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Abstract-A s y n t h e s i s  of t h e  t i t l e  c y c l i c  hexapeptide is desc r ibed .  Irs l a ck  of a n t i t u -  

mor a c t i v i t y  shows Lhat t h e  14-membered r ing  of deoxybouvardln is needed f o r  a c t i v i t y .  

E f f o r t s  t o  o x i d a t i v e l y  couple i t s  phenol ic  groups f a i l e d  t o  g ive  deoxybouvardln. 

Bouvardin and deoxybouvardin ( 1 ) .  minor c o n s t i t u e n t s  of Bouvardla t e r n i f o l i a ,  are po t en t  - 
ant i tumor  agents.lP2 We wish t o  r e p o r t  t h a t  as p a r t  of a program of synthesizing t h e s e  subs t ances  

and ana logs ,  we have syn thes i zed  c y c l i c  hexapept ide  2 ,  and t h a t  it lacks ant i tumor  a c t i v i t y  though - 
it  d i f f e r s  from deoxybouvardin (1) by only  two hydrogen atoms. - 



Scheme I shows the synthetic route to 2. NMR analysis of the peptides containing N-methyl - 
groups was complicated by the observance of approximately equal mounts of and rrans forms 
about the N-methyl peptide bonds and about each BOC amide bond; in several such cases, the 

spectrum was simplified by remeasuring it at a temperature high enough to make rotation about such 

bonds fasrer than the NKR meas~rement.~ Tetrapeptide 3 was prepared in 23% yield from - 
BOC-L-tyrosine; the tripeptide obtained in Lhe fifth step was shorn by X-ray analysis3 to 

crystallize in t h e e  form about the peptide bond bearing the N-methyl group, vhereas NMR shows 

cis and trans forms to be present in equal amounts in solution2. Dipeptide 6 was prepared in 74% - - m 

yield from 0-benzyl-N-BOC-L-tyrosine. Tetrapeptide 3 and dipeptide 6 were combined as shown to 
* 

give cyclic hexapeptide 2 in 7% yield. - 
Scheme I 

0-Benzyl-N-BOC-L-tyr 1) NaH, Mel 

1) HOOC 

1) NaH, Mel 
2) L-ala Me ester, DCC 
3) F3CCOOH 
4) BOC-L-ala, DCC 

B°C-L-tyr 5) F3CCOOH 2) F3CCOOH > - 2 

6) BOC-D-ala, DCC --- 3) NaOH 
7) F3CCOOH 4)DCC 

BOC = t-Butoxycarbonyl 
DCC = N,Ni-dicyclohexylcarbodiimide 

Cyclic hexapep~lde 2, unlike 1 ,  was found to be inactive in a P-388 test involving leukemia in - - 
mice. It is nor svrprising that chis difference should occur, as the 14-membered rlng in 1 no - 
doubt greatly changes the confomaiion from those favored in 2.2 Many attempts to oxidatively 

* 

couple the adjacent tyrosines of 2 to give 1 (presumably mimicking the blogenesis of I )  failed.4 - - - 
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EXPERIMENTAL SECTION 

General. Melting points were determined on a Kofler hot stage and are uncorrected. NMR 
-.*---- 

spectra were recorded on Varian T-60 and Rruker WH-250 spectrometers. Mass spectra were run on a 

Varian MAT 311A spectrometer. Elemental analyses were carried out by Huffman Laboratories, Inc., 

Wheat Ridge, Co. 

0,N-Dimethyl-N-ROC-L-cyr. ROC-tyr (30.7 g, 0.10 mol, Vega Biochemicals) in n l F  (500 mL, 
----------*-----.------ 

distilled from Na) was cooled to 0' C and methyl iodide (30 mL) and NaH (26 g of 50% dispersion in 

mineral oil) were added. After scirrlng 1 h at O°C and 25'C far 16 h, 8 mL ethyl acetate was added 

followed by water dropwise until gas evolution ceased. Most of the solvent was evaporated, the 

residue was washed 3 X 200 mL pencane, diluted with 100 mL water, acidified wirh citrle acid, and 

extracted 3 X 100 mL ethyl acetate. The combined ethyl acerate solutions were washed 2 X 150 mL 

saturated sodium thloaulfaLe, once w i ~ h  100 mL saturated eodium chloride, dried over magnesium 

sulfate, and evaporared, leaving 29 g (88%) of product as a very viscous liquid; 1~ NMR (CDC13,(1) 

10.1 ( 6 ,  COOJ), 7.1 (-d, 2H, J=9 Hz), 6.8 (-d, 2H, J=9 Hz), 3.7 ( 8 .  m ~ ) ,  3.1 (m, C.), 2.7 ( s ,  

NC3). 1.3 ( 6 ,  C(CH3)3). 

Methyl 0.N-Dimethyl-N-ROC-L-tyr-L-alaninate. 0,N-Dimethyl-N-ROC-L-tyr (20.3 g, 66 wol) and 
---------------*---.------------.---------- 

methyl L-alaninate (6.8 g, 66 m o l ,  freshly prepared from the hydrochloride by buhbling ammonia 

through a CHC13 solution of the hydrochloride, filtering, and evaporating) in CH2C12 (200 mL) was 

protected wiLh a drying tube, cooled to O'C, and DCC (15 g) was added. After stlrring 1 h at O'C 

and 16 h at 25'C, urea was flltered off and the solution was washed with 5 %  HOAc, water, and 

saturated KHC03 solution, dried over &SO4, and evaporated, leaving 24.6 g (95%) of product as a 

viscous oil containing some urea crystals; IH W R  (CDC13, 6) 7.1 (̂ d. 2H, J-9 Hz), 6.8 (-d, 2H, J-9 

Hz). 6.6 (m, NH), 4.7 (m, Tyr CH), - 4.6 (quintet, J=7 Hz, Ala CX), 3.8 (a, OC%), 3.8 ( a ,  W3). 3.2 

(m, C.), 2.8 (-3, NCHH), 1.4 ( s ,  C(C3))), 1.4 (d, 5=7 Hz, Ala CCB). 

Methyl O,N-Dimethyl-L-tyr-L-alaninare. Methyl 0.N-dimethyl-N-BOC-L-tyr-L-alan1nate (15.9 g, 
--------*--*--*---------------------* 

40 onnol) was allowed to stand for 15 m i "  at 25-C with 160 mL of trifluoroacetic acid and then most 

of the solvent was removed under vacuum at 40°C. CH2C12 (20 mL) was added and the amine was 

extracted with 500 mL and then 100 mL of 0.1 N HC1. The aqueous solutions were washed 2 X 20 mL 

CH2C12, made basic with solld KHC03, saturated wirh solid NaC1, and extracted 3 X 100 mL CH2Cl2. 

Drylng over MgS04 and evaporating left 8.4 g (76%) of amhe as an oil; IH tiMR (CDC13, 6) 7.6 (broad 

d, Ala %), 7.1 (-d, 2H, J=9 Hz), 6.8 (-d, 2H, P 9  Hz), 4.6 (quintet, 5-7 Hz, Ala CH), 3.7 ( 8 ,  

OC3). 3.7 ( 5 ,  W%). 2.3-3.3 (m, C .  and Tyr CHI, 2.3 ( 6 ,  NC%), 1.5 ( 6 ,  Tyr Nz), 1.4 (d, 5-7 Hz, 

CC3). 

On standing for several months at 2S°C, chis substance is converted into the diketopiperazlne 



cyclo-0,N-dimethyl-L-tyr-L-ala hydrate, mp 78-80'C; 1~ NMR (CDC13, 6) 7.0 (-d, 2H, J-9 Hz), 6.8 

(-d, 28, ~9 Hz), 6.5 (broad s, NH), 4.2 (-t, 5-4 Hz, Tyr Cg), 4.0 (m, Ala CHI, 3.8 ( s ,  OCa), 3.2 

(m, CB), 3.1 (e ,  N%), 2.0 ( s ,  &0), 0.7 (s .  cIXJ).~ 

Anal. Calcd for C14H18N203'H20: C, 59.99; H, 7.19; N, 9.99. Found: C, 60.22; H, 7.22; N, 
--A,. 

10.30. 

Methyl WBOC-L-ala-0.N-dimethyl-L-tyr-L-alaninat. Methyl 0.N-dimethyl-L-tyr-L-alaninate 
-<----------------------------------------------- 

(6.18 g, 21 mol) was coupled with excess BOC-L-ale (Vega Biochemicals) as described above except 

the washings with HOAc solution and water were witted to minimize diketopiperazine formation. The 

crude viscous 011 containing urea crystals (10.6 g, 109 %) was not further purified; 1~ NNR showed 

coupling to be complete (NCa due to and trans peptide bonds at 6 2.9 and R 3.0; no NCXI at 6 

2.3). 

Methyl L-Ala-0,N-dimethyl-L-tyr-L-alaninate. The entire crude product from the reaction above 
-.-.----------<------------*------------.-- 

was cleaved with trifluoroaeetie acid as described above, yielding 4.6 g (60% over two reactions) 

of mine, mp 136-137'C; 1~ NMR (CDC13, 6) shows & and forms about the hethyl-bearing pep- 

tide bond, present in about equal amounts.2 An X-ray study showed the crystals to be of * 
pepride .3 

Anal. Caled for ClsH27N305: C, 59.16; H, 7.45; N, 11.50. Found: C, 59.28; H, 7.67; N, ---- 
11.80. 

Methyl N-BOC-D-ala-L-ala-0.N-dimethyl-L-tyr-L-aint. Methyl L-ala-0,N-dimethyl-L-tYr- 
.-----.----*---------------k------------<***-------*-*- 

L-alaninate (4.5 g. 15 mol) was coupled with excess B0C-D-ala (Vega Biochemicals) as described 

above. The crude foam obtained (6.6 g, 106%) was used directly in the next reaction. 

Merhyl D-Ala-L-ala-0,N-dimerhyl-L-tyr-L-alaninat (3). Cleavage of the ROC grouping from 4.0 g 
-----------A**------m---*-----------------e------ - 

(9 mal) of the above tetrapeptide with trifluoroacetic acid gave 1.8 g (61% over two reactions) of 

crystalline 3, mp 138-142-C; 1~ NMR (CnC13) shows and trane forms about the N-methyl-bearing - 
peptide bond in about equal mounts, 6 2.9 and 3.0 ( s ,  NCa). 

0-Benzyl-N-methyl-N-BOC-L-tyr. C-Benzyl-N-BOC-L-tyr (55.6 g, 0.15 mol, mp 112-113DC, lit. 

los-1lo*c6) in dry mP (700 mL) was cooled to O'C and methyl iodide (42 mL) and Nan (25.5 g af 50% 

dispersion in mineral oil) were added. Reaction and mrkup as above for 0,N-dimethyl-N-BOC-L-tyr 

gave 57.4 g (99%) of viscous oil; IH NMR (CDC13. 6) 9.6 (broad s,  COO?), 7.3 (broad s .  C&). 7.1 

(-d, ZH, J=9 Hz), 6.8 (-d, 2H, J=9 Hz), 5.0 (s, CB), 4.6 (m, CHI, - 3.1 (m, CB), 2.7 ( 8 ,  NCF3), 1.3 

(s, C(C3)3). 

N-Hethyl-N-BOC-L-tyr (4). C-Benzyl-N-merh~l-N-B0C-L-tyr (30 g, 78 mol)  and acetic acid (3 
.-----?.,.-----<------ - 

a) in dioxane (150 m ~ )  were stirred with 5% Pd on charcoal (5 g) at 25-C under a hydrogen 

atmosphere. After 60 h, rhe theoretical amount of hydrogen (1.9 L) had been taken up. Filtering 
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and evaporation of the solvent left a viscous oil which on crituration with hexane crystallized to 

give 22.5 g (98%) of product, mp 141-144'C (dec); 'H MR (CDC13, 6) 8.8 (broad s. COOK and ArOK), 

7.0 (-d, ZH, J=9 Hz), 6.7 (-d, ZH, 5-9 Hz), 4.1 (m, M_), 3.1 (m, M I ) ,  2.7 (s, NCB), 1.3 (s, 

C(C93). 

Anal. Calcd for C15H21N05: C, 61.00; H, 7.17; N, 4.74. Found: C, 60.52; H, 7.08; N, 4.84. 
-*-- 

Methyl N-Methyl-L-tyrosinate (5). 4 (4.0 g. 14 mal) in 130 mL of methanol was stirred and 
--------------n----------*-- * - 

cooled to O'C and 10 mL of SOC12 was added dropwise. After refluxing overnixht, the volariles were 

blow off with nitrogen. The residual oil was washed with ether, taken up in 400 mL of chloroform, 

and ammonia was bubbled through this solution far 10 mi". Filtration and evaporation left 2.4 g 

(100%) of 5, mp 109-lll°C (lit.7 lll-112°C). - 
Merhyl N-BOC-N-methyl-L-tyr-N-methyl-L-tyroeinae. 5 (2.1 g,  10 mol) was coupled with 4 
-------------------------------------.-----&----- - - 

(3.0 g, LO mol) as described above, yielding 4.06 g (84%) dipeptide as a foam. A sample was 

chromatographed on silica gel (1:10 MeOH-CH2C12) to remove urea, but the product still did nor 

crystallize. The IH NMR spectrum (CDC13) showed broad absorptions in the expected regions which 

sharpened on warning to 120'c.Z 

N-BOC-N-merhyl-L-tyr-N-methyl-L-iyr (6). Methyl N-BOC-N-methyl-L-tyr-Nmethyl-L-tyrosinate 
-------*------*------------**-----* - 

(3.76 g, 7.7 mol) was stirred under N2 with 20 mL of 2 N NaOH for 2.5 h, evaporated slightly to 

remove &OH. diluted to 150 mL with water. washed 3 X 100 mL CH2C12. acidified to pH 2 with 1N HC1, 

and quickly saturated with NaCl and extracted 3 X 100 ml of EtOAc. After drying over HgS04, eva- 

porarion left 3.32 g (91%). mp 190-198-C (dec). Recrystallization from CHC1, gave 6, mp 208-210°C - 
(dec); IH lJMR (CDClj, low solubility) showed the absence of WH3. 

Methyl N-BOC-N--methyl-L-tyrN-methyl-L-tyr-D-ala-L-a1a-O,N-dimethyl-L-tyr-L-a1~~in~te. 6 (1.28 
------+-----.-----------mh--------.*------**-----*----------------------------*----- - 

g, 2.7 mol) was coupled with 3 (1.18 g, 2.7 mol) as described above, giving 2.59 g (108%) of 
h 

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

Methyl WMethyl-L-tyr-N-merhyl-L-tyr-D-ala-L-ala-O,N-di~thyl-L-tyr-L-a1aninate. Removal of the 
---*-----*------*A----------------*-------------------*hh---*-------------*---- 

ROC grouping from the above hexapeptide with trifluoroaeetic acid gave 1.2 g (56% over two 

reactions) of amine, mp 105-112'C; IH NUR (CDC13. 6 )  shows the BOC grouping to be removed, 6.6-7.1 

(m, aromatic), 3.8 ( s ,  W3), 2.6-3.4 (m, NWJ and C%), 0.9-1.4 (m, CCB). 

Cyclo-Nmethyl-L-tyr-N-methyl-L-tyr-D-ala-L-la-0,N-dimethyl-L-tyrL-ala (2). The total pro- 
-*-------------*-+---------------&---------&*-----.**--.-----*--n---*--- - 

duct from the previous reaction was stirred for 2 h under N2 wlth 40 mL of 2 N NaOH, vacuum was 

applied for a short t h e  to remove MeOH, the pH was adjusted to 6.5 ulth IN HC1, and the solvent 

was evaporated. DMF (300 mL), N-hydroxybenzotriazole (511 mg), and DCC (344 mg) were added. After 

stirring 48 h under N2, the mixture was concentrated to 70 mL, flltered to remove NaCl and urea, 

washed wlth CHC13, and evaporated to give 2.3 g of solid. Chromatography on silica gel (20:25:2 



pentane-CH2C12-MeOH) gave a f r a c t i o n  of 200 mg, mp 250-265'C. which an washing w i th  CHC13 gave 140 

mg (12% over two r e a c t i o n s )  af 2  as sma l l  whi te  c r y s t a l s ,  mp 280-290'C. TLC i n d i c a t e d  about  150 mg - 
addi r ional  2  t o  be p r e sen t  i n  t h e  ad j acen t  chromatography f r a c t i o n s .  Fourler t ransform and 13c  

NHR specrra were obta ined  and showed broad abso rp t i ons  i n  t h e  expected p l aces ,  but  t h e  s i g n a l s  were 

weak due to  ve ry  low s o l u b i l i t y  i n  CDClj. The format ion  of t h e  l a s t  amide bond was suppor ted  by 

the l a s o l u b i l i t y  of t h i s  subs t ance  i n  hor IN H C 1  o r  s a t u r a t e d  KHC03; it was s o l u b l e  i n  2N NaOH as 

expected. MS: no molecular  ion  peak observed w i th  EI and C I ,  bu t  FAB us ing  g l y c e r o l  gave a ve ry  

s t r o n g  peak f o r  KH+ ar 759. and wi th  NaCl added. a very  s t r o n g  peak f o r  mar a t  781.8 The NHR 

spectrum, u n l i k e  t h a t  of 1 ,2  showed very  broad abso rp t i ons  a t  room tempera ture  due t o  t h e  presence  

of 8  forms d i f f e r i n g  i n  con f igu ra t i ons  about t h e  3  Wmethyl pep t ide  bonds. Amino a c i d  a n a l y s i s  

indica ted  t h e  pep t ide  t o  con t a in  equimolar amounts of a l a  and N-nethyl-tyr. 

Anal: Calcd f o r  C40H50N609 +6.4% non-CHN impur i ty :  C ,  59.28; H, 6.22; N ,  10.37. Found: C ,  ---- 
59.62; H, 6.30; N, 10.08. 

ACKNOWLEDGEMENTS We thank D r .  K. H. Schram f o r  t h e  mass spectrum, and t h e  Nat ional  

Cancer I n s r i t u t e  for Grant No. ROI-CA29626 and t h e  Lubr i zo l  Corporation f o r  suppor t ing  t h i s  work. 

REFERENCES AND NOTES 

1. S. J. Jo l ad .  J. J. Hoffmann, S. J. Torrance, R. M. Wiedhopf. J. R. Cole, S. K. Arora, R. B. 

Bates, R. L. Gargiu lo ,  and G. R. Kriek,  J .  Am. Chem. Soc., 1977, 99, 8040. -- 
2. R. B. Ba t e s ,  J. R. Cole, J. J. Hoffman", G. R. Kriek,  G. S. Linz, and S. T. Torrance, 

Chem. Soc., 1983, 105, 1343. --- 
3. R. 8 .  Bate s ,  V. J. Hruby, and G. R. Kriek,  Acta Crys t . ,  1979, B35. 188. --- 
4. We thank Prof .  J. D. White, Oregon S t a r e  Un ive r s i t y ,  f o r  a t tempt ing  an o x i d a t i v e  coupl ing  of 2  - 

with +I(OCOCF3)2. 

5. For s l m i l a r  chemical  s h i f t s  and coupl ing  cons ran t s  i n  t h e  r e l a t e d  d ike top ipe raz ine  

cyclo-L-tyr-L-ala, see K. D. Kopple and D. H. Marr, J. Am. Chem. Soc., 1967, 89,  6193. .- 
6. E. Schnabel,  Ann. Chw., 1967, 702, 188. 

-*.. 

7. R. L. Huguenin and R. A. Boissonnas,  Helv. Chim. Acta,  1961, 44, 213. 
-* 

8. The MS f ragmenta t ion  behavior  of 1  and 2  w l l l  be d i s cus sed  i n  a forthcoming paper by Prof .  K. - - 
H. Schram and coworkers. 

Received, 7th December, 1983 


