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d, J = 6 Hz, CH3
b), 1.1. (6 H, d, J = 7.5 Hz, CH3

a and CH3
C), 

3.4 (H, s, OCH3), 4.5 (1 H, d, J = 6 Hz, -C=CH), 4.65 (2 H, 
s, OCH2O). Ozonolysis of 15 in acetone (—78 0C), followed 
by oxidation of the ozonide (CrO3), afforded, presumably via 
3a, (±) Djerassi-Prelog lactonic acid (1) which was crystal­
lized from ethanol, mp 114-115 0C,16 in 26% yield from 15. 
The spectral data (IR, NMR) were completely identical with 
those of an authentic sample5 of the (±) Djerassi-Prelog lac­
tonic acid.17 
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1,4-Addition Reactions of Lithium Enolates 
to a,j(3-Unsaturated Thioamides 

Sir: 

1,4-Addition reactions of organometallic compounds to 
a,i3-unsaturated carbonyl compounds constitute one of the 
fundamental processes;1 especially those with kinetically 
formed enolates are valuable to prepare the functionalized 
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"4-16 equiv of MeI was used. * For the structures of ia-r, see Table 
II. c All new compounds showed satisfactory spectral (IR, NMR, mass) 
and analytical results (within ±0.3% for C and H (and N for 4a and 4b)). 
d Isolated yields. 

molecules desirable for the further transformations to natural 
and unnatural products. Therefore, owing to the unsuccessful 
1,4 addition of lithium enolates or enolate copper reagents, 
studies have been focused on the modifications of Michael-type 
acceptors.2 

In connection with the recently reported 1,4-addition re­
action of organolithium, -magnesium, and -sodium compounds 
to a,/?-unsaturated thioamides,3 we have found that a,/3-un-
saturated thioamides serve as excellent Michael acceptors for 
various enolates. We report here the 1,4-addition reaction of 
lithium enolates of symmetrical and unsymmetrical ketones, 
ester, amides, and sodium ethyl acetoacetate to ^-unsatu­
rated thioamides (eq 1) and the very easy transformation of 
the thus obtained 5-carbonylthioamides to the corresponding 
5-carbonyl esters (Table I). 
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The efficiency of the present 1,4-addition reaction is aug­
mented by the ease with which it is performed, as typified in 
the following example (Table II, entry 7). To a THF (3 mL) 
solution of ?err-butyl a-lithioacetate (Ic), prepared from 
tert-buty\ acetate (1.5 mmol) and lithium diisopropylamide 
(LDA, 1.5 mmol), was added a THF (1 mL) solution of 
/V,yV-dimethylthiocrotonamide (2a, 1 mmol) at -20 0C under 
argon. After the mixture was allowed to warm gradually to 
ambient temperature over a 30-min period, the reaction was 
quenched with CH3OH and extracted with EtOAc. After this 
was dried over Na2SC>4 and the solvent was evaporated, the 
faintly yellow residue was subjected to column purification 
(silica gel, benzene-ethyl acetate gradient) to give N,N-di-
methyl-3-methyl-4-carbo-to-7-butoxythiobutanamide (3h) in 
93%yield: bpl35~140 0C (0.001 mmHg) (Kugelrohr); NMR 
(CCl4) 8 1.05 (d, J = 5 Hz, 3 H), 1.25 (s, 9 H), 2.0~3.0 (m, 
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Table II. 1,4-Addition Reaction of Lithium Enolates to (^-Unsaturated 
Thioamides" 
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" For the notation of la-j, 2a-e, Y, R', R2, and R3, refer to eq 1. * After 
completion of addition of reagents, the reaction temperatures (0 or —20 
0C) were allowed to increase gradually to ambient temperatures over the 
periods of indicated times. c All products showed satisfactory spectral data 
(IR, 1H NMR, mass). d Satisfactory analytical results were obtained for 
these compounds (within ±0.3% for C, H, N, and S). ' Yields refer to 
isolated yields. Values accompanied with values in parentheses refer to 
the isolated yields based on conversions (in parentheses), f Mixtures of 
stereoisomers. * HMPT (1-2 equiv) was added. 

5 H), 3.40 (s, 3 H), 3.45 (s, 3 H); IR (neat film) 1720 (s), 1515 
(m), 1150 (s) cm-1; mass spectrum m/e (rel intensity) 245 (P+, 
13), 189 (42), 172 (24), 103 (100). Results of some typical 
experiments are summarized in Table II, which shows that the 
present reaction is tolerant of considerable variation in the 
structures of donors and acceptors. The enolates of amides and 
ester seem to be much more reactive than those of ketones; 
/V.yV-dimethyl-a-lithioacetamide (la) reacted rapidly with 2a 
(complete reaction within a few minutes at 0 0C, entry 1), 
while a-lithiopinacolone required 4 h at ambient temperature 
for completion of reaction (entry 10). iV,jV-Dimethylthio-«-
methacrylamide (2c) was somewhat unreactive compared with 
2a, and 2c was recovered from the reaction with Id even under 
forcing conditions (THF, reflux). The difficulty encountered 
with soft nucleophiles4 could partly be overcome by using 1~2 
equiv of hexamethylphosphoric triamide (HMPT) and/or 
using excess enolate (entries 14-18); under THF-HMPT re­
flux conditions, Id reacted with 2c to give N,N-dimethyl-5-
oxo-2,6,6-trimethylthioheptanamide (3m) in 50% yield (based 
on 74% conversion). Although the more substituted enolates 
showed higher reactivity than the less substituted ones, as ex­
emplified by the competitive reaction of enolates of diisopropyl 
ketone and pinacolone with 2a,5 the 1,4-addition reactions of 
the enolates of unsymmetrical ketones took place selectively 
at the less substituted sites. This indicates the selective addition 
of kinetically generated enolates. That is, 2-methylcyclopen-
tanone and 2-methylcyclohexanone reacted with 2a selectively6 

at the 5 and 6 positions, respectively, and 3-methylbutan-2-one 
at the 1 position exclusively (entries 14, 15, and 16). Sodium 
ethyl acetoacetate4 reacted slowly with 2a to give N,N-Ai-

methyl-3-methyl-4-carbethoxy-5-oxothiohexanamide (76% 
yield based on 25% conversion at ambient temperature for 43 
h), whereas the dianion of ethyl acetoacetate reacted rapidly 
with 2a and 2b at the methyl carbon of acetyl group to provide 
highly functionalized thioamides 3t and 3u, respectively, in 
high yields (entries 19 and 20). 

It is worthwhile to note that /erf-butyl a-lithioacetate, 
similarly to H-BuLi and EtMgBr,3 reacted with N,N-A\-
methylthiosorbamide to provide a 1,4-addition product (3j) 
exclusively in 78% yield, in marked contrast to the selective 
1,6-addition reaction of organocopper reagents to conjugated 
dienoates.7 As an exception, iV,/V-dimethyl-a-lithioacetamide 
(la) provided a mixture of 1,4- (69%) and 1,6-addition prod­
ucts (17%), the proportion of the latter increasing with increase 
of the polarity of reaction media.8 

Transformation of the thus-obtained thioamides into the 
corresponding esters could be performed very easily and effi­
ciently9 (Table I);3h was exposed to 12 equiv10 of MeI in ab­
solute methanol at ambient temperature for 10 h. After ad­
dition of aqueous K2CO3 and extractive workup, tert-buiy\ 
methyl 3-methy\glutarate (4h) was isolated by distillation in 
100% yield: bp 120 0C (2~7 mmHg) (Kugelrohr); NMR 
(CCl4) 5 0.98 (d, J = 6 Hz, 3 H), 1.45 (s, 9 H), 2.2 (m, 5 H), 
3.60 (s, 3 H); IR (neat film) 1720 (s), 1260 (m), 1210 (m), 
1150 (s) cm-1; mass spectrum m/e (rel intensity) 160 (P+ -
C4Hg, 25), 143 (100). As shown in Table I, this transformation 
of thioamides to esters is general for <5-keto-, 5-carboalkoxy-, 
and 5-amidothioamides. Taking into consideration that, under 
the above reaction conditions, f-amidothioamide (3f) or more 
generally A/.TV-dialkyl aliphatic thioamides are converted to 
the corresponding amides,1' the intramolecular participation 
of 5-carbonyl groups seems to play an important role to de­
termine the course of the reaction. The methodology for the 
transformation of thioamides to esters, ketones, and al­
dehydes,12 established recently in this laboratory, increases 
the versatility of the presently reported 1,4-addition reaction. 
Work is in progress to investigate the full scope of the present 
reaction and to apply our method to the synthesis of alkaloid 
natural products. 
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Stereoselective Synthesis of (±)-Dihydroantirhine 

Sir: 

We describe here a new route to indole alkaloids which leads 
specifically to the less stable anti relationship of the centers at 
C3 and C15.' The first stereoselective synthesis of (±)-dihy-
droantirhine (4)2'3 will serve to illustrate our synthetic ap­
proach. It is noteworthy not only because of its complete ste­
reoselectivity (all three asymmetric centers of dihydroantirhine 
are rigorously controlled) but also by its efficiency: the overall 
yield of (±)-dihydroantirhine is 40% starting from lactam 1 
(20% based on tryptamine). 

NEt2 

+ § * 

H2OH 

NEt2 

OOR 

The two key steps on which this new approach is based are 
the cycloaddition of the ynamine 24 with the unsaturated 
lactam 15 (1 + 2 —• 3) and the hydrolysis of the enamine system 
of the resulting cycloadduct 3 (3 —• 5a). 

The initial cycloaddition of ynamines with a,^-unsaturated 
lactams was made possible, as we described in the case of un­
saturated nitriles,6 by the addition of magnesium bromide. 

The first stereochemical problem was that of establishing 
the correct anti relationship of C3 and Ci5 which is charac­
teristic of the antirhine alkaloids. The cycloaddition7 of yna­
mine 2 with 1 offers a solution to this problem because per­
pendicular attack8 of 2 at C15 would be expected to involve a 
transition state in which the lactam is in a half-chair confor­
mation (cf. IA) leading to 3 rather than in a half-boat con­

formation (cf. IB) which would have led to a syn relationship 
of the relevant centers. 

The second problem involves the control of the relative 
configuration of the centers at C15 and at C20 in dihydroanti­
rhine. This control of a center in a flexible chain adjacent to 
a ring can be achieved during the hydrolysis of the cycloadduct 
(3 —• 5a). Treatment of 3 with 10% hydrochloric acid for 1 h 
at 20 CC gave the acid 5a, mp 186-187 0C (acetonitrile-eth-
anol).9 The methyl ester 5b (diazomethane, 50% overall yield 
from 1; IR (CDCl3) 1650-1730 cm"1; 1H NMR 5 0.9 (t, 3 H), 
3.5 (s, 3 H)), was clearly a single isomer as shown by its 13C 
NMR spectrum.10 This result shows that the same very high 
stereoselectivity is observed in the hydrolysis of the cyclobutane 
enamine 3 which is fused to a lactam, as is observed when the 
fusion is to a cyclanone as in the previously studied case of 
6." 

Under the kinetic control involved in the conditions de­
scribed above, the /3-ketolactam 8 is formed via the immonium 
ion 7 by addition of the proton on the more accessible exo face. 
Irreversible cleavage of the /3-ketolactam 8 is more rapid under 
these conditions than equilibration of 7 or 8, and thus leads 
directly to the acid 5a in which the crucial center at C20 in the 
side chain is maintained in the correct configuration. 

Reduction of the ester 5b with an excess (3 equiv) of lithium 
aluminium hydride (THF, reflux, 2 h), followed by debenzy-
lation of the indole nitrogen (Na, NH3),12 then gave (±)-
dihydroantirhine (4) in 80% yield. The synthetic substance and 
its acetate proved identical (IR, mass, 1H NMR, 13C NMR)13 

with samples prepared starting from natural antirhine.14 
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