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benzamide 15 (115 mg, 0.39 mmol) in 6 N aqueous HC1 (15 mL)
was stirred under nitrogen at 80 °C for 24 h. Standard workup
followed by preparative TLC (EtOAc-hexane, 3:1) afforded 25
mg (27%) of product. Recrystallization (CH,Cl,~hexane) gave
a sample of kigelin (13e), mp 141-142 °C (lit.** mp 142-143 °C),
whose IR and NMR spectral data were identical with those re-
ported in the literature.?

Reactions of Ortho-Metalated 2-Phenyl-4,4-dimethyl-
oxazoline (1b) and (Methoxymethoxy)benzene (lc) with
n-Butyraldehyde. 2-[2-(1-Hydroxybutyl)phenyl]-4,4-di-
methyloxazoline (16). To a stirred THF solution (50 mL) of
2-phenyl-4,4-dimethyloxazoline (1b) (500 mg, 2.85 mmol) at -78
°C under nitrogen was added sec-BulLi (3.5 mL, 0.98 M in hexane,
3.38 mmol). After 2.75 h, the reaction mixture was allowed to
warm to 0 °C and quenched with freshly distilled n-butyraldehyde
(411 mg, 5.7 mmol). The resulting solution was allowed to warm
to room temperature overnight. Standard workup gave 648 mg
of crude product, which upon column chromatography afforded
467 mg (65%) of compound 16: bp 78-82 °C (0.01 mm); IR
(CHCIy) vy 3300, 1640 cm™; NMR (CDCly) 6 0.93 (t,3 H, J =
6.6), 1.39 (s, 6 H), 1.50-2.20 (m, 4 H), 4.11 (s, 2 H), 4.69 (m, 1 H),
7.20-7.39 (m, 3 H), 7.70~7.90 (m, 1 H); MS, m/e 247 (M*). Anal.
(CysHy NOy) C, H, N.

Compound 16 was also prepared in 68% yield by the general
transmetalation procedure except that the lithiation was effected
in 3 h.

3-(1-Hydroxybutyl)-4-(methoxymethoxy)anisole (17). To
a stirred ether solution (50 mL) of 4-(methoxymethoxy)benzene
(500 mg, 2.97 mmol) at 0 °C under nitrogen was added ¢t-BuLi
(1.78 mL, 2 M in hexane, 3.26 mmol) by syringe injection. After
2.5 h, n-butyraldehyde (429 mg, 5.95 mmol) was added and the

(30) Govindachari, T. R.; Patankar, S. J.; Viswanathan, N. Indian J.
Chem. 1971, 9, 507.

resulting solution was allowed to warm to room temperature
overaight. Standard workup followed by column chromatography
gave 272 mg (38%) of compound 17, bp 82-86 °C (0.01 mm); IR
(CHCly) 3400 cm™; NMR (CDCl,) 5 0.93 (t, 3 H, J = 6.6), 1.20-1.90
(m, 4 H), 2.58 (br, 1 H, OH), 3.47 (s, 3 H), 3.75 (s, 3 H), 4.93 (m,
1 H), 5.12 (s, 2 H), 6.63-7.10 (m, 3 H); MS m/e 240 (M*). Anal.
(C1pH,509) C, H.

Compound 17 was also prepared in 66% yield by the general
transmetalation method.
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Lithiation of N,N-diethyl-2-methylbenzamide (2a) followed by condensation with aromatic aldehydes and
basic hydrolysis leads to 3-aryl-3,4-dihydroisocoumarins 4 in modest overall yields. Adoption of this methodology
to N,N-dimethyl-2-methyl-6-methoxybenzamide (7b) provides isocoumarins 9a and 9b, which by selective de-
methylation procedures yields hydrangenol (10a) and phyllodulein (10¢), naturally occurring isocoumarins of
pharmacological interest. A one-pot, abbreviated procedure for the preparation of both 9a and 9b starting with
N,N-dimethyl-2-methoxybenzamide (6¢) is also described.

The regiospecific introduction of C; units at various
oxidation states by the aromatic directed metalation
protocol? allows subsequent chain extension and ring an-
nelation to give systems that are not easily accessible by
classical methodology. The strongly acidifying effect of
certain Z groups promotes facile deprotonation of an o-

(1) (a) Nagasaki University. (b) University of Waterloo.
(2) Gschwend, H. W.; Rodriguez, H. R. Org. React. (N.Y.) 1979, 26, 1.

0022-3263/84/1949-0742$01.50/0

methyl group to form benzylic anions that can undergo
reaction with electrophiles in an overall chain extension
process (Scheme I). Such processes have been demon-
strated for a number of directed metalation groups,* but

(3) Puterbaugh, W. H.; Hauser, C. R. J. Org. Chem. 1964, 29, 853.
Reviews: Kaiser, E. M.; Slocum, D. W. In “Organic Reactive
Intermediates”; McManus, S. P., Ed.; Academic Press: New York, 1973;
Chapter 5. Slocum, D. W,; Sugarman, D. I. Adv. Chem. Ser. 1974, 130,
222.
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their exploitation in synthesis has been neglected.* Con-
sideration of this tactic in the context of a 1,2-dicarbon-
3-oxygen system (1) is useful in view of the large number
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of derived natural products that incorporate this substi-
tution pattern.’

We illustrate the advantage of the combined directed
and benzylic metalation strategy on tertiary benzamides®
(Scheme I, Z = CONR,) for the general synthesis of 3-
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(4) (a) Ludt, R. E,; Griffiths, J. S.; McGrath, K. N.; Hauser, C. R. J.
Org. Chem. 1973, 38 1668. (b) Vaulx, R. L.; Puterbaugh, W. H.; Hauser,
C. R. Ibid. 1964, 29, 3514. Govindachari, T. R.; Parthasarathy, P. C.;
Desai, H. K.; Ramachandran, K. S. Indian J. Chem. 1975, 13, 537.
Barnish, 1. T.; Mao, C. L; Gay, R. L.; Hauser, C. R. J. Chem. Soc., Chem.
Commun. 1968, 564. Mali, R. S.; Kulkarni, B. K.; Shankaran, K. Syn-
thesis 1982, 329. Yamamoto, M.; Hashigaki, K.; Ikeda, M.; Ohtake, H.;
Tasaka, K. J. Med. Chem. 1981, 24, 194. (c) Fitt, J. J.; Gschwend, H. W,
J. Org. Chem. 1976, 41, 4029. (d) Creger, P. L. J. Am. Chem. Soc. 1970,
92, 1396. Hauser, F. M.,; Rhee, R. P. Ibid. 1977, 99, 4533. Hauser, F. M.;
Rhee, R. P. J. Org. Chem. 1977, 42, 4155. (e) Leeper, F. J.; Staunton, J.
J. Chem. Soc., Chem. Commun. 1980, 206. Hauser, F. M.; Rhee, R. P.;
Prasanna, S. Synthesis 1980, 72. Kraus, G. A. J. Org. Chem. 1981, 46,
201. Dodd, J. H.; Garigipati, R. S.; Weinreb, S. M. Ibid. 1982, 47, 4045.
(f) Gschwend, H. W.; Hamdan, A. Ibid. 1975, 40, 2008. Poindexter, G.
S. Ibid. 1982, 47, 3787. (g) Bradsher, C. K.; Wallis, T. G. Ibid. 1978, 43,
3817. (h) Vaulx, R. L.; Jones, F. N.; Hauser, C. R. Ibid. 1964, 29, 1387.
(i) Watanabe, H.; Hauser, C. R. Ibid. 1968, 33, 4278. (j) Ludt, R. E,;
Growther, G. P.; Hauser, C. R. Ibid. 1970, 35, 1288. (k) Fuhrer, W.;
Gschwend, H. W. Ibid. 1979, 44, 1133. Houlihan, W. J.; Parrino, V. A,;
Uike, Y. Ibid. 1981, 46, 4511. (1) Ito, Y.; Kobayashi, Y.; Saegusa, T. Chem.
Lett. 1980, 1563. (m) Letsinger, R. L.; Schnizer, A. W. J. Org. Chem.
1951, 16, 869. Winkle, M. R.; Ronald, R. C. Ibid. 1982, 47, 2101. {(n) Sibi,
M. P.; Snieckus, V. Ibid. 1983, 48, 1935. (o) Cabiddu, S.; Melis, S.; Piras,
P. P.; Sotgiu, F. J. Organomet. Chem. 1979, 178, 291.

(5) Weiss, U.; Edwards, J. M. “The Biosynthesis of Aromatic
Compounds”; Wiley: New York, 1980; Chapter 18.

(6) Snieckus, V. Heterocycles 1980, 14, 1649. Beak, P.; Snieckus, V.
Acc. Chem. Res. 1982, 15, 306.
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aryl-3,4-dihydroisocoumarins 47 including the natural
products hydrangenol (10a) (Hydrangea opuloides Stend

(7) Barry, R. D. Chem. Rev. 1964, 64, 229.

(8) Recent, significantly general synthetic methods for isocoumarins
(a) from homophthalic acids [Nozawa, K.; Yamada, M.; Tsuda, Y.; Kawai,
K-1.; Nakajima, S.; Chem. Pharm. Bull. Jpn. 1981, 29, 3486. Nozawa, K;
Yamada, M,; Tsuda, Y.; Kawai, K.-I.; Nakajima, S. Ibid. 1981, 29, 2491.
Chatterjea, J. N.; Mukherjee, S. K.; Bhakta, C.; Jha, H. C,; Zilliken, F
Chem. Ber, 1980, 113, 3927. Nakajima, S.; Sugiyama, S.; Suto, M. Org.
Prep. Proc. Int. 1979, 11, 77. Belgaonkar, V. H.; Usgaonkar, R. N. J.
Chem. Soc., Perkin Trans. 1 1977, 702. El-Abbady, A. M.; Moustafa, A.
H.; El-Bieh, A. A. M. Egypt. J. Chem. 1975, 18, 1001. El-Rayyes, N.R;
Ali, A. H. A. J. Prakt. Chem. 1975, 317, 1040. Karnik, S.; Usgaonkar, R.
N. Indian J. Chem. 1974, 12, 573. Nizamuddin, S.; Ghosal, M. Ibid. 1974,
12, 474. Guyot, M.; Molho, D.; Tetrahedron Lett. 1973, 3433. Kraiss,
G.; Povarny, M.; Scheiber, P.; Nador, K.; Ibid. 1973, 2359], (b) from
indanones and indanediones: [Chatterjee, A.; Ghosh, S. Synthesis 1981,
818. Carter, R. H.; Garson, M. J,; Hil], R. A,; Staunton, J.; Sunter, D. C.
J. Chem. Soc., Perkin Trans. 1 1981, 471. DeRogier, H.; Nguyen, D. A.;
Martinet, A. Hebd. Seances Acad. Sci., Ser. C. 1978, 286, 43, Carter, R.
H.; Colyer, R. M,; Hill, R. A.; Staunton, J. J. Chem. Soc., Perkin Trans.
11976, 1438. Mukherjee, J.; Chatterjea, J. N. Sengupta, S. C. Indian J.
Chem. 1975, 13, 859. Mukhopadhyaya, D.; Bose, N. K.; Banerjee, P. K,;
Ghosal, M. Ibid. 1975, 13, 635. Holt, G.; Wall, D. K. J. Chem. Soc. C 1966,
857. Bose, N. K,; Chaudhury, D. N. J. Indian Chem. Soc. 19686, 43, 411],
(c) from Friedel-Crafts reaction on phenyl acetic acids [Retamal, J. L;
Ruiz, V. M,; Tapia, R. A.; Valderrama, J. A.; Vega, J. C. Synth. Commun.
1982, 12, 279. Nagata, W.; Okada, K.; Aoki, T. Synthesis 1979, 365.
Cushman, M.; Dekow, F. W. J. Org. Chem. 1979, 44, 407. Afzal, S. M,;
Pike, R.; Rama, N. H.; Smith, L. R.; Turner, E. S.; Whalley, W. B. J.
Chem. Soc., Perkin Trans 1 1978, 81. Khaimova, M.; Kurter, B. Chem.
Ber. 1976, 109, 274. McCorkindale, N. J.; McCulloch, A. W. Tetrahedron
1971, 27, 46563], (d) by biomimeti¢ route [Takeuchi, N.; Tobinaga, S.
Chem. Pharm. Bull. Jpn. 1980, 28, 3007], (e) from o-halobenzoic acids
(with 8-dicarbonyls, Cu-catalyzed) [Batu, G.; Stevenson, R. J. Org. Chem.
1980, 45, 1532, McKillop, A.; Rao, D. P. Synthesis 1977, 759. Bruggink,
A.; McKillop, A. Tetrahedron 1975, 31, 2607. Bacon, R. G. R.; Murray,
d. C. F. J. Chem. Soc., Perkin Trans. 1 1975, 1267]; (f) from o-halobenzoic
acids (w-alkyl~Ni and #-olefin-Pd complexes) [Korte, D. E.; Hegedus, L.
S.; Wirth, R. K. J. Org. Chem. 1977, 42, 1329]; (g) by thallation [Larock,
R. C.; Fellows, C. A. Ibid. 1980, 45, 363]; (h) from benzocyclobutanes
[Kametani, T.; Enomoto, Y.; Takahahshi, K.; Fukumoto, K. J. Chem.
Soc., Perkin Trans. 1 1979, 2836. Watt, R., quoted in footnote 15 of
Arnold, B. J.; Sammes, P. G.; Wallace, T. W.; Ibid. 1974, 415], (i) by
Diels—Alder reaction [Card, P. J. J. Org. Chem. 1982, 47, 2169. Kozi-
kowski, A. P.; Schmiesing, R. Synth. Commun. 1978, 8, 363. Gomes, L.
M.; Aicart, M. C. R. Hebd. Seances Acad. Sci., Ser. C. 1977, 285, 571],
(j) via ortho-lithiated secondary benzamides (Bellinger, G. C. A.; Camp-
bell, W. E,; Giles, R. G. ¥.; Tobias, J. D. J. Chem. Soc., Perkin Trans.
11982, 2819. Bhide, B. H., Gupta, V. P. Indian J. Chem. 1977, 15B, 30.
Bhide, B. H.; Gupta, V. P.; Narashimhan, N. S.; Mali, R. S. Chem. Ind.
(London) 1975, 519. Bhide, B. H.; Narashimhan, N. 8. Ibid. 1974, 75.
Bhide, B. H.; Parekh, H. J. Ibid. 1974, 773], and (k) via lithiated aryl-
oxazolines [Ellefson, C. R. J. Org. Chem. 1979, 44, 1533].

(9) For an alternate synthesis of isocoumarins, see: Sibi, M. P.; Miah,
M. A. J.; Snieckus, V. J. Org. Chem., preceding paper in this issue.
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Table I. Physical Properties of 3- Aryl-3,4-dihydroisocoumarins 4a-g and 9a-b

benzamide ArCHO isocoumarin?  yield,? % mp, °C (solvent)
2a p-MeOC,H,CHO 4a 65 109 (MeOH)*
2a m-MeOC,H,CHO 4b 40 100 (MeOQH)¢
2a 0-MeQOC,H,CHO dc 45 139 (Et,0)
2a C,H.CHO 4d 30 90-91 (Et,0)
2a furan-2-CHO de 30 73 (Et,0)
2a thiophene-3-CHO 4f 30 77-78 (Et,0)
2a 3-PhCH,0-4-MeOC,H,CHO 4g 32 113 (Et,0)
6c p-MeOC,H,CHO 9a 35 153 (MeOH)*
6c 3-PhCH,0-4-MeOC,H,CHO 9b 32 149-151 (MeOH)

@ All new compounds show analytical data (C, H, N) in agreement (:0.3%) with expected molecular formula. b Yields
correspond to recrystallized products. ¢ mp not given by Creger, ref 4d. ¢ 1it.*® mp 95 °C. € lit.’ mp 151 °C.

var. otakusa Maxim) and phyllodulcin (10¢) (H. serrata
Seringe var. thunbergii Sugimoto).1%! The discovery that
phyllodulein is 400 times as sweet as sucrose!?!? as well
as the demonstration of antifungal and other pharmaco-
logical activity of hydrangenol, phyllodulcin, and related
isocoumarins!®* has significantly stimulated structure-
activity relationship'?!® and synthetic!* studies on these
two natural products.

The general synthesis of 3-aryl-3,4-dihydroisocoumarin
derivatives 4 is shown in Scheme II. Lithiation of N,N-
diethyl-2-methylbenzamide (2a) with LDA in THF (or
Et,0) resulted in the formation of the corresponding
benzylic anion as a burgundy red solution, which upon
treatment with p-anisaldehyde led to rapid dissipation of
color. Standard workup afforded the amide alcohol 3a
(65% yield),'s which was not isolated but directly cyclized
into the isocoumarin 4a by base hydrolysis followed by
acidification (quantitative yield). Attempts to use acid
catalysis (T'sOH in toluene) conditions, which are highly
effective for the conversion of similar amide alcohols into
phthalides,'® for this cyclization led to the formation of the
stilbene derivative 5 in 50% yield together with a small
amount of the isocoumarin 4a (TLC evidence). When the
base hydrolysis procedure was used, however, a number
of 3-aryl-3,4-dihydroisocoumarins were prepared in modest
yields including two with heteroaromatic substituents at
the 3-position (4e and 4f) (Table I). Spectral and physical
properties of these compounds are listed in Table II.

The synthesis of hydrangenol (10a, Scheme III) was
initially modelled on the methodology established above.
Thus lithiation of the o-toluamide 7a, obtained in 88%
yield by directed metalation and methylation of N,N-di-
ethyl-2-methoxybenzamide followed by quenching with
p-anisaldehyde yielded a mixture of the amide alcohol 8a
and starting amide 7a, which could not be separated. Pure

(10) A portion of this work appeared in preliminary form: Watanabe,
M.; Sahara, M.; Furukawa, S.; Billedeau, R.; Snieckus, V. Tetrahedron
Lett. 1982, 1647.

(11) Reviews on plant growth and antifungal activity [Maekawa, K.;
Yoshikawa, H. In “Advances in Pesticide Science”, Part 2; Geissbuhler,
H., Ed.; Pergamon Press: Oxford, 1978; p 104] and as sweetening agents
{Crammer, B.; Ikan, R. Chem. Soc. Rev. 1977, 6, 431].

(12) Yamato, M.; Hashigaki, K.; Mito, K.; Koyama, T. Chem. Pharm.
Bull. Jpn. 1978, 26, 2321.

(13) Nozawa, K.; Yamada, M.; Tsuda, Y.; Kawai, K.; Nakajima, S.
Chem. Pharm. Bull. Jpn. 1981, 29, 2689.

(14) Hydrangenol: (a) Naoi, Y.; Higuchi, S.; Nakano, T.; Sakai, K.;
Nishi, A.; Sano, S. Synth. Commun. 1975, 5, 387. Phyllodulcin: (b)
Takeuchi, N.; Ochi, K.; Murase, M.; Tobinaga, S. J. Chem. Soc., Chem.
Commun. 1980, 593. (c¢) Takeuchi, N.; Murase, M.; Ochi, K.; Tobinaga,
S. Chem. Pharm. Bull. Jpn. 1980, 28, 3013. (d) Naoi, Y.; Higuchi, S.; Ito,
H.; Nakano, T.; Sakai, K.; Matsui, T.; Wagatsuma, S.; Nishi, A.; Sano,
S. Org. Prep. Proc. Int. 1975, 7, 129.

(15) A milder route to a prototype of amide alcohol 3a using a-silyl-
o-toluamides has been recently achieved: Mills, R. J.; Snieckus, V. J. Org.
Chem. 1983, 48, 1565.

(16) de Silva, S. O.; Watanabe, M.; Snieckus, V. J. Org. Chem. 1979,
44, 4802.

amide alcohol 8a was obtained by condensation of lithiated
o-toluamide 7a with methyl p-methoxybenzoate followed
by sodium borohydride reduction. Attempts to hydrolyze
this compound under a number of basic conditions (e.g.,
aqueous 50% NaOH/EtOH, KOH/Me,SO) led to recovery
of starting material while acidic conditions (TsOH) re-
sulted in the formation of a stilbene derivative analogous
to 5 obtained from 3a (see Experimental Section). The
assumption that the additional methoxyl substituent in
8a compared to 3 offered considerable hindrance to the
formation of the tetrahedral intermediate required for
hydrolysis was tested by decreasing the steric effect at the
amide carbonyl function. That there exists a significant
steric difference between diethyl and dimethyl amides to
nucleophilic attack by RLi reagents had been previously
recognized.!” The requisite N,N-dimethyl-2-methyl-6-
methoxybenzamide (7b) was prepared by dilithiation of
the secondary amide 6b or monolithiation of the tertiary
amide 6¢!® followed by treatment with methyl iodide.
Since N,N-dimethylbenzamides suffer nucleophilic attack
by sec-Buli,!” the latter result indicates that an o-methoxy
group exerts sufficient hindrance to the trajectory of ap-
proach of the RLi reagent to the amide carbonyl, which
may tend toward a perpendicular conformation with re-
spect to the aromatic ring.?® Further metalation of 7b with
LDA followed by treatment with p-anisaldehyde provided
the amide alcohol 8b, which, without isolation, was directly
converted by basic hydrolysis into the isocoumarin 9a in
35% overall yield. A one-pot, higher yield synthesis of 9a
was also devised as follows. Lithiation (sec-BuLi/-90 °C)
of 6¢ followed by sequential methylation, removal of excess
methyl iodide (60 °C), lithiation (LDA/—60 °C), treatment
with p-anisaldehyde, and basic hydrolysis afforded com-
pound 9a in 45% overall yield. This short synthesis of
hydrangenol 10a was concluded by BBrs-mediated deme-
thylation of 9a in 94% yield. When AICl; was used as the
demethylating reagent, the phenol 10b was isolated in 30%
yield. Synthetic hydrangenol was shown to be identical
by comparison of the spectral data with those of an au-
thentic sample.?’ Since hydrangenol has been previously
hydrogenolyzed to give lunularic acid (11), a growth in-
hibitor isolated from liverwort Lunularia cruciata,?* this
route also encompasses the synthesis of 11.

The synthesis of phyllodulcin (10¢) was achieved fol-
lowing the sequence of reactions described for the prepa-
ration of 10a. Thus metalation of 7b followed by con-
densation with O-benzylisovannilin furnished the amide

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

(18) This result was first achieved in our laboratories by M. Iwao.

(19) Beak, P.; Carter, L. G. J. Org. Chem. 1981, 46, 2363 and references
cited therein.

(20) Kindly provided by Professor M. Yamato, Okayama University.

(21) (a) Arai, Y.; Kamikawa, T.; Kubota, T.; Masuda, Y.; Yamamoto,
R. Phytochemistry 1973, 12, 2279. (b) Valio, I. F. M.; Burdon, R. S.;
Schwabe, W. M. Nature (London) 1969, 223, 1176.
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alcohol 8¢, which, without purification, was hydrolyzed to
give the isocoumarin 9b in 32% overall yield. Adoption
of the one-pot procedure used for the preparation of 9a
gave the same isocoumarin 9b in 21% overall yield. When
9b was treated with 2 equiv of BBr;, selective demethyi-
ation and debenzylation occurred to provide phyllodulcin
10c (45% yield) whose identity was established by com-
pari2%on of spectral data with those of an authentic sam-
ple.

Conclusions

A general synthesis of 3-aryl-3,4-dihydroisocoumarin
derivatives 4a—g, including the natural products hydran-
genol (10a) and phyllodulcin (10c¢), has been developed by
using benzamide directed ortho metalation strategy. In
view of the powerful directing effect of the amide function,?
this short and efficient route should be adaptable to the
preparation of alkoxy-substituted isocoumarins that are
difficult to prepare by classical routes.®?? Hydrangenol
(10a) has been previously prepared in 6% yield,'42 while
phyllodulcin (10¢) has been obtained in 14%,4? 0.5%,4¢
and 11%d overall yields. The benzamide directed met-
alation approach yields hydrangenol and phyllodulcin in
42% and 14% overall yields, respectively, thus inviting the
further use of this tactic for isocoumarin synthesis spe-
cifically and for regiospecific o-toluamide chain extension
in general.

Experimental Section

General Methods (see ref 9). At Nagasaki, microanalyses were
performed by using in-house facilities. IR spectra were determined
on a JASCO IR-A2 spectrometer and UV spectra were run on a
Hitachi 323 spectrophotometer. NMR spectra were obtained on
JEOL FX 90Q and JNM-PMX 60 spectrometers using tetra-
methylsilane as internal standard. Mass spectra were run on a
JEOL JMS-01SG spectrometer.

Benzamides. These compounds were prepared by using
standard procedures, distilled, and stored in a dessicator. Amides
showed IR, 'H NMR, and analytical data consistent with the
assigned structures.

N,N-Diethyl-2-methylbenzamide (2a): bp 91-94 °C (0.4
mm) [lit.%® bp 118-120 °C (1.5 mm)].

N,N-Dimethyl-2-methylbenzamide (2b): bp 93 °C (0.9 mm)
(lit.2* bp 147 °C (18 mm)].

N,N-Diethyl-2-methoxybenzamide (6a): bp 109 °C (0.5 mm)
[1it.2® bp 169 °C (14 mm)].

N-Methyl-2-methoxybenzamide (6b): bp 104 °C (0.3 mm)
[1it.26 bp 148 °C (2 mm)].

N,N-Dimethyl-2-methoxybenzamide (6c¢): bp 100 °C (0.4
mm) [lit.? mp 74-75 °C].

N,N-Diethyl-2-methoxy-6-methylbenzamide (7a). With
use of the apparatus and operation described previously,'® a stirred
solution of 6a (1.04 g, 5 mmol) and TMEDA (1.36 mL, 9 mmol)
in anhydrous THF (60 mL) at -78 °C under nitrogen was treated
with a solution of sec-Buli (1.3 M in cyclohexane, 6.92 mL, 9
mmol) by the syringe injection technique. The resulting yellow
solution was allowed to stir for 1 h at -78 °C, and dry methyl
iodide (1 g, 7 mmol) was similarly injected. The cooling bath was
removed and the solution was stirred for 8 h. Standard workup
yielded an oil, which was distilled to give 0.97 g (88%) of 7a: bp
99100 °C (0.13 mm); IR (neat) vy, 1635 cm™; NMR (CDCl,)
61.02(t,3H,J="71),1.25 (t,3H, J =17.1), 2.24 (s, 3 H), 3.11
(q,2H,J="71),349 (q, 2 H,J = 7.1), 3.78 (s, 3 H), 6.67-7.29

(22) The condensation of ortho-lithiated secondary benzamides with
styrene oxides offers a complementary anionic route to isocoumarins.®
The analogous reaction of tertiary benzamides failed (Reed, J. N.; Sni-
eckus, V., unpublished results).

(23) Reio, L. J. Chromatogr. 1974, 88, 119.

(24) van Scherpenzeel, L. Recl, Trav. Chim. Pays-Bas 1901, 20, 170;
Chem. Zentralbl. 1901, 2, 289.

(25) Grammaticakis, P. Bull. Soc. Chim. Fr. 1964, 924.

(26) Narashimhan, N. S.; Bhide, B. H. Tetrahedron 1971, 27, 6171.
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(m, 3 H); MS, m/e 221 (M*). Anal. (C{sH,(NO,) C, H, N.

N,N-Dimethyl-2-methoxy-6-methylbenzamide (7b). The
procedure for the preparation of 7a was adopted with the use of
N-methyl-2-methoxybenzamide (6b), 2.4 equiv of sec-Buli, 2.4
equiv of TMEDA, and 2 equiv of methy! iodide to give compound
7b: 80% yield; bp 95-97 °C (0.1 mm); IR (neat) v,,, 1630 cm™;
NMR (CDCl,) 6 2.23 (s, 3 H), 2.80, 3.13 (2 X 5,6 H), 3.79 (s, 3
H); 6.68-7.43 (m, 3 H); MS, m/e 193 (M+). Anal. (CUH15N02)
C,H,N.

Compound 7b was also prepared directly from 6¢ as follows.
As described above for the preparation of 7a, a stirred solution
of sec-BuLi (1.1 M in cyclohexane, 9.1 mL, 10.1 mmol) and
TMEDA (1.5 mL, 10.1 mmol) in anhydrous THF (120 mL) at -78
°C under nitrogen was stirred for 10 min. The mixture was cooled
to 90 °C and amide 6¢ (1.52 g, 8.51 mmol) in THF (5 mL) was
added. The solution was stirred for 15 min at -90 °C and dry
methyl iodide (3.17 mL 50 mmol) was injected. The solution was
then allowed to slowly warm to room temperature over several
hours. Standard workup gave an oil, which was distilled to give
1.36 g (78%) of 7b.

3-Aryl-3,4-dihydroisocoumarins 4a-g and 10a-c. The
following procedures are representative for the preparation of
compounds 4a—g and 10a—c. Physical and spectral data are
collected in Table II.

Preparation of 3-(4-Methoxyphenyl)-3,4-dihydroiso-
coumarin (4a). To a solution of LDA (7.5 mmol) (prepared from
a 1.4 M solution of n-BulLi in hexane, 5.4 mL, 7.5 mmol, and
diisopropylamine, 1.05 mL, 7.5 mmol) in THF (60 mL) at -78 °C
under nitrogen was added by syringe injection a solution of
N,N-diethyl-2-methylbenzamide (2a) (0.96 g, 5 mmol) in THF
(5 mL). After being stirred for 1 h, the burgundy red solution
was treated with p-anisaldehyde (1.02 g, 7.5 mmol}, the cooling
bath was removed, and stirring was continued for 8 h. Standard
workup gave 1.06 g (65%) of amide alcohol 3a. Recrystallization
gave an analytical sample of 3a: mp 111 °C (EtOH); IR (KBr)
Vmaz 1610 cm™}; UV (EtOH) A, (log €) 228 (4.29), 2.78 (3.35), 2.85
(3.25); NMR (CDCl;) 6 0.96 (t,3H,J = 17),1.21 (t,3H,J = 7),
290(q,2H,J=17),3.08(q,2H,J=7), 348 (brs, 2 H), 3.70
(s, 3 H), 4.79 (br s, 1 H), 5.52 (br s, 1 H), 6.76-7.32 (m, 8 H); MS,
m/e 327 (M*). Anal. (CyHyNO3) C, H, N.

The above crude sample of 3a was treated with a mixture of
50% aqueous NaOH (20 mL) and EtOH (20 mL) and the whole
was refluxed for 8 h. The reaction mixture was evaporated to
dryness, acidified with concentrated HCl at 0 °C, and extracted
with ethyl acetate. The organic extract was dried (Na,SO,) and
concentrated to give 0.82 g (65% based on 2a) of 4a.

3-(4-Methoxyphenyl)-8-methoxy-3,4-dihydroisocoumarin
(Hydrangenol Dimethyl Ether) (9a). To a stirred solution of
LDA (8 mmol), prepared as above, in THF (60 mL) at -78 °C
under nitrogen was slowly injected a solution of N,N-dimethyl-
2-methyl-6-methoxybenzamide (7b) (0.77 g, 4 mmol) in THF (5
mL). The solution was stirred for 1 h and p-anisaldehyde (0.82
g, 6 mmol) in THF (5 mL) was injected. After being stirred for
4 h at =78 °C and a further 4 h at room temperature, the reaction
mixture was processed in the standard manner to give 0.66 g (50%)
of the amide alcohol 8b as a viscous oil, which was subjected to
hydrolysis in a mixture of 50% aqueous NaOH (20 mL) and EtOH
(20 mL) at reflux for 8 h. Workup as for the preparation of 4a
yielded material that was chromatographed (acetone-benzene
eluent, 1:5) to give 0.4 g (35% overall yield) of 9a.

Phyllodulcin Benzyl Methyl Ether (9b). The procedure
exactly as described above for the preparation of compound 9a
was used. From the condensation of compound 7b (0.77 g, 4
mmol) with O-benzylisovanillin (1.45 g, 6 mmol) followed by basic
hydrolysis there was obtained 0.5 g (32% overall yield) of product
9b.

Preparation of Amide Alcohol 8a via the Corresponding
Keto Amide. To a stirred solution of amide 7a (1.54 g, 6.99 mmol)
in THF (160 mL) at ~78 °C was added a solution of sec-BuLi (1.13
M in cyclohexane, 6.5 ml, 7.3 mmol). The burgundy red solution
was stirred at —78 °C for 20 min. A solution of methyl p-meth-
oxybenzoate (872 mg, 5.25 mmol) in THF was slowly injected until
the purple color disappeared. The clear yellow solution was stirred
for 5 min, quenched with CH;0H (0.5 mL), and allowed to warm
to room temperature over 10 h, Standard workup followed by
chromatography (hexane-EtOAc, 3:1) gave 1.22 g (49%) of 2-
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Table II. Spectral Data of 3-Aryl-3,4-dihydroisocoumarins 4a-g, 9a-b, and 10a-c
IR (KBr)
iso- Ymax> UV (EtOH) Aoy,
coumarin cm™! nm (log e) NMR (CDCl;),° & MS, m/e M* (formula)
4a 1700 230 (4.37), 276 3.08 (g, 1 H,J=15,17),3.36 (q, 1 H, 254 (C,,H,,0,)
(3.45), 282 (3.45) J=11,17), 3.84 (s, 3 H), 5.50 (q,
1H,/=5,11),6.92-8.24 (m, 8 H)
4b 1720 226 (s, 4.19), 283 283(q, 1 H J=5,17),3.30 (q, 1 H, 254 (C,H,,0;)
(3.62) =10, 17), '%/0(5 3 H), 5.28 (q,
lH J = 5,10), 6.67-8.07 (m, 8 H)
4c 1720 236 (4.00), 3.26 (d, 2 H,J = 7) 3.83 (s, 3 H), 54 (CH,,0,)
280 (3.61) 5.20(t, 1 H,J=7),6.73-7.90 (m,
8 Hj
4d 1715 237 (4.38), 3.04 (g, 1 H,J=5,17),3.36 (q, 1 H, 224 (C,.;H,,0,)
284 (3.15) J=10,17), 5.50 (g, 1 H,J = 5,10),
7.06-8.20 (m, 9 H)
de 1720 237 (4.87), 3.13(q, 1 H,/=15,17), 3.56 (¢, 1 H, 214 (C;H,,0;)
290 (4.26) J=10,17),5.50(q, 1 H,J =5, 17),
6.33 (s, 2 H), 7.10-8.16 (m, 5 H)
4f 1720 238 (4.05), 3.08(gq,1H,J=6,19),3.37(q,1H, 230 (C,;H,,0,5)
284 (3.15) J=8,19),553(g,1 H,J= 6, 8),
6.97-8.06 (m, 7 H)
4g 1710 234 (4.30), 2.93(q, 1 H,J= 4, 16),3.27 (g, 1 H, 360 (C,;H,,0.)
282 (3.66) J=10,186), 3.83 (s, 3 H), 5.08 (s,
2 H), 5.37 (g, 1 H, J= 4, 10), 6.70~
8.13 (m, 12 H)
9a 1725 228 (s, 4.72), 284 2.93(y, 1 H,J=86,15),3.30 (¢, 1 H, 284 (C,-H0,)
(3.46), 310 (3.75) J=10,15), 3.80 (s, 3 H), 3.93 (s, 3
H), 5.33 (g, 1 H,J= 6, 10),6.67-
7.50 (m, 7 H)
9b 1723 232 (s, 4.20), 288 2.95 (¢, 1 H,J=5,16),3.18 (q, 1 H, 390 (C,,H,,0;)
(3.70). 310 (3.78) J=12,186), 3.83 (s, 3H),390 (s, 3
H), 5.10 (s, 2H), 5.27 (g, 1 H,J =
5,12), 6.67-7.53 (m, 11 H)
10a 1660 248 (s, 3.89), 286 3.00(q,1H,J/=5,15),3.37(q, 1 H, 256 (C,;H,,0,)
(3.40), 316 (3.70) J= 11,15 ,5.47(q,1H J=511),
6.43-7.53 (m, 7 H), 8.83 (brs, 1 H),
10.93 (s, 1 H)
10b 1710 230 (s), 252 (s), 3.00 (g, 1 H,J =6, 14),3.32 (g, 1 H, 270 (C, H.O,)
284, 318 J=10,14), 3.77 (s, 3 H), 5.50 (q,
1H,J=86,10),6.60-7.53 (m, 7 H),
10 87 (s, 1 H)
10c 1665 288 (3.63), 2.97(q., 1 H,J/=6,16), 3.28 (g, 1 H, 286 (C, H,,0;)
318 (3.71) J=10,16), 3.83 (s, 3 H), 5.42 (q,

1H,J=

6, 10), 5.80 (br s, 1 H),

6.60-7.50 (m. 6 H), 10.90 (s, 1 H)

¢ Listed as chemical shifts (multiplicity, number of protons, coupling constant in hertz).

Except as evident, compounds

display the C-3,C-4 protons as clear ABX patterns consistent with the 3-aryl group adopting an equatorial orientation.

(diethylcarbamoyl)-3-methoxybenzyl 4-methoxyphenyl ke-
tone as a colorless oil. Distillation gave an analytical sample, bp
207 °C (0.12 mm); IR (neat) v, 1673, 1605; NMR (CDCl;) 6
0.92-1.14 (m, 6 H), 2.93-3.66 (m, 4 H), 3.80 (s, 3 H), 3.84 (s, 3 H),
4.23 (d, 2 H), 6.77-8.07 (m, 7 H); MS, m/e 355 (M*). Anal.
(CyHysNO,) C, H, N.

The purified keto amide (123 mg, 0.35 mmol) was dissolved
in absolute ethanol (10 mL), sodium borohydride (60 mg) was
added, and the mixture was stirred for 2 h. Water (4 mL) and
aqueous 10% sodium hydroxide (1 mL) were added, and the
mixture was heated on a steam bath for 5 min. Ethanol was
removed by evaporation and the remainder was extracted with
ether. The ether extract was dried (Na,SO,) and concentrated
to give an oily material, which was subjected to preparative TLC
(EtOAc) to afford 123 mg (99%) of the amide alcohol 8a: bp
155-160 °C (0.06 mm); IR (neat) vy, 3325, 1605 cm™}; NMR
(CDCl;) 6 0.89-1.36 (m, 6 H), 2.47-3.30 (m, 4 H), 3.39-3.78 (m,
2 H), 3.78 (s, 6 H), 4.57-5.4 (m, 1 H), 6.72-7.45 (m, 7 H); MS, m/e
356 (M* -~ 1). Anal. (Cy;H,NO,) C, H, N.

One-Pot Procedures. Hydrangenol Dimethyl Ether (9a).
A stirred solution of sec-BuLi (1.45 M in cyclohexane, 1.36 mL,
1.97 mmol) and TMEDA (0.3 mL, 1.97 mmol) in dry THF (50
mL) was prepared at —78 °C, cooled to —90 °C, and treated with
amide 6¢ (335 mg, 1.87 mmol) in THF (4 mL) by slow injection.
The solution was stirred for 1 h at -90 °C, and dry methyl iodide
(0.18 mL, 2.86 mmol) was injected. The solution was allowed to
warm to room temperature over 2 h and then heated at 60 °C
for 45 min in the presence of a continuous stream of dry nitrogen.

The mixture was cooled to 60 °C and sequentially treated with
freshly distilled diisopropylamine (0.43 mL, 3.1 mmol) and a
solution of sec-BuLi (2.1 mL, 3.1 mmol). The resulting purple
solution was stirred for 0.5 h and treated with p-anisaldehyde (420
mg, 3.1 mmol) in THF (2 mL), and the mixture was allowed to
slowly warm to room temperature. Standard workup gave the
amide alcohol 8b as a viscous oil, which was hydrolyzed in a
mixture of 50% aqueous NaOH (10 mL) and EtOH (10 mL) at
reflux for 10 h and worked up as described for the preparation
of 4a except the reaction mixture was extracted with Et,O prior
to HCI acidification. Final extraction with CH,Cl, gave a semisolid
material, which was recrystallized from EtOAc—hexane to afford
246 mg (46%) of 9a.

Phyllodulcin Benzyl Methyl Ether (9b). Following exactly
the procedure described above for the one-pot preparation of 9a,
amide 6¢ (390 mg, 2.18 mmol) was metalated (sec-BuLi) and
methylated (Mel) at -90 °C. After removal of excess Mel, the
reaction mixture was treated sequentially at -60 °C with diiso-
propylamine (0.50 mL, 3.49 mmol), sec-BuLii (2.4 ml., 3.49 mmol),
and O-benzylisovanillin (844 mg, 3.49 mmol) in THF (2 mL).
Standard workup, chromatography (hexane-EtOAc, 1:1), and
recrystallization (hexane-EtOAc) gave 179 mg (21%) of 9b, mp
120-121 °C (Waterloo), mp 148-149 °C (Nagasaki). These samples
showed mp 147-148 °C and identical IR, NMR, and MS data and
presumably differ in crystal form.

Hydrangenol (10a). To a stirred solution of hydrangenol
dimethyl ether (9a) (180 mg, 0.63 mmol) in dry CH,Cl, (50 mL)
at —78 °C was added dropwise boron tribromide (0.48 mL, 4.8
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mmol) in CH,Cl, (6 mL), and the mixture was stirred for 1 h. The
cooling bath was removed and stirring was continued for 12 h.
The reaction mixture was washed successively with water and 5%
aqueous NaHCO, solution. The organic layer was dried (Na,SO,)
and concentrated to give 150 mg (94%) of hydrangenol (10a), mp
181-182 °C (PhH) [lit.?” mp 181 °C}, which was shown to be
identical with an authentic sample by comparison of the spectral
data (IR, NMR, MS) (Table II).20

3-(4-Methoxyphenyl)-8-hydroxy-3,4-dihydroisocoumarin
(10b). A mixture of hydrangenol dimethyl ether (9a) (0.1 g, 0.35
mmol) and aluminum chloride (0.1 g, 0.75 mmol) in nitrobenzene
(5 mL) was heated at 80 °C for 1 h. The mixture was subjected
to steam distillation to remove nitrobenzene and the residue was
chromatographed (CHC]; eluent) to give material, which upon
crystallization (MeOH) furnished 10 mg (30%) of 10b, mp 120-123
°C (MeOH) [lit.*” mp 122-123 °C].

Phyllodulcin (10c). A stirred solution of phyllodulcin benzyl
methyl ether (9b) (200 mg, 0.5 mmol) in CH,Cl, (50 mL) at 78
°C was treated with a solution of BBr; (0.1 mL, 1 mmol) in CH,Cl,
(5 mL) by dropwise addition. The mixture was stirred for 1 h,
and after removal of the cooling bath, stirring was continued for
an additional 12 h. The mixture was processed as described for
the preparation of 10a to give 60 mg (45%) of phyllodulein (10c¢),
mp 128-130 °C (Et,O-hexane) [lit.!d mp 130-132 °C] whose
identity was established by spectral comparison (IR, NMR, MS)
(Table II) with an authentic sample.?°

2-(Diethylcarbamoyl)-4’-methoxystilbene (5). A solution
of amide alcohol 3a (1.06 g, 3.24 mmol) and p-toluenesulfonic acid
(300 mg) in toluene (50 mL) was refluxed for 8 h. After washing
with two portions of 5% aqueous NaHCOj; solution, the organic
layer was dried (Na,SO,) and evaporated to dryness to give 0.5
g (50%) of 5: bp 206 °C (0.6 mm); IR (KBr) v, 1610 cm™; UV

(27) (a) Asahina, Y.; Asano, J. Chem. Ber. 1930, 63, 429. (b) Asahina,
Y.; Asano, J. Ibid. 1930, 63, 2059.

(EtOH) A\, (log €) 228 (3.97), 324 (3.84); NMR (CDCly) 6 0.90
(t,3H,J =7Hz),1.27 (t,3H,J =7Hz),3.00 (g, 2 H, J = 7 Hz),
3.43 (q, 2 H, J = 7 Hz), 3.67 (s, 3 H), 6.47-7.60 (m, 10 H); MS,
m/e 309 (M").

2-(Diethylcarbamoyl)-3,4’-dimethoxystilbene. Following
the procedure described for the preparation of 5, 8a was converted
into the title compound in 82% yield: bp 145-150 °C (0.02 mm);
IR (neat) vy, 1625 cm™; NMR (CDCly) 5 0.99 (t, 3H, J = 7.1),
1.30(t,3H,J=71),3.10(q,2H,J =17.1),3.50(q, 2 H,J = 7.1),
3.81 (s, 6 H, 2 X CH,), 6.72-7.48 (m, @ H); MS, m/e 339 (M*).
Anal. (021H25N03) C, H, N.

Acknowledgment. We are indebted to Professor M.
Yamato for providing spectral data of (+)-hydrangenol and
(£)-phyllodulcin. Financial support from NSERC of
Canada to V.S. is gratefully acknowledged. We are in-
debted to the J. P. Bickell Foundation for a grant, which
was crucial to the operation of our GC and HPLC equip-
ment.

Registry No. 2a, 2728-04-3; 3a, 88430-92-6; 4a, 37568-81-3;
4b, 81428-86-6; 4¢, 85164-36-9; 4d, 2674-44-4; 4e, 88430-93-7; 4f,
88430-94-8; 4g, 88430-95-9; 5, 88430-96-0; 6a, 51674-10-3; 6b,
3400-35-9; 6¢, 7291-34-1; 7a, 88430-97-1; 7b, 82780-48-1; 8a,
88430-98-2; 9a, 88430-99-3; 9b, 88431-00-9; 10a, 480-47-7; 10b,
52213-49-7; 10¢, 480-46-6; 3-[phenyl(methyloxy)]-4-methoxy-
benzaldehyde, 6346-05-0; 2-(diethylcarbamoyl)-3-methoxybenzyl
4-methoxyphenyl ketone, 88431-01-0; 2-(diethylcarbamoyl)-3,4-
dimethoxystilbene, 88431-02-1; furfural, 98-01-1; 3-formyl-
thiophene, 498-62-4; methyl p-methoxybenzoate, 121-98-2; p-
MeOC¢H,CHO, 123-11-5; m-MeOC;H,CHO, 591-31-1; o-
MEOCSH4CHO, 135-02-4; CGH5CHO, 100-52-7.

Supplementary Material Available: Table of combustion
analyses for compounds 7a, 7b, 3a, 4a-g, 9a, 9b, and 3b (1 page).
Ordering information is given on any current masthead page.

Synthetic Studies on Cembranolides. Stereoselective Synthesis of Epoxy
Ester Intermediates

James A. Marshall,* Michael J. Coghlan, and Masataka Watanabe
Department of Chemistry, University of South Carolina, Columbia, South Carolina 29208
Received August 26, 1983

A stereorational synthesis of the epimeric epoxy esters 17 and 21 from methacrolein is described. The route
employs two key stereodirected steps. The first, copper-catalyzed addition of vinylmagnesium bromide to conjugated
lactone 7, gives the trans product 8. The second, iodolactonization of the derived diesters 11 or 12, leads to the
trans lactones 16b or 16c. Basic methanolysis then gives the epoxides 17b or 17¢. The latter is converted to
the epimeric epoxy ester 21 via selective saponification, treatment with acid, mesylation, and basic methanolysis.
Additions of isopropenylcopper reagents to epoxy esters 17a—d and a model epoxy ester 22 were examined with

a view toward a proposed cembranolide synthetic plan.

We recently formulated a synthetic plan for cembra-
nolide natural products that entails coupling of two com-
plex synthons, a “diene piece” II and a “lactone piece” 111
(Scheme I).! The lactone piece was prepared with 4-
cycloheptenone as the starting material.! However, all
attempts to couple the monotosylate derivative IV with
various organocopper reagents were unsuccessful.? Under
forcing conditions with HMPA as cosolvent, an interesting
rearrangement took place leading to epoxy lactone V, but

(1) Marshall, J. A.; Royce, R. D., Jr. J. Org. Chem. 1982, 47, 693-8.

(2) Royce, R. D., Jr. “Synthetic Efforts Toward Crassin Acetate”,
Ph.D. Dissertation, Northwestern University, Evanston, IL, 1982, pp
93-103.

still no coupling product could be detected.?

While we were unable to isolate any other products that
might provide a clue for the apparent failure of such
coupling experiments, we felt that at least part of the
problem might be ascribed to the multiple oxygen sites
present in tosylate IV and epoxide V that could coordinate
with and deactivate the organocopper reagents. We also
found it difficult to produce large quantities of lactone diol
111, owing to the inefficient and capricious preparation of
4-cycloheptenone.? We therefore decided to modify our

(3) Wilson, S. R.; Wiesler, D. P, Synth. Commun. 1980, 10, 339-44.
We are indebted to Professor Wilson for helpful advice on the preparation
of enone 5.
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