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Abstract—A synthesls of the title cyclic hexapepiide 1s described. 1Its lack of antitu-
mor activity shows that the l4-—membered ring of deoxybouvardln is needed for activity.

Efforts to oxidatively couple its phenolic groups faliled to give deoxybouvardin.

Bouvardin and deoxybouvardin (1), minor constituents of Bouvardls ternifolia, are potent

ant Ltumor agents.1'2 We wish to report that as part of a program of syntheslzing these substances
and analogs, we have synthesized cyclic hexapeptide 2, and that It lacks antitumor activity though

it differs from deoxybouvardin (1} by only twoe hydrogen atoms.

0 1 Me Q i Me

— 785 —




Scheme T shows the synthetic route to E. NMR analysis of the peptides containing N-methyl
groups was complicated by the observance of approximately equal amounts of cis and trans forms
about the N-methyl peptide bonds and about each BOC amide bond; 1m several such cases, the
spectrunm was simplified by remeasuring it at a temperature high enough to make rotation about such
bonds faster than the NMR measurement o2 Tetrapeptide 3 was prepared in 23% yield from
BOC-L-tyrosine; the tripeptide obtained in the fifth step was shown by X~ray analysis3 to
crystallize In the cis form about the peptide bond bearing the N-methyl group, whereas NMR shows
cis and trans forms to be present in equal amounts in solution?. Dipeptide 6 was prepared in 74%
yvield from O-benzyl-N-BOC-L-tyrosine. Tetrapeptide E and dipeptide E were combined as shown to

give cyclic hexapeptide 2 in 7% yield.
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BOC = ¢-Butoxycarbonyl
DCC = N,N'- dicyclohexylcarbodiimide

Cyclic hexapeptlde 2, unlike 1, was found to be Ipactive in a2 P-3BB test involving leukemla in
mice. It ls not surprising that this difference should occur, as the l4{-membered ring in 1 no
doubt greatly changes the conformaiion from those favored in 2.2 Many attempts to oxidatlively

couple the adjacent tyrosines of 2 to give 1 (presumably mimicking the blogenesls of 1) fatled.?
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EXPERIMENTAL SECTION

Gegeral. Melting points were determined on a Kofler hot stage and are uncorrected. NMR
spectra were recorded on Varian T-60 and Bruker WM-250 gpectrometers, Mass spectra were run on a
Varian MAT 311A spectrometer. Elemental analyses were carried out by Huffman Laboratories, Inc.,
Wheat Ridge, Co.

gifinmEEEXlZ§ZEQEIEZf§§' BOC-tyr (30.7 g, 0.1C mol, Vega Biochemicals) in THF (500 mL,
dlstllled from Na) was ccoled to 0° C and mecthyl iodide (30 mL) and NaH (26 g of 50% dlspersion in
mineral oll} were added. After s¢lrring 1 h at 0°C and 25°C for 16 h, 8 mlL sthyl acetate was added
followed by water dropwise until gas evolution ceased., Most of the solvent was evaporated, the
residue was washed 3 X 200 mlL pentane, diluted with !00 ml water, acidified with citrlc acld, and
extracted 3 X 100 mL ethyl acetate. The combined ethyl acetate solutions were washed 2 X 150 mi,
saturated sodium thiosulfate, once wiih 100 al saturated sodium chloride, dried over magnesium
sulfate, and evaporated, leaving 29 g (88%) of product as a very viscous liquid; lH NMR (CDCl3, &)
10.1 (s, COOM}, 7.1 (~d, 2H, J=9 Hz), 6.8 (~d, 28, J=9 Hz), 3.7 (s, OCH3), 3.1 (m, CHp), 2.7 (s,
NCH3), 1.3 (s, C(CH3)3).

AL 2 TR TR T nanee O N Dinechyl=BOC-Lotyr (2003 g, 66 wmol) and
methyl L-alaninate (6.8 g, 66 mmol, freshly prepared from the hydrochloride by bubbling ammonia
through a CHClj solution of the hydrochleride, filtering, and evaporating) in CHpCly (200 mL) was
protected with a drying rube, cooled to 0°C, and DCC (15 g) was added, After stirring 1 h at 0°C
and 16 h at 25°C, urea was filtered off and the solution was washed with 5% HOAc, warer, and
saturated KHCO3 soluidon, dried over MgS0,, and evaporated, leaving 24,6 g (95%) of product as a
viscous oll containing some urea crystals; 1H NMR (CDCly, &) 7.1 (~d, 2H, J=9 Hz), 6.é (~d, 2H, J=9
Hz), 6.6 (m, NH), 4.7 (m, Tyr CH), 4.6 (quintet, J=7 Hz, Ala CW), 3.8 (s, OCH3), 3.8 (=, OCHg), 3.2
(m, CHz), 2.8 (s, NCH3), 1.4 (s, C(CHy)3), 1.4 (d, J=7 Hz, Ala CCHy).

giigziﬁgzﬁ:EiﬁsiﬁziszEzz—L—aigninats. Methyl O,N-dimethyl-N-BOC-L-tyr-L-alaninate (15.9 g,
40 mmol} was allowed to stand for 15 mim at 25°C with 160 mL of trifluoroacetic acid and then most
of the solvent was removed under vacuum at 40°C, CH9Cly {20 mL) was added and the amine was
extracted with 500 mL and then 100 mL of 0.1 N HCl. The aqueous solutions ;ere washed 2 X 20 mL
CHpCly, made basic with solld KHCO3, saturated with solid NaCl, and extracted 3 X 100 mL CHyCls.
Drylng over MgSO,; and evaporating left 8.4 g (76%) of amine as an oll; Iy mMr (CDCly, &) 7.6 (broad
d, Ala WH), 7.1 (~d, 2H, J=9 Hz), 6.8 (~d, 2H, J=9 Hz), 4.6 (quintet, J=7 Hz, Ala CHy, 3.7 (e,
OCHy), 3.7 (s, OCH3), 2.3-3.3 (m, CHy and Tyr CH), 2.3 (s, NCH3), 1.5 (s, Tyr NH), 1.4 (d, J=7 He,
CCH3) -

On standing for several months at 25°C, this substance is converted into the dikecopiperazine
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cyelo—0,N-dimechyl-L-tyr-L-ala hydrate, mp 78~80°C; lg MR (cDCly, &) 7.0 (~d, 2H, J=9 Hz), 6.8
(~d, 2H, J=9 Hz), 6.5 (broad s, NH), 4.2 (~t, J=4 Hz, Tyr CH), 4.0 (m, Ala CH), 3.8 (s, OCH3), 3.2
{m, CHp), 3.1 (s, NCH3), 2.0 (s, Hy0), 0.7 (s, CCH3).>

ﬁ&il. Calcd for CyuHigN903+Hp0: €, 59.99; H, 7.19; N, 9.99. Found: C, 60.22; H, 7.22; N,
10.30.

Hethyl 100 L 10, dimethyl-iotyr Loalaninate.  Methyl 0,5-dinectyl-l-cye-l-alaninae
(6.18 g, 21 mmol) was coupled with excess BOC-L-ala (Vega Biochemicals) as described above except
the washings with HOAc solutlon and water were omitted to minimize diketoplperazine formatiom. The
crude viscous oll contalning urea crystals (10.6 g, 109 %) was not further purified; I§ ¥MR showed
coupling to be complete (NCH3 due to cls and trans peptide bonds at § 2.9 and & 3.0; no NCH3 at §
2.3).

EEEEZiﬁf:fii:giu_di?EEEI£:E:tyr-L_aEEEiEite' The entire crude product from the reaction above
was cleaved with trifluoroacetic acid as described above, yielding 4.6 g (60% over two reactions)
of amine, mp 136-137°C; 1B MR (CDC13, &) shows cis and trans forme about the N-methyl-bearing pep-—
tide bond, present In about equal amounts.Z An X-ray study showed the crystals to be of cis
peptiﬂe.j

Enal. Caled for C)gHp7N305: C, 59.16; H, 7.45; N, 11.50. Found: ¢, 59.28; H, 7.67; N,
11.80.

?echzih§:§gszgufla-L—ala—OLE-dimeszlzg:szfzi:fifgiffze. Methyl L~ala-0,N-dimethyl-L-tyr-
L-alaninate (4.5 g, 15 mmol) was coupled with excess BOC-D-ala (Vega Blochemicals) as described
above. The crude foam obtained (6.6 g, 106%) was used directly In the next reaction,

EEEEZEKPZEEEIEIf}fI~AEifffffhyl L—EXE:E:Eianinate (3). Cleavage of the BOC grouping from 4.0 g
(9 mmol) of the above tetrapeptide with trifluorcacetic acid gave 1.8 g (61% over two reactioms) of
crystalline 3, mp 138-142°C; lH MR (CnCl3) shows cis and trans forms about the N-methyl—bearing
peptide bond In about equal amounts, & 2.9 and 3.0 (s, NCHy).

0-Benzyl-N-methyl-N-BOC-L~tyr, O-Benzyl-N-BOC-L-tyr (55.6 g, 0.15 mol, mp 112-113°C, 1it.

108-110°c8) In dry THF (700 mL) was cooled to 0°C and methyl iodide (42 ml) and NaH (25.5 g of 50%
dispersion in mineral oil) were added. Reaction and workup as above for 0,N-dimethyl-N-BOC-L-tyr
gave 57.4 g (99%) of viscous oil; lH MMR (CDCl3, &) 9.6 (broad s, COOH), 7.3 (broad s, CgHs), 7.1
(~d, 2, J=9 Hz), 6.8 (~d, 2H, J=9 Hz), 5.0 (s, CHp}, 4.6 (m, CH), 3.1 (m, CHp), 2.7 {s, NCH3), 1.3
(s, C(CH3)3).

§:§EEEKE~§:ESE:E:£XE (4) 0O~Benzyl-N-mechyl-N-BOC-L-tyr (30 g, 78 mmol) eand acecic acid (3

mlL) in dioxane (150 mL) were stirred with 5% Pd on charcoal (5 g) at 25°C under a hydrogen

atmosphere, After 60 h, the theoretical amount of hydrogea (1.9 L) had been taken up. Fllitering

—788—




HETEROCYCLES, Vol 22, No 4, 19B4

and evaporation of the solvent left a viscous oil which on trituration with hexane crystalllzed to
give 22.5 g (98%) of product, mwp 141-144°C (dec); la wr {CDCl3, &) B.B (broad s, COOH and ArOH),
7.0 (~d, 2H, J=9 Hz), 6.7 (~d, 2H, J=9 Hz), 4.1 (m, GI), 3.1 (m, CHp), 2.7 (s, NCH3), 1.3 (s,
G(CH3)3).

Anal. Caled for CysHp;NOs: C, 61.00; H, 7.17; N, 4.74. Found: C, 60.52; H, 7.08; N, 4.84.

A~

yeth£~§:§Ethyl&E:EzfgfiEEEE (5) 4 (4.0 g, 14 mmol) in 130 ml of methanol was stirred and
cooled vo 0°C and 10 ol of 50Cl; was added dropwise. Afier refluxing overnight, the volatiles were
blown off with nltrogen. The residual oil was washed with ether, taken up in 400 mL of chloroform,
and ammonla was bubbled through this solution for 10 min. Filtracion and evaporatiom left 2.4 g
(100%) of 5, mp 109-111°C (1ic.7 111-112°C).

Hochyl NR0C N mertyl Lty Wonechyl Locytosinate. 3 (2+1g, 10 mol) was coupled with 4
(3.0 g, 10 mmol) as described above, ylelding 4.06 g (84%) dipeptide as a foam. A sample was
chromatographed on sillca gel (1:10 MeOH-CHyCls) o remove urea, but the product still did not
erystallize. The lH MMR spectrum (CDCl3) showed broad absorptions in the expected regions which
sharpened on warming to 120°C.2

§-Boc f:TEEBZiIL:EXEIN'met?ii""!i (6). Methyl N-BOC-N-methyl-L-tyr-N-methyl-L-tyrosinate
(3.76 g, 7.7 mmol) was stirred under Ny with 20 mL of 2 N NaOH for 2.5 h, avaporated slightly to
remove MeOH, diluted to 150 ml with water, washed 3 X 100 mL CHpCly, acldified to pH 2 with 1N HCL,
and quickly saturated with NaCl and extracted 3 X 100 mlL of EtOAc. After drying over MgS804, eva-
poracion lefr 3.32 g (91%), mp 190-198°C {dec). Recrystallization from CHCl,y gave f‘ mp 208-210°C
(dec); lu nMR (CDCl3, low solubllity) showed the absence of (CH3.

R e ey e et e alar O ety Lty Loalandnace. 6 (1.28
g, 2.7 mmol) was coupled with 3 (1.18 g, 2.7 mmol) as described above, giving 2.59 g (108%) of

crude hexapeptide as a foam which was reacted without further purification.

Methyl N-Methyl-L-tyr-N-methyl-L-tyr-D-ala-l-ala=0,N-dimethyl-L-tyr-L-alaninate. Removal of the

e P e L A e Pl B B o P P L P o P P P P P P o P P P 2 P Pl P P o T, Py P P P e P o P o, i P P e P P P P i~

BOC grouping from the above hexapeptide with trifluoroacetic acid gave 1.2 g (56% over two
reactions) of amine, mp 105-112°C; lH NMR (CDCly, &) shows the BOC grouplng to be removed, 6.6-7.1
{m, aromatic), 3.8 (s, OCH3}, 2.6-3.4 (m, KCHjy and CHp}, 0.9-1.4 (m, CCHy).

N T e T e taT e ey ey eiala (). The coeal pro-
duct from the previous reaction was stirred for 2 h under N3 with 40 ol of 2 N NaOH, vacuum was
applied for a short time to remove MeOH, the pH was adjusted to 6.5 with IN HCl, and the solvent
was evaporated. DMF (300 mL), R-hydroxybenzotriazole (511 mg), and DCC (344 mg) were added. After

stirring 48 h under N7, the mixture was concentrated to 70 mL, flltered to remove NaGl and urea,

washed with CHCl3, and evaporated to give 2.3 g of solid. Chromatography on silica gel (20:25:2
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pentane—CHyoCl,-MeOH) gave a fractlon of 200 mg, mp 250-265°C, which on washing with CHCly gave 140
mg (12% over iwo reactions) of 2 as small white crystals, mp 280-290°C. TLC indicated about 150 ng
additional 2 to be present in the adjacent chromatography fractions. Fourler transform IR and l3C
MMR spectra were obtained and showed broad absorptlons in the expected places, but the signals were
weak due to very low solubility in CDCl3. The formation of the last amide boud was supported by
the insolubility of thls substance in hor IN HCl or saturated KHCO3; it was soluble in 2N NaOH as
expected. MS: no molecular ion peak observed with EI and CI, but FAB using glycerol gave a very
strong peak for Mut at 759, and with NaCl added, a very strong peak for MNa*t at 781.8 The lu mr
spectrum, vnlike that of 1:2 showed very broad absorptions at room temperature due to the presence
of 8 forms differing in configurations about the 3 N-methyl peptide bonds. Amino acid analysis
indicated the peptide to contain equimolar amounts of ala and N-methyl-tyr,

f&fl: Calcd for CugHsoNgOg + 6.4% non-CHN Impuricy: ¢, 59.28; H, 6.22; N, 10.37. Found: C,
59.62; K, 6.30; N, 10.08.
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