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Table I. Cycloadditions of Ynamines with «,8-Unsaturated Sulfones

ynamine % yield of % yield of

sulfone 2 3 adduct 4 ketone 7 mp,¢ °C
phenyl vinyl sulfone (2a) 3a 95 84 65-70%
phenyl (E)-g-styryl sulfone (2b) 3a 60¢
benzothiophene 1,1-dioxide (2d) 3a 1004 95 131-133
(E)-(methoxycarbonyl)ethenyl phenyl sulfone (2¢) 3a 1004.€
2-sulfolene (2e) 3a 35f
phenyl 1-propynyl sulfone (2f) 3a 1004
1,3-butadien-1-yl phenyl sulfone (5) 3a 90-100 72 82-85
phenyl vinyl sulfone (2a) 3b 75 64 (oil)é

@ The cycloadducts 4 were characterized by 'H NMR, IR, and MS; the isolated ketones gave satisfactory spectral and ele-
mental analyses. ? A cis-trans mixture of 7 results. ¢ At 100 °C eycloaddition and ring opening of 4 occurred. ¢ By NMR
analysis no starting sulfone was discernible after reaction. ¢ Cycloaddition occurs exothermically at 25 °C, but attempted
hydrolysis to 7 took an undetermined course. 7 Cycloaddition and isomerization to 3-sulfolene were competitive above

60 °C. £ This product was purified by column chromatography.

ture of 1.0 g (5 mmol) of sulfone 5, either dissolved in 10
mL of methylene chloride or neat, with 0.97 mL (7 mmol)
of ynamine 3a led to an exotherm after a few minutes.
After standing several h, the solvent and excess ynamine
were removed in vacuo at 50 °C and 0.1 mmHg. For the
neat reaction the starting sulfone was consumed; in CH,Cl,
medium, 10% of 5 remained. When acetonitrile was used
as a solvent, 40% of 5 was unconsumed. Product 6: 'H
NMR (CDCl,) 6 1.06 (6 H, m, J = 7 Hz), 1.62 (3 H, sl br),
2.25-2.6 (2 H, m), 2.85 (4 H, g, J = 7 Hz), 3.30 (1 H, m),
6.46 (1 H,d,J =15Hz),7.1 (1 H,d of d, J = 8, 15 Hz),
7.66 (3 H, m), 7.9 (2 H, m); IR (neat) sharp, intense ab-
sorptions at 1605 and 1660 cm™.

Hydrolysis of product 6 from a 30-mmol run was carried
out in 30 mL or ether with 3 mL of concentrated HCI for
1 h. The ether layer was washed with water, dried with
anhydrous MgS0,, and evaporated to yield isomers of 9;
column chromatography on silica gel and elution with an
ether-hexane pair (1:1) gave a colorless solid, which was
recrystallized from methanol to give one isomer of 9, mp
82-85 °C, presumably having the C==0 and SO,Ph groups
E: 'HNMR (CDCly) 6 2.02 (2 H, d, J = 7 Hz), 2.59 (1 H,
m), 3.0-4.2 (2 H, m), 446 (2 H, d, J = 7 Hz), 6.56 (1 H,
m), 7.8-8.3 (5 H, m); IR (mineral oil) 1750 (C=0), 1680
(C=C) cm™.

Acknowledgment. We thank Messrs. Thomas DeLisa
and Mitchell Baron for technical assistance in this re-
search.

(10) Sulfone 5 was prepared from 1,3-butadiene in three steps: (a)
1,3-butadiene and PhSO,C1 at ~78 °C in CH,Cl, with CuCl and Et,NHCI
yielded 1-chloro-4-(phenylsulfonyl)-2-butene; (b) treatment of the chloro
compound with Et;N and Me,NH provided 1-amino-4-(phenyl-
sulfonyl)-2-butene, which was a convenient, storable source of 5; (c)
quaternization of the amino compound with Mel in MeOH and treatment
of the resulting quaternary sait with aqueous NaOH liberate 5.
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B8’ Metalation of «,3-Unsaturated Tertiary Amides

Summary: Novel 8’ metalations of the a,3-unsaturated
tertiary amides N,N-diisopropyl-1-cyclohexenecarbox-
amide (3), (E)-N,N-diisopropyl-2-methyl-2-butenamide (7),
and N,N-diisopropyl-6-(trimethylsilyl)-1-cyclohexene-
carboxamide (10) are reported. Additions of the j3’-
lithio-a,B8-unsaturated tertiary amides 4, 8, and 11 to a
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variety of electrophiles, including in the case of 8 subse-
quent formation of five-membered rings, illustrate the
value of this approach for achieving substitution at the 3’
position of a,8-unsaturated carboxylic acid derivatives.

Sir: Recent communications which report that «,8-un-
saturated secondary amides and thioamides react with 2
equiv of alkyllithiums to give a species which is dilithiated
at the nitrogen and 3'-carbon provide the basis for a new-
approach to 8 substitution of a,8-unsaturated carboxylic
acid derivatives.!? In view of the interest in the novel
{3'-lithiomethacrylate synthon 1, we now communicate our
observation that diisopropyl tertiary amides bearing po-
tentially acidic 8- and y-hydrogens undergo 3’ metalation
at low temperatures to give stable #’-lithio-a,5-unsaturated
amides 2 which can subsequently react with a variety of
electrophiles.?

cov coy
.
RL E
—CHp—C==CH—CHp— —= =—CHTC =CH—CH,— —
L\+
1,Y = OH

2, Y = N(CH(CH,),),
E cov
—CH—C=CH—CHp—

Addition of N,N-diisopropyl-1-cyclohexenecarboxamide
(3) to 1.1 equiv of sec-butyllithium—tetramethylethylene-
diamine in tetrahydrofuran at —78 °C followed by addition
of an electrophile leads to #’-substituted amides 5 via the
substituted allyllithium 4. As shown in Table I, deuter-
ation, alkylation, silylation, sulfenylation, oxidation, and
condensation with carbonyl compounds proceed in useful
yields. Products resulting from §- or y-hydrogen removal
are not observed; however, reaction of 4 with dimethyl-
formamide gives the conjugated product 6 in which isom-
erization of the double bond has occurred. A typical ex-
perimental description is given at the end of this report.

(1) For cases in which potentially acidic 8- and vy-hydrogens are
present, see: (a) Beak, P.; Kempf, D. J. J. Am. Chem. Soc. 1980, 102,
4550. (b) Tamaru, Y.; Kagotani, M.; Yoshida, Z. Tetrahedron Lett. 1981,
3409. (c) Tamaru, Y.; Kagotani, M.; Furukawa, Y.; Amino, Y.; Yoshida,
Z. Ibid. 1981, 3413. For cases in which only 8-hydrogens are present, see:
(a) Fitt, J. J.; Gschwend, H. W. J. Org. Chem. 1980, 45, 4257. (b) Tanaka,
K.; Nozaki, Y.; Tamura, N.; Tanikaga, R.; Kaji, A. Chem. Lett. 1980, 1567.

(2) For 8’-carbanionic methacrylic acid synthons, see: (a) Loffler, A.;
Pratt, R. D.; Pucknat, J.; Gelbard, G.; Dreiding, A. S. Chimia 1969, 23,
413. (b) Hegedus, L. S.; Wagner, S. D.; Waterman, E. L.; Siirala-Hansen,
K. J. Org. Chem. 1975, 40, 593. (c) Carlson, R. M,; Oyler, A. R. Ibid. 1976,
41, 4065. (d) Carlson, R. M. Tetrahedron Lett. 1978, 111,

(3) For a report of the transient 3’ metalation of the tertiary amide 18,
see: Bannwarth, W.; Eidenschink, R.; Kauffman, T. Angew. Chem., Int.
Ed. Engl. 1974, 13, 468.
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Table I. Lithiation and Electrophilic Substitution of 3, 7, and 10
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amide electrophile product % yield®

3 D,0 5E=D 85 (97% d,)
3 C,H,CH,Cl 5, E = CH,C,H, 58
3 CH.I 5 E=C,H, 68
3 CH,(CH,),Br 5, E = (CH.),CH, 56
3 CI(CH,),Br 5, E = (CH.).Cl 63
3 (C,H,),CO 5, E = COH(C,H,), 61
3 (cH,},Sict 10 57
3 (C,H,S), 5, E = SC,H, 56
3 B(OCH,), ; H,0,, HOAc 5, E = OH 66
3 HCON(CH,), 6 © 42
7 D,0 9a,b,E=D 93b-4 (95% d,)
7 (C,H,N), 9a,b, E = C,H,NNHC,H, 75¢
7 (C,H,),CO 9a,b, E = COH(C H,), 82f
7 (CH,},co 9a,b, E = COH(CH,}, 81¢
7 CH,(CH,),I 9a, E = (CH,),CH, 63h
7 (CH,),sicl 9a, E = Si(CH.), s8¢,
7 (CH,S), 9a, E = SC H, g7

10 chl 12, E = C,H, 65

10 C.H.CH,Cl 12, E = CH,C,H 81

10 (CH,),C 12, E = COH(CH,), 73

10 (C,H,),CO 12, E = COH(C,H,), 90

10 ¢, H,CON(CH,), 12, E = COC,H, 73

10 C.H.CHO 13, 14 16, 44

@ Analytically pure material. ? 87:13; 9a, 9b. ¢ Lithiation at —96 °C. 9 Lithiation at —78 °C gave 82% (97% d,) 9a, 9b;
86:14. €39:61,9a, 9b. 746:54;9a, 9b. £60:40; 9a, 9b. " Less than 5% of the isomer 9b is present. ! Obtained as a
mixture of E and Z isomers. The ratio varies and is attributed to base-catalyzed isomerization.

CONR',
CONR'2 R
R sec-Buli/ TMEDA ve'
THF, -78 °C 20"
R=H
3,R=H 11, R = Si(CH,),
10, R = 8j(CH,),
R’ = CH(CH,),

CONR';
R E

’ 5 R=H

12, R = Si(CH,),

Similarly, the acyclic tertiary amide (E)-N,N-diiso-
propyl-2-methyl-2-butenamide (7) undergoes selective 8
metalation upon addition to sec-butyllithium-tetra-
methylethylenediamine at —78 °C to give the unsymme-
trically substituted allyllithium 8. In this case two re-

E
CONR',

9a

CONR s _CONR?
| sec-BuLI/TMEDA 433 L E
THF, t8ec U4 2.H30'

7 8

R’ = CH(CH,),

gioisomers are possible on reaction of 8 with electrophiles.
As shown in Table I, 9a and 9b are observed on deutera-
tion and additions to multiple bonds, while a ratio of

greater than 95:5 9a:9b is observed on alkylation, silylation,
and sulfenylation.

Regiochemical control of the substitution site is observed
in the reactions of the silylated tertiary amide 10. The
intermediate 11 is trapped with alkyl halides, ketones, and
N,N-dimethylbenzamide exclusively v to silicon to give 12.4
Reaction with benzaldehyde, however, gives a mixture of
13 and diene 14 in 16% and 44% yields, respectively; the
latter presumably results from trapping « to silicon fol-
lowed by elimination.#d

CON(CH{CH3)2)2 CON{CH{CH3l2)2

CHO (CH3)3Si CHOHCgHs
6 13
CON(CH(CHz)2)2
CHCegHs
14

A particular advantage of the tertiary amide for the
synthon 1 is its potential for activating anionic cyclization
after addition to an appropriate electrophile.*® Such a
ring formation has been observed by Kaufmann et al.? for
reaction of the transient §'-lithio-a,8-unsaturated tertiary
amide from N,N-diisopropyl-2-methylpropenamide (18)
with itself and with azobenzene. An analogous process is

(4) This selectivity is typical of silyl-substituted allyllithiums: (a)
Corriu, R. J. P.; Masse, J. J. Organometal. Chem. 1973, 57, C5. (b)
Corriu, R. J. P.; Masse, J.; Samate, D. Ibid. 1975, 93, 71. (c) Corriu, R.
J. P.; Lanneau, G. F.; Leclercq, D.; Samate, D. Ibid. 1978, 144, 155. (d)
Lau, P. W. K,; Chan, T. H. Tetrahedron Lett. 1978, 2383.

(5) (a) Peterson, D. J. J. Org. Chem. 1968, 33, 780. (b) Chan, T. H.
Acc. Chem. Res. 1977, 10, 442. The ratio of products 13 and 14 is ap-
parently the result of kinetic control since the lithium alkoxide derived
from 13 is not converted to 14 under the reaction conditions. Further
work will be required before a convincing rationale for the course of this
reaction can be given.

(6) For studies of the additions of allyl anions to olefins, see: (a)
Luteri, G. F.; Ford, W. T. J. Org. Chem. 1977, 42, 820; J. Am. Chem. Soc.
1977, 99, 56330. (b) Eidenschink, R.; Kauffmann, T. Angew. Chem., Int.
Ed. Engl. 1972, 11, 292. (c) Boche, G.; Martens, D. Ibid. 1972, 11, 724.
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demonstrated by conversion of 9b, obtained from 8 and
azobenzene, to the dihydropyrazoline 15 in 22% yield and
by the formation of 16, in 72% yield, when a THF solution
of 7 and 0.55 equiv of sec-butyllithium-tetramethyi-
ethylenediamine is allowed to warm to ambient tempera-
ture prior to quenching.” If the latter reaction is quenched
at 78 °C, the acyclic amide 17, the anion of which pre-
sumably is the precursor to 186, is obtained in 40% yield.’

CON({CH(CHz)2)2
Ph\N
| CON(CH(CHz)2)2
/N

Ph
CON(CH(CH3z)2)2

16

15

CON(CH{CH3)2)2
=

CON(CH{CHzp)2

17, R = CH,
21, R=H

Of greater interest is the addition of the anion 8 to 18
at —60 °C followed by warming to ambient temperature
to give the cyclopentane derivative 19 in 59% yield along
with a 16% yield of 20.7 If this reaction is quenched at
-65 °C 21 is obtained in 60% yield.” This result, which
establishes that the 8’-lithio-a,8-unsaturated amides can
be.used in an addition—cyclization sequence, hasimportant
synthetic potential and its generalization is under further
investigation.

This facile preparation of the novel 8'-lithiomethacrylate
synthon 1, along with the classic enolate and addition
chemistry well-known for this system under other basic
conditions,? appears to substantially expand the possi-
bilities for controlled syntheses with «a,8-unsaturated
carboxylic acid derivatives. For the 3’ metalations of
secondary amides it was suggested!? that additions and
enolate formation were suppressed by initial proton re-
moval from the nitrogen. The present results indicate that
such deactivation at both the carbonyl and 8 positions can
be accomplished through steric inhibition.® The impli-
cation of these results, that the tertiary amide is effective
in directing metalation due to strong complexation with
lithium, is consistent with the paramount position of this
group as a director of aromatic lithiation!® and with
metalations similarly directed in allyl systems by the
ionized secondary amide,! alkoxide,?!! and the neutral
dimethylamino'? groups.

Conversion of 3 to 5. A stirred solution of sec-butyl-
lithium (1.0 mL, 1.3 mmol) and N,NN’N-tetramethyl-
ethylenediamine (0.2 mL, 1.3 mmol) in 5 mL of tetra-
hydrofuran was cooled in a dry ice/acetone bath and
treated dropwise with 269 mg (1.29 mmol) of 3 in 5 mL
of tetrahydrofuran. The resulting red-orange solution was
stirred under N, for 5 min, treated with 0.2 mL (1.7 mmol)

(7) The compounds 16, 17, 19, and 21 are obtained as mixtures of
diastereomers which are separated by medium-pressure liquid chroma-
tography.

(8) (a) Majewski, M.; Mango, G. B.; Thomas, M. T.; Wu, A.; Snieckus,
V. J. Org. Chem. 1981, 46, 2029 and references cited therein; (b) Savu,
P. M;; Katzenellenbogen, J. A. J. Org. Chem. 1981, 46, 239 and references
cited therein.

(9) The attempted metalation of N,N-diethyl-1-cyclohexenecarbox-
amide results in self-addition of the transient §'-lithiated species.

(10) Beak, P.; Brown, R. A. J. Org. Chem. 1982, 47, 34.

(11) (a) Cardillo, G.; Contento, M.; Sandri, S. Tetrahedron Lett. 1974,
2215. (b) Sarkar, T. K.; Andersen, N. H. Ibid. 1978, 3513.

(12) Fitt, J. J.; Gschwend, H. W. J. Org. Chem. 1981, 46, 3349.
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CONR';
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RN CONRe CONRY R'2NOC
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8 18 19
CONR'»
CONR'2
20
R' = CH(CH,),

of benzyl chloride, and allowed to warm to ambient tem-
perature. Extractive workup followed by separation by
medium-pressure liquid chromatography and bulb-to-bulb
distillation yielded 225 mg (58%) of pure 5 (E = CH,C¢H,):
'H NMR (360 MHz) 6 (CDCl;) 1.1-1.6 (m, br d, 15 H),
1.63-1.71 (m, 1 H), 2.07-2.10 (m, 2 H), 2.29 (t, J = 124
Hz, 1 H), 2.76 (m, 1 H), 2.96 (d of d , J = 13.1, 3.3 Hz, 1
H), 3.3-3.5 (br d, 1 H), 4.2-4.4 (br d, 1 H), 5.73 (m, 1 H),
7.17-1.19 (m, 3 H), 7.25-7.28 (m, 2 H); IR (NaCl, film) 2940
{(m), 1620 (s), 1435 (s), 1372 (s), 1325 (s) cm™; mass spec-
trum (70 eV), m/e (relative intensity) 299 (20.6), 256 (9.4),
208 (100) 199 (48.5), 198 (25.0), 91 (46.7), 43 (28.6), 41
(21.1). anal. Caled for CoHggNO: C, 80.22; H, 9.76; N,
4.68. Found: C, 79.91; H, 9.75; N, 4.79.
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Macrolide Synthesis: Narbonolide

Summary: Narbonolide, a 14-membered polyoxo-
macrolide, has been synthesized through two major steps:
(i) condensation of the C,—C,; and C,;-C,; fragments and
(ii) macrolactonization using a phosphoric acid mixed
anhydride intermediate.

Sir: Narbonolide (1),! isolated from fermentation broths
of Streptococcus venezuelae MCRL 0376, is a metabolic
intermediate leading to narbomycin (2)2 and pikromycin
(3),% both of which belong to the well-known family of
14-membered polyoxomacrolides.! The full stereostruc-
tures of narbonolide and narbomycin, which apparently

(1) (a) Hori, T.; Maezawa, L.; Nagahama, N.; Suzuki, M. Chem. Com-
mun. 1971, 304. (b) Maezawa, 1.; Hori, T.; Kinumaki, A.; Suzuki, M. J.
Antibiot. 1978, 26, 771. (c) Maezawa, I.; Hori, T.; Suzuki, M. Agric. Biol.
Chem. 1974, 38, 539.

(2) (a) For the first isolation of 2, see: Corbaz, R.; Ettlinger, L.;
Géaumann, E.; Keller-Schierlein, W.; Neipp, L.; Prelog, V.; Reusser, P.;
Zahner, H. Helv. Chim. Acta 1955, 38, 1202. (b) Structural work on 2,
see: Prelog, V.; Gold, A. M,; Talbot, G.; Zamojski, A. Ibid. 1962, 45, 4.

(3) Brockmann, H.; Henkel, W. Naturwissenschaften 1950, 37, 138;
Chem. Ber. 1951, 84, 284,

(4) For a recent review on the chemistry and biochemistry of macrolide
antibiotics, see: Masamune, S.; Bates, G. S.; Corcoran, J. W. Angew.
Chem., Int. Ed. Engl. 1977, 16, 585.
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