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fumarate (3).—A solution of N-carbobenzoxyglycine* (0.23 g,
1.1 mmol) in anhydrous THF (1.5 ml) was added dropwise to a
solution of N,N’-carbonyldiimidazole (CDI, Aldrich Chemical
Co., 0.17 g, 1.1 mmol) in THF (2.5 ml) and stirred for 1 hr. To
this was then added in one portion, a solution of 2a (0.50 g, 1.1
mmo}) in 2 ml of THF. After 3 days the solution was concen-
trated to dryness, redissolved in CHCl;, washed twice with 5%,
HCI solution, saturated NaHCO; solution, and water and dried.
Evaporation of the solvent afforded a syrup (0.61 g) whose tlc
(CHCI;) showed three spots. Preparative tle (CHCls) of an
aliquot (75 mg) of the syrup separated the three components; the
one of lowest RB; was shown by comparison ir to be recovered 2a
(10 mg), the middle R; compound was tentatively assigned (by
physical data) as 4a (10 mg, 11%), and the upper R product was
identified as the unsaturated 3 (20 mg, 329%). Compound 3
could not be induced to crystallize but an analytical sample was
obtained by rechromatographing (1%, CH,OH-CHCI;) on thin
layer plates, and the extracted product was washed through a 1:1
charcoal-Celite column with CHCl;. Evaporation of the solvent
left a very pale yellow gum (3), UV Amax 212 mu (e 18,400) and
270 (13,900) with a shoulder at 259; mass spectrum m /e 445 (M*),
430, 354 (—CH.CsH;), 310 (—CO,CH,C¢H;), 248, 140, 107
(CeH;CH,07), 91 (base peak).

Anal. Caled for CoeHaNOg: C, 70.11; H, 5.20; N, 3.14.
Found: C,70.10; H, 5.27; N, 3.07.

Dibenzyl O-(N-Carbobenzoxyglycyl-N-carbobenzoxy-erythro-g-
hydroxy-pr-aspartate (4b) and Dibenzyl 2-Carbobenzoxyamino-
fumarate (3).—The above procedure was followed using CDI
(2.30 g, 14.2 mmol) in 10 ml of THF, N-carbobenzoxyglycine!*
(2.96 g, 14.2 mmol) in 10 ml of THF, and 2b (3.30 g, 7.1 mmol) in
10 ml of THF. The reaction mixture was worked up after 2.5
hr, as described above, to give a pale yellow oil (4.4 g). Tle
(19, MeOH-CHCI;) of the oil indicated one major spot, tenta-
tively assigned as 4b, and traces of starting material (2b) and
unsaturated 3. From several purifications by preparative tlc
(1.59 MeOH-CHCl;, 0.21 g/three plates) we obtained a fairly
pure (not analytical grade) sample of 4b (0.18 g, 819, yield).
Further attempts at purifying 4b only led to some decomposition
to the unsaturated 3. By the above preparative tle we obtained
a sample of 3 (8 mg, 5% ) which was identical in the ir, nmr, and
uv with compound 3 asisolated from the reaction with 2a.

Dibenzyl 2-Carbobenzoxyaminofumarate (3) and Dibenzyl
2-Carbobenzoxyaminomaleate (5).—A solution of 4a (10 mg),
contaminated with a small amount of 3, in 1 ml of CHC]; was
divided in half and a few crystals of imidazole were added to one
portion. After both portions were stirred overnight a tle ex-
amination indicated no change in the ratio of 4a to 3 in the ab-
sence of imidazole, but about a 60-709 conversion to 3 in the
presence of imidazole. Similarly, when 4b contaminated with
only a trace of 3 was stirred overnight with imidazole there was
only a 20-309 increase in intensity of the spot on tle correspond-
ing to 3, whereas in the absence of imidazole there was no change.

A pure sample of 3 (0.22 g), when allowed to remain in a re-
frigerator for about 3 months, was slowly converted to approxi-
mately 59 of the cis isomer 5. Preparative tle afforded 10 mg of
5, which could not be induced to crystallize. An analytical
sample of 5 was obtained by chromatography as reported above
for 3, Uv Amax 211 mu (e 20,900) and 267 (14,000). Compound 3
(75 mg) was more readily converted to 5 by dissolving it in 1 ml of
CH,Cl;, diluting with 15 ml of isooctane, and exposing it to day-
light for 7 days. The solvent was removed by evaporation, and
tle of the resulting oil indicated a 25-359, enrichment of 5: mass
spectrum of 5 m/e 445 (M), 430, 354 (—CH.CeH;), 310
(—CO,CH,CsH;), 248, 140, 107 (CeH:CH0*), 91 (base peak).

Anal. Caled for CyeHaNOg: €, 70.11; H, 5.20. Found:
C,69.92; H, 5.48.

pL-Aspartic Acid from Dibenzyl 2-Carbobenzoxyaminofumarate
(3).—To a solution of 3 (0.10 g, 0.22 mmol) in 509, ethanol-di-
oxane (4 ml) was added 50 mg of PtO;. The mixture was hydro-
genated at 1 atm pressure for 70 min, during which the calculated
amount of H; was consumed. Removal of the catalyst by filtra-
tion and concentration of the filtrate gave a residue which was
crystallized from H,;O-ethanol, yielding 12 mg (41%) of pr-as-
partic acid (identicalin the ir with an authentic sample).

(14) J. P. Greenstein and M. Winitz, “Chemistry of the Amino Acids,”
Vol 2, Wiley, New York, N. Y., 1961, p 891.

Nortrs

Registry No.—2a, 16712-81-5; 2b, 34910-00-4; 3,
34910-01-5; 5, 34910-02-6; L-asparagine, 70-47-3.
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Synthetic degradation of lanosterol has been used to
prepare otherwise difficultly accessible 14a-methyl
steroids.? With the prospect of readily obtaining B/C
ring juncture modifications of lanosterol for similar
purposes, we decided to explore the oXirane ring opening
reactions of an 8a,9a~oxidolanostane with methyl and
allyl Grignard reagents. For this purpose dihydrola-
nosterol acetate (1) was oxidized in excellent yield to
3B-acetoxy-8«,9a-0xido-5a-lanostane (2).2

CH,CO,

-

RO

Methyllithium in ether did not attack the oxirane
ring over a period of 19 days. With methylmagnesium
iodide in refluxing toluene the product was dihydro-
agnosterol (3a). Allylmagnesium bromide? in ether
at 25° reacted completely in a few hours with epoxy

(1) Steroids and Related Natural Products. 79. For Part 78 see
G. R. Pettit and Y. Kamano, Ezperientia, 28, in press. This investigation
was supported by Public Health Service Research Grants RO1 CA08705-01,
RO1 CA08705-02, and RO1 CA11451-01.

(2) Cf. G. R. Pettit and P, Hofer, Helv. Chim. Acla, 41, 2142 (1963);
J. Chem. Soc., 4439 1963.

(3) J. Fried, J. W. Brown, and M. Applebaum, Tetrahedron Lett., 849
(1965); I. G. Guest and B. A. Marples, J. Chem. Soc. C, 1468 (1971).

(4) H. Felkin and G. Roussi, Tetrahedron Lett., 4153 (1965). The re-
activity of allyl Grignard reagents toward epoxide ring-opening is much
greater than that of methyl or isopropyl Grignard reagents. The stereo-
chemical course leads to trans diaxial products.
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acetate 2. The sole product was formulated as 38,9a-
dihydroxy-5a-lanost-7-ene (4a) on the following basis.

Acetylation with pyridine and acetic anhydride under
the usual conditions gave a monoacetyl derivative 4b
which still contained a hydroxyl function. Very brief
treatment with a trace of mineral acid converted the
aleohol 4b into dihydroagnosteryl acetate (3b). The
nmr spectrum of alcohol 4a showed the presence of a
trisubstituted olefin. Further support for the olefin
was provided by the mass spectrum, which displayed
an m/e 426 fragment (M — 18). The foregoing would
allow the product to be assigned structure 4a or 5, of
which 4a is preferred. In this respect the lithium in
ethylamine reduction of epoxide 2 gives the « alcohol.?
Also, the strong vicinal 14a-methyl-8a-hydroxy steric
interaction in 5 is absent in 4.

When no products involving alkylation of the lano-
stane skeleton were detected the Grignard study
was not pursued further. However, the new syntheses
of dihydroagnosterol and alecohol 4 were considered
potentially useful in approaches to natural products
such as batracheotoxinin A.

Experimental Section®

Dihydroagnosteryl Acetate (3b).—To a solution of 38-acetoxy-
8a,9a-0xido-5a-lanostane (0.65 g) in dry ether (25 ml) was added
(during 5 min) the Grignard reagent (in ether) derived from mag-
nesium turnings (4.9 g) and methyl iodide (28 g). After 20 hr at
25° dry toluene (75 ml) was added and the ether was removed by
distillation. The solution was heated under reflux for 11 days,
cooled, and poured over crushed ice. The product was isolated
using ether to afford a brown grease which slowly solidified. Ad-
sorption on activated alumina (22 g) from solution in benzene and
elution with benzene-chloroform (4:1) gave dihydroagnosterol
(3a, 0.60 g): mp 150-154°; ADDF 236, 243, and 252 muy.
Acetylation gave dihydroagnosteryl acetate, plates from ethanol;
mp 167-169°; Mot 236, 243, and 252 mu. Acetate 3b was
identical’ with an authentic specimen.

Reaction between Allylmagnesium Bromide and Oxide 2.—
Allylmagnesium bromide was prepared® and stored at 0° in a
narrow-necked bottle fitted with a septum cap. The assay’ was
0.66 M and 15 ml of the reagent was added to oxide 2 (0.71 g) in
dry ether (20 ml, under an atmosphere of dry nitrogen). The
reaction mixture was kept at 22° and monitored by tle upon re-
moval of 0.5-ml aliquots. After 14 hr the mixture was poured
into 5% ammonium sulfate (100 ml) at 5°. Ether (25 ml) was
used for isolation. The product (0.69 g) was a clear oil which
showed one component on tle. Crystallization from methanol
containing one drop of pyridine gave fine needles (0.30 g), mp
132-133°, of a compound formulated as 4a: vee 3500-3200
em™t; pmr (pyridine) & 0.8, 0.88, 0.93, 1.03, 1.12 (ring and side-
chain methyl groups), 2.06 (s, 3 protons), 3.5 (broad, 1 proton),
4.25 (1 proton), 5.18 and 5.47 ppm (broad, 1 proton); mass spec-
trum m /e 426 (M * — 18).

Anal. Caled for 030H52021
80.77; H, 11.64. .

The product (0.18 g) in pyridine (1.5 ml)-acetic anhydride (1
ml) was kept at 22° for 19 hr. Ether (30 ml) was added and the
solution was washed with 2 N sodium bicarbonate until efferves-
cence ceased (5 X 15 ml). Drying and solvent removal fur-
nished a colorless solid (0.18 g), one component on tle, which
crystallized as needles from methanol containing one drop of pyri-
dine. The alcohol weighed 0.13 g: mp 170-175° (raised to 171~
175° by further recrystallization from the same solvent system);
Ve 3580, 1724, and 1230 em™'; pmr & 0.675 (C-13 Me), 0.86
(d, J = 6.5 Hz, C-26, 27 methyl groups), 0.90, 0.99, 1.18 (C-4,

C,81.02; H, 11.79. Found: C,

(5) The introduction to the Experimental Section of an earlier contribu-
tion provides a summary of general methods and reagents employed here;
see J. C. Knight, G. R. Pettit, and P. Brown, J. Org. Chem., 85, 1415 (1970).

(6) O. Grummitt, E. P. Budewitz, and C. C. Chudd, Org. Syn., 86, 61
(1958).

(7) H. Gilman, E, A, Zoellner, and J, B. Dickey, J. Amer. Chem. Soc., 81,
1576 (1929).
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10, 14«, and 20 methyl groups), 2.03 (38-OAc), 4.5 (broad, 3a-H),
5.33 ppm (broad, 7-H).

Anal. Caled for CypHuOs:
C,78.98; H,11.64.

Conversion of Alcohol 4a to Dihydroagnosterol (3a).—Con-
centrated hydrochloric acid (1 drop) was added to alcohol 4a
(30 mg) in ethanol (5 ml). The ethanol was removed in vacuo
and the residue was partitioned between ether (15 ml) and water
(15 ml). The ether phase was washed with 2 N sodium bicar-
bonate, dried, and evaporated to a white solid (28 mg) which
crystallized from ethanol as needles of dihydroagnosterol (3a),
mp and mp with an authentic sample 150-154°, Mma® 236,
243, and 252 mu.

C, 78.63; H, 11.55. Found:

Registry No.—3a, 2644-75-9; 3b, 5600-01-1; 4a,
34910-26-4; 4b, 34910-27-5.
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As part of an approach to total synthesis of the anti-
neoplastic agent?—° camptothecin (1),24° it became
necessary to investigate synthesis of the terpenoid
unit,? or an appropriate subunit, of the alkaloid. Syn-
thesis of camptothecin by combination of appropriate
fragment molecules, involving formation of the pyri-
done amide bond and condensation with the pyrrol-
idinoquinoline entity, would require an eight-carbon
unit. A é-lactone precursor of the type depicted by

(1) (a) The research upon which this publication is based was performed
pursuant to Contract No. NIH-71-2308 and PH 43-65-94 with Chemo-
therapy, National Cancer Institute, National Institutes of Health, Depart-
ment of Health, Education and Welfare, and by Research Grants CA-
11451-02 and CA-10612-04 from the National Cancer Institute and GP
4939 from the National Science Foundation. (b) Part XXVIII of the
series Antineoplastic Agents. For part XXVII see G. R. Pettit, L. E. Hough-
ton, N. H. Rogers, R. M. Coomes, D. F. Berger, P. R. Reucroft, J. F. Day,
J. L. Hartwell, and H. B. Wood, Jr., Ezperientia, 28, 381 (1972).

(2) (a) J. M. Venditti and B. J. Abbott, Lloydia, 80, 332 (1967). (b)
W. D. DeWys, S. R. Humphreys, and A. Goldin, Cancer Chemother. Rep.,
52, 229 (1968). (c) J. A. Gottlieb, A, M. Guarino, J. B, Call, V. T. Oliverio,
and J. B. Block, ¢bid., 54, 1461 (1970). (d) M. E. Wall, M, C. Wani, C. E.
Cook, K. H. Palmer, A. T. McPhail, and G. A, 8im, J. Amer. Chem. Soc., 88,
3888 (1966). (e) A.T.McPhail and G. A. Sim, J. Chem. Soc. B, 923 (1968).
Three total synthesis of camptothecin have recently been reported: G,
Stork and A. G. Schultz, J. Amer. Chem. Soc., 98, 4074 (1971); R. Volkmann,
8. Danishefsky, J. Eggler, and D. M. Solomon, 7bid., 98, 5576 (1971); M. C.
Wani, H. F. Campbell, G. A. Brine, J. A. Kepler, M, E, Wall, and 8. G.
Levine, Abstracts, 162nd National Meeting of the American Chemical So-
ciety, Washington, D. C., Sept 12-17, 1971. Recent structure/activity
investigations have been summarized by J. A, Beisler, J. Med. Chem., 14,
1116 (1971); T. K. Liao, W. H. Nybherg, and C. C. Cheng, J. Heterocyel.
Chem., 8, 878 (1871); J. A. Kepler, M. C. Wani, J. N. McNaull, M. E. Wall,
and 8. G. Levine, J. Org. Chem., 84, 3853 (1968); M. C. Wani, J. A. Kepler,
J. B. Thompson, M. E. Wall, and 8. G. Levine, Chem. Commun., 404 (1970).

(3) The terpenoid origin of the nontryptophan portion of the indole
alkaloids has been established; see A. R. Battersby, Pure Appl. Chem., 14,
117 (19687), sand A. I, Scott, Accounts Chem. Res., 8, 151 (1970). Biogenetic
linkage of camptothecin to the indole alkaloids has been suggested by E.
Wenkert, K. G. Dave, R. G. Lewis, and P. W. Sprague, J. Amer. Chem, Soc.,
89, 6741 (1967). A chemical transformation of the tetrahydrocarboline
unit of the indole alkaloids to the camptothecin quinoline unit has been
reported: E, Winterfeldt and H. Radunz, Chem, Commun., 374 (1971).



