1316

d,J =6 Hz, CH;s?), 1,1. (6 H,d, J = 7.5 Hz, CH3* and CH39),
3.4 (H,s,OCH3),4.5(1 H,d,J = 6 Hz, -C=CH), 4.65 (2 H,
s, OCH;0). Ozonolysis of 15 in acetone (=78 °C), followed
by oxidation of the ozonide (CrO;), afforded, presumably via
3a, (+) Djerassi-Prelog lactonic acid (1) which was crystal-
lized from ethanol, mp 114-115 °C,'6 in 26% yield from 15.
The spectral data (IR, NMR) were completely identical with
those of an authentic sample® of the () Djerassi-Prelog lac-
tonic acid.!”
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1,4-Addition Reactions of Lithium Enolates
to a,B-Unsaturated Thioamides
Sir:
1,4-Addition reactions of organometallic compounds to
a,B-unsaturated carbonyl compounds constitute one of the

fundamental processes;! especially those with kinetically
formed enolates are valuable to prepare the functionalized
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Table I, Conversion of Thioamides to Esters

\]

R g3 R' R3

YMNMte) MeI in abs. MeOH? VMOW
o R2s 2) aq. KyC0, o rR2 0

3 4
Reactantb Product® (% yield)d

3 4 Y Rl r? R3

3a 4a (91) NME2 H Me H

3b 4b (83) NME2 H Ph H

3h 4h (100) O"Bu H  Me W

31 4i 186) o%Bu  H Ph H

3k 4k (92) "Bu  H  Me H

3r dr (71) = (CHy) 4= Me H

9 4-16 equiv of Mel was used. ® For the structures of 3a-r, sec Table
11. < 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)).
4 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.?

In connection with the recently reported 1,4-addition re-
action of organolithium, -magnesium, and -sodium compounds
to a,8-unsaturated thioamides,?> we have found that «,8-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 a,8-unsatu-
rated thioamides (eq 1) and the very easy transformation of
the thus obtained 6-carbonylthioamides to the corresponding
8-carbonyl esters (Table I).

R! R3

2 R g3
v\)e@ + R\)YNMeg ~y NMey
o U s THF (1)
0O g2 s
1 2 3
la: Rl= H, Y = NMe 2a: R%= Me, R= H
t 2 v 2 3
1b: R'= Me, v = NMe 2b: R"s Ph, R7= H
o . v
le: R's H, ¥ = oCMe, 2c: R%= 1, R%= Me
A

RO |
1d: R'= H, Y = CMe.
le: R'= H, Y = Ph
2 8 3
16: Rla m, v = cHMe, 2e: R°= MeCH=CH-, R°= H
lg: Rbey = - (CH,) ,CHMe~

1
s RO-Y = -(CHy)
}1: Rl-Y = -(CHZ)

CHMe~
-
ij: R1= H, Y = NaCHC02C2H5
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). Toa THF (3 mL)
solution of terz-butyl a-lithioacetate (Ic), prepared from
tert-butyl acetate (1.5 mmol) and lithium diisopropylamide
(LDA, 1.5 mmol), was added a THF (1 mL) solution of
N,N-dimethylthiocrotonamide (2a, | mmol) at —20 °C 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 Na;SO,4 and the solvent was evaporated, the
faintly yellow residue was subjected to column purification
(silica gel, benzene-ethyl acetate gradient) to give NV, /V-di-
methyl-3-methyl-4-carbo-terz-butoxythiobutanamide (3h) in
93% yield: bp 135~140 °C (0.001 mmHg) (Kugelrohr); NMR
(CCl4) 8 1.05(d, J = S Hz, 3 H), 1.25 (s, 9 H), 2,0~3.0 (m,
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Table IL. 1 4-Addition Reaction of Lithium Enolates to «3-Unsaturated
Thioamides?

Entry Enolate Thioamide Temp (°C)P Product® vield®
1lequiv) 2 Time h) 3 ¥ "l &% & T
1 la 11.5)  2a 0, 0.5 3a% Nme, H o Me H 90
2 laaLs 2 0, 0.5 3 Ne, H Ph H 94
3 la LS 2 0. 0.3 3% wwe, HoOH Me 69 189)
4 las o2 r.t, 1.3 3t “’N\f\g 34
s la 11.5)  2e rot, 0.1 (3¢? Hve, H  MeCH=CHCH,~ H 69
.
3 u-,nY\[NYN"'z 17
o s
6 1b 1L.5) 2a 0, 0.3 3g%Fime, Me Me H 91
7 le 1Ls)  2a -20, 0.5 3n? Tmuo B Me u 93
8  lc IL.s) 2p -20, 1.8 319 ®Buo H Ph H 76
9 lc I11.5) 2 -20, 0.5 33 “Bwo H  MeCH=CHCH,~ H 78
10 1a 11.8)  2a rot, 4 % tau H  Me H 95
11 18 11.2)  2b r.t, 39 i eu H ph H 69
12 14 (1.5) 2¢ 65, 2.89  3m Ceu H H Me 50 174)
13 le (1.5) 2a r.t, 49 3n Ph H  Me H 65
14 1£ 13.0) 2a r.t, 3 JOd CHHez H Me H 73 (75)
15 1g 13.0)  2b roe, 159 3pHf 76
- /Q\(\(NM“
£ o m ®
16 lh 13.0) 2a r.t, 3.59 3q 71
- NMe2
d,f ° s
17 1_1 13.0) 2a r.t, 49 ar ' -(CHz)d- Me H 99
18 i 13.0) 2 roe, 39 3t -icHy - en H 99
19 13 (.51 2a re, 1 3¢ cHyco,Ee B Me H 86
20 13 12.0) 2b r.t, 1.5 3u CHZCOZEt H Fh H 82

@ For the notation of 1a-j, 2a-¢, Y, R\, R2 and R3, refertoeq |. & After
completion of addition of reagents, the reaction temperatures (0 or —20
°C) were allowed to increase gradually to ambient temperatures over the
periods of indicated times. ¢ All products showed satisfactory spectral data
(IR, "H NMR, mass). ¢ 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). / Mixtures of
stereoisomers. 8 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™!; mass spectrum my/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;
N, N-dimethyl-a-lithioacetamide (1a) reacted rapidly with 2a
(complete reaction within a few minutes at 0 °C, entry 1),
while a-lithiopinacolone required 4 h at ambient temperature
for completion of reaction (entry 10). N, N-Dimethylthio-a-
methacrylamide (2c) was somewhat unreactive compared with
2a, and 2¢ was recovered from the reaction with 1d even under
forcing conditions (THF, reflux). The difficulty encountered
with soft nucleophiles* 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, 1d reacted with 2¢ to give N,N-dimethyl-5-
0x0-2,6,6-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,’ 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 selectively®
at the 5 and 6 positions, respectively, and 3-methylbutan-2-one
at the | position exclusively (entries 14, 15, and 16). Sodium
ethyl acetoacetate* reacted slowly with 2a to give N,N-di-
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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 tert-butyl a-lithioacetate,
similarly to n-BuLi and EtMgBr,* reacted with N,N-di-
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.” As an exception, N,N-dimethyl-a-lithioacetamide
(1a) 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.®

Transformation of the thus-obtained thioamides into the
corresponding esters could be performed very easily and effi-
ciently® (Table I); 3h was exposed to 12 equiv!® of Mel in ab-
solute methanol at ambient temperature for 10 h. After ad-
dition of aqueous K;COj3 and extractive workup. tert-butyl
methyl 3-methylglutarate (4h) was isolated by distillation in
100% yield: bp 120 °C (2~7 mmHg) (Kugelrohr); NMR
(CCly) $0.98 (d, J = 6 Hz, 3H), 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™!; 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 é-keto-, 6-carboalkoxy-,
and é-amidothioamides. Taking into consideration that, under
the above reaction conditions, ¢-amidothioamide (3f) or more
generally N,N-dialkyl aliphatic thioamides are converted to
the corresponding amides,'! the intramolecular participation
of 4-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,!? 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.

Acknowledgement. Partial financial support from the
Ministry of Education, the Japanese Government (Grant-
in-Aid for Scientific Research, No. 365306), is gratefully ac-
knowledged.

References and Notes

(1) (a) E. D. Bergmann, D. Ginsburg, and R. Pappo, Org. React., 10, 179 (1959},
(b} G. H. Posner, ibid., 19, 1 (1972); (c) M. E. Jung, Tetrahedron, 32, 3

(1976).

o-Silylvinyl ketones as acceptors: (a) R. K. Boeckman, Jr., J. Am. Chem.

Soc., 95, 6867 (1973); (b) R. K. Boeckman, Jr., ibid., 96,6179 (1974); (c)

G. Stork and B. Ganem, ibid., 95, 6152 (1973); (d) G. Stork and J. Singh,

ibid., 96, 6181 (1974). Nitro olefins as acceptors: () D Seebach, H. F. Leitz,

and V. Ehring, Chem. Ber., 108, 1924 (1975). Ketene S,S-acetal S-oxides
as acceptors: {f} J. L. Herrmann, G. R. KieczyKowski, R. F. Romanet, and

R. H. Schlessinger, Tetrahedron Lett.,, 4711, 4715 (1973). a,3-Unsaturated

acyl derivatives of carbethoxymethylenetriphenylphosphoranes as ac-

ceptors: (g) M. P. Cooke, Jr., and R. Goswami, J. Am. Chem. Soc., 99, 644

(1977).

{3) Y. Tamaru, T. Harada, H. lwamoto, and Z. Yoshida, J. Am. Chem. Soc., 100,
5221 (1978).

(4) Sodium dimethylmalonate was either unreactive (with 1¢) or gave many
untractable products (with 1a).3

(5) The mixture of the independently prepared enolates of diisopropyl ketone
{3 mmol) and pinacolone (3 mmol) was reacted with 2a (1 mmol) at ambient
temperature. The reaction was almost complete within 3 h. The reactivity
ratio of the enolate of diisopropyl ketone to that of pinacolone was roughly
estimated to be 3 on the basis of product ratio.

(6) Although the accurate selectivity could not be determined, the high reg-
ioselectivity of these reactions (entries 15 and 16) was concluded on the
bases of the thorough decoupling experiments of the NMR spectra of the
product mixtures (3p and 3q): for example, except for the four doublets
due to methyl groups at the 2 position of cyclopentanone of four possible
diastereoisomers (3p), no singlets due to methyl groups of other two
possible diastereoisomers, which might be produced by the reaction at
the 2 position of 2-methylcyclopentanone, were detectable.

(7) (a)J. M. Petersen, C. Bretting, P. M. Jorgensen, S. Refn, and V. K. Andersen,
Acta Chem. Scand., 15, 277 (1961}, (b) T. Cohen, G. Herman, J. R. Falck,

(2



1318

and A. J. Mura, Jr., J. Org. Chemn., 40, 812 (1975); (c) T. Cohen, D. Kuhn,

and J. R. Falck, J. Am. Chem. Soc., 97, 4749 (1975). Recently the selective

1,4 addition of RCu:BF; to ethyl sorbate was reported: (d) Y. Yamamoto

and K. Maruyama, ibid., 100, 3240 (1978).

(8) In ether 1,4- and 1,6-addition products were isolated in 58 and 8% yields,
respectively, while in THF containing 2 equiv of HMPT the ratio of the iso-
lated yields changed to 46:28.

(9) Freshly dried and distilled solvent (methanol or ethanol) should be used;

otherwise amides are produced as byproducts.

(10) The similar results were obtained with 4 equiv of Mel.

)} (a) R. N. Hurd and G. DeLaMater, Chem. Rev., 61, 45 (1961); (b) G. E.
Lienhard and T. Ch. Wang, J. Am. Chem. Soc., 90, 3781 (1968); (c) R.
Mukherjee, Chem. Commun., 1113 (1971).

(12) Details of procedure to convert thioamides to esters, ketones, and aldehydes
will be reported in due course. Thioamides which do not possess the pro-
tons « to thiocarbonyl group are converted to the corresponding ketones
by treatment of the onium salts with Grignard reagents: T. Yamaguchi, Y.
Shimizu, and T. Suzuki, Chem. Ind. (London), 380 (1872).

Yoshinao Tamaru, Toshiro Harada, Zen-ichi Yoshida*
Department of Synthetic Chemistry

Kyoto University, Yoshida, Kyoto 606, Japan
Received August 30, 1978

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
C; and Cs.! The first stereoselective synthesis of (&)-dihy-
droantirhine (4)22 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).

a:RaH. b R:=Me

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,8-unsaturated
lactams was made possible, as we described in the case of un-
saturated nitriles,® by the addition of magnesium bromide.

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

1 i
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formation (cf. 15) 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 Cys and at Cygin 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 °C gave the acid Sa, mp 186-187 °C (acetonitrile-eth-
anol).? The methyl ester 5b (diazomethane, 50% overall yield
from 1; IR (CDCl;) 1650-1730 cm=!; 'TH NMR 6 0.9 (t, 3 H),
3.5 (s, 3 H)), was clearly a single isomer as shown by its 13C
NMR spectrum.!® 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
fulslion is to a cyclanone as in the previously studied case of
6.

(C

Et,

~
foo

s

Under the kinetic control involved in the conditions de-
scribed above, the 8-ketolactam 8 is formed via the immonium
ion 7 by addition of the proton on the more accessible exo face.
Irreversible cleavage of the §-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 Cygin the
side chain is maintained in the correct configuration.

Reduction of the ester Sb with an excess (3 equiv) of lithium
aluminium hydride (THF, reflux, 2 h), followed by debenzy-
lation of the indole nitrogen (Na, NH3),!? then gave (+)-
dihydroantirhine (4) in 80% yield. The synthetic substance and
its acetate proved identical (IR, mass, 'H NMR, 13C NMR)!?
with samples prepared starting from natural antirhine.'4
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