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ABSTRACT 

A synthetic route to a stereoisomer of dolastatin 11, 

a potent antineoplastic agent from the sea hare Dolabella 

auricularia, is explored. Synthons for the three unusual 

acids were prepared as follows: (1) Hmp was prepared by a 

reaction used previously, but the yield was doubled and the 

isolation procedure greatly simplified. (2) An indirect 

procedure was developed for putting in the Ibu unit, with 

the gem-dimethyls added later. (3) Asymmetric syntheses of 

two Map stereoisomers established the two configurations in 

this unit in dolastatin 11 and in the related substances 

dolastatin 12, majusculamide C and 57-norrnajusculamide C. 

The nine pieces required for the 3B,4~,12~-stereoisomer 

of dolastatin 11 were assembled in a convergent synthesis 

to give a product which probably contains a stereoisomer of 

1. An analogous route starting from the correct Map 

stereoisomer will very likely yield dolastatin 11 itself. 
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INTRODUCTION 

Cancer is the second leading cause of death in the 

united states and the Western World. As a result there has 

been enormous emphasis on developing new drugs that will 

not only kill cancer cells (chemotherapeutic agents) but 

prevent their formation as well (chemopreventive agents). 

Marine plants and animals contain an exciting array of 

structurally unusual organic compounds, frequently very 

different from those found in terrestrial plants and 

animals. Could more effective anticancer drugs be present 

among this vast assortment of structures? The initial 

screening reports are encouraging, at least for extracts of 

certain marine animals and plants.' 

Among the aplysimorphs, the indo-pacific Dolabella genus 

of sea hares contains the world's largest species. Pettit 

and coworkers2 found a species in this genus, ~ 

auricularia, to produce the new potent cyclic depsipeptides 

dolastatins 11 (1, Fig. 1) and 12 (2), which exhibit cell 

growth inhibitory activity (EDso 2.7 X 10-3 and 7.5 X 10-2 

~g/mL, respectively) against the murine P 388 lymphocytic 

leukemia (PS system).3 Dolastatin 11 (1) was isolated as a 

colorless amorphous powder (mp 134-137 °C) by an extensive 

series of gradient column chromatographic procedures. A 



L-Ala 

O,N-Di-Me-L-Tyr 
or N-Me-L-Phe 

o~tJID' ap 

Ibu or N_Me-L-Ala~. M 

tiN-==( g: 0 0 R .... 

;J.: Hmp 

R' 

o 
" ~_ .~ orfUnb 

o~~'(':)c:? ;y 
N-Me-L-Val Gly A- N-Me-L-Leu 

or N-Me-L-lle 

R R' R" R"' RIIII 

1. Dolastatin 11 H OMe Me H Me 

2. Dolastatin 12 Me H Me H Me 

3. Majusculamide C H OMe H Me Me 

4. 57-Normajusculamide C H OMe H Me H 

. Bontems' pentapeptide 

Fig. 1. Dolastatins 11 and 12, majusculamide C 
57-normajusculamide C and Bontems' pent~peptide 

15 
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structure for dolastatin 11 (1.) was deduced 

spectroscopically, mainly by NMR and MS. Moore and 

coworkers4 had earlier isolated and determined the structure 

of a very closely related cyclic depsipeptide named 

majusculamide C (3), an isomer of dolastatin 11 (1), from 

a deep water variety of the toxic blue-green alga Lyngbya 

majuscula. The only difference between depsipeptides 1 and 

3 is believed to be replacement of an isoleucine unit in 

majusculamide C (3) with a leucine unit in dolastatin 11 

(1). The great similarity in the NMR spectra of dolastatin 

11 (1) and majusculamide C (3) (see Table 1) suggests that 

they have the same stereochemistry throughout. The L-

configurations shown for the units derived from alanine, N

methylvaline, N-methylisoleucine and O,N-dimethyltyrosine 

were demonstrated through examination of the degradation 

products of majusculamide C (3). The three new units (Fig. 

2) were designated Hmp, Ibu and Map. The configurations in 

Hmp were determined by synthesis, but the configurations in 

the Ibu and Map units were not determined. 

In view of the large amount of majusculamide C (3) in 

the blue-green alga L. majuscula and the small amounts of 

dolastatins 11 (1) and 12 (2) in the sponge D. auricularia, 
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Table 1. comparison of 1H NMR spectral data of dolastatin 11 

(1) and majusculamide C (3). 

structure assignment 

Map 

Ala 

Ibu 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

majusculamide C 

2.74(qd) 

4.51(dtd) 

7.07(d) 

1.08(d) 

1.56(m) ,1.41(m) 

0.92(t) 

4.42(m) 

7.77(d) 

1.04(d) 

4.89(p) 

7.31(d) 

1.46(s) 

1.51(s) 

1.14 (d) 

dolastatin 11 

2.79 

4.47 

7.09 

1.10 

1.56,1.46 

0.93 

4.44 

7.78 

1. 07 

4.91 

7.15 

1. 44 

1.49 

1.13 



Tyr 

Val 

Gly 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

Hrnp-Gly 28 

29 

30 

31 

32 

5.13{t) 

3.24{dd) ,2.79{dd) 

7.13(d) 

6.83(d) 

3.74(s) 

3.20{s) 

4.78(d) 

2.25(ds) 

0.74(d) 

0.39(d) 

2.94(s) 

4.61(dd) 

3.45(dd) 

7.57(brd) 

4.44(dd) 

3.54(dd) 

7.36(t) 

5.19(d) 

2.05(rn) 

1. 44 (rn) 

0.86(t) 

5.11 

3.25,2.82 

7.14 

6.81 

3.75 

2.96 

4.78 

2.23 

0.74 

0.39 

2.95 

4.42 

3.60 

7.41 

4.46 

3.58 

7.35 

5.19 

1.23 

1. 47 

0.88 

18 
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33 0.87(d) 0.89 

Ile/Leu 34 4.89(dd) 5.37 

35 2.07(m) 1.87,1.62(ddd) 

37 1. 41 (m) 1.56 

38 0.86(t) 0.92(d) 

39 1.02(d) 0.98 

40 2.94(s) 3.14 



eOOH 

3-arnino-2-methylpentanoic acid (Map) 

HO eOOH 

2-hydroxy-3-methylpentanoic acid (Hmp) 

o 

eOOH 

NH2 

4-arnino-2,2-dimethyl-3-oxopentanoic acid (Ibu) 

Fig. 2. The three unusual carboxylic acid units of 
dolastatin 11 

20 
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it seems likely that the dolastatins are not synthesized by 

the sponge, but instead are obtained in its diet from a 

blue-green alga source. 2 

57-Normajusculamide C (4) was reported in 1988 as a 

minor contaminant of majusculamide C (3).5 

The pentapeptide shown in Fig. 1 ("Bontems' 

pentapeptide") was prepared by Bontems and Pettit6 as a 

start on a synthesis of dolastatin 11 (1). 

The goal of this dissertation was to synthesize 

dolastatin 11 (1) by a route ~"hich would establish the three 

unknown configurations in 1-4 and make dolastatin 1 

available for further biological evaluation. Our dolastatin 

11 (1) synthesis was patterned after Shioiri's efficient 

synthesis of didemnin A (Fig. 3).7 



TBDMS-Hi OB 1 H2/ Pd p- z 

(l)DCC 

Boc-Leu 
(2)Bu4N-tp-

(l)DEPC 

.HCI---
(2)HCI 

(I)DCC 
(2)H2/Pd Pro-OBzl 

(3)BOP-CI 

Z-MeTyr( Me) 
f (4)TMS-OT 

u 
(l)DCC 

(2)Zn 
Boe-MeLe 

(l)DEPC 

zl) (2)TBDMS-CI 
(l)DEPC (3)H2/Pd-C 

Boe-Thr (B 

Boe-lst-OT ce 
(2)HCI 

Ist) ... p:Y:O 
Mo oOyNH 0 NH 

MeLeu 

H~~ N'.-yO 0 0 op 
. M; N~N\. Leu 

Thr ,- l.J 
Mo 

di-MeTyr O~ 

didenmin A 

Pro 

Fig. 3. Shioiri's synthesis of didemnin A 

22 
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RESULTS AND DISCUSSION 

Our dolastatin 11 (1) synthesis (Fig. 4) was designed 

to malee all eight possible stereoisomers if necessary. Six 

of the nine building blocks for the synthesis were 

commercially available. The other three (hydroxy acid 5, 

~-amino acid 7, and ~-amino acid 12) were stereoselectively 

synthesized. The assembly of the nine parts, listed in Fig. 

4 in clockwise fashion starting from three o'clock in the 

structure in Fig. 1, was attempted in two ways as shown in 

the lower right corner of Fig. 4. Tripeptide 31, which 

contained the three centers whose configurations were 

unknown at the start of this study, was coupled in two 

different ways to invariant hexapeptide-like 24, which was 

prepared from pentapeptide 22. 22 was like Bontems' 

pentapeptide6 except that it contained a benzyl ester, 

removable by hydrogenolysis, rather than a methyl ester 

whose removal by saponification might have caused some 

epimerization. 

synthosis of Hmp (5) 

Crystalline Hmp (5) was prepared in this work in 86% 

yield from L-Ilu by treatment with nitrous acid (Fig. 5). 

The previous preparation,4 using a different recipe, gave a 



SYNTHESIS OF Hmp: 

L-llu HN02/H2Q Hmp (5) 

SYNTHESIS OF Boc-Aaa: 

(1)CDI 
Boc-Ala (2)LiCH

2
COOBn->6 - Boc-Aaa (7) 

(3)H2/Pd 

SYNTHESIS OF Map: 

(1)MsCI->9 

(-)-lp~BOMe 
(1)(E)-crotyl-K tr _ ~H _ (2_)_N_a_N3~-_>1_0_____ ~H2 

-~ I>< ~_:C02H 
(2)EtCHO § (3)RuCI3/NaI04-> 11 
(3)H20 2 3BAS-8 (4)H2/Pd 2R.3,a-12 

Similarly: 

(+)-IPC2BOMe + (Z}-crotyl-K - 3SAS-8 - 2a3R-12 

(+)-lpc2BOMe + (E)-crotyl-K - 3S.4B-8 

(-)-lpc2BOMe + (Z)-crotyl-K - 3B.4B-8 

ASSEMBLY OF PARTS: 

Hmp(5)------------~~~----------------~ 

8oc-Gly IBCF 

Z-L-Leu 
16 (1)NaOH->17 24 

(2)IBCF 

Gly-OMe ----' 

Boc-l-Val 
IBCF (1 )NaOH-> 19 
---"L11B __ ('-2 .... )M_e-:-I!_N_aH_-_>_20~_2 1 
-----1 (3)BnCIIEt3N 

(4}HCI 
L-Tyr-OEt 

Boc-Aaa (7) IX:C L
26 

(1)MeIlNaH->27 

L-Ala-OBn I" (2)H2/Pd->28 
(3)EDC 

Map (12) 1 Boc-SAr->29 
(2)SOCI2/BnOH->30 

31 TFA 32 

(1)H2/Pd->25 

. (2)EDC 

(1 )H2/Pd->35 
2 24/BOP->36 

(3}H2/Pd->37 
(4)TFA->38 
(5)8JC 

Fig. 4. Synthetic plan for dolastatin 11 (I) 
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HN02 
----t:::o-

COOH 

L-llu 

~\\\\\\\ 
HoAcOOH 

5 (86%) 

Fig. 5. Synthesis of Hmp (5) 

H 
I BOCNH-tOOH 

Boc-L-Ala 

CH3 

?-COOH 

CH3 

Isobutyric acid 

CD! ¥~ / \ 
-----1~> BocNH-C-C-NVN 

~3 

H 0 CH3 
Boc NH-t-~- f-COOH .. 

~H3 CH3 . 

Fig. 6. Attempted preparation of Boc-L-Ibu from 
isobutyric acid 
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mixture of diastereomers which was separated by HPLC to give 

apparently non-crystalline 5. Our crude product, 95+% the 

desired diastereomer by NMR, was purified by one low 

temperature recrystallization. 

Synthesis of Boc-~\ (7) 

The stereochemistry was unknown at the stereogenic 

center in Ibu, as the degradation product obtained from this 

segment of majusculamide C (3) was racemic after hydrolysis 

with 6N HCl. 2 We started with Boc-L-Ala and tried to avoid 

epimerization at this center until comparison of the final 

synthetic product with natural dolastatin 11 (1). Attempts 

to make Boc-L-Ibu by reacting the acyl imidazole from Boc

L-Ala with the dianion from isobutyric acid8 (Fig. 6) failed 

since the condensation required a temperature of 60 DC, at 

which temperature only the ketone from decarboxylation of 

the desired ,B-ketoacid was obtained. In the successful 

route (Fig. 7), the acyl imidazole from Boc-L-Ala was reacted 

in 71% yield with benzyl lithioacetate, which we prepared 

by the procedure used by Shioiri7 to maJce ethyl 

lithioacetate. to give 6. Dimethylation of 6 to make Ibu 

(Fig. 8) turned out to be very difficult since several 

attempts gave mixtures typically containing 60% of cyclized 



H HO 
27 

Boe NH-t-COOH 
CDI I 1/ / \ 

l>- Boe NH-C-C- N N 

~H3 ~ V 
H3 

Boe-L-Ala 

0 LDA 0 

110 CH3-CO-CH2 ~ !J e:- .+ - II -0 Ll CH2-CO-CH2 ~ !J 

Benzyl acetate 

v W ?! 
Boc NH-C -C-CH2-COH 

~H3 7 

H 0 0 

I" II 0 BOCNHl~C-CH,-CO-CH2 ~ U 

3 6 (71 %) 

Fig. 7. Synthesis of Boe-Aaa (7) 

HO ° 
III II 0 Boe NH-tr -C-CHr CO-CH2 ~ A 

CH3 
6 

Monomethylated 6 (20 %) 

~WTH3 0 
Boe NH-H-C-9-COO-CH2- ~ b 

CH3 CH3 

Dimethylated 6 

2NaH -
~", 

CH3 
Monomethylated and eyclized 6 (60 %) 

HOCH3 
1111 0 

Boe NH-i-C-y-COO-CH2 ~ A 
CH3 CH3 

PdlC, H2 

Dimethylated 6 (10 %) 

HO 
I II 

l>- Boe-NH-C-C-CH- CH3 D I 
CH3 CH3 

Ketone from 6 

Fig. 8. Attempted synthesis of Ibu 
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monomethylated 6, 20% of monomethylated 6 and only 10% of 

the desired dimethylated 6. Dimethylated 6 was isolated and 

purified using prep TLC and hydrogenolyzed at room 

temperature hoping to get Ibu, but instead ketone from 

decarboxylation of 6 was obtained. In the successful route, 

6 was hydrogenolyzed to give Boc-Aaa (7) at 0 °C without 

appreciable decarboxylation (Fig. 7). Due to its tendency 

to decarboxylate at room temperature, 7 was coupled with L

alanine benzyl ester without isolation to give 26 (Fig. 9). 

Attempted dimethylation of 26 using 2 eq of NaH and excess 

iodomethane gave a mixture of mono-, di- and trimethylation 

products (the third methylation occurring on nitrogen). In 

the most successful route to dimethylation product 27, 26 

was monomethylated using 1 equivalent of NaH and excess 

iodomethane for 30 min and then methylated again using a 

second eq of NaH and more iodomethane to give an Ibu-type 

unit 27 in 87% yield. 27 was hydrogenolyzed using Pd 

catalyst to give free acid 28 in 84% yield. 

synthesis of 1·lap (12) 

since the stereochemistry of Map (12) was not known, we 

chose a synthetic route 8~9~10~11~12 (Fig. 4) which could 

give all of the possibilities. Some of the yields were 

unexpectedly low until it was realized that compounds 8-11 



HO 0 
I II II 

Boc NH-C-C-CH2-C-OH 

b3 

L-Ala-OBn Dee t>-

7 

HO 0 HO 
I II II I II 

BocNH-C-C-CH2-C-NH-C-C-OBn 

~H3 b3 
26 

HO 0 HO 
I II II I II 

Boc NH-C-C-CHrC-NH-C-C-OBn 

~H3 ~H3 
26 

HOCH HO 
I II I 3 I II 

Boc NH -C-C-C-CONH-C-C-OH, 

b
3 tH3 ~H3 .' 

28 (84 %) 

29 

HO 0 HO 
I II II I II . 

Boc NH-C-C-CH2-C-NH-C-C-OBn 

~H3 26 (83 %) ~H3 

2NaH 
Mixture of Products 

INaH 1 NaH 

HOCH3 H 0 
I II I I II 

Boc NH-C-C-C-CONH-C-C-OBn 

~H3 tH3 ~H3 
27 (87 %) 

Fig. 9. Synthesis of Boc-Ibu-L-Ala (28) 
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(especially 10) are quite volatile, and solvents should be 

removed by careful distillation and not rotary evaporation. 

Chromatography was successfully avoided throughout the 

syntheses, which gave crystalline final products 12oHC1. 

The route began with syntheses of the four 

stereoisomeric homoallylic alcohols 8 using highly 

stereoselecti ve one-pot reactions developed by Brown and 

Bhat9 (Fig. 10) for the synthesis of the corresponding 

alcohols containing methyl groups instead of ethyl groups. 

We made each of the four alcohols 8 by their method in ca. 

70% yield. Thus, as shown in Fig. 11, ciS-2-butene and (+)-

~-methoxydiisopinocampheylborane [(-)-MDB, 

pinene] gave (3~,4~)-8, cis-2-butene and 

from (+) -a

(-)-MDB gave 

(3B,4B)-8, trans-2-butene and (-)-MDB gave (3B,4~)-8, and 

trans-2-butene and (+) -MDB gave (3~, 4B) -8. By NMR, the 

diastereoselectivities were 97% for (3~,4~)- and (3B,4B)-

8, and 96% for (3B,4~)- and (3~,4B)-8. Enantioselectivities 

were not measured, but were presumably very close to the 95-

96% observed by Brown and that high 

enantioselectivity had indeed occurred was demonstrated 

later by the failure to observe diastereoisomers when amino 

acid 12 prepared from 8 was attached to chiral dipeptide 

28. 

Small amounts of isopinocampheol (12-16%) and a-pinene 



(-)-IPC2BOMe 

I 

lBF300Et
2 

{tiJl~ 

Fig. 10. Synthesis of (3R,4S)-8 

l.CH3CH2CHO 
2.0H- / H20 2 

CH3 

(3R,4SJ-8 (70 %) 
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Cis-2-Butene + (-)-IPC2BOMe (from (+) -a-Pinene)--{:.'::>-

OR 

CH 
3R,4R 3 

OR 

Cis-2-Butene + (+)-IPC2BOMe (from (-) -a-Pinene)~ ~ 

CR3 
3S,4S 

OR 

Trans-2-Butene + (-)-IP(\BOMe (from (+) -a-Pinene) ~ 

OR 

Trans-2-Butene + (+)-IPC2BOMe (from (-) -a-Pinene)--t:::>-

Fig. 11. Synthesis of homoallylic alcohols 8 
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(ca. 3%) present as impurities were carried through the next 

several steps since the byproducts they gave later were much 

more easily removed. Thus, the neutral azide from 

isopinocampheol was readily separated by extraction from the 

azido acid 11 after the penultimate step, and the cis

pinonic acid from a-pinene was separated from the amino acid 

12 by extraction at the end. Corrections were made in the 

optical rotations of the stereo isomers of 8 for the 12-16% 

of isopinocampheol which the samples contained. The 

rotations of 9-11 were not corrected for the impurities 

present, and thus must be taken as approximate for the pure 

materials. 

Two of the four alcohols 8 - one from each pair of 

enantiomers - were selected to be carried through the 

sequence leading to amine acids 12. Thus, the 3~,4~- and 

3R, 4~-alcohols 8 were converted into the corresponding 

mesylates 9 (Fig. 12) followed by displacement with sodium 

azide to the azides 10. (The tosylates were also prepared 

but not used because of the difficulty of removing excess 

tosyl chloride from the desired product. Attempts to 

prepare the azide 10 directly from 8 using the Mitsunobu 

reaction1o
,11 failed to yield any 10.) oxidation of 10 to 

the azido acid 11 with RUCly'Nalo4
12 was used since it 

proceeded in higher yield (68% vs. 46%) than ozonolysis 



OH 
34 

~ 
CH3 CH3 

(3R, 4~)-9 (93 %) (3~, 4.s)-10 (97 %) 

~2 ~3 

~COOH .. =d H2/ Pd ........ ~2 ....... COOH 
~3~ 

CH3 CH3 

(2&,3£)-12 (60 %) (2R, 3SJ-ll (68 %) 

OH 

~ 
DEAD, Ph3P ~3 
Diphenylphosphoryl azide 

- ~ X ~~ 

r;J3 

CH3 

(3~, 4.s)-lO 

Fig. 12. Synthesis of l3.amino acid 12 

CH3 

(3~, 4.s)-10 

CH3 

(2R, 3.s)-U (46 %) 
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followed by reduction with triphenylphosphine and oxidation 

with silver oxide. 13 Reduction of the azido acids 11 with 

H2/Pd14 gave the ,B-amino acids 12. 

While intermediates 8-11 were liquids, amino acid 

hydrochlorides 12 0HCl were crystalline. That 

recrystallization of the latter as hoped would lead to 

enantiomerically pure final materials was supported in the 

case of (2E, 312,) -12 by observing only one product by NMR \-,hen 

it was attached to chiral dipeptide 28. 

Comparison of the NMR spectra of the hydrochlorides 

120HCl of these two synthetic amino acids with that of the 

degradation product of majusculamide C (3)4 (especially 2-

CH at 62.94, 3-CH at 63.52) clearly showed that the latter 

is the (2E,3~)- or (2~,3E)-isomer (2-CH at 62.93, 3-CH at 

3.52) rather than one of the other two stereoisomers (2-CH 

at 63.19, 3-CH at 63.46). 

Since 120HCl from degradation of majusculamide C (3) had 

a + plain ORD curve from 220-300 nm6 and synthetic (2R,3~)-

120HCl was measured to have a small + optical rotation at 

the sodium D line (589 nm), we proceeded with (2E,3~)-12 in 

the attempted synthesis of dolastatin 11 (1) described 

below. Later, we gained access to a variable wavelength 

polarimeter which showed that a purer sample of (2E,3~)-

120HCl had strongly negative rotations in the 220-300 nm 
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region and a weakly negative rotation at the sodium D line. 

Thus, it is actually (2Q,3B)-12 which is incorporated into 

majusculamide C (3), 57-normajusculamide C (~), and 

dolastatins 11 (1) and 12 (2), and we now assign all four 

depsipeptides the 2Q,3B-configurations at the centers in 

their ,B-amino acid units. Thus the first attempt to prepare 

dolastatin 11 (1) led to a stereoisomeric analog epimeric 

at the two chiral centers in the Map unit as described 

below. 

synthesis of pentapeptide 23 

Our synthesis of pentapeptide 23 (Fig. 4) followed 

closely that of Bontems,6 who had prepared the methyl ester 

of the pentapeptide (Fig. 1) rather than the benzyl ester. 

We chose the benzyl ester to avoid epimerization which may 

occur to a slight extent during saponification of methyl 

esters. Many of our intermediates were exactly the same 

compounds Bontems prepared. We were able to avoid 

chromatography (which he used heavily) throughout, to 

improve on his yields in some cases, and to crystallize an 

additional intennediate (21, crystalline benzyl ester 

instead of oily methyl ester) as described next. 

The N-methylation of Z-L-Leu was accomplished with 

sodium hydride - iodomethane to give 13 15 in 83% yield (Fig. 



Zf~OH 
H 0 

Z-L-Leu 

o 
~_ ~OCH H2/Pd 
~- 3-=3i--

15 (96 %) 

I Boc-Gly 

tIBCF 

TFA 

o ~ 0 II . H II 
Bocf~N N....J-0CH3 

H I ° CH3 

16 (76 %) 

ZN~OH 
I 
CH3 ° 

13 (83 %) 

1 
Gly-OMe 
DCC 

~. ° . H II 
ZN· N....J-0CH3 

I I 
CH

3 
0 

14 (91 %) 

17 (94 %) 

Fig. 13. Synthesis of Boc-Gly-NMe-L-Leu-Gly (17) 
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13) . 13 was smoothly coupled with glycine methyl ester 

using DCC to provide 1~ in 91% yield. Catalytic 

hydrogenolysis of the benzyloxycarbamate l~ in the presence 

of TFA gave lS in good yield (96%). 15 was coupled with 

BOc-Gly using IBCF to give protected tripeptide 16 in 76% 

yield which on basic hydrolysis gave Boc-Gly-NMe-L-Leu-Gly 

(17) in 94% yield. 

For the other part of pentapeptide 23, Boc-L-Val was 

coupled with L-Tyr-OEt using IBCF to provide 18 in 68% yield 

(Fig. 14). 18 on basic hydrolysis gave free acid Boc-L

Val-L-Tyr-OH (19) in 94% yield. 19 on methylation using 

NaH/iodomethane gave a mixture of 20 and a byproduct 

hydantoin in a 60: 40 ratio. This product ratio was improved 

to 97:3 using a 30-fold excess of iodomethane; the yield of 

20 was 78%. 20 was protected as a benzyl ester using benzyl 

chloride/triethylamine and then treated with HCl to give 

salt 21 in 40% yield over two steps. In a better 

preparation of 21 (75% yield), 20 was treated with benzyl 

alcohol and thionyl chloride. Dipeptide 21 was coupled with 

tripeptide 17 using IBCF to provide pentapeptide 22 in 58% 

yield (Fig. 15), contaminated by the diketopiperazine from 

dipeptide 21 (39%). This diketopiperazine impurity was 

unfortunately not recognized until later in the synthesis; 

it can presumably be removed by extraction of amines from 



Y L-Tyr-OEt 
)VOH t:> 

BocN II IBCF h 0 

Boc-L-Val 

39 

X ¥ 0 
BocN ·/N00H 

I " = H 0 ~ 

~ 19 (94 %) OH 

Hydantoin from 19 

)( 
CH30; 

" I I - +, N . 
Cl H,~f YO-CH2CoHs. 

CH3 0 '0. 
21 (40 %) .& OCH3 

,-_B_nO_H_,_S_0_C_12_-i~ l2~(75 ~)ij 

Fig. 14. Synthesis of NMe-L-Val-O,N-diMe-L-Tyr-OBn oHCI (20) 
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IBCF,21 

I 

OMe 

Diketopiperazine from 21 

22 

Fig. 15. Synthesis of pemapeptide 23 
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neutral materials in the next step, which was treatment of 

pentapeptide 22 with HCl to give salt 23 in 85% yield. 

synthesis of henapoptide-liko 2~ 

23 was smoothly coupled \'Tith Hmp (5) using EDC/HOBT16 to 

give hexapeptide-like 2~ (Fig. 16) in 96% yield. 

synthesis of tripeptide 32 

The amino group in ~-amino acid 12 was protected with 

Boc using t-butyl 4,6-dimethylpyrimidyl-2-thiocarbonate 

(Boc-SAr) 17 to give 29 in 78% yield (Fig. 17). 29 was 

dissolved in benzyl alcohol and treated with thionyl 

chloride to provide Map-OBn (30) in 42% yield. This new 

procedure for making benzyl esters of amino acids was based 

on a similar procedure used to make methyl esters of amino 

acids. 18 Our attempts to make the benzyl ester directly 

from the amino acid 12 with thionyl chloride and benzyl 

alcohol failed, presumably because of the insolubility of 

the amino acid in this medium. 

Map-OBn (30) was coupled with Boc-Ibu-L-Ala (28) using 

EDC/HOBT to give tripeptide Boc-Ibu-L-Ala-Map-OBn (31) in 

73% yield (Fig. 18). 
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_ + 0 
CIH N II 
3~N 

I 
CH3 

23 

+ 

EDC 

~'\ ~ H ", 0 . C 3 0 
H 0 . H II . I I 

HO /N~N N. C-N~/NyJlO-CH2CoHS-.· 
I I 1"'-.../- I ~ - : 
o CH

3 
0 CH3 ~ 

Vl-OCH3 : 
24 (96 %) 

Fig. 16. Synthesis of hexapeptide-like 24 



Boc~ 

Boc-SAr -______ ~~ ~COOH 

CH3 

29 (78 %) 

BnOH, 
SOC12 

cr NH3+ 0 
§ II . 
= COBn' 
~:: 

CH3 

30 (42 %) 

Fig. 17. Synthesis of Map-OBn (30) 

fW9H3 f~ 30, EDC 
Boe NH-C-C-C-CONH-C-C-OH 

B I ~ 
CH3 CH3 CH3 

28 
H 0 CH3 H 0 Q2HS 
I II I I II ~ H 

Boc NH-C-C-C-CONH-C-C-NH-C-C-COOBn 
Dig H a 
CH3 CH3 CH3 CH3 

31 (73 %) 
. ',.'. 

Fig. 18. Synthesis of Boc-Ibu-L-Ala-Map-OBn (31) 
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synthesis of hydroxy acid 34 

Removal of the benzyl group from 24 with H2/Pd gave 

hydroxy acid 2S (Fig. 19) in 91% yield. The Boc group of 

tripeptide 31 was removed using TFA to give 32 in 98% yield 

(Fig. 20). Hexapeptide-lilce hydroxy acid 25 was coupled 

without hydroxyl protection to tripeptide 32 using EDC/HOBT 

to give nonapeptide-like 33 in 53% yield (Fig. 21). The 

benzyl ester group was removed from 33 by hydrogenolysis 

with H2/Pd to give hydroxy acid 34 in 90% yield. 

synthesis of 3R,4S,12S-1 from hydroxy aeid 34 

Many recipes are available for the macrolactonization 

of hydroxy acids. 19 BOP-C120 failed to give an observable 

amount of cyclic product 1. We were apparently successful 

using both CDl/DBN21 and BOp22 reagents. Wi th the former 

reagents, hydroxy acid 34 was treated with COl and stirred 

overnight; then DBN was added to give the cyclized product 

3R, 4§., 12§.-1 (Fig. 22). preparative TLC on silica gel 

eluting with 1: 1 acetone-hexane gave more concentrated 

material in 7% yield, contaminated with about an equimolar 

amount of diketopiperazine. 

synthesis of amino acid 38 

We also tried the other approach for putting together 



Fig. 19. Synthesis of Hmp-Gly-NMe-L-Leu-Gly-NMe-L
-V aI-O ,N -diMe-L-Tyr (25) 

~ 9H3 ~ ~H2CH3 W 
Boc NH-CH-C-C-CONH-CH-C-NH~H-CH -COBn 

I I I § 
CH3 CH3 CH3 CH3 

31 

TFA 

_ + W«I3 ~ f2CH3 W n 
TFA H3N-?H-C-cr-CONH-?H-C-NH H-~ -COBn .. 

CH3 CH3 CH3 CH3 

32 (98 %) 

Fig. 20. Synthesis of Ibu-L-Ala-Map-OBn 0 TFA (32) 
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Fig.21. Synthesis of hydroxy acid 34 
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CDI/DBN 

Fig. 22. Synthesis of 3R,4S.,12S.-1 from 34 
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hexapeptide-like 24 and tripeptide 31, i.e., to make the 

ester bond between the Map and Hmp units first, and the 

amide bond between the Tyr and Ibu units last. Doing this 

should show which approach gives a higher yield of cyclic 

material of type 1, and also, if both approaches were 

successful, would provide confirming evidence that the 30-

membered ring had been formed. There is precedence in 

depsipeptide synthesis for success in making an amide bond 

last when no cyclic material was found when the ester bond 

was made last. 16 

This second approach is shown in Figs. 23 and 24. The 

benzyl ester group of tripeptide 31 was removed with H2/Pd, 

giving tripeptide acid 35 in 87% yield (Fig. 23). Coupling 

acid 35 with hexapeptide-like hydroxy benzyl ester 24 using 

BOp22 gave nonapeptide-lilce 36 in 95% yield. Removal of the 

benzyl ester with H2/Pd gave acid 37 in 84% yield. The Boc 

group was removed from 37 with TFA, giving amino acid 38 in 

92% yield (Fig. 24). 

synthesis of 3R,4S,12S-1 from amino acid 38 

The cyclization of amino acid 38 (Fig. 24) was attempted 

using the method of Olsen and coworkers. 16 After preparative 

TLC, NMR showed the products to be the same as in the 

preparation of 1 from 34, except that the relative amount 



Fig. 23. Synthesis of Boc-Ibu-L-Ala-Map-Hmp-Gly
NMe-L-Leu-Gly-NMe-L-Val-O,N-diMe-L-Tyr (37) 
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Fig. 24. Synthesis of 3R,4S,,12,S.-1 from 38 
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of diketopiperazine was much less. The yield of 3B,42,122-

1 was estimated as 12%. 

summary 

The synthesis of dolastatin 11 (1) was approached by 

first maJeing building blocks usable for the three unusual 

units in this molecule as follows: (1) Hmp was synthesized 

in one step in 90% yield and purified by one 

crystallization, improving on the 50% obtained in the 

literature preparation and avoiding the chromatographic 

purification which they used. 4 (2) Due to problems with 

decarboxylation of free l3-keto acids, the Ibu unit precursor 

was prepared and coupled without the gem-dimethyl groups, 

which were added successfully to the resulting l3-keto amide. 

(3) Asymmetric syntheses of (2B,3B)- and (2B,32)-12 showed 

that it is the (22,3B) stereoisomer which is incorporated 

into dolastatin 11 (1) and related depsipeptides 2-4. The 

nine parts - using the unnatural (2B,3~)-Map - were then 

assembled in two ways to make what is apparently the 

3B,42,12~ stereoisomer of dolastatin 11 (1). 

Future studies in this area should be directed toward 

synthesis of dolastatin 11 (1) itself. (2~,3R)-12 should 

be synthesized and incorporated in a synthesis like that 

above to see if the synthetic 3~, 4R, 12~-1 obtained is 
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identical with natural dolastatin 11 (1). If not, the 

synthetic 3S,4B,12~-1 should be equilibrated with acid or 

base to at least partially change the configuration at the 

Ibu chiral center and the comparison of synthetic 3~, 4R, 12B-

1 with the natural product should be made again. A match 

at this point would show that the natural material has the 

D-configuration of the Ibu unit, and if the equilibrium did 

not strongly favor 3~,4B,12B-1, it should be prepared by 

repeating the synthesis starting from D-alanine for the Ibu 

unit. 
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Boc-Gly, Z-L-Leu, Gly-OMe, Boc-L-Val, L-Tyr-OEt, L

Ala-OBn and MDB were used as received from Aldrich or Sigma. 

Tetrahydrofuran (THF) was freshly distilled from sodium with 

indicator benzophenone. Anhydrous magnesium sulfate was used 

to dry organic solutions. Solvents were removed by rotatory 

evaporation. 2-Butenes were from Matheson Gas Products. 

Column chromatography employed silica gel (70-230 mesh) 

supplied by E. Merck (Darmstadt). Melting points were 

observed using a Mel-Temp apparatus and are uncorrected. 

Optical rotations were recorded using Perkin Elmer 241 MC 

and Rudolph Autopol III Polarimeters. NMR spectra were 

obtained on Bruker WH-90, WM-250, and AM-400 instruments 

with TMS as an internal standard in CDC13 unless otherwise 

noted. Mass spectra were recorded on a MAT 312 instrument. 

High resolution MS was performed at the University of 

Nebraska. Elemental analyses were determined by Spang 

Microanalytical Laboratory, Eagle Harbor, Michigan, or 

MicAnal, Tucson, Ari zona. Reactions were generally carried 

out under argon, though this was also sho'VTn not to be 

necessary in many cases. 
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synthesis of Hmp (5)4 

To a solution of NaNOz (1 g, 14.4 romol) in aq HCl (4N, 

10 mL) at 0 °C was added L-llu (0.5 g, 38 romol). After 

stirring 2.5 h, water (20 mL) was added and the solution was 

extracted 2 x 50 mL of EtOAc. Drying, evaporation of 

solvent, and recrystallization from petroleum ether gave 5 

(430 rug, 86%), mp 48-50 °C, [alozo 18.7° (c 0.6, CHC13): 'H 

NMR 00.93 (t, J = 7.4 Hz, MeCHz)' 1.04 (d, !I = 6.9 Hz, 

MeCH), 1.2-1.5 (m, CHz), 1.90 (br m, fi-CH), 4.19 (d, !I = 3.6 

Hz, a-CH). 

synthesis of Boc-Aaa-OBn (6) 

To a stirred soln of Boc-Ala (2.0 g, 11 romol) in THF (50 

mL) at 0 ° C was added COl (2.36 g, 14 romol). After stirring 

0.5 h at 0 °C and 2 h at 25°C, this soln was added to a 

soln of benzyl lithioacetate (prepared by reacting benzyl 

acetate (5.0 g, 33 romol) with LOA (22 mL of 1.6 M in THF) 

at -78°C for 1 h) at -78 °C. After stirring 16 h, 

saturated citric acid soln was added to pH 3 and the 

solution was extracted 3 x 50 mL of EtOAc. Drying, 

evaporation of solvent, and recrystallization from EtOAc

petroleum ether gave 6 (4.9 g, 71%), mp 51-53°C, [aJ o
20 

-

9.3° (c 0.4, CHC13); 1H NMR 61.33 (d, !I = 7.2 Hz, MeCH), 

1 • 44 ( s , Boc) , 3. 60 and 3. 62 ( d , !I = 16. 0 , CHz ( CO) z), 4. 35 
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(p, !I. = 7.2 Hz, MeCH) , 5.1 (m, Boc-NH), 5.18 (br s, 

CHZC6Hs), 7.36 (m, ArH). 

Anal. Calcd for C1-,!I23NOS: C, 63.54; H, 7.21; N, 4.36. 

Found: C, 63.60; H, 7.28; N, 4.33. 

synthesis of Boa-Aaa (7) 

After stirring 6 (500 mg, 1.56 mmol) in CHzClz 

(20 mL) with 5% Pd/C (200 mg) under 1 atm hydrogen at -5 to 

o 0 C for 30 min, the reaction appeared complete by TLC. The 

mixture was filtered, and to avoid decarboxylation of 6, the 

filtrate was immediately coupled with L-Ala-OBn as described 

below. 

synthesis of (3S,4S)-4-methyl-5-hexen-3-o1 «38,4S)-8) 

To a stirred mixture of KO-~-Bu (2.8 g, 25 mmol) , THF 

(10 mL) and cis-2-butene (4.5 mL, 50 mmol) , n-butyllithium 

in THF (2.3 M, 25 mmol) was added at -78 °C. After stirring 

1 h, (+)-MDB in ether (1 M, 30 mmol) was added dropwise. 

After stirring 30 min, BF3-EtzO (4 mL, 33.5 mmol) was added 

dropwise, followed by propionaldehyde (2.2 mL, 35 mmol). 

After stirring 3 h, NaOH (3 N, 18.3 mL, 55 mmol) was added 

followed by HzOz (30%, 7.5 mL, 63 mmol). After refluxing 1 

h, the organic layer was separated, washed with water (50 

mL) and brine (40 mL), dried (MgS04), evaporated, and vacuum 
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distilled (to remove the bulk of the isopinocampheol) to 

give (3§.,4S)-8 (bp ca. 35 °C/1 mIn, 2.9 g, 72%), with 

diastereoselectivity 97% based on the completely resolved 

3-CH proton absorptions in the NMR. (3S,4§.)-and (3R,4B)-

8 [obtained using (-)-MDB] had 'H NMR 00.96 (t, ~ = 7.4 Hz, 

1-Me), 1.03 (d, J = 6.8 Hz, 4-Me), 1.3-1.6 (m, 2-CHz), 2.28 

(br sextet, ~ = 6.5 Hz, 4-CH), 3.40 (dt, J = 7.7, 5.0 Hz, 

3-CH), 5.06 (d, ~ = 10.8 Hz) and 5.09 (d, ~ = 16.8 Hz, 6-

CHz), 5.80 (ddd, ~ = 16.8,10.8,7.0 HZ, 5-CH). For (3S,4§.)-

8, a o
ZS -28.8° (c 0.35, CHC13) and for (3B,4B)-8, a o

ZS +27.9° 

( cO. 3, CHC13). 

syntheisis of (3R,~S)-4-methyl-5-hexen-3-o1 «3R,4S)-8) 

Using trans-2-butene and (-}-MDB, the recipe above gave 

(3B,4§.}-8 in 70% yield with a diastereoselectivity of 96%. 

(3B,4§.)- and (3§.,4B}-8 [obtained using (+}-MDB] had 'H NMR 

00.97 (t, ~ = 7.4 Hz, 1-Me), 1.03 (d, ~ = 6.9 Hz, 4-Me), 

1.3-1.6 (m, 2-CHz), 2.22 (br sextet, ~ = 7.4 Hz, 4-CH), 3.33 

(ddd, ~ = 8.1,6.0,3.9 Hz, 3-CH), 5.11 (d, ~ = 16.9 HZ) and 

5.12 (d, ~ = 10.8 Hz, 6-CHz), 5.76 (ddd, ~ = 16.9,10.8,8.2 

Hz, 5-CH). For (3B,4§.}-8, a;S -8.7° (c 0.3, CHe13) and for 

(3§.,4B}-8, a o
2S +8.8° (c 0.2, CHC13 ). 
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To (3~,4~)-8 (360 mg, 3.30 romol) in 4 mL pyridine at 0 

°C was added mesyl chloride (1.12 roL, 9.9 romol). After 

stirring 1 h at 0 °C and 4 h at 25°C, ether (100 roL) was 

added and the organic layer was washed with water (4 x 30 

mL) and then saturated NaCl (20 mL), dried (MgS04), and the 

solvent carefully distilled off, leaving (3~,4~)-9 (587 mg, 

93%), Cl.o
25 +12.0° (c 0.13, CHCl3), 'H NMR 61.00 (t, !I = 7.4 

Hz, 1-Me) , 1.08 (d, !I = 6.9 Hz, 4-Me) , 1.6-1.9 (m, 2-CH2), 

2.60 (br sextet, !I = 6.9 Hz, 4-CH) , 3.02 (s, SMe) , 4.58 (q, 

~ = 5.7 Hz, 3-CH), 5.12 (d, !I = 10.6 Hz) and 5.14 (d, ~ = 

17.9 Hz, 6-CH2), 5.79 (ddd, !I = 17.9, 10.6, 7.3 Hz, 5-CH). 

synthesis of (3R,4S)-4-methy1-S-hexen-3-y1 mesy1ate «3R,4S)

II 

(3E,4~)-9 had Cl.o
25 +22.5° (c 0.45, CHCl3 ) and 'H NMR 60.99 

(t, !I = 7.4 Hz, I-Me), 1.10 (d, !I = 6.9 Hz, 4-Me), 1.21 

(pentet, !I = 7.4 Hz, 2-CH2), 2.60 (br sextet, !I = 6.9 Hz, 

4-CH) , 3.02 (s, SMe), 4.57 (q, !I = 6.2 Hz, 3-CH), 5.12 (d, 

!I = 10.6 Hz) and 5.14 (d, !I = 17.7 Hz, 6-CH2), 5.79 (ddd, !I 

= 17.7, 12.4, 7.9 Hz, 5-CH). 
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To a stirred solution of (3~,4~)-9 (587 mg, 3.3 romol) 

in DMF 20 mL at room temperature was added sodium azide (680 

mg, 10 nunol). After stirring 72 h, ether (50 mL) was added. 

The ether layer was washed with water (4 x 25 mL), dried 

(MgS04), and the solvent carefully distilled off to give 

(3B,4§J-10 (445 mg, 97%), Clo
25 -16.1° (c 0.05, CHCl3), 'H NMR 

01.00 (t, J. = 7.4 Hz, I-Me), 1.07 (d, J. = 6.8 Hz, 4-Me) , 

1.4-1.7 (m, 2-CH2), 2.39 (br sextet, J. = 7.0 Hz, 4-CH), 3.13 

(dt, 8.3, 4.2 Hz, 3-CH), 5.05 (m, 6-CH2), 5.75 (ddd, J. = 
17.7, 9.8, 7.2 Hz, 5-CH). 

synthesis of (3S,4S)-4-methyl-5-hexen-3-yl azide «38,48)-10) 

(3.Q.,4.Q.)-10 had Clo
25 18.3° (c 0.12, CHCl3), 'H NMR 01.00 

(t, J. = 7.4 Hz, I-Me), 1.07 (d, J. = 6.8 Hz, 4-Me), 1.4-1.7 

(m, 2-CH2), 2.33 (br sextet, J. = 6.9 Hz, 4-CH), 3.10 (m, 3-

CH), 5.06 (d, J. = 10.2 Hz) and 5.08 (d, J. = 17.2 HZ, 6-

CH2), 5.79 (ddd, J. = 17.2, 10.2, 7.2 Hz, 5-CH). 

8ynthesis of (2R,3R)-3-azido-2-methylpentanoic acid 

( (2R, 3R) -11) 

To a stirred solution of (3R,4~)-10 (240 mg, 1.53 romol) 

in CC14 (3 mL), MeCN (3 mL), and water (4.5 mL) at room 
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temperature under argon was added sodium bicarbonate (835 

mg, 9.95 romol) , and NaI04 (1.8 g, 8.42 romol) was added in 

small portions over 0.5 h. RuCl3 (53 mg, 0.26 romol) was 

added and stirring was continued for 48 h. The mixture was 

washed with ether (2 x 30 mL) and the aqueous layer was 

carefully acidified with 10% Hel and extracted with ether 

(2 x 50 mL). The combined ether solution was dried (HgS04 ) 

and the solvent carefully distilled off to give (2B,3B)-11 

(164 mg, 68%), a o
25 -19.5° (c 0.2, CHCI3), 1H NMR 61.05 (t, 

~ = 7.3 Hz, 5-Me) , 1.23 (d, ~ = 7.1 Hz, 2-Me), 1.57 and 1.72 

(m, CH2), 2.64 (pentet, ~ = 7.3 Hz, 2-CH) , 3.53 (dt, ~ = 

8.3, 3.6 Hz, 3-CH). 

synthesis of (2R,3S)-3-azido-2-methylpentanoic acid «2R,3S)

ill. 

(2B,3.Q.)-11 had a o
25 +16.4° (c 0.22, CHCI3 ) and 1H NMR 

61.05 (t, ~ = 7.4 Hz, 5-Me), 1.25 (d, ~ = 7.0 Hz, 2-Me) , 

1.64 (pentet, ~ = 6.9 Hz, CH2), 2.61 (pentet, ~ = 6.9 Hz, 2-

CH), 3.65 (q, ~ = 7.1 HZ, 3-CH). 

Synthesis of (2R,3R)-3-amino-2-methylpentanoic acid 

( (2R,3R)-12) 

(2B,3B)-11 (100 mg, 0.64 romol) in EtOAc (25 mL) and 10% 

Pd/C (20 mg) was stirred 16 h under H2 (1 atm). The solvent 
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was evaporated and EtOH (15 mL) and water (50 mL) were 

added. After heating the mixture to 60°C and filtering, 

the solution was evaporated and the residual solid 

triturated "lith EtOAc (3 x 20 mL) to remove a small amount 

of cis-pinonic acid from the oxidation of a-pinene. 

Crystallization from water gave (2R,3R)-12 (51 mg, 60%), 

1 H NMR (020) 60.98 (t, ~ = 7.4 Hz, 5-Me) , 1.21 (d, ~ = 7.3 

Hz, 2-Me) , 1.69 (m, CH2) , 2.58 (pentet, ~ = 7.0 Hz, 2-CH) , 

3.24 (m, 3-CH). The hydrochloride (2B,3B)-12 o HC1, 

crystallized from water, had mp 246-248 °C dec, a o
25 -6.7 0

, 

a400max -257° (c 0.12, H20), 1H NMR (020 + HCI) 60.98 (t, ~ = 

7.0 Hz, 5-Me), 1.27 (d, ~ = 6.4 Hz, 2-Me), 1.76 (pentet, ~ 

= 7.0 Hz, CH2), 3.19 (pentet, ~ = 6.9 Hz, 2-CH), 3.46 (q, ~ 

= 6.3 Hz, 3-CH). Anal. Calcd for C6H14N02CI: C, 42.99; H, 

8.42; N, 8.36. Found: C, 43.34; H, 8.36; N, 8.20. 

synthesis of (2R,3S)-3-amino-2-methvlpentanoic acid «2R,3S)-

ill.. 

(2B,3~)-12, obtained similarly in 62% yield, had and 1H 

NMR (020) 60.98 (t, J = 7.4 Hz, 5-Me), 1.16 (d, ~ = 7.2 Hz, 

2-Me), 1.65 (m, CH2), 2.57 (pentet, ~ = 6.9 Hz, 2-CH), 3.33 

(q, ~ = 6.3 Hz, 3-CH). The hydrochloride (2B,3~)-12°HCl had 

mp 274-278 a max 
250 -140 ° (c = 0 . 06 , H20), 
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and 'H NMR (D20 + HCl) 61.00 (t, ~ = 7.4 Hz, 5-Me), 1.25 (d, 

~ = 7.4 HZ, 2-Me), 1.60-1.85 (m, CH2), 2.93 (m, 2-CH), 3.52 

(m, 3-CH). Anal. Calcd for C6H,4N02Cl: C, 42.99; H, 8.42: 

N, 8.36. Found: C, 43.28; H, 8.40; N, 8.43. 

synthesis of N-Z-Nlla-L-Leu (13)'5 

To a stirred solution of Z-L-leucine (5.0 g, 18.9 mmol) , 

iodomethane (9.4 g, 150 mmol) and THF (50 mL) at 0 °C \lIas 

added sodium hydride (1.4 g, 56.7 mmol) , with vigorous gas 

evolution. After 24 h at 25°C, the solvent was evaporated 

and the residue was distributed between 5% aq. sodium 

bicarbonate (100 mL) and EtOAc (50 mL). The aqueous layer 

was acidified (citric acid) and extracted with EtOAc (2 x 

50 mL). The organic extracts were combined, dried, 

evaporated, and the residue was recrystallized from pet. 

ether - EtOAc to give 13, 4.4 g, 83%, mp 71-72 °C, [a]D~ -

25 ° (c 1. 0, EtOH). 

synthesis of Z-mle-L-Leu-Gly-Ql·le (14) 

To Z-NMe-Leu (94=13, 3.34 g, 12 mmol) and N

hydroxysuccinimide (1.90 g, 12 mmol) in THF (100 mL) at 0 

°C was added DCC (2.72 g, 13.2 mmol) and the cooling bath 

was removed. After 1 h, Gly-OMe-HCl (95, 1.5 g, 12 mmol) 

was added followed immediately by Et3N (1.66 mL, 12 mmol). 
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After 8 h, the mixture was diluted with ether (200 mL), 

cooled to O°C, filtered, and evaporated. The residue was 

dissolved in ether (50 mL) and washed with 5% NaHC03 (25 

mL), 1N HCl (25 mL) and water (2 x 25 mL). The organic 

layer was dried and the solvent evaporated to give pure 

(TLC, NMR) 96=14 (3.8 g, 91%) as an oil. The oil was twice 

taken up in EtOAc and filtered to remove DCU. A portion was 

chromatographed (silica gel, hexane EtOAc 4:1) for 

characterization: [a]D~ -80° (c 1.3 CHCl3); IR 3340, 2955, 

2938, 1756, 1751, 1700, 1696, 1685, 1675, 1206, 1159 cm-1; 

1H NMR 00.92 and 0.95 (d, ~ = 6.5 Hz, Leu-o), 1.40-1.60 (m, 

Leu-~), 1.68 and 1.73 (-t, ~ = 6 Hz, Leu-~), 2.88 (s, NMe), 

3.72 (s, OMe), 3.92 and 4.08 (dd, ~ = 18.1, 5.2 Hz, Gly

a), 4.83 (br t, ~ = 7 Hz, Leu-a), 5.17 (s, Z-CH2), 6.78 (br 

s, NH), 7.35 (br s, Ar), also separate peaks for a 30% 

rotamer about the Z-Leu amide bond at 00.83 (br s, Leu-~), 

4.72 (br s, Leu-a), 6.53 (br s, NH); MS(EI) m/z 350(M+), 

319(M-OMe). 

synthesis of m4e-L-Leu-Gly-OMS'TFA (15) and 'Hel (15a) 

To Z-NMe-Leu-Gly-OMe (14, 2.12g, 8.4 romol) and TFA (0.92 

mL, 12 romol) in MeOH (20 mL) under argon in a 50 mL flask 

fitted with gas inlet and outlet tubes was added 10% Pd/C 

(0.75 g). After flushing with argon, a slow stream of 
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hydrogen was passed through the magnetically stirred flask. 

The reaction was complete in 1 h (TLC). The catalyst was 

removed by filtration through Celite and the filtrate was 

evaporated to give trifluoroacetate 15 (2.3 g, 96%) as an 

oil, 1H NMR 00.93 (br d, ~ = 5 Hz, Leu-a), 1.6-2.0 (m, Leu

P-y), 2.78 (br s, NMe), 3.74 (s, ONe), 3.9-4.2 (m, Gly-a, 

Leu-a), 8.2 and 9.1 (br s, NHZ+) , 8.36 (br t, CONH). A 

portion was treated with 5% aq NaHC03 and the free amine was 

treated with ethereal HCl to give the hydrochloride 15a. 

Trituration with ether gave a hygroscopic solid, mp 64°C; 

[aJ o
Z5 34.5° (c 1.1, CHC13); IR 3224, 2959, 2872, 2768, 2703, 

1753, 1688, 1561, 1209 cm-1; 1H NMR 00.99 (m, Leu-a), 1.77-

1.97 (m, Leu-p"y), 2.82 (s, NMe), 3.74 (s, OMe) , 4.04 (d, ~ 

= 5.9 HZ, Gly-a), 4.10-4.29 (m, Leu-a), 8.52-8.78 and 8.92-

9.79 (br, NHz+); MS(FAB) 217 (M+-Cl) , 144, 101. 

Anal. Calcd for C10HZ1N203Cl: C, 47.52; H, 8.38; N, 

11.08. Found: C, 47.82; H, 8.64; N, 10.91. 

synthesis of BoC-Gly-mle-L-LeU-G1y-oMe (16) 

To Boc-Gly (0.93 g, 5.3 mmol) and NMM (0.59 mL, 5.3 

mmol) in THF (30 mL) at -78°C was added isobutyl 

chloroformate (0.69 mL, 5.3 mmol) via syringe. After 12 

min, NMe-Leu-Gly-OMe"Tfa (15, 1.69 g, 5.3 mmol) in THF (4 

mL) was added (syringe) immediately followed by NMM (0.59 
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mL, 5.3 romol) in THF (2 mL). After 16 h, the salts were 

filtered off and the filtrate was concentrated to an orange 

oil, whose color was removed by twice dissolving the residue 

in EtOAc and adding petroleum ether until an oily layer was 

obtained. The residual oil was 16 (2.9 g, 74%), [a]o24 -

109 0 (c 1.3, CHCl3); lR 3339, 2960, 1754, 1715, 1649, 1530, 

1370, 1205, 1170, 1050 cm"'; 'H NMR 00.90 and 0.95 (d, !:I = 

6.5 Hz, Leu-o), 1.45 (s, Boc) , 1.6-1.9 (m, Leu-~~), 2.91 (br 

s, NMe), 3,73 (s, OMe) , 3.8-4.1 (m, Gly-a's), 5.20 (dd. !:I 

= 9.0, 6.4 Hz, Leu-a), 5.56 (br, Boc-NH), 6.78 (br, Gly-1-

NH) ; MS (El) 373 (M+) , 342 (M+-OMe) , 257 (M+-NHC02BU t
) ; 

satisfactory elemental anal. on corresponding acid 102 

below. 

synthesis of BOC-Gly-~le-L-LeU-Gly (17) 

To tripeptide 16 (573 mg, 1.6 romol) in MeOH (5 mL) was 

added two drops at a time over 15 min with stirring NaOH 

(IN, 10 mL). 16 was consumed in 20 min (TLC) and the 

mixture was acidified with 5% aq citric acid and extracted 

with EtOAc. Drying, filtering, evaporating, and 

recrystallizing the residue twice from EtOAc-petroleum ether 

gave 17 (492 mg, 89%) with mp 168-169 °C, [a]o25 -46.7° (c 

0.3, CHCl3); lR 3450, 3390, 2974, 1714, 1685, 1653, 1464, 
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1440, 1366, 1237, 1169 cm-1 : 'H NMR 00.90 and 0.95 (d, !I. = 

6.0 Hz, Leu-o), 1.446 and 1.453 (s, Boc) , 1.6-1.8 (m, Leu

~~), 2.91 (s, NMe), 3.85-4.2 (m, Gly a's), 5.21 (br t, Leu

a), 5.62 (br s, Boc-NH), 6.93 (br s, NH-1): MS(EI) 359(M+), 

257 (M+-C02But ) • 

Anal. Calcd for C'6H2~306: C, 53.47; H, 8.18; N, 11.69. 

Found: C, 53.54; H, 8.35; N, 11.67. 

synthesis of Boc-L-Va1-L-Tyr-OEt (18) 

To Boc-L-Val (5.0 g, 23 romol) in THF (dry, 100 mL) at 

-78°C was added NMM (2.53 mL, 23 romol) followed by IBCF (3 

mL, 23 romol). After 15 min, L-Tyr-oEt"HCl (5.66 g, 23 romol) 

in DMF (10 mL) was slowly added, followed by NMM (2.5 mL, 

23 romol). After 6 h at 0 °C, the mixture was filtered and 

the filtrate evaporated. Dissolution in EtoAc, washing with 

5% NaHC03, 5% aq citric acid, and brine, and 

recrystallization from EtOAc-petroleum ether gave 18 (6.94 

g, 74%), mp 136-138°; [a]o 51.3° (c 1.3, CHCl3); IR 3320, 

2977, 174 0 , 1717, 1656 , 1517, 1368 , 1246 , 1202, 1170 cm -, ; 

1 H NMR 00.88 and 0.92 (d, !I. = 6.8 Hz, Val-~), 1.26 (t, !I. = 

7.1, CH2Me), 1.46 (s, Boc) , 2.05 (octet, !I. = 6.8 Hz, Val

~), 3.04 (d, !I. = 5.5 Hz, Tyr-p), 3.87 (dd, 9.0, 6.7 Hz, Val

a), 4.18 (q, !I. = 7.1 Hz, CH~e), 4.84 (dt, !I. = 8.0, 5.5 Hz, 

Tyr-a), 5.11 (d, !I. = 9.0 Hz, Boc-NH), 6.46 (d, !I. = 8.0 Hz, 
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Tyr-NH), 6.70 (d, ~ = 8.4 Hz, Tyr-€), 6.94 (d, ~ = 8.4 Hz, 

Tyr-6'); MS (El) 352 (M+-C4HS) • 

Anal. Calcd for C2,H32N206: C, 61.75; H, 7.90; N, 6.86. 

Found: C, 61.71; H, 8.04; N, 6.71. 

synthesis of Boo-L-val-L-Tyr (19) 

After 45 min, a solution of 18 (2.16 g, 5.3 romol) in 

methanol (5 mL) and aq NaOH (IN, 10.6 mL) was acidified (2N 

aq HCI, 5 mL) and the precipitate was collected and 

recrystallized from EtOAc-petroleum ether to give 19 (1.89 

g, 94%), mp 87-89 °C, [a]o20 34.3° (c 1.4, CHCI3); 'H NMR 

6'0.87 (d, ~ = 7.4 Hz, Val-~), 1.47 (s, Boc) , 2.00 (octet, 

~ = 7.4 Hz, Val-~), 3.03 (m, Tyr-~), 3.93 (dd, ~ = 9.0, 6.7 

Hz, Val-a), 4.81 (dt, ~ = 8.0, 5.5 Hz, Tyr-a), 5.29 (d, ~ 

= 7.5 Hz, Boc-NH), 6.67 (d, ~ = 8.0 Hz, Tyr-€), 6.85 (d, ~ 

= 8.0 Hz, Tyr-NH), 6.93 (d, ~ = 8.0 Hz, Tyr-6'). 

Anal. Calcd for C'9H2SN206: C, 59.99; H, 7.42; N, 7.36. 

Found: C, 59.55; H, 7.38; N, 6.83. 

synthesis of Boc-m~e-L-val-o,N-diMe-L-Tyr (20) 

To 19 (1.8 g, 5 romol) and Mel (12.7 mL, 200 romol) in dry 

THF (100 mL) at 0 °C was added NaH (80% dispersion in 

mineral oil (0.95 g, 32 romol) with gas evolution. After 16 

h at 25 ° C, no 19 remained (TLC). The solvent was 
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evaporated, the residue was distributed between EtOAc and 

5% aq citric acid (100 mL each) and the aq layer was 

extracted twice more with EtOAc (50 mL). After drying the 

organic extracts and evaporating, the residue was oiled out 

twice from petroleum ether - EtOAc to give gummy 20 (1.73 

g, 78%); [a1025 -139° (c 1.6, CHC13); IR 3121, 2966, 1740, 

1684, 1653, 1614, 1514, 1304, 1250, 1177, 1154 cm-': 'H NMR 

(ca. equimolar mixture of four rotamers) 60.28, 0.31, 0.68, 

0.80, 0.81, 0.87, 0.89 and 0.91 (d, J: = 6.0-6.8 Hz, Val-

1); 1.43 (s, Boc); 2.1-2.4 (m, Val-~); 2.38, 2.39, 2.61 and 

2.62 (s, Val-NMe); 2.89, 2x2.90 and 2.96 (s, Tyr-NMe); 2.9-

3.1 and 3.3-3.45 (m, Tyr-~); 3.75,3.76 and 2x3.78 (s, OMe); 

4.10, 4.32 and 2x4.57 (d, J: = 10.7 Hz, Val-a); 4.81, 5.10, 

5.22 and 5.26 (dd, J. = 11.4, 4.4 Hz, Tyr-a): 6.80, 6.81, 

6.83 and 6.84 (d, J. = 8.5 Hz, Tyr-€); 3x7.08 and 7.18 (d, 

J: = 8.5 Hz, Tyr-6); 9.95 (br s, CaOH). MS(EI) 422(M+), 349, 

257, 186. 

A minor byproduct visible in the NMR spectrum was 

apparently hydantoin (40 mg, 2%), 'H NMR 60.61 and 0.73 (d, 

J: = 7.0 Hz, Val-1), 1.89 (octet, J. = 7.0 Hz, Val-~), 2.76 

and 2.81 (s, NMe in diastereosomers), 3.50 (m, Tyr-~), 3.75 

(s, OMe), 4.14 (m, Val-a), 5.01 (m, Tyr-a), 6.81 (d, J: = 8.5 

Hz, Tyr-€), 7.11 (d, J: = 8.5 Hz, Tyr-6). 
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Synthesis of rme-L-Val-O"N-diMe-L-Tyr-OBn·UCl (21) 

After refluxing a solution of 20 (0.5 g, 1.18 romol), 

Et3N (0.12 mL, 1.2 romol) and BnCl (0.25 mL, 2 romol) in EtOAc 

(25 mL) for 3 h, it was washed with NaHC03• After drying 

(Mgs04), filtering, and evaporating, the residue was taken 

up in Et20 (10 mL), cooled to 0 °c, and HCl gas was bubbled 

through the solution for 2 h at 25°C. The precipitate was 

filtered off and recrystallized from petroleum ether-EtOAc 

to give 21 (452 mg, 86%), mp 174-176 °C (dec); [a]o20 -35.7° 

(c 0.3, CHCl3); 1H NMR 00.81 and 0.85 (d, ~ = 7.0 HZ, Val

~), 1.82 (m, Val-NMe), 1.91 (octet, ~ = 7.0 Hz, Val-~), 2.90 

(s, Tyr-NMe), 3.06 (dd, ~ = 14.3,11.4 Hz, Tyr-~), 3.26 (dd, 

~ = 14.3, 4.6 Hz, Tyr-~), 3.69 (s, OMe), 4.12 (m, Val-a), 

5.16 and 5.18 (d, ~ = 12.4 HZ, CH2C6Hs) r 5.49 (dd, ~ = 11.4, 

4.6 Hz, Tyr-a), 6.81 (d, ~ = 8.6 Hz, Tyr-c), 7.19 (d, ~ = 
8.6 Hz, Tyr-o), 7.38 (s, C6HS) , 8.48 and 9.03 (br s, NH). 

Anal. Calcd for C24H33N204Cl: C, 64.14; H, 7.34; N, 6.24. 

Found: C, 64.16; H, 7.20; N, 6.63. 

Synthesis of 

BOC-Gly-mfe-L-LeU-Gly-Nr.~e-L-val-o"N-dH7e-L-Tyr-oBn (22) 

To 17 (120 mg, 0.34 romol) in THF (dry, 50 mL) at -78°C 

was added NM}1 (37 ~L, 0.34 romol) followed by rBCF (42 ~L, 

0.34 romol). After stirring for 15 min, dipeptide benzyl 
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ester hydrochloride 21 (135 mg, 0.34 romol) in THF (1 mL) was 

added, followed by NMM (37 ~L, 0.34 romol). After 6 h at 0 

°C, the mixture was filtered and the filtrate evaporated. 

The oily residue was distributed between EtOAc and 5% aq 

citric acid (15 mL each) and the organic layer was washed 

with brine and evaporated to give guromy 22 (146 mg, 58%, 

contaminated by 24 mg of diketopiperazine, evidenced by 'H 

NMR peaks for its N-methyls at 62.67 and 3.01, O-methyl at 

63.79, and ArH at 66.84 and 7.13d (~ = 8.5 Hz»; 'H NMR 

(mixture of 8 rotamers) 60.20, 0.63, 0.78, 0.84, 0.87, 0.92, 

0.93, 0.94, 0.95, 0.99, 1.00 (d, ~ = 6.2-6.8 Hz, Val and Leu 

CMe's); 1.45 (s, Boc) , 2.37,2.38,2.56, 2.80, 2.81, 2.84, 

2.89 (s, NMe's); 3.74,3.75,3.76 (s, OMe's); 4.33 and 4.54 

(d, ~ = 10.7 Hz, Val-a); 6.76, 6.83, 7.06, 7.16 (d, ~ = 8.5-

8.7 Hz, Tyr-Ar), 7.33 (br s, Bn-Ar). 

synthesis of 

Gly-Nl~e-L-LeU-G1y-NMe-L-Va1-0,N-diMe-L-Tyr-OBn·HCl (23) 

22 (86 mg, 0.114 rom 0 I , contaminated with 14 mg 

diketopiperazine) and anisole (0.15 mL) in ether (5 mL) was 

mixed with a 0 °C saturated soln of HCl in ether (5 mL). 

After 20 min, 22 was consumed (TLC). Evaporation of the 

solvent gave give 23 (74 mg, 85%, contaminated with 14 mg 

diketopiperazine); 'H NMR (mixture of 8 rotamers) 60.19, 
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0.56, 0.75, 0.B3 (d, ~ = 6.4-6.B Hz, Val CMe's); 2.54, 2.61, 

2 • B B, 2. 92 ( s , NMe' s); 3. 75 , 3. 76 ( s , OMe IS) • 

syn:thosis of 

HmD-Gly-m,fe-L-LeU-Gly-NI.!O-L-Vo.l-0,N-dHfe-L-Tyr-oBn (24) 

A solution of 23 (73 mg, 0.096 romol) in 40 mL of dry THF 

was cooled to 0 °C and neutralized with triethylamine (0.22 

rom 0 I , 0.023 mL) under argon. To the reaction mixture was 

added 5 (0.11 romol, 15 mg) in 30 mL of dry THF, followed by 

HOBT (0.11 rom 0 I , 16 mg) and EDC (0.11 romol, 22 mg). The 

reaction mixture was stirred at 0 0 C for 3 h and room 

temperature overnight, filtered and the filtrate 

concentrated in vacuo. The residue was taken up in 50 mL 

each of water and EtOAc. The organic phase was washed with 

25-mL portions of 10% citric acid, 5% NaHC03 , water and 

brine, dried over MgS04 , and concentrated to give 24 (74 mg, 

96%, contaminated by 3 mg diketopiperazine); 1H NMR (B 

rotamers) 60.21, 0.55, 0.71, 0.B4, 0.B7 (d, ~ = 6.0-6.3 Hz, 

Val Me's); 1.14 (d, ~ = 6.9 Hz, Hmp-3-Me); 2.39, 2.46, 2.B5, 

2 • 95 ( s, IDle's); 3. 74 and 3. 75 ( s , OMe' s); 4. 74 ( d , ~ = 3. 2 

Hz, Hmp-2-CH); 5.12 and 5.21 (d, ~ = 12.2 Hz, OCH2); 6.74, 

6.B5, 7.05, 7.14 (d, ~ = 7.9-B.3 Hz, Tyr-Ar); 7.34 (br s, 

Bn-Ar) . 



synthesis of 

Hmp-Gly-m·7e-L-LeU-Gly-Nuo-L-Val-O"N-dH1e-L-TVr-OH (25) 
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stirring 2~ (261 mg, 0.33 romol, contaminated with 10 mg 

diketopiperazine) in EtOH (25 mL) with 5% Pd/C (50 mg) under 

1 atm hydrogen at 25°C for 5 h, filtering, evaporating, and 

recrystallizing from EtOAc-petroleum ether gave 25 (209 mg, 

91%); 'H NMR (8 rotamers) 0'0.27, 0.65, 0.76 (d, ~ = 6.4-

6.7 Hz, Val Me's); 1.14 (d, ~ = 7.0 Hz, Hmp-3-Me); 2.49, 

2.81, 2.90 (s, NMe's); 3.76, 3.77 (s, OMe's); 4.75 (d, ~ = 

3.2 Hz, Hmp-2-CH). 

synthesis of Boc-Aaa-L-Ala-OBn (26) 

To alanine benzyl ester hydrochloride (485 mg, 1. 87 

romol) in CH2Cl2 (20 mL) was added NMM (0.24 mL, 1.87 romol). 

After stirring 30 min at 0 °C, a CH2Cl2 soln of 7 prepared 

from 6 (600 mg, 1.87 romol) as described above was added at 

o °C. DCC (462 mg, 1.87 romol) was added. After stirring 

at 0 °C for 3 hand 25°C for 16 h, the mixture was filtered 

and the filtrate evaporated. The residue was taken up in 

EtOAc (100 mL), and the soln was washed successively with 

10 mL portions of 10% citric acid, water, saturated NaHC03 , 

and water. Drying over MgS04 , filtering, evaporating, and 

recystallizing from EtOAc-petroleum ether gave 26 (603 mg, 

83%), mp 82-85 °C, [aJo20 -4.6° (c 2.0 CHCl3); 'H NMR 0'1.32 
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(d, ~ = 7.2 Hz, Aaa-Me), 1.44 (s, Boe) , 1.44 (d, ~ = 7.2 Hz, 

Ala-He), 3.51 and 3.53 (d, J = 16.0, CH2(CO)2) , 4.31 (p, ~ 

= 7.2 Hz, Aaa-CH), 4.62 (p, ~ = 7.2 Hz, Ala-CH), 5.12 (m, 

Boe-NH), 5.18 (br s, C.H2C6Hs), 7.36 (m, ArH) , 7.4 (m, Ala

NH). 

Anal. Caled for C2oH2SN206: C, 61. 21; H, 7.19; N, 7.14. 

Found: C, 61.44; H, 7.28; N, 7.32. 

synthesis of Boc-Ibu-L-Ala-OBn (27) 

To a stirred solution of 26 (275 mg, 0.70 romol) , 

iodomethane (3 mL, 21 romol) and THF (25 mL) at 0 °C was 

added 60% sodium hydride in mineral oil (25.3 mg, 0.63 

romol) , with vigorous gas evolution. After 45 min at 0 °C, 

an additional portion of NaH of the same size was added. 

After stirring at 0 °C for 6 hand 25°C for 16 h, the 

solvent was evaporated and the residue taken up in EtOAe 

(100 mL). Washing with brine (20 mL), drying, and 

evaporating gave 27, 265 mgt 92%; 1H NMR 61.24 (d, ~ = 7.1 

Hz, Ibu-Me), 1.40 (d, ~ = 7.2 Hz, Ala-Me), 1.42 (s, Boe) , 

1.45 (s, Me2C) , 4.60 (p, ~ = 7.1 Hz, Ibu-CH), 4.71 (p, ~ = 
7.2 Hz, Ala-CH), 5.10 (m, Boe-NH), 5.14 and 5.20 (d, ~ = 

12.1 Hz, CH2) , 6.78 (m, Ala-NH), 7.35 (m, ArH). 
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Bvnthesis of Boc-Ibu-L-Alm (28) 

After stirring 27 (75 mg, 0.19 romol) in EtOAc (25 mL) 

with 5% Pd/C (25 mg) under 1 atm hydrogen at 25°C for 3 h, 

the reaction appeared complete by TLC. Filtering, 

evaporating, and recrystallizing from EtOAc-petroleum ether 

gave 28 (56 mg, 84%) ; 1H mm 01. 27 (d, !I = 6.9 HZ, Ibu-

MeCH) , 1.42 (s, Boc) , 1.46 (s, Me2C) , 1.46 (d, !I= 8.4 HZ, 

Ala-Me) , 4.52 (p, !I = 7.1 HZ, Ibu-CH) 4.73 (p, !I = 7.1 Hz, 

Ala-CH) , 5.16 (m, Boc-NH) , 6.91 (m, Ala-NH) . 

synthesis of Boc-l-IAP (29) 

To a stirred solution of (2~32)-12 (1.53 romol, 220 mg) 

and triethylamine (2.3 romol, 0.23 mL) in water (50 mL) at 

25 was added ,t-butyl 4,6-dimethylpyrimidyl-2-

thiocarbonate17 (1.7 romol, 405 mg) in dioxane (50 mL). After 

stirring 24 h, water (100 mL) was added and unreacted 

thiocarbonate was extracted twice with ethyl acetate (2 x 

50 mL). The aqueous layer was cooled to 0 °C, adjusted to 

pH 2 by addition of 5N HCI and extracted ,.,i th ethyl acetate 

(2 x 50 mL). The ethyl acetate layer was washed with 

saturated NaCI solution and dried (MgS04). Evaporation of 

solvent and recrystallization from petroleum ether gave 29 

(277 mg, 78%), mp 122-124 °C; 1H mm 00.96 (t, !I = 7.4 Hz, 

5-Me), 1.18 (d, !I = 7.2 HZ, 2-Me), 1.44 (s, Boc), 1.35-1.70 
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(m, CH2), 2.61-2.72 (m, 2-CH), 3.74 (m, 3-CH), 4.71 (m, Boc

NH) • 

Anal. Calcd for C"H2,N04: C, 57.15; H, 9.09; N, 6.06. 

Found: C, 57.98; H, 9.08; N, 5.69. 

synthesis of (2R,3S)-Mop-OBn'UCl (30) 

Boc-Map (29, 277 mg, 1.2 romol) in 20 mL of benzyl 

alcohol was stirred and cooled to 0 °C and 1 mL SOCl2 was 

added dropwise. After refluxing overnight, the volatiles 

were blown off with argon. The residual oil, after washing 

with ether (2 x 50 mL) was (2R,3~)-30 (100 mg, 42%); 'H NMR 

(D20) 60.92 (t, ~ = 7.4 Hz, 5-Me) , 1.21 (d, ~ = 7.3 Hz, 2-

Me), 1.35-1.70 (m, 4-CH2), 2.89-2.97 (m, 2-CH), 3.47 (m, 3-

CH), 5.16 and 5.20 (d, ~ = 12.2 Hz, OCH2), 7.41 (s, Ar). 

synthesis of BoC-Ibu-L-Ala-Map-OBn (31) 

A solution of 30 (55 mg, 0.21 romol) in 40 mL of dry THF 

was cooled to 0 °C and neutralized with triethylamine (0.25 

romol, 0.025 mL) under argon. To this was added 29 (0.21 

romol, 70 mg) in 30 mL of dry THF, HOBT (0.21 romol, 29 mg) 

and EDC (0.21 romol, 41 mg). After stirring at 0 °C for 3 

h and room temperature overnight, the reaction mixture was 

filtered and the filtrate concentrated in vacuo. The 

residue was taken up in 50 mL each of water and EtOAc. The 
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organic phase was washed with 25-mL portions of 10% citric 

acid, 5% NaHC03 , water and brine, dried over Mgso4 , and 

concentrated to give 31 (85 mg, 73%); 1H NMR 60.87 (t, ~ 

=7.4, Map 5-Me), 1.17 (d, ~ = 7.2 HZ, Map-2-Me), 1.28 (d, 

~ = 7.0 Hz, Ala-Me), 1.30 (d, ~ = 7.0 Hz, Ibu-4-Me), 1.42 

(5, Boc), 1.45 and 1.47 (s, Ibu-2-Me), 1.4-1.75 (m, Map-4-

CHz), 2.61-2.67 (m, Map-2-CH), 4.05-4.14 (m, Map-3-CH), 

4.29-4.38 (m, Ala-CH), 4.67-4.75 (m, Ibu-CH), 5.10 and 5.12 

(d, ~ =12 Hz, OCHz)' 7.37 (s, Ar). 

synthesis of Ibu-L-Ala-Map-OBnoTFA (32) 

31 (85 mg, 0.13 mmol) in TFA/CHzClz (1:1, 4 mL) was 

stirred at room temperature for 45 min. The mixture was 

concentrated in vacuo and vacuum dessicated for several h 

over KOH and Pzos to give 32 (oil, 86 mg, 98%); 1H NMR 60.85 

(t, ~ =6.8, Map-5-Me), 1.17 (d, ~ = 7.1 Hz, Map-2-Me), 1.28 

(d, ~ = 7.0 Hz, Ala-Me), 1.30 (d, ~ = 7.0 Hz, Ibu-4-Me), 

1.42 and 1.45 (s, Ibu-2-Me), 1.4-1.9 (m, Map-4-CHz)' 2.65-

2.75 (m, Map-2-CH), 4.02-4.10 (m, Map-3-CH), 4.3-4.4 (m, 

Ala-CH), 4.45-4.55 (m, Ibu-CH), 5.09 and 5.12 (d, ~ =12 Hz, 

OCHz)' 7.35 (s, Ar). 
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Tyr-l:bU-L-Alll-!·~ap-OlBn (33) 
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32 (68 mg, 0.12 romol) in 40 mL of dry THF was cooled to 

o °C and neutralized with triethylamine (0.01 mL, 0.24 romol) 

under argon. To the reaction mixture were added 2S (76 mg, 

0.115 rom 0 I , contaminated ''lith 4 mg diketopiperazine) in 30 

mL of dry THF, HOBT (16 mg, 0.12 romol) and EDC (22 mg, 0.12 

romol). The reaction mixture was stirred at 0 °C for 2 hand 

25°C overnight, filtered and the filtrate was concentrated 

in vacuo. The residue was taken up in 50 mL each of water 

and EtOAc. The organic phase was washed with 25-mL portions 

of 10% citric acid, 5% NaHC03 , water and brine, dried over 

Mgso4 , and concentrated to give 33 (67 mg, 53%, contaminated 

with 3 mg diketopiperazine); 'H NMR (8 rotamers) 01.03 (d, 

~ = 6.9 Hz, Hmp-3-Me); 2.40, 2.45, 2.92, 2.95 (s, NMe's); 

3.73, 3.76 (s, OMe's); 4.75 (d, ~ = 3.2 Hz, Hmp-2-CH); 5.10 

and 5.11 (d, ~ = 13.0 HZ, OCHz); 6.78, 6.85, 7.08, 7.14 (d, 

~ = 8.6-8.7 Hz, Tyr-Ar), 7.36 (br s, Bn-Ar). 

synthesis of Hmp-Gly-Nl·7e-L-Lou-Glv-:mIo-L-Val-O "N-cHr.!G-L-Tyr

Ihu-L-Ala-~ia.p (3<1) 

After stirring 33 (67 mg, 0.06 romol, contaminated with 

3 mg diketopiperazine) in EtOH (25 mL) ''lith 5% Pd/C (50 mg) 

under 1 atm hydrogen at 25°C for 5 h, the reaction appeared 
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complete by TLC. Filtering, evaporating, and 

recrystallizing from EtOAc-petroleum ether gave 34 (55 mg, 

90%, contaminated with 3 mg diketopiperazine); 1H NMR (8 

rotamers) 61.14 (d, J = 7.0 Hz, Hmp-3-Me); 2.42, 2.45, 2.48, 

2.90,2.95,2.96,2.89 (s, NI~e's); 3.75 (s, OMe's); 4.75 (d, 

~ = 3.2 Hz, Hmp-2-CH). 

synthesis of 3R,4S,12S-J. from 34 

To 34 (23 mg, 0.02 romol, contaminated by 1 mg 

diketopiperazine) in 20 mL dry THF at 0 °C under argon was 

added COl (19 mg, 0.11 romol). After stirring 24 h at 25°C, 

DBN (0.01 mL, 0.04 romol) was added. After stirring 18 h, 

and evaporating the solvent, the residue was taken up in 

EtOAc (40 mL). washing with 10% NaHC03 (2 x 20 mL) and 

saturated citric acid (2 x 20 mL), drying (MgS04 ), and 

evaporating the solvent gave 7 mg of crude 3B, 4.§" 12.§,-1. 

preparative TLC (1/1 acetone-hexane) gave 2 mg of material 

with Rf 0.38, close to that of dolastatin 11 (Rf 0.46). 

Impurities were noted at the origin and with Rf 0.9, but 

none were visible between Rf 0.1 and 0.8. The nmr of this 

sample showed it to contain about 20% by weight of 

diketopiperazine, but the remaining peaks, while broad due 

to the presence of rotamers, seemed consistent for 

3B,4.§,,12.§,-1 (2 mg, 7% yield). 
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Synthesis of Boc-Ibu-L-Ala-l·7ap (35) 

After stirring 31 (85 mg, 0.15 romol) in EtOAc (25 mL) 

with 5% PdlC (25 mg) under 1 atm hydrogen at 25°C for 5 h, 

the reaction appeared complete by TLC. Filtering and 

evaporating gave 35 (75 mg, 87%); 'H NMR 00.89 (t, J =7.2, 

Map-5-Me), 1.08 (d, J = 7.1 Hz, Map-2-Me), 1.26 (d, J = 7.0 

Hz, Ala-Me and Ibu-4-Me), 1.42 (s, Boc), 1.44 (s, Ibu-2-

Me's), 1.5-1.91 (m, Map-4-CHz), 2.5-2.65 (m, Map-2-CH), 

4.21-4.32 (m, Map-3-CH), 4.4-4.55 (m, Ala-CH), 4.75-4.92 (m, 

Ibu-CH), 5.11 (br, NH-Boc), 6.5 (br, Map-NH), 7.13 (br, Ala

NH) • 

synthesis of Boc-Ibu-L-Ala-}.1ap-Hmp-Gly-mle-L-LeU-Gly-mle-

Val-O,N-diMe-L-Tyr-oBn (36) 

To a stirred solution of 35 (35 mg, 0.08 romol), 24 (57 

mg, 0.08 romol, contaminated by 3 mg diketopiperazine) and 

triethylamine (0.02 mL, 0.16 romol) in dichloromethane (30 

mL) at 25°C was added BOP reagent (34 mg, 0.08 romol). 

After stirring 24 h, saturated aqueous sodium chloride 

solution was added and the resulting mixture was extracted 

with ethyl acetate (2 x 50 mL). The organic phase was 

separated, washed 2 x 2N HCl, 3 x NaHC03 and dried over 

Evaporation of solvent gave 36 (88 mg, 95%, 
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contaminated with 2 mg diJcetopiperazine); 'H NMR (8 

rotamers, poorly resolved spectrum) 60.21, 0.55, 0.71 (d, 

~ = 6.0-6.3 Hz, Val Me's); 1.41 (s, Boc); 3.74 and 3.75 (s, 

OMe's); 5.14 (m, OCH2); 6.73, 6.84, 7.04, 7.14 (m, Tyr-Ar); 

7.33 (br s, Bn-Ar). 

synthesis of BOC-Ibu-L-Ala-Map-Hmp-Gly-NMe-L-Leu-Gly-m~e-L

Va.l-O «N-dU;Je-L-Tyr ( 37 ) 

After stirring 36 (88 mg, 0.07 romol, contaminated with 

2 mg diketopiperazine) in EtOH (25 mL) with 5% Pd/C (40 mg) 

under 1 atm hydrogen at 25°C for 4 h, the reaction mixture 

was filtered and the solvent evaporated to give 37 (68 mg, 

84%, contaminated with 2 mg diketopiperazine); 'H NMR (8 

rotamers) 60.33, 0.67 (d, ~ = 6.6 Hz, Val Me's); 1.42 (s, 

Boc); 2. 77, 2. 87, 2. 98 ( s, NMe' s); 3. 75 ( s, OMe); 6. 80, 7. 10 

(d, ~ = 8.6 Hz, Tyr-Ar). 

synthesis of Ibu-L-Ala-l-lap-Hmp-Gly-m·7e-L-LeU-Gly-m,7e-L-val

O,N-dU7o-L-Tyr'TF~ (38) 

37 (68 mg, 0.06 romol, contaminated with 2 mg 

diketopiperazine) in TFA/CH2Cl2 (1:1, 4 mL) was stirred at 

room temperature for 30 min. The mixture was concentrated 

in vacuo. Further TFA was removed by successive additions 

of anhydrous ether ( 4 x 5 mL). Vacuum evaporation and 
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vacuum desiccation for several hover KOH and P20S gave 38 

(oil, 63 mg, 92%, contaminated with 2 mg diJcetopiperazine) ; 

'H NMR (acetone-d6 ,8 rotamers) 60.11, 0.30, 0.62, 0.72 (d, 

!I = 6.7-7.3 Hz, Val Me's); 2.78, 2.85, 2.91 (s, ID-ie's); 

3.75, 3.77 (s, oMe's); 6.87, 7.18 (d, !I = 8.5 HZ, Tyr-Ar). 

synthesis of 3R,4S,12S-1 from 38 

To 38 (63 mg, 0.054 mmol, contaminated with 2 mg 

diketopiperazine) in 60 mL dry THF at 0 °C under argon was 

added NMM (0.1 mL, 0.05 mmol), HOBT (38 mg, 0.28 mmol) and 

EDC (54 mg, 0.28 mmol). After stirring 48 h at 25°C and 

evaporating the solvent, the residue was taken up in EtOAc 

(40 mL). Washing with 10% NaHC03 (2 x 20 mL) and saturated 

citric acid (2 x 20 mL), drying (MgS04), and evaporating the 

solvent gave 25 mg of crude 3R,4~,12~-1. Preparative TLC 

(1/1 acetone-hexane) gave 8 mg of material with Rf 0.38, as 

in the preparation from 34. Impurities were again noted at 

the origin and with Rf 0.9, but none were visible between 

Rf 0.1 and 0.8. The nmr of this sample sho\'led it to contain 

the same sUbstances as in the preparation from 34, elccept 

that there was much less dilcetopiperazine (about 5% by 

weight) and much more of what is presumably 3R, 4~, 12~-1 (12% 

yield). 
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APPENDIX A 

250 and 500 MHz 1H NMR Spectra 
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APPENDIX B 

ABBREVIATIONS 

Aaa - alanylacetic acid 

Ar - aryl group 

Bn - benzyl 

Boc - t-butyloxycarbonyl 

BOP - BOP reagent 

CDI - carbonyldiimidazole 

DCC - dicyclohexylcarbodiimide 

EDC - 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide 

Et - ethyl 

Hmb - 2-hydroxy-3-methylbutyric acid 

Hmp - 2-hydroxy-3-methylpentanoic acid 

IBCF - isobutyl chloroformate 

Ibu - 4-amino-2,2-dimethyl-3-oxopentanoic acid 

Ipc - isopinocampheyl 

Me - methyl 

TFA - trifluoroacetic acid 

Z - benzyloxycarbonyl 
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