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The ready availability of N-(N,N-dimethylamino)pyrrole
(2) coupled with the extreme ease with which it undergoes
lithiation, conversion into a Grignard reagent, and removal
of the dimethylamino protecting group renders 2 an ex-
ceedingly useful reagent in organic synthesis.
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Synthesis of the Carbohydrate Moiety of Bleomycin

Summary: The synthesis of the disaccharide 2-0-(3-O-
carbamoyl-a-D-mannopyranosyl)-L-gulopyranose has been
achieved in good yield via the silver triflate promoted
coupling of 2,4,6-tri-O-acetyl-3-0-(N-acetylcarbamoyl)-a-
D-mannopyranosyl bromide (7) with both benzyl 3,4,6-
tri-O-benzyl-8-L-gulopyranoside (5) and 3,4-di-O-benzyl-
1,6-anhydro-8-L-gulopyranose (12).
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Sir: Bleomycin A, (1), one of a family of structurally
related antibiotics derived from Streptomyces,! is the
major component of a mixture of bleomycins used clinically
for the treatment of certain malignancies.2 Biochemically,

bleomycin mediates the cleavage of DNA, and this prop-
erty may well constitute the basis for its anticancer ac-
tivity.? To facilitate an understanding of the structural
basis of the biological and biochemical activities of the
bleomycins, there has been considerable interest in their
chemistry, and numerous reports have appeared descrip-
tive of the modification* of this natural product as well as
the synthesis of components of the bleomycins.® Reported
herein is the first synthesis of the carbohydrate moiety®
of bleomycin and certain observations regarding synthetic
approaches useful for its elaboration.

Benzyl 3,4,6-tri-O-benzyl-g8-L-gulopyranoside (5) was
obtained from L-gulose,’ the latter of which was acetylated®
and then converted to 3,4,6-tri-O-acetyl-1,2-0-(1-meth-
oxyethylidene)-8-L-gulopyranose (2) via an intermediate
tetraacetyl gulopyranosyl bromide (HBr-HOAc, then
CH,0H, (C,H;),N*Br-, Hiinigs base). Ortho ester 2 was

(1) (a) Umezawa, H. Lioydia 1977 40, 67. (b) Konishi, M.; Saito, K.-L;
Numata, K.-I; Tsuno, T.; uklura,H Nmm Kawaguchx
H. J. Antibiot. 1977, 30, 789. (c) Umezawa,H Muraoka Y Fujii, A.;
Naganawa, H.; Taklta,T Ibid. 1980, 33, 1079. (d) Ohba,K Shomura,
T.; Tsuruoka, T.; Omoto, S.; Kojima, M.; Hisamatsu, T, Inouye, S.; Niida,
T. Ibid. 1980, 33, 1236. (e) Shomura, T.; Omoto, S.; Ohba, K.; Ogino, H
Kojima, M.; Inouye, S. Ibid. 1980, 33, 1243.

(2) (a) Crooke, S. T, “Bleomycin: Current Status and New
Developments”; Carter, S. K., Crooke, S. T., Umezawa, H., Eds.; Aca-
demic Press: New York, 1978; p 1 ff. (b) Carter, S. K. Ibid. p 9 ff.

(3) Hecht, S. M. “Bleomycin: Chemical, Biochemical and Biological
Aspects”; Hecht, S. M., Ed.; Springer-Verlag: New York, 1979; p 1 ff.

(4) For example, see Tanaka, W.; Takita, T. Heterocycles 1979, 13,
469.

(5) (a) Zee-Cheng, K. Y.; Cheng, C. C. J. Heterocycl. Chem. 1970, 7,
1439, (b) Takita, T.; Yoshioka, T.; Muraoka, Y.; Maeda, K.; Umezawa,
H. J. Antibiot. 1971, 24, 795. (c) Yoshioka, T.; Muraoka, Y.; Takita, T.;
Maeda, K.; Umezawa, H. Ibid. 1972, 25, 625. (d) Omoto, S.; Takita, T.;
Maeda, K.; Umezawa, S. Carbohydr. Res. 1973, 30, 239. (e) Yoshioka, T';
Hara, T.; Takita, T.; Umezawa, H. J. Antibiot. 1974, 27, 356. (f)
McGowan, D. A,; Jordis, U.; Minster, D. K.; Hecht, S. M. J. Am. Chem.
Soc. 1977, 99, 8078. (g) Minster, D. K.; Hecht, S. M. J. Org. Chem. 1978,
43, 3987. (h) Hecht, S. M.; Burlett, D.; Mushika, Y.; Kuroda, Y.; Levin,
M. D. “Bleomycin: Chemical, Biochemical and Biological Aspects”;
Hecht, S. M.; Ed.; Springer-Verlag: New York, 1979; p 48. (i) Hecht, S.
M.; Rupprecht, K. M.; Jacobs, P. M. J. Am. Chem. Soc. 1979, 101, 3982.
(i) Levin, M. D,; Subrahamanian, K.; Katz, H.; Smith, M. B.; Burlett, D.

J.; Hecht, S. M. Ibid. 1980, 102, 1452, (k) Umezawa, Y.; Morishima, H.;
Saxto, S. I Takita, T; Umezawa, H.; Kobayashi, S.; Otsuka M.; Narita,
M,; Ohno,M Ibid. 102 6630. (1) Ara.l,H Hagmann W.K; Sug'una, H;
Hecht, S. M. Ibid. 1980 102, 6631. (m) Taklta T; Umezawa, Y.; Saito,
S.-1.; Morishima, H.; Umezawa, H.; Muraoks, Y.; Suzuki, Y.; Otsuka, M.;
Kobayashi, S.; Ohno, M. Tetrahedron Lett. 1981, 22, 671. (n) Ohgi, T.;
Hecht, S. M. J. Org. Chem. 1981, 46, 1232. (o) Hagmann, W. K,; Basha,
F. Z.; Hashimoto, M.; Frye, R. B.; Kojo, S.; Hecht, S. M. J. Org. Chem.
1981, 46, 1413.

(6) The technically simpler synthesis of 2-O-(a-D-mannopyranosyl)-
L-gulopyranose (i.e., the carbohydrate lacking the carbamoyl moiety of
bleomycin) has recently been reported; see Tsuchiya, T.; Miyake, T.;
Kageyama, S.; Umezawa, S.; Umezawa, H.; Takita, T. Tetrahedron Lett.
1981, 22, 1413.

(7) Evans, M. E.; Parrish, F, W. Carbohydr. Res. 1973, 28, 359.

(8) Isbell, H. S. J. Res. Natl. Bur. Stand. 1932, 8, 1.
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obtained in 31% overall yield from L-gulose as colorless
needles, mp 71-2 °C, [«]%p -22.1° (¢ 1.07, CHCl,),® and
could be converted directly to benzylated ortho ester 3
(isolated in 57% yield as microcrystals, mp 47.5-48.5 °C,
[@]®p +1.2° (¢ 1.00, CHC! 93)) by treatment with C;H;C-
H,CI-KOH, as descrlbed Ortho ester 3 was then
treated with chlorotrimethylsilane!' (CH,Cl,, reflux, 2 h);
crystalline 2-O-acetyl-3,4,6-tri-O-benzyl-8-L-gulopyranosyl
chloride was obtained in 88% yield, mp 79-80 °C; [«]%p
+58.4° (c 0.52, CHCl;).° Benzyl 2-O-acetyl-3,4,6-tri-O-
benzyl-g-L-gulopyrancside (4) ([a]}®p +72.7° (¢ 1.36,
CHCl,)) was then obtained in 25% yield as a syrup by
treatment of the chloride with CgHsCH,OH (CH,Cl,,
CF3S0;Ag).!? Deacetylation!® (CH;OH, CH;ONa) then
provided key intermediate 5 as colorless microcrystals
(95%, mp 62.5-63.5 °C; [a]%p +48.3° (¢ 0.7, CHCly)).
The requisite mannose derivative was obtained simply,
by treatment of methyl 2,4,6-tri-O-acetyl-3-O-carbamoyl-
a-D-mannopyranoside® with Ac,0-H,SO, (24 h, 25 °C).
The resulting pentaacetate (6, obtained as microcrystals
from EtOH, mp 135-186 °C; [a]® +28.3° (c 1.06, CHCly))®
was then converted to the corresponding mannopyranosyl
bromide (89%, [«]®p +78.2° (c 1.1, CHCl,), isolated as a
white solid foam) via the agency of HBr in HOAc. When
5 and 7 were coupled (CH,Cl,, CF;S03Ag, (CH3),NCON-
(CHy)»)™ over a period of 12 h at 25 °C, extractive workup

(9) (Partial) 'H NMR spectra: 2 (CDCl,, (CH3),Si) § 1.71 (s, 3), 2.00
(s, 3), 2.05 (s, 3), 2.12 (s, 3), 3.25 (s, 3), 3.58-3.8 (m, 1), 4.03-4.35 (m, 2),
4.56-4.64 (dd, 1), 5.08-5.42 (m, 2), and 5.50 (d, 1); 3 (CDClg, (CHy),Si)
6 8.23 (s, 3) and 7.22 (m, 15); 4 (CDClg, (CHy),Si) 6 2.17 (s, 3), 3.53 (dd,
1), 3.63 (dd, 1), 3.76 (dd, 1), 4.02 (dd, 1), 4.16 (ds, 1), 4.4-4.65 and
4,85-4.95 (m, 8), 4.95 (d, 1), 5.08 (dd, 1), and 7.2-7.35 (m, 20); 5 (CDCl,,

(CHy),Si) 4 3.81 (m, 1, H-2), no signal near 2.17; 6 (CDCl,, (CH3)4SI) 62.05
(s, 3), 2.08 (s, 3), 2. 17 (s, 6), 2.35 (8, 3), 3.95-4.35 (m, 3), 5.25-5.4 (m, 3),
6.10 (d 1, J = 2.0 Hz), and 7.82 (b, 1); 7 (CDCly, (CH3),Si) ¢ 6.29 (d, 1,
Jy2 = 1.5 Hz, H-1); 8 (CDCl;, (CH3),Si) & 1.95 (s, 3), 2.00 (s, 3), 2.14 (s,
3), 2.42 (s, 3), 3.54 (dd, 1), 3.6 (m, 1), 3.75 (m, 1), 3.83 (dd, 1), 3.92 (dd,
1), 4.15 (dt, 1), 4.27 (m, 1), 4.68 (d, 1), and 5.15-5.25 (m, 3); 11 (CDCl,,
(CH,),Si) 5 3.94 (dd, 1), 4.98-5.02 (m, 1), 5.00 (d, 1), 5.05 (dd, 1), 5.13 (dd
1), 6.25 (t, 1), 5.42 (t, 1), 5.88 and 6.27 (2 d, 1, H-18 and H-1q, respec-
tively); 13 (R = OCH,CeH) (CHCls, (CHy)S1) 8 2.07 (5, 3), 2.08 (5, 3), 2.11
(s, 3), 2.43 (s, 3), 3.59 (dd, 1), 8.73 (dd, 1), 3.81 (m, 1), 3.92 (dd, 1), 4.02
{, 1), 4.44 (4, 1), 4.89 (4, 1), 5.28 (t, 1), 5.31 (dd, 1), and 5.4-5.45 (m 2);
for compound 10, the mannose H-3 resonated at § 5.25, in comparison
with a value of § 5.3 for the corresponding proton in bleomycin A, (Na-
ganawa, H. In “Bleomycin; Chemical, Biochemical and Biological
Aspects”; Hecht, S. M., Ed.; Springer-Verlag: New York, 1978; pp
106-123). In addition satisfactory elemental analyses were obtained for
all new solids; syrupy compounds were analyzed by mass spectrometry.

(10) McCloskey, C. M. Adv. Carbohydr. Chem. 1957, 12, 137 and
references therein.

(11) Josephson, S.; Bundle, D. R. J. Chem. Soc., Perkin Trans. 1 1980,
297.

(12) The desired f-anomer 4 was separated chromatographically from
the (minor) a-anomer prior to conversion to 5.

(13) Zemplén, G.; Pacsu, E. Chem. Ber. 1929, 62, 1613.

Communications

provided the desired disaccharide (8) as a colorless syrup
(82% yield after chromatographic purification; [«]%p
+46.6° (c 0.8, CHCly)). Hydrogenolysis of 8 over 10%
palladium-on-carbon (1 atm of H,, 24 h) gave 2-0-[2,4,6-
tri-O-acetyl-3-0-(N-acetylcarbamoyl)-«-D-manno-
pyranosyl]-L-gulopyranose (9), isolated as an amorphous
solid after chromatographic purification (62% yield):
[a]®p +48.5° (¢ 0.55, MeOH); mass spectrum, M, 553.215
The o configuration at C-1 of mannose, confirmed by 13C
NMR, !¢ is consistent with that predicted by the “trans
rule”.7 Deblocking of 9 (cat. ‘OCH;/CH30H, 1 h, 25 °C)*3
provided 2-O-(3-0-carbamoy1-a-D-mannopyranosyl)-L-
gulopyranoside (10), the carbohydrate moiety of bleomycin.
This species was isolated as an amorphous solid in 96%
yield, [«]*p +65.8° (¢ 0.5, H,0).?

Also prepared from 9 (AcyO, pyr, 25 °C, 12 h) was
1,3,4,6-tetra-O-acetyl-2-0-{2,4,6-tri-O-acetyl-3-0O-(N-
acetylcarbamoyl)-a-D-mannopyranosyl]-a,3-L-gulopyranose
(11). This species was obtained in 99% yield from 9 as
a syrup after extractive workup, [«]®p +13.9° (¢ 0.6,
CHCI,).?

An alternate approach to 10 and 11 involved the use of
3,4-di-0-benzyl-1,6-anhydro-B-L-gulopyranose (12),% a
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H
CgHsCHZ0 o) RO o NHAC
CeMsCHO R’% Dac

12 13

gulose derivative that might be expected to be less hin-
dered sterically at C-2 than 5. Coupling of 12 and 7, in
analogy with the transformation 5 + 7 — 8, provided di-
saccharide 13 (R = Cchng) as a syrup in 68% yield,
[a])®p —78.6° (c 0.5, CHCl;).® After debenzylation (9:1
EtOH-AcOH, 10% Pd/C, 1 atm of H,, 24 h; 67%) and
acetylation (CsHzN-Ac,0, 25 °C, 24 h; 95%) of this species,
treatment with Ac,0-H,SO, provided 11 ([«]®p +15.3°
(c 0.5, CHCly)).1® Thus, contrary to the suggestion® that
“L-gulose” and its 3,4-di-O-benzyl derivatives®” might not
be suitable for the elaboration of dissacharides such as 10,
both 5 and 12 were found to provide the desired com-
pounds in good yield.*

It is anticipated that the availability of the fully acety-
lated disaccharide (11) will permit completion of the total
synthesis of bleomycin A, from synthetic intermediates
already in hand.
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General Strategies for Alkaloid Synthesis via
Intramolecular [4 + 2] Cycloadditions of Enamides.
Application to the Formal Total Synthesis of
Racemic Lycorine!

Summary: The application of the intramolecular {4 + 2]
cycloaddition of the enamido diene 6 to the construction
of the unsaturated oxolycorane 2 is described, thereby
completing a novel, formal synthesis of the Amaryllidaceae
alkaloid lycorine (1).

Sir: The assemblage of functionalized hydroquinolines and
hydroindoles, which are structural elements common to
many alkaloid natural products, via the intramolecular [4
+ 2] cycloadditions? of dienamides is firmly established,’
but the feasibility of employing enamides as dienophiles
in [4 + 2] cycloadditions for the construction of these
heterocyclic synthons has only been recently recognized.*®
Consequently, we now report a novel synthesis of the un-
saturated lactam 2 by a route which features the intra-
molecular cycloaddition of an enamide with an unactivated
diene as the key step. Since 2 has been previously con-
verted® to lycorine (1),%7 an alkaloid of the Amaryllidaceae

(1) Portions of this work were previously presented at the Second
Chemical Congress of the North American Continent, Las Vegas, NV,
August 1980, ORGN 155,

(2) For reviews of intramolecular Diels—Alder reactions, see (a) Op-
polzer, W. Angew. Chem., Int. Ed. Engl. 1977, 16, 10. (b) Brieger, G.;
Bennett, J. N. Chem. Reu 1980, 80, 63.

(3) (a) Oppolzer, W. J. Am. Chem Soc. 1971, 93, 3834, (b) Oppolzer,
W.; Frostl, W. Helv. Chim. Acta 1975, 58, 590. (c) Oppolzer,W Frostl,
W.; Weber, H. P. Ibid. 1975, 58, 593. (d) Oppolzer, W.; Flaskamp, 'E. Ibid.
1977, 60, 204. (e) Stork, G.; Morgans, D. J., Jr. J. Am. Chem. Soc. 1979,
101, 7110.

(4) (a) Martin, S. F.; Desai, S. R.; Phillips, G. W.; Miller, A. C. J. Am.
Chem. Soc., 1980, 102, 3294. (b) Martin, S. F.; Tu, C.; Chou, T. Ibid. 1980,
102, 5274.

(6) For a related example, see Stork, G.; Morgans, D. J., Jr. Tetrahe-
dron Lett. 1979, 1959.

(6) For syntheses of lycorine, see (a) Moller, O.; Steinberg, E.-M.;
Torssell, K. Acta Chem. Scand., Ser B. 1978, 32, 98. (b) Tsuda, Y.; Sa.no,
T.; Taga, J.; Isobe, K.; Toda, J.; Takag1 S.; Yamakx M.; Murata, M Iric,
H.; Tanaka, H. J. Chem Soc., Perkin Trans. 1 1979 1358 (c) Umezawa,
B; Hosh.mo,O Sowaki, S.; Sashxda,H Mori, K. Heterocycles 1979, 12,
1475 d) Sano,T Kashlwaba,N Toda,J Tsuda, Y.; Irie, H. Ibid. 1980,
14, 1097.

(7) For synthetic approaches to lycorine, see (a) Hill, R. K.; Joule, J.
A,; Loeffler, L. J. J. Am. Chem. Soc. 1962, 84, 4951. (b) Ueda, N.;
Tokuyama, T.; Sakan, T. Bull. Chem. Soc. Jpn. 1966, 39, 2012. (c)
Hendrickson, J. B.; Alder, R. W.; Dalton, D, R.; Hey, D. G. J. Org. Chem.
1969, 34, 2667. (d) Ganem, B. Tetrahedron Lett 1971, 4105. (e) Dyke,

Samsbu.ry,M Evans, J. R. Terahedron 1973, 29, 213 (f) Muxfeldt,

Bell J4.P; Baker,J A, Cuntze, U, Tetrahedron Lett. 1973, 4587, (g)
Wenkert,E Chawln H.P. S.; Schell F. M. Synth. Commun. 1978, 3, 381.
(h) Umezawa,B Hoshmo, 0 Sawakl, S.; Sato, S.; Numao, N. J Org.
Chem. 1977, 42, 4272 (i) Ilda, H,; Yuasa, Y.; K:bayashx C. Ibid. 1979
44, 1074, 1236, (j) See also ref 3e ‘and 5.
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family,® its preparation constitutes the completion of a
new, formal synthesis of the title alkaloid.

el

1 2

The trans enamide 5 (mp 73-76 °C; Jyn = 15 Hz),
which bears a diene moiety masked as a dihydrothiophene
dioxide, may be readily prepared in 68% overall yield by
the condensation of homopiperonal (3)° with p-methoxy-
benzylamine (toluene, MgSO,, 0 °C, 1 h) followed by
acylation of the intermediate imine thus formed in situ
with 2-(2,5-dihydro-1,1-dioxothienyl)acety] chloride (4)%®
in the presence of diethylaniline (1.25 equiv, —78 — 25 °C,
3 h)¥ (Scheme I). Thermolysis of 5 as a 1% solution in
refluxing xylene (18 h) containing O,N-bis(trimethyl-
silyl)acetamide (1%) and 3-tert-butyl-4-hydroxy-5-
methylphenyl sulfide (0.3%) afforded an inseparable
mixture of the two cycloadducts 7a and 7b (47%) in a ratio

(8) For a review, see Fuganti, C. In “The Alkaloids”; Manske, R. H.
F., Ed.; Academic Press: New York, 1975; Vol. XV, Chapter III

(9) Howell, F. H,; Taylor, D. A. H. J. Chem. Soc. 1956, 4252.

(10) The structure assigned to each compound is in eccord with its
spectral (90-MHz 'H NMR, *C NMR, IR, low-resolution mass) charac-
teristics. Analytical samples of all new compounds obtained by recrys-
tallization or chromatography (HPLC) gave satisfactory combustion
analysis (C, H, N) and/or appropriate parent ion identification by high-
resolution mass spectrometry. All yields reported are of isolated products
which were >95% pure. The 90-MHz 'H NMR data (CDCly) for several
intermediates are as follows. 8a: & 7.00 (d, 2 H, J = 8 Hz), 6.76 (m, 5 H),
5.86 (s, 2 H), 5.73 (br s, 2 H), 3.73 (s, 3 H), 3.47 (d,1H,J = 13 Hz), 3.08
(d, 1 H,J = 13 Hz), 3.30-1.33 (m, 9 H). 8b: §6.97 (d, 2 H, J = 8 Hz),
671 (m, 5 H), 5.83 (3, 2H), 5.77 (brd, 1 H, J = 10Hz), .56 (brd, 1 H,

=10 Hz), 3.70 (s, 3 H), 3.13 (d, 1 H, J-— 13 Hz), 2.60 (d ,1H,J= 13
Hz) 3.03-1.10 (m, 9 H). 9a: §6.70 (m, 3 H), 5.87 (s, 2 H), 5.75 (m, 2 H),
4.13-1.47 (m, 11 H), 1.05 (br t, 3 H, J = 7 Hz). 9b: 6670( , 3 H), 5.87
(s, 2 H), 6.77 (m, 2 H), 3.93-1.40 (m, 11 H), 0.90 (t,3 H, J = 7 Hz). 10:
4 7.67 (s, 1 H), 6.57 (s, 1 H), 5.93 (s, 2 H), 5.75 (m, 2 H), 4.00-3.40 (m, 2
H), 3.17-1.40 (m, 7 H).
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