 ml) and extracted with ether (3 x 50 ml). The 
combined extracts, after aqueous acid and brine washes and then drying (MgSO ) gave 1.75 
.g (79%) of the pure a-methyl ester (lH-Nmr: 3.62. 2.30 (q), 1.15 (d), 1.08. IR: 1740 
Cm-'). This material was added, in 10 ml THF, to a stirring mixure of 0.30 g (7.9 mmol) 
of lithium aluminum hydride in 35 ml THF. After stirring at room temperature overniqt, 
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) 
0.85 (s). 
procedyree7 

IR: 3340, 1470, 1370 cm-)l. 
2.4;xi(db~~;~ch~fngeable). 1.30 (m), 0.94 (d). 

this alcohol by the Swern 
followed by bulb-to-bulb distillation yielded 0.69 g (64%) of the_pldehyde 

sdehyd! h",:'bee~",",pb",$ed in 
2.15 (br m) 

the lrte~~~~r$~*k02 !:t));ou~$' 2n7020~,',',~~o~~op~c ;I: * 
were given. 

2,3-Dimethylbutanal 4e 
4.. 

This aldehyde was prepared via the a-methylsion of N- 
cyclohexyl-3-methylbutan mine according to the procedure mtork and Dowd followed by 
acidic hydrolysif to yield, upon workup and distillation, 
aldehyde 4e. 

a 19Xyield of the volatile 

2650. 1730 cm-'. 
H-Nmr: 9.60 (d), 2.1 (br m) 
This aldehyde has been reported:28 

1.05 (d), 1.03 (d). 0.95 (d). IR: 
but no spectroscopic data was given. 

2-Methyl-3-phenylpropanal 4f 
in 25 ml THF at 0°C hi1 &l+ 

Lithium aluminum hydride (0.42 g, 11 mmol) was stirred 

added dropwise. 
32 g (7 mmol)of a-methyl cinnamaldehyde in 15 ml THF was 

AbWoute0.5 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 (8O:ZO hexane:ethyl acetate), 1.04 g (988 of Z-methyl-3- 
DhenVlDrODanOl was obtained. Oxidation by the Swern procedure yielded 0.46 g 
(94%) of 'the unstaple aldehyde4f. 'H-Mm;: 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 4 
q 

5-Ketohexanoic acid (1.226 g. 9.7 
mmoll. trlmethvl orthoformate 11.12 q. 10.6 mmoll an i.2-dimethyl-1.3-propanediol (1.10 
g, lbl6 mmol j were stirred ‘together in 15 ml dichloromethane with.l-2 mg of e- 
toluenesulfonic acid for 3.5 h. The solution was partitioned between water and 
dichloromethane, and the organic phases were washed (brine), 
filtered, and concentrated in vacua. 

dried (Na2S04), 
-- The resulting crude oil was then dissolved in 

ether and treated wfth an excess of ethereal diazomethane. Concentration of this 
reaction mixture, followed by flash chromatography (95:5 hexane:ethyl lcetate) yielded 
1.27 (57%) of 

9 
2-(3-carbomethoxypropy 1)-2,5,5-trimethyl-1,3-dioxane ( H-Mnr: 3.65 (s), 

3.55 s). _ 3.50 sl. 2.40 (ml. 1.80 (ml. 1.40 (~1. 1.05 . ,_ 
1375 cm-'). 

(s). 0.95 IR: (s). 1745. 1440, 
Treatment bf'i.25 g (5.4 mmol)‘of this material with LDA followed by 

iodomethane in HMPAinthe same manner used above for the preparation of 4c yielded, 
after nonacidic WorkUD and flash chromatoaraohv (95:5 hexane:ethyl acetat3. 1.00 q 

’ IH-nmr: ester 3.65 is); -3;55 (s), 3.50 (s). 2.40 (br-m), 1.70 
70,1.05 (s), 0.95 (s). IR: 1745, 1465. 1380 cm-I. Reduction 

lithium aluminum hvdride (0.132 a. 3.35 mmol). ether (room 
temperature overnight) yielded, upon wor$p, 0.80'9 (9O%j- of 
methylbutyl)-2,5,5-trimethyl-1.3-dioxane; H-Nmr: 
s), 1.05 s), 0.92 (d), 0.87 (s). IR: 3415, 1480, 
1.85 mmol of this alcohol using the 

;;rromatography (9O:lO hexane:ethyl acetate), 
: 9.58 (d), 3.42 (s), 3.48 (s), 2.30 

(5). 0.88 (s). IR: 2710. 1730, 1480, 
without purification. 

General Procedure for all Dithioenolate Addit Reactions. 
ethylithiopropfo~e~I.2-1.5 equivalents 

Ethyl dithioacetate (or 
was stirred at -78'C in 4:l (v/v) 

THFIether (4 ml/mm01 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 ml/mm01 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 reactionfinitiated below -120°C the reaction vessel 
was placed in a -12O'C bath and thus allowed to warm to -120°C over 30 minutes. 

-- 
solution, allowed to warm to O'C. and extracted with ether. The ether extract was then 
washed (brine), dried (K CO ). filtered, 
dithioester aldol products? ?n all cases, 

and concentrated in vacua to yield the crude 
thin layer chromxo-y and HPLC analysis 

of the crude reaction mixtures indicated that the aldol reaction succeeded to the 
extent of 80-90X. with the remaining lo-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 
mnts llb-llh wergexedm addition of the precursor in 4:l THF:ether to 
a -78OC solu?T&- 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. 

General Procedure for the Conversion of Dithioesters to Esters.8 A solution of the 
dithioester in absoluteaxhol (methanoror ethanol) *as stirred with 3 eauivalents 
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, 
dried (MgS04). 

filtered, washed brine), 
again filtered, and concentrated to give the crude esters 85-90X 

yields after flash chromatography). 

sidxro&of the 
and Anti-Eth 1 3-hydroxy-4-phenyldithiopentanoate (5a,6a). Medium pressure 

d' iastereomeric mixture (95 
ml/min)yieldedthe separate diastereomers. 

:5 hexIane:etP$ ac,et.attea, ;; 
See Table 3 for Ii and 

(identical for both diastereomers): 3430. 15Jo.fTB. 1150 cm-l. Mass speitrum 
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\i$Oerii~/ for both diastereomers): m/e 254 (2.3%. M+). 236 (14%). 192 (5%). 134 (32%). 
. Anal. Calcd. for C13H180S2: C, -- 61.37; H, 7.13. Found: C 61.31; H. 7.24. 

Anal. Calcd. for C14H200S2: C, 62.64; H, 7.51. w: C. 62.52; H.7.80. 

S n-Eth 1 3-h drox 4 5 5-trimethyldithiohexoate 5c . 
?&$-?&et-e pure aldol product. Se%abrlaS3h ,c,",r~~t~~~~~-~~'~a~~~a~~~ 
3460. 1160 cm 
9.63. 

. Anal. Calcd. for CIIH220S2: C. 56.36; H, 9.46. Found: C, 56.30; H, 

S n- and Anti-Ethyl 4-cyclohexyl-3-hydroxydithiopentanoate 
+ iquidhromatography (98:2 hexane: fthyl afftate, 

6dJ_. Medium pressure 
yielded the separate 

diastereomers. See Table 3 for H and C-Nmr data. IR (identical for both 
diastereomers): 3440, 1450, 1160 cm-l. Anal. Calcd. for CI3H24OS2: C, 59.95; H, 9.29. 
-: C. 60.30; H, 9.60. 

Syn- and Anti-Ethyl 4,5-dimethyl-3-hydroxydithiohexanoate (5e, 6eJ. The two 
diastereomers could not be separated from each other, so the mixture 
flash chromatography (99:lhexane: ethyl acetate). 

wfs purifjed by 
See Table 3 for H and C Nmr 

data. This aldol product mixture could not be sufficiently purified for satisfactory 
elemental analysis. 

S n- and Anti-Eth 1 3-Hydrox 
$rT;isic mixtirecould t ybe separaAd irk: thl compo& diastereomers.4 andT" 

-4-meth l-5- hen ldithio entanoate (5f, 6f 

for the mixture:e given in Table 3. IR: 3440, 1600, 1500, 1455, 1155 cm- 
. Anal. Calcd. for CI4H2OOS2: C, 62.64; H, 7.51. m: C. 63.00; H, 7.82. 

&urnTehd 
and Anti Eth 1 3-hydroxy-4-(4-trifluoromethylphenyl)dithiopentanoate~ u 

chromatography (95:5 hexane: ethylacetate at 13 ml/min), followed 
by preparative HPLC (u-Porasil column, 95:5 helane: @yl acetate at 1.5,ml/min) allowed 
the separatediastereomersto beobtained. H and 
IR (identical for both diastereomers): 

C-Nmrdata are given in Table_]. 
3425, 1620, 1450, 1420, 1325, 1160, 1120 cm . 

Anal- Calcd. for C14H17F30S2: C, 52.17; H, 5.32. Found: C, 53.11; H, 5.67. 

and Anti-Ethyl 3-hydroxy-4-(2-methox 
%tei%%meric mixture could not be separated iY~~n::/d:~~~~~~~~~~~~~3~m~~~ :",I 
purified by flash chromatography (95:5 hexane: ethyl acetate). 
the mixture are given in Table 3. 

C-Nmr_+ata for 
IR: 3445, 1600. 1585, 1495, 1240 cm . 

Calcd. for C14H2002S2: C, 59.12; H, 7.09. Found: C, 59.15; H, 7.38. 
Anal. 

-- 

%t!Z%omeric mixture which could not be separated 
Anti-Ethyl 3-hydroxy-4-(4-methoxyphenyl)dithiopentanoate ISi. m. The 

flash chromatography (55:5 hexane: ethyl acetate). 
into iis component.33 was purified by 

'H_ynd C Mnr data for the mixture 
are given in Table 3. 
59.12; H, 7.09. _ 

IR: 3440.1610, 1515.1245 cm . Anal. Calcd. for CI4H2002S: C, 
Found: C, 59.50; H, 7.39. 

Syn- and 
noatem -- 
comoonents. 

Anti-Eth 1 3-hydroxy-4-methyl-6-[2-(2,5,5-trimethyl-1,3-dioxanyl)]dithioocta- 
b diastereomeric mixture, which could not&;e;;;;;;$ intIo its 

'%'Nmr data3' 
as purified by flash chromatography (95:5 hexane: 
for the mixture are given in Table 3. IR: 3440, 1450, 1380, iO90 cm- . 

H ald 

This aldol product tended to decompose to the derivatives.7 and 4 upon standing, 
precluding satisfactory combustion analysis. 

Syn_ and Anti-Meth+l. ?_hydroxy-4$2-metLoxyphenyl)phentanoate. The methyl esters were 
preparxmhe ithioesters2_axd using t e general procedure, in methanol. 
Flash chromatography (85:15 hexane: ethyl acetate) yielded an inseparable mixture of 
the diastereomeric methyl esters. H-Nmr: 

3'749 (')i73 IO3 

7.136 (br d), 6.864 (br t), 4.#3 (m), 
2.329 (d), 1.318 (d). C-Nmr: 

-: 
3.598 (~~~~3403405 (m), 3.270 (exchanges D 0). 

’ * iii 71.862, 
55.047. 51.251 

120.43;. 13k2:&, 
'37 939 172.869 156.755 130.306. 

131.765, 151;;7.;;;i33 .095, 120.439, 110.338. 
128.204, 

127.095. 71:044:55.0'47, &lx. J8.815. 37.;80, 15.9b6. 

Syn- and Anti-Meth 1 3-hydroxy-4-(4-methoxyphenyl)pentanoate. 
preparGZfim_edYi- 

The methyl esters were 
thioesters 5i and 6i using the general procedure. in methanol. 

Flash chromatography (85:15 hexze: et.1 acetate) yielded the inseparable mixture of 
the diastereomeric methvl esters. H-Nmr: 7.100 (dl. 6.828 (dl. 4.062 (ml. 3.770 

s), 3.662 (s, anti) 3.63i (s s n). 3.182 (br s,le;&lia(~es D20),'2;7~~p;;:ft); 
br m), 2.3087;2.295 (dj,-h36 (d, w), anti). - .- 
173.03. 157.981. 135.502, 128.321, 113.724, 72.67’9, 55.~47, 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, 38kif4. 17.213. 

Endo and Exo-2,5-Dimethyl-8-thioetho~-l-oxa-9-th~a~3.3.l~bicyclonona-7-ene L a The 
diastiZomeric mixture of ketal dithioesters 5j and 6j were stirred in acetone with a 
catalytic amount of p-toluenesulfonic acid (%ohydr%e) at room temperature for 20 
minutes. Saturated aqueous NaHC03.was then added, and t:;,$$re was extracted with 
ether. The extract was washed (brine). dried (MgSO ), and concentrated to 
yield the pure bicyclic derivative (80-90% yields). 4 reparative HbLC (u-Porosil, 99:l 
hexane: ethyl acetate at 2.0 ml/min) yielded the two pure diastereomers as 

'H-Nmr: m-derived endo product 1: 
colorless 

oils. 6.038 (d), 4.441 (d of d), 2.834 (q), 2.783 
[ybi:l.93 (br m), 1.6 (br m), 1.629 (s), ;;38043 [q;', 0.866 (d); G-derived= product 

6.024 (d), 4.313 \$b ;m.;842 (q). 2.09 (br m), 1.80 (br m), 1.631 (s), 
1.298 (t), 1.172 (d). - : endo (9j: 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_.fi42, 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% H 

I* (11%). 111 (78%). 
200 (5%), 183 (5%). 109 (7%). 158 (8%). 143 (11%). 129 

8.00. 
Anal. Ca cd. for CTlH18OS2: C, 57.74; H, 7.88. Found: C, 57.66; H, 

diastereomers (the less polar anti isomer required further purification by preparative 
thin 1alJIsr chromatography (silica gel, 80:20 hexane: ethyl acetate)). See Tablf 4 for 
H and C-Nmr data. IR (identical for both diastereomers): 3440, 1290, 1490 cm- . Mass 

spectrum.pa (identical for both diastereomers): m/e 220 (15%. H - H,O). 134 (24%). 
lb5 (94%): &al. m. for c13H1802S: C. 65.51; H, 7.61. m: C, 65.56;.& 7.9i. I- 

and Anti-Eth 1 3-hydroxy-4-phenylthiopentanoate (Ilc, 12c). Flash chromatograpQy 
$$~;;~acetate) yielded the separated diastereomers. SIZE Table 4 for H 

IR (identical for both diastereomers): 3445, 1680 cm . Anal. Calcd. 
for Cl;H1802S: 6, 65.51; H. 7.61. u: C, 66.17; H, 8.20. 

-- 

x-- S n and Anti-Ethyl 3-hydroxy-4-phenylpentanoate (Ild, 12d). Flash chromatography (95:5 
exane: ethyl acetate) yielded the purified syn diastereomer. but could not fully 

separate the-minor anti -component. iiowever, treatment of the anti dithioester 6a with 
CuO/CuC12/ethanol,using the general procedure described above, yielded an-ethyl 
ester identical chromatograpPically fld spectroscopically to the partially-purified 
aldol 12d. See Table 4 for H and C-FGnr data. IR [identical for both diastereomers): 
3440, 1550 cm': Anal. Cal&L for C13H1803: C, 70.25; H', 8.16. Found: C, 69.98; H, 8.52. 

(lle. 12eb Separation of the 
chromatographically, so the flash 

ethyl acetate) mixture was characterjfed. See Table 4 for 
IR: 3410, 1630. 1495. 1455, 1400 cm . Anal. Calcd. for 

C13HlgN02: C, 70.56; H, 8.65. Found: C. 69.11; H. 9.03. 
-- 

IR: 3380, 1670 cm . 
80.20; H, 7.12. 

Anal. Calcd. for C17H1802: C, 80.29; H. 7.13. &III: C, ---- 

% Pro 
and Anti-4,4-Dimethyl-2-(3-hydroxy-3-phenylbutyl)-2-oxazoline(llg, a. The 

uctixture. which tended to decompose to an insoluble white solid upon sitting, could 
not be separated into its component diastereomers. 

e: ethyl acetate) mixture was characteri 
Therefore the flash chrfmatogra&zCd 
ed. See Table 4 for H and 

* 3400, 1670, 1500, 1460, 1370 cm . Anal. Lax. for CT5H21N02: C, -f 

&II@: C. 71.72; H, 9.06. 

74.98; H, 8.05. 
Anal. Calcd. for CTTHl3NO: C, 75.40; H, 7.48. Found: c, 

srnggrw H-acetate) yielded 
-2-methyl-3-phenyldithiopropanoate 14 m. 

k 
Flash 

the separated iastereomers (HPLC 
retention time 
(l$k) 4.5 min. 'i 

(95:5 hexane: 
H-Nmr: z 

3.032 (t). 1.272 (d)Tl.l17 
(A3BX'pattern), 3.210 (t), 2.868 (d, 
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1y1! (14): 141.282, 127.562, 126.919. 126.014. 76.562, 
anti Ti_5): 209.185, 141.633. 

61.089, 29.590. 16.366, 11.724; 

20.365x1.899. 
128.029, 127.620, 126.569. 78.284, 61.411, 30.055, 

IR (identical for both diastereomers): 3440, 1450, 1400, 1190 cm- . 
Anal. Calcd. for Cl2Hl6DS2: C, 59.96; H. 6.71. w: c. 59.81; H, 6.98. 

2 3-S n-3 4-S n and 2.3-Anti-3.4-Syn-Ethyl 3-hydroxy-2-methyl-4-phenyldithiopentanoate 
Mm pressure liquid chromatography (95 5 h exane: ethyl acetate, 10 ml/minj 
yielded the two separated diastereomers (HPLC ritentfon times (95:5 hexane: ethyl 
acetate, 1.0 ml/min): 
min. See Table 5 forvrqia 6'gH~::';pe2~~~~~"li;~~~r~l~ bo8;: 
diastereomers): m/e 268 (1%. M+), 250 (1X), 221’2%), 134 (35%). 105 (93%). 

6 for C14H200S2: C, 62.66; H, 7.51. Found: C, 62. 5; H, 7.85. 
Anal. Calcd. 

2 3-S n-3 4-S n and 2,3-Anti-3.4-Syn Methyl 3-hydroxy-2-methyl-4-phenylpentanoate 18 
i&?&&it Xeach di astereomer 16 and 17 with CuO/CuCl 

% 
Lt 

procedure, yielded the corresponding <ethyl-esters 
/methanol, using the genera 

18 an 19 (HPLC retention times 
(80:20 hexane: ethyl acetate, 2.0 ml/min): 2.3-s~~3,4-~il8): 4.4 min, 2,3-anti- 
3.4-z (19): 3.9 min). The configuration of 18 was verified-y its identical HPLC 
retentionmme to the major product produced byThe Reformatsky reaction of methyl 2- 
bromopropionate and 2-phenylpropanal and the diastereomer 19 ~91 likewise identified 
with the next most major product from the Reformatsky reaction. 

for C14H260S2: C, 61.26; H, 9.55. w: C, 61.36; H. 9.57. 
. 

5-Phenylhex-3-en-2-one 25. 
1 d THF 

Dimethyl (2-oxopropyl)phosphonate (2.0 g. 12 mmol), in 5 

zry f;F. 
, p was added o a D‘C suspension of 0.3 g (12.5 mmol) of sodium hydride in 10 ml 
The mixture was stirred at room temperature for 1 hour then cooled to O°C, and 

to it was added 1.519 (11.2 mmol) of 2-phenylpropanal in10 ml dry THF. The mixture 
was then allowed to stir at room temperature for 2.5 hours. 
added, 

Water (20 ml) was then 
and the mixture was extracted with ether (3 x 20 ml). The extracts were then 

washed (brine), dried (MgSO4). concentrated, 
chromatographed (95:5 hexane: 

and the crude product was flash 
ethyl acetate) fo yield 1.32 g (68%) of the enone 3, 

which was used without further purification. H-Nmr: 
d). 3.6 (pentet). 2.2 (s), 1.4 (d). 

7.2 (s), 6.9 ($of d), 6.0 (d of 
IR: 1690, 1673. 1620, 1600, 1500 cm . 

Threo and Er thro Eth 1 2-oxo-3-(1-phenylethyl)dithiohexanoate 
mati@a&5&ne: th 1 acetate) yielded th f.ed diaskome? 26F1gi 
27 (66% combined yield) (HPL: 'retention times (9Ofl~"h'~x~ne* ethyl acetatr 
iiiT/min): major (threo, 26) product: 7.229 (s), 

1.266 (tm36 (d); 
2.937 (br m), <175 (q), 2.415 (ir itj? 

minor (er thro, 27 ) producyj7.224 (s), 3.033 (br m), 
2.378 (br m), 1.952 (s), 1.2&K- 1x91 (t). 

product: 
C-Nmr: major (-,a 

207.025, 144.202, 128.029, 127.445, 126.044. 53.704, 43.545, 41.735, 



Diastercefacial s&ctivity via aldol reactions 5103 

TABLE 3. NHR Sprctr41 oata For s_, a 

R\ Posltlwl Position SCH2~3 scH&Ji3 c-2 C-3 c-4 c-w3 R 

Pllenyl 

o-Tolyl 

t-kIty1 

Cyclohelyl 

‘II 1.241 3.183 3.014. 4.327 2.820 1.354 7.272 
Erythro 2.071 

1% 11.037 56.214 33.408 15.591 45.296 11.841 ~43.443,~2a.na?, 

'H 1.263 3.206 30:291 ;.;;. 4.411 2.945 1.343 127.328.126.102 7.312 w 13C 

17.096 55.669 75.073 44.171 17.666 141.983,127.737. 
125.927 

'ii 1.251 3.154 1.068 4.283 3.004 1.325 2.305.7.112 
ErythrO 13 2.969 

C 16.979 56.156 30.524 75.365 39.983 11.958 142.041,135.152. 
130.189.126.044, 

lli 1.310 3.296 3.143, 4.314 3.00' 1.297 125.868.19.840 7.136.2.354 
m 

13c 
3.105 

17.388 55.630 30.933 75.715 40.158 12.133 155.820,136.261. 
130.364.126.452. 
126.219.20.015 

'H 1.325 3.231 3.099. 4.458 1.22a 0.931 0.943 
Ervthro 

13C 
3.057 

12 075 58.783 30.700 71.453 47.068 7.988 33.327.26.247 

I 
m 13: 1::;:: 

3.303 3.099 4.231 1.70" 0.918 1.704,1.204. 
57.207 30.7w 72.621 40.041 10.440 43.311.31.342. 

29.707.26.729. 

'H 1.335 3.246 3.105. 4.088 1.70" 0.968 26.613 1.70 .1.20" 

- 13C Three 12.133 55.222 30.875 73.088 38.640 11.491 43.545.31.692. 
28.481,26.7aa. 
26.613 

(mixture) 'H 1.332 3.240 3.113 4.164 1.334 o.a93 i.738.0958.0.924 

i-?ropyl Erythn, 13C 12.743 59.218 31.076 74.223 44.736 10.524 29.032 or 21.909. 
19.982 

Three 13C 12.743 57.524 31.484 75.040 45.906 11.341 29.032 or 21.909. 
la.523 

1 
ErythrO Ii 1.291 3.210 3.106 3.973 1.99 0.a94 2.457.2.335.7.200 
(mixture) 13 1.278 3.191 0.868 

BelXyl C 15.227 56.039 30.700 74.898 40.450 13.476 140.365,140.348, 
55.222 73.730 40.275 12.016 128.963.128.846. 

m i27.9i2.i25.518. 
30.574.38.348 

'II 1.293 3.200 2.955 4.274 2.924 1.383 7.576.1.355 
13 2.949 

w.k& C 16.804 56.039 30.816 75.248 45.296 12.075 128.759.147.938. 

p-Trifluorophenyl 
'H 

128.087,125.226 118.687 
1.310 3.222 -a- 4.297 -4- 1.381 7.576.7402 

IilLBl 
13c 17.913 55.981 30.875 75.131 45.296 12.133 12a.671.125.051 

(mixture) 'H 1.232 3.134 3.074 4.336 3.302 1.320 3.750.7.193.7.123. 
6.813 

o-Anfryl Erthm '3c 15.753 56.506 30.349 74.956 38.115 11.841 156.229.131.765. 
126.919.120.332. 

Three 13C 
ilo.221.54.96a 

16.337 55.981 30.349 74.606 37.356 11.841 156.521.130.306. 
12a.321.126.919, 
120.332.120.221 
54.988 

P-Anisyl 

(mixture) ‘If 1.259 3.160 3.007 4.199 2.770 1.334 7.126. 6.825 
2.938 3.745 

Erythro 1% 17.037 56.214 30.349 75.715 44.362 11.724 157.572.135.444. 
12a.oa7.il3.432. 
54.696 

Three '3c 17.037 55.864 30.349 75.715 44.012 11.724 157.572.134.042, 
128.729.113.432 
54.696 

(mixture) l H 1.303 3.237 3.148 4.147 1.67' 0.949 3.545.3.397.1.673 
3.115 1.303.0.977,0.677 

Erythro 13C 14.611 58.264 30.725 75.741 39.308 12.743 99.679.70.836 
36.798,31.4a4, 

Thm, 13C 16.304 57.233 30.375 76.675 40.009 12.743 ~~:%~%':b::::' 
3a:3a9:31.192: 
21.3a4,28.098. 
23.018 

4) Sign41 obscured by other sigvulr: cheslcalr rhlft ~41~. It given. Is qspmxioltc. 
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& $1 ’ 
X’ 

TABLE 4. NMR Spectral O.ata for lJ, j-2 
OH X 

__._____-, 

;!I, /I 
POsItlOn c-x s 2 2 c-2 c-3 c-4 C-M3 Phenyl 

'Ii 4.412.1.322 2.700 4.224' 2.8574 1.351 7.249 
s 

Erythro '3c 
2.681 

221.738.68.008, 51.368 74.139 45.354 13.476 143:618,128.206. 
17,271 127.503,126.277 

'H 4.475.1.345 2.780 4.3684 2.920 1.327 7.283 
* 13 2;707 

C 221.855.68.359 51.076 74.022 45.179 13.651 142.567,128.262, 
17.388 128,145,126.511 

Ervthro 'H 2.822.1.185 2.540 4.105 2.746 1.340 7.272 

-k,E, '3C 'Ii 46.799.17.096 198.R51 2.078.1.234 23.168 2.683 72.796 4.199 45.471 2.76a 14.460 1.312 143,384,128.204. 127.328.126.277 7.273 
m 2.621 

'3C 198.967,48.499. 23.518 72.737 45.296 14.702 142.275,128.379, 
17.329 128.087.126.686 

'Ii 4.112.1.222 2.301 4.11a 2.773 1.374 7.249 
kYs!!rQ 2.290 

'3C 172.927.60.652 39.458 72.621 45.646 14.235 143.559.128.437, 
17.446 lZR.OR7.127.420 

'H 4.100.1.212 2.414 4.176' 2.824 1.300 126.511 7.249 
IbLRn 2.354 

13C 172.402.60.418 38.990 71.978 45.004 14.060 142.450.128.087. 
17.037 127.970.127.445. 

126.336 

(mixture 
of diast.) lH 2.809.2702 7.203 3.940 2.783' 1.366 7.197 

2.189 

'3C 172.168.36.889 31.726 72.562 45.471 18.030 143.968.127.970. 
-c-Nhk, 36.597 127.095.125.927 

Three 13c 172.168,36.889 34.728 71.745 44.420 18.030 142.917.127.737, 
36.597 127.445.125.460 

(mixture 1 of dlast.) H 7.605.7.724. 2.926 4.283 2.94a 1.406 7.304 
7.394 2.921 1.361 

-p 
-0 0 

Erythm '3C 200.427.128.321. 127.737.136.495 132.991 43.077 72.329 45.588 17.796 143.910.126.204. 127.445.126.336 

'3C 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 

(mixture lp of 
diart.) 

3.R29.3.807, 2.150 3,979 2.770 1.384 7.200 
Me 1.217 2.145 

Erythro '31: 164.637.78.284 32.918 72.446 45.705 17.621 143.734.12P.087, 
66.607.28.189 127.386.126.102 

Three '3C 164.627.78.284 32.276 71.862 44.029 16.862 142.684.127.854 
66.607.28.189 127.386.126.102 

(mixture of diast.) lH _____ 2.309 3.85 2.1327 1.364 7.246 
2.264 1.295 

-C=N ErythrO 1% 117.928 24.336 71.970 45.471 17.388 142.450.12.9.554. 
127.153.126.744 

* '3C 117.811 23.406 71.336 44.771 17.388 141.049.128.321 
127.854.126.744 

a) signal obsured by other signals; chem(ca1 shift value. +f given. Is approxinatc. 

TMLE 5. NYR Spectral hta for &, lJ a. a 
R 

structure Position SCH2CJ3 Sg2CH3 C-2 2-Gn3 c-3 c-4 C-U3 R 

'H 1.264 3.150 3.142 1.355 3.969 2.842 1.273 7.249 

16 '3C 17.680 55.806 29.941 15.928 70.459 42.961 11.958 144.143.12R.496. 
127.328.126.394 

'Ii 1.340 3.236 3.417 1.311 4.023 2.878 1.306 7.286 

n '3C 18.964 56.856 30.116 16.512 78.401 42.961 12.133 143.209.12R.204. 
126.452 

‘Ii 1.318 3.213 3.469 1.351 3.910 1.60' 0.918 1.663.1.572. 
1.16R 

20 '3C 18.oB6 57.499 31.342 12.133 76.241 40.275 10.49R 29.941.29.182. 
26.905.26.729 

'H 1.252 3.247 3.427 1.250 4.005 1.70" O.A9R 1.700.1.134 

a '3c 20.307 58 199 31.400 12.133 76.416 40.217 10.206 30.233.26.788 

4) sfgrul obscured by other sIgnal%; chrm4c41 shtft value. If gfven. ts rpproxhatc 
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