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EFFICIENT PREPARATION OF DOLASTATIN AND AURISTATIN ANALOGS

THROUGH A COMMON INTERMEDIATE

Cross-reference to related application

[000 I] This application claims the benefit of priority of U.S. Provisional Patent

Application No. 62/957,150 filed March 9. 2020, the entirety of ivhich is incorporated

herein bv reference.

Background

[0002] Dolastatins and related Auristatins are classes of compounds recognized as

important antineoplastic agents particularly ivhen coupled to antibodies for delivery

directly to cancerous cells. As vsiih many complex natural products and derivatives,

the syntheses of these molecules are generally quite intensive requinng numerous

chemical steps Today, scientists must develop each synthesis de novo and then

require further development to enable cGMP manufacturing of dolastatin and

auristatin-coniiuning payloads for conjugates

[0003] A need exists for nevv, more efficient methods of synthesis for production of

these chnically important compounds and to enable development ol'neiv dolastatin.

auristatins and related compounds

Summarv

[0004] Provided herein are methods for making dolastatins, auristatins or related

compounds by starting u ith a compound of Formula I

NH
Rio

0-Rg

ORs O OR/ 0

ivherein Ri. Rx Ri, Re Rs and Rs are each individuallv selected from H, Ci-Ci alkyl

Ci-Ce substituted alkvl. -ORii, -NRiiR», -SRii and halo. R» and R» are individuallv

selecied I'rom H. Ci-Ce alkyl: Re and Rs are each indn iduallv H or Ci-Ce alkvl. Re is

H or an acid proiechng group, and Rio is H or an amino proieciing group, by reacting

the C-ternttnaI carboxylic acid group vvtth an anune (A) io form an amide bond and

reactmg the N-terminal amme vvith a carboxylic acid (CA) to form an amide bond.

The reaction sieps. i.e, ihe reachon of the C-terminal carboxyhc acid svtth an amine
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(A). or ihe reaciion of the N-terminal anune vvith a carbovyltc acid (CA), can be done

in either order.

[0005] The amine (A) may be selected from al4 lamines. alkanolamines.

ary lalkanolamines. amino acids. amino acid derivatives. peptides. and peptide

derivatives. In various embodiments. the amine (A) may include one or more

substituents. In some embodiments. the amine (A) includes a protecting group.

[0006] The carbovy lic acid (CA) may be selected from amino acids. amino acid

derivatives, peptides and peptide derivatives. In some embodiments. the carbovy lic

acid (CA) includes one or more substituents. In some embodiments. the carbovylic

acid (CA) may have a protecting group

[00071 In a preferred embodiment, the R groups in the compound ol'Formula I are

selected to give the compound of Formula IA

Me
O ~" Me ',: ['t/[e

BOCH[v[., - '. ~..,,.:-".. [v[ '., "~., GH
N

OMe O QM6 0

[000g] Also provided is an isolated salt of Formula II:

0 Rs Rs

NH N 0
N Y',OR, O OR/ 0

II

vvherein Ri. Rs. Ri, Ri Rs and Rs are each individuallv selected H. Ci-Ce alkvl. Ci-Cs

subshiuied alkyl, -ORii, -NRiiR», -SR» and halo, R» and R» are individuaIIv

selected I'rom H and Ci-Ci alkyl, Re and Rr are each individually H or Ci-C~ alkyl.

Rio is H or an ammo protecting group. and Y's counterion

[000')j Also provided is a compound of Formula III:

Rs
Rr Rk ~~) RiZ, k. N 08n

R5 CIRs 0 OR) 0
III
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wherein Ri, Ri. R:. Rs and Rs are each individuallv selected from H. Ci-Ca all v l. Ci

Cg substituted alkvl. -ORii. -NR»Ri a -SRii and halo. Rii and Ri are individualh

selected from H and Ci-Ci, alkyl. Ra and Ri are each individually selected from H or

Ci-C~ alkvl. and Z is a counterion

[0010J Also provided are additional intermediate compounds and process steps vvhich

are useful for the preparation of high purity dolastatin core and high purity dolastatin

and auristatin compounds.

Brief Description of the Dravvings

[0011J FIG I shoivs the structural features of the preferred compound of Formula I.

(0012J FIG 2 shows the synthetic scheme I'or the preparation of Formula I.

(0013J FIG 3 shoivs evemplaty dolastatin and auristatin payloads that have entered

the clinic, including (A) MMAE, (B) MMAF, (C) XMT-1505, XMT-1536, (D)

Amberstatin 269, (E) Auristatin W, (F) Dolastatin 10, and (G) Pfizer Auristatin, along

vvith the universal dolastatin core described herein, the dolastatin core is highlighted

in each payload.

(0014J FIG 4 shoivs the synthetic schemes I'or the preparation of mc-Val-Cit-PAB-N-

Me-Val-OH, MMAE and vcMMAE via tu o routes from Dolastatin Core.

Detailed Descnption

[0015J To overcome the deficiencies in the conventional methods of preparing

auristatins and dolastatins. the inventors have identified and svnthesized an advanced

intermediate that can be efficientlv transformed into numerous dolastatin, auristatin

and related compounds. Through this identification and synthesis of a universal

dolastatin core. the inventors have been able to develop a neiv platform that can be

tailored to provide highly efficient syntheses of evzistmg dolastatins and auristatins,

such as those shovvn in Figure 3. Additionally. this platform may be used to develop

nevv dolastatins, auristatins and related compounds.

[0016J Provided herein are simplified methods for making dolastatins. auristatins or

related compounds using a universal dolastatin core, shoivn in Formula I:

Ra

NH
Rto~

0-Rg

R4 Rs 0Rg 0 OR7 0
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Accordmg to the methods provided herein, the C-terminal carboM lic acid is reacted

ivith an amine (A) to form an amide bond. and the N-terminal amme is reacted ivith a

carboxv lie acid (CA) to form an amide bond. yielding a dolastatin. an auristatin or a

further dolastatin or auristatin intermediate compound that can then be modified

further, such as by the addition of one or more of a spacer, a linker. and an attachment

group. These steps can be done in either order, that is. in some embodiments. the C-

terminal carboxylic acid is first reacted ivith an amine (A). then the N-terminal amine

is reacted with a carboxylic acid (CA). In other embodiments. the N-terminal amine is

reacted ivith a carboxylic acid (CA) first. then C-terminal carboxylic acid is first

reacted ivith an amine (A) to form the a dolastatin, an auristatin or a further dolastatin

or auristatin intermediate of interest

(0017J Suitable acid and amine protecting groups may be used to protect the terminal

that is being reacted in a subsequent step In embodiments in ivhich there is a

protecting group on the N-terminal amine, the protecting group can be removed by

conventional methods prior to reacting with carboxy lic acid (CA). When no

protecting group is included. the optional deprotecting step is not necessary.

Similarly, in embodiments in which there is a protecting group on the C-terminal

carboxylic acid. the protecting group can be removed by conventional methods prior

to reacting tvith amme (A). When no protecting group is included. the optional

deprotectmg step is not necessary

[001g] Suitable coupling agents may be used may be used when reacting the C-

terminal carboxylic acid ivith amine (A) and u hen reacting N-terntinal amine ivith

carboxylic acid (CA). Suitable couphng agents used in the methods provided herein

include. but are not limited to, carbonyldiimidazole (CDI). propylphosphonic

anhydride (T3P) solution and HATU Other suitable coupling agents are I'noun to

those of ordinary skill in the art. In some embodiments, a coupling additive is used.

Coupling additives are used in coupling reactions to inhibit side reaction and reduce

racemization. Useful coupling additives for the reactions described herein include N-

hydroxysuccinimide (HOSu). N-hydroxy-5-norbornene-2,3-dicarboximide (HONB).

I-hydroxybenzotriazole (HOBt), 6-chloro-I-hydroxybenzotriazole (6-Cl-HOBt). I-

hydroxy-7-azabenzotriazole (HOAt). 3-hydroxy-4-oxo-3.4-dihydro-1.2,3-

benzotriazine i HODhbt), its aza derivative (HODhat). and 2-pyridinol I-oxide

(HOPO) Additionally, when reachng N-iernunal amine iviih carboxylic acid (CA),

the carboxylic acid may be in ihe form ol'a prel'ormed activaied esier Common
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preformed actrvaied esiers rnclude N-hydroxv succrnimrde (NHS-esters), 4-

nitrophenol (PNP-ester), tetra/pentafluorophenol (TFP/PFP-esters) and N-

carboxv anhydrides (NCA's). Other suitable preformed activated esters are knovvn to

those of ordinary skill in the art.

[0019] With respect to the universal dolastatin core of Formula I

0 Rs Rs

~NH N 0-Rg

Rs Rs ORs 0

R» Rz, R.. R~ Rs and Rs are each rndrvrduallv selected I'rom H. C»Cs alkvl. Cr-Cs

substrtuted alkvl, -OR». -NR»R». -SR» and halo; R«and R» are rndrvidualh

selected I'rom H. C»Cs alkvl: Rs and R7 are each rndrviduallv H or Cr-C~ alkvl. Rsis

H or an acid protectrng group, and Rro rs H or an amino proiecirng group

[0020] The amme (A) may be selected I'rom alkylamines, alkanolamrnes.

arylalkanolamines, amino acids. amino acid derivatives. peptides and pepttde

deriyattves When amine (A) is a peptide or peptide denvatiye, it ts preferably 2-6

amino acid residues in length. In various embodiments. the amine (A) may include

one or more substituents, suitable substituents include C 1-Ce alh l. hydroxy. Ct-Cs

alkoxy, amino, thiol. Ct-Cs al4 lthio. and halo. In some embodiments, amine (A)

includes a protecting group. Suitable amine protecting groups include, but are not

limited to, tert-butoxycarbonyl groups (Boc), 9-tluorenylmethoxycarbony( groups

(Fmoc), benzoyloxycarbonyl groups (Cbz, Z), and allyloxycarbonyl (Alloc). Suitable

carboxyl protecting groups include, but are not limited to. simple esters. such as

methvl ester, ethyl ester. tert-butyl ester, and benzvl ester, as vyell as esters I'ormed

vyrih. e g., iriiyl, 2,4-dimeihoxy lbenyl (Dmb), ratd 9-f1uorenylmethyl (Fm). Other

suitable proiechng groups are knovvn to those of ordrnarv skrll rn ihe ari. In some

embodrmenis, antrne (A) may include one or more ol'a spacer, a linker and an

attachment group

[0021] In various embodrments, the amnte (A) rs selected I'rom phenylalanrne,

phenylalanme denvahv es, substtiuied phenylalanrne, subsuiuied phenylalanme

derivahv es, trypiophan, tD piophan dern atr yes, subsirtuied iryptophan, substtiuied
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tn ptophan denvatnes, phenylpropanolamme, proiected phenylpropanolamine,

substituted phenylpropanolamine, protected substituted phenylpropanolamine.

dolaphenine and protected dolaphenine. substituted dolaphenine. protected substituted

dolaphenine, dolaphenine derivatives. protected dolaphenine derivatives. substituted

dolaphenine derivatives. protected dolaphenine derivatives.

[0022] The carboxv lic acid (CA) may be selected from amino acids. amino acid

derivatives, peptides and peptide derivatives. When carboxylic acid (CA) is a peptide

or peptide derivative. it is preferably 2-6 amino acid residues in length. In some

embodiments. the carboxv lic acid (CA) includes one or more substituents. suitable

substituents include Ci-Cs all.vl. hvdroxv. C i-Ca all oxv, amino. thiol, Ci-Ci

alkv lthio, and halo. In some embodiments. the carbox) lic acid (CA) may have a

protecting group. Suitable carbox) I protectmg groups include, but are not hmited to,

simple esters. such as methyl ester, ethyl ester, tert-butyl ester, and benayl ester, as

vvell as esters formed vvith. e.g., tntyl. 2,4-dimethoxylbenyl (Dmb), and 9-

fluorenylmethyl (Fm). Suitable anune protecting groups include. but are not limited

to. tert-butox) carbonyl groups (Boc), 9-fluorenylmethoxycarbonyl groups (Fmoc).

benxoyloxycarbonyl groups (Cbz, Z). and allyloxycarbonyl (Alloc). Other suitable

protectmg groups are knoun to those of ordinary skill in the art In some

embodiments, carboxyhc acid (CA) may include one or more of a spacer, a linl'er and

an attachment group.

[0023] In various embodiments. carboxyhc acid (CA) is selected from valine,

protected vahne. substituted vahne. protected substituted valine, valine derivatives.

protected vahne denvatives, substituted valine denvatives. protected substituted

valine denvatives, alanine. protected alanme. substituted alamne, protected substituted

alanine, alanine denvatives, protected alamne denvatives, substituted alanine

derivatives and protected substituted alanine derivatives.

[0024J ln some preferred embodiments, the compound of Formula I is

R i

0 Rs Rs C:"') R

,N~,i .0--Rs
Ri,:

R„: Rs OR;; O OR.; O

vvith the R groups as defined above.
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[0025j In some preferred embodtments. ihe R groups in ihe compound of Formula I

are selected to give the compound of Formula IA.

Me
Q ~" Me &" ', Me

BOCHN., '-'., ~.. ""-,. N~'.. ~-.,OH
Me

GMe 0 OMe O

[0026] Also provtded ts an tsolated salt ol'Formula II:

0 Rs R2

Rs

~NH N

Rto N

OR, O OR/ 0

tvherein R» Rt, R» R~ Rs and Rs are each individuallv selected H. Ct-Cs alh I. Ct-Ce

substituted alkv I. -OR», -NR»R», -SR» and halo, R» and R» are individuallv

selected from H and C»Cs alkyl. 14 and Rt are each individually H or Ct-C~ alkyl,

Rto is H or an amino protecting group, and Y is counterion.

[0027] In some embodiments of the tsolated salt ol'Formula II, Rt. Rt, R:, R~ Rt and

Rs are each tndrvidually selected from H, methyl, ethyl. n-propyl, tso-propyl. n-butyl,

sec-butvl, tert-butvl. and iso-butvl: 14 and R7 are each indtviduallv H or meihvl, Rio is

H or ieri-buioaI carbonyl (Boc), and Y's an ammonium ton of the I'ormula

N+HR»R»R» svheretn R» ts selected from optionally substtiuied C]-Cs alkyl and

optionally substituted Cs-Cs cycloalkyl: Rw and R» are independently selected from

H. optionally substituted C»Cs alkyl and optionally subsututed C;-Cs cycloalky I:

tvherem each optional substituent. if present. is selected from alle I and aryl.

[0028j The tsolated salt accordmg etther of clatms IO or 11 uherem Y's selected

from the group consisting dtethylammonium ton, dibutylammonium ion.

dicyclohevylammonium ton, methylcyclohexylammonium ion and

methylbenaylammomum ion
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[0029j In some embodiments. the isolated sali ol'Formula II has the structure

Rs Ra

N

R4 Rs ORe 0 ORr
HUI

0 ~N~
R„, I Rts

R„4

ivherein the R groups are defined as above

[0030] In a preferred embodiment, the isolated salt ol'Formula II has the structure

BocHN N O'rN
Me

OMe 0 OMe 0
Me Me

[0031] Also provided are additional compounds useful both in the preparation of the

universal dolastatin core descnbed herein as vveil as in alteniate methods of prepanng

dolastatins, auristatins and related compounds These compounds are intermediates m

the preparauon ol'the universal dolastatin core described herein The use ol'these

intermediates yields high punty dolastatin core as well as high purity dolastatin and

auristatin compounds. It has also been found that the usefulness of these compounds

in producing high punty compounds extends beyond the synthesis of the universal

dolastatin core: they are also suitable in other methods of producing high punty

dolastatin and aunstatin compounds through other pathways.

[0032j Provided herein is a compound of Formula III:

~ Rs
Rs RP (

~ Ri

Rs 0Re 0 OR7 0
I I I

wherem Ri. Rs. R:,, Rs and Rs are each individuallv selected from H. Ci-Ce alkvl. Ci

Cs substituted alkyl, -OR«. -NRiiR«, -SR«and halo, Rii and Rn are individually
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selected I'rom H and Ci-Ca alkvl, Ra and Ri are each mdividuallv selecied from H or

Ci-Ca alkyl. and Z is a counterion. In some embodiments. the compound of Formula

III is in solution. In other embodiments. the compound of Formula III may be

isolated. The salt form enables facile isolation and purification at scale. The

cry stallization enables impurity purge beyond the capabilities of column

chromatography. The salt is a high purity. bench stable solid, tvhereas the free base is

an oil. Using this salt tvill enable significantly larger scale production compared nith

methods requiring column chromatography.

[0033] In some embodiments of Formula III, Ri, Rs, R;, Rs and Rs are each

individually selected from H, methyl, ethyl, n-propyl, isopropyl, n-butvl, sec-butyl,

iso-butyl, and tert-butvl; Rs and Ri are each individually selected from H, methyl.

ethyl, n-propyl, isopropyl, n-butyl. sec-buty I, iso-butyl. and tert-butyl; and Z is

selected from halide, sulfate, hydrogen sulfate. phosphate, hydrogen phosphate.

dihydrogen phosphate, mesylate, tosylate, benzene sulfonate, ethylsulfonate. nitrate,

formate, acetate. trifluoroacetate. oxalate, and citrate

(0034J In some embodiments, the compound of Formula III is

R; ORe 0 OR7 0
svherein the R groups and Z are deflned as above.

[0035] In a preferred embodiment, the compound is of Formula III is:

CI
CH3 r

~ ,N

CH3 OCHa 0 OCH3 0

OBn



WO 2021/183542 PCT/11 52021/021547

I0036j Also provided is a meihod of coupling an ammo acid to a compound of

Formula III

Hv N

R5 ORs 0 OR/ 0
111

tvherein Ri. Rz. RH Rs and Rs are each indi viduallv selected from H. Ci-Cs all v 1. C i

Ce substituted alkvl. -ORii. -NR»R». -SRii and halo, R» and Riz are individuallv

selected from H and Cz-CN alkvl, Rs and Rz are each individuallv selected from H or

Ct-CN alkyl. and Z is a counterion: by first contacting the compound of Formula Ill

vvith an aqueous base to remove the counterion, and then contacting the compound of

Formula Ill ivith an N-protected amino acid N-carbovyanhydride to yield a compound

of Formula IV.

~ Ra
O Rs R

" ";, R

r

Ria R; 0Rs 0 OR; Ci

IV

vvherem Ri. Rz. R:,, Rs. RN. Rz and Rs are delmed as above; Rie is an ammo acid side

chain. and R» is a protecting group. In various embodiments. the aqueous base is

selected from NazCOs. NaHCOi. NaOH, NazHPOi, and NasPOi The Boc-NCA

coupling is operationally convenient and facilitates isolation of compounds of

Formula IV. the reaction goes to completion and side products are easily purged by

aqueous vvorkup. Less than 0.5% epimerization is observed using Boc-NCA

compared to 5-10% for HATU-mediated coupling. This is particularly notevvorthy as

HATU is a preferred coupling agent to minimize epimerisation. This is particularly

important because diastereomeric impurities are difficult to remove.

[0037J ln some embodiments. of this method, the starting compound IIL and tinal

compound, IV. have Ri. Rz, Ri, R& and Rs each individually selecied from H, methyl,

eihyl, n-propyl, isopropyl, n-buiyl, sec-butyl, iso-buiyl, and tert-butyl; RN and Rz are

each mdividually selecied I'rom H, methyl. eihyl, n-propyl, isopropyl. n-butyl, sec-

buiyl, iso-buty l. and teri-butyl, and Z is selecied I'rom halide, sull'aie, hydrogen

sull'ate. phosphate, hydrogen phosphate. dihydrogen phosphaie, mesylaie. iosylate,

10



WO 21121/I tt3542 PCT/I/ 52021/021547

benzene sulfonate. ethvlsull'onate. nitrate. formaie, acetate. trifluoroacetate. ovalaie

and citrate. and the N-protected amino acid N-carboxv.anhydride is a Boc- protected

amino acid N-carboxv anhydride. and the the aqueous base is selected from NalCO!.

NaHCOi. NaOH. NalHPO!. and Na!PO! and is preferablv NalCO!.

[003g] In still other embodiments. the compound of Formula III is

HsC

N OBn

CH; OCH3 Q OCH3 0
the aqueous base is NazCO» the N-protected amino acid N-carboxyanhydnde is Boc-

Val-NCA, and the compound ol'Formula IV is

0 ~'" "C»l c" ', CH!

floe"

V»H, ro OC!S 0
! .!u

IV.

[0039I Also provided is a method of prepanng a crystalline compound of Formula V

lviihoui using column chromatography, the method involving the steps of providiilg a

crude hydroxy acid of Formula V

Fts Fts

Boc & .xw,.GH

Fts QRs O

vvherem Rz. Rl. and Rs are each individuallv selected from H. Ci-Cs alki I. Ci-C!

substituted alkvl, -OR». -NR»R». -SR» and halo; R«and R» are mdividualh

selected from H. Ci-C!, alkyl. and R! is selected from H and Ci-Ci alla I. dissolving

crude hydroxy acid in a soluble solvent, adding an insoluble solvent, initiating

crystallization. and allouing the crystalhzation to complete yielding a pu»fied

hvdroxy acid of Formula V. The 'soluble solvent's a solvent in uhich the hvdroxv

acid is soluble in. in some embodiments. the soluble solvent is heated vvhen dissolving

the hv droxv acid. The "insoluble solvent" is a solvent in vvhich the hvdroxv acid is

insoluble. In a preferred embodiment, the soluble solvent is tert-butyl methyl ether

(MTBE) and the insoluble solvent is heptane. In some embodiments, cB, stallization is
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miiiated by seeding ihe hydrovy acid In oiher embodiments. civ stallizaiion is

initiated by heat cycling. In still other embodiments. crystallization may be mitiated

by a combination of seeding and heat cycling. The resulting purified hydrovv: acid

mav be isolated as a crv stalline solid and is readv to use ivithout additional

purification—that is, no column chromatography is necessar vvhen using this

process. Advantageously, crystallization allovvs complete control of

diastereoselectivity improving the quality and purity of dovvnstream materials.

[0040] In some embodiments. the hydrovy acid of Formula V is

B . + Q OH
N

Rs ORe 0

vvherien Rx Rs and Rs are each individually selected from the group consisting of H.

methyl. ethyl, n-propyl, isopropyl, n-butyl, sec-butyl. iso-butyl. and tert-butyl, R& is

selected from the group consisting of H and methyl. In a preferred embodiment, the

soluble solvent is hot MTBE and the insoluble solvent is heptane. In various

embodiments. cB stallization may be initiated by seeding, by heat cycling or a

combination of seeding and heat cycling

[004 I] In a preferred embodiment, the hydroxy acid of Formula V is

Me4
Me

Boc P ~~ OH

OH 0

[0042j In some embodiments, the method further includes a step of isolating the

purified hydroxy acid of Formula V. The resulting purified hydroxy acid of formula V

is a crvstalline solid.

[0043J In some embodiments. the method includes the synthesis of the hydroxy acid

of Formula V vvithout the need for column chromatography at any step. In an

exemplary embodiment, the Ile-hydroxy acid shovvn above is synthesized starting

vvith N-Boc isoleucine. The method involves condensing the N-Boc-isoleucine ivith

mono-ethyl malonate to provide an Ile-keto-ester, reducing the Ile-keto-ester to

provide an Ile-hydroxy-ester, and sapontfy ing the Ile-hydroxy-ester to form a lle-

hydroxy-acid. The resulnng Ile-hydroxy-acid is then purified by dissolving the crude

Ile-hydroxy acid in a soluble solveni, adding an msoluble solveni, seeding ihe

12
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hydrov5 acid to initiate crystalhzation. and alloivmg the crystalhzation to complete.

yielding pu»fied Ile-hydrovv -acid. The purified lie-hydrovv acid is optionally filtered

and dried to vield a cn stalline solid.

[0044] Advantageously. this method provides a highly scalable method of preparing a

compound of Formula V in high diastereoselectivity xvithout the need for column

chromatography. The crv stallization step eliminates the need for column

chromatography and provides the material in a crystalline form that can be stored for

subsequent use.

[0045] Also provided is compound of Formula Vl.

Rs Pys
/tv.J..L

N

R, ORs 0
VI

xvheretn Rz. Ri. and Rs are each individuallv selected from H. Ci-C» alkvl. Ci-C»

substituted alkvl, -OR». -NR»R». -SR» and halo; R«and R» are individualh

selected lrom H. C i-C» alkvl. and R» is selected from H and C i-C» alkvl. and R» is

selected from optionally substituted Ci-C» alkyl and optionally substituted Cs-C»

cycloalkv I, R» and R» are independently selected from H, optionally substituted Ci-

C» alky I and optionally substituted Cs-C» cycloalkyl: tvherein each optional

substituent, if present, is selected alkyl and atv l. The salt form enables facile isolation

and purification at scale. The crystallization enables impurity purge beyond the

capability of column chromatography. The salt is a high purity, bench stable solid,

tvhereas the free acid is an oil.

l0046J ln some embodiment. the compound Formula VI is

Rs R,
Q 6+i

Boc. ~ ~L O NHRtsRt»Rts

P., OR, 0

&she»en Rr, R» and Rs are each individually selected from H. methyl, ethyl, n-propyl,

isopropyl, n-butyl, sec-butyl. iso-butyl, and tert-butyl. R» is selected from H and

methvl. and NHRi»R»R» is selected from diethvlammonium ion. dibutvlammonium

ion. dicyclohevylammonium ion, methylcyclohexylammonium ion and

methylbenzy1ammom um ion

13
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[0047] In still other embodiments, the compound of Formula Vl is

Me
Me

I r'„f.„,
[004g] Advantageously. the compound of formula VI may be isolated as a solid. In

some embodiments. the compound of Formula VI is a crystalline solid.

[0049] Further provided is a compound of Formula Vll

tvheretn Ri and Rs are individuallv selected from H. Ci-Cs alkvl. Ci-Cs substituted

alks l. -ORi i, -NRi iRiu -SRi i and halo: Rii and Ris are individuallv selected from H,

Ci-Cs all v I: Rr is selected from H or Ci-Cr alki I; and X is selected from halide

sulfate. hydrogen sulfate, phosphate. hydrogen phosphate, dihydrogen phosphate,

mesvlate. tosv late, benzene sull'onate, ethvlsulfonate. nitrate. formate. acetate, oaalate

and citrate Salt formation is advantageous as this material is unstable as the free base

The physical characteristics of the salt depends on the counterion In some sah forms

the material is a high purity. bench stable solid that xvhen crystalhzed efficiently

purges impurities. Other sah forms generate a viscous oil.

[0050] In some embodiments, the compound of Formula Vll is

.Fta Ft l

..G15n
.sN }X''Rt G

xvherem Ri and Rs are individually selected from H, methyl, ethyl, n-propyl,

isopropyl, n-butyl. sec-butyl, iso-butyl. and tert-buty I, Rr is selected from H and

methyl, and X is a halide, preferably chloride.

14
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I005 I j In sttll other embodtments, the Formula VII ts

Me

(0+/ ~Q~OBn0tt
Cf 'Me 0

which is a high purity, bench stable solid that when crystallized efficiently purges

impurities.

[0052] Advantageously. the compound of formula VI I may be isolated as a solid. In

some embodiments. the compound of Formula VI I is a crystalline solid.

[0053] Also provided is a compound of Formula VIll:

/0

H2N 0
VIII.

[0054] Thts compound can advantageously be used tn a stmpltlied preparatton of

vcMMAE as well as other aunstatins and dolastattns

[0055] Also provtded are methods ol'prepartng spectlic auristauns ol'nterest.

[0056] Also provtded ts a method of prepartng monomethyl aunstatin E I'rom a core

compound ol'ormula IA:

Me0 ~" Me: '; Me

BctcHN.. ". ~......, I4 '-. ~., QH

QMe 0 QMe 0Me'e IA

by contacting the core compound w 1th norephedrine m the presence of a coupling

agent to form a core compound-norephedrine mtermediate. deprotecting the core

compound-norephedrine intermediate to form a deprotected core compound-

norephedrine intermediate, contacting the deprotected core compound-norephedrine

intermediate vvith N-Boc-N-Me-Val-OH in the presence of a coupling agent to form

N-Boc-MMAE, and deprotecttng the N-Boc-MMAE to yield MMAE.

15
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[0057J MMAE may ihen be used to prepare vcMMAE For example, MMAE is

contacted ivith mc-Val-Cit-PABC-PNP in the presence of a coupling additive. The

reaction is alloued to proceed to completion and the product is purified by rp-HPLC.

[005gJ Further provided is a method of preparing vc-MMAE from a core compound

of Formula IA,

Me0 ~l" 'Me; ', Me

BoeHN. '. ~-.. -:.. N '.,:" -, OH

Me
OMe 0 Qlale 0

Me" Me IA

by contacting the core compound ivith norephedrine in the presence of a coupling

agent to form a core compound-norephedrine intermediate, deprotecting the core

compound-norephedrine intermediate to form a deprotected core compound-

norephedrine intermediate, contacting the deprotected core compound-norephedrine

intermediate ivith mc-Val-Cit-PAB-N-Me-Val-OH in the presence of a coupling agent

io yield vcMMAE

[0059J Also provided is a method of prepanng monomeihyl aunstaiin F from a core

compound ol'ormula IA:

Me~ .0 ~l Me;" '&le
BaeHN, '~. ~-.,:-", . N '.."«..QH'N

QMe 0 OMe 0Me'e
IA

by contacting ihe core compound iviih L-phenylalanine methyl ester hydrochlonde in

the presence of a coupling agent to form N-Boc-Val-Dil-Dap-Phe-OMe, deprotectmg

the N-Boc-Val-Dil-Dap-Phe-OMe to yield Val-Dil-Dap-Phe-OMe. contactmg Val-

Dil-Dap-Phe-OMe ivith N-Boc-Me-Val-OH in the presence of a couphng agent to

form N-Boc-N-Me-Val-Val-Dil-Dap-Phe-OMe, and deprotecting the N-Boc-N-Me-

Val-Val-Dil-Dap-Phe-OMe to yield MMAF.

[0060J Other auristatins, dolastatins and related compounds may also be made using

methods analogous to those described herein

[006 I J As used herein, the term 'alkyl" refers to a straight chain or branched,

saturated hydrocarbon. Representative a[4 I groups include, but are not limited to,-

methyl, -ethyl, -n-propyl,-n-butyl, -n-pentyl, -n-hexyl and so forth, exemplary

16
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branched alk) ls include, but are not hmited to, -isopropyl, -sec-buiyl, -isobutyl. -tert-

butyl. -isopentyl and 2-methylbutyl. An alkyl group may be attached at any available

point to produce a stable compound. The term alkyl is also meant to encompass a

fullv substituted carbon.

[0062] The term "amino" refers to -NHx as vvell as "disubstituted amino" ivherein

one of the hydrogen atoms is replaced by a non-hydrogen substituent: and

"trisubstituted amino" vvherein both of the hydrogen atoms are replaced by non-

hydrogen substituents. vvhich may be identical or different.

[0063] The term "amine (A)" refers specifically to the amine-containing compound

that is reacted vvith the C-terminal carboxvlic acid of the universal dolastatin core

described herein. The anune (A) may be selected from alky lamines. alkanolamines,

arylall anolamines, amino acids, amino acid derivatives, and peptides. In vanous

embodiments. the amine (A) may include one or more substituents, suitable

substituents include Ci-Cs all.vl. hvdroxv. C i-Ca all ovv, amino. thiol, C i-Ci

alkv lthio, and halo. In some embodiments, anune (A) includes a protecting group. The

protectmg group may be an amine proteciing group. a carbovyl protecting group, or a

protecting group on the side chain or other protectable location. Suitable amme

protectmg groups include. but are not hmited to. tert-butoxycarbonyl groups (13oc). 9-

fluorenylmethoxycarbonyl groups (Fmoc). benxoyloxycarbonyl groups (Cbx Z), and

Allyloxycarbonyl (Alloc) Suitable carboxyl protectmg groups include. but are not

hmited to, simple esters. such as methyl ester, ethyl ester, tert-butyl ester. and benzoyl

ester. as vvell as esters fomted tv 1th, e g., trityl. 2,4-dimethoxylbenyl (Dmb), and 9-

fluorenylmethyl (Fm). Other suitable protecting groups are knovvn to those of

ordinary skill in the art In some embodiments. amine (A) is selected from

phenylalanine. phenylalanine derivatives, substituted phenylalanine. substituted

phenylalanine derivatives, tryptophan. tryptophan derivatives, substituted tryptophan,

substituted tiv ptophan derivatives. phenylpropanolamine, protected

phenylpropanolamine, substituted phenylpropanolamine, protected substituted

phenylpropanolamine, dolaphenine and protected dolaphenine. substituted

dolaphenine, protected substituted dolaphenine, dolaphenine derivatives. protected

dolaphenine derivatives. substituted dolaphenine derivatives. protected dolaphenine

derivatives In still other embodiments, the amine may be a peptide. preferably having

2 — 6 ant/no acids residues. ihe amino acid residues may include combinationsol'7
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naiurally occumng amino acids, non-siandard ammo acids. subsiituied amino acids,

and amino acid derivatives. and may include a protecting group.

[0064] The term "amino acid" refers to both naturally occurring amino acids. i.e..

standard and non-standard amino acids. as ivefl as chemicallv svnthesized amino

acids. and includes both L- and D-isomers. Substituted amino acids are amino acids

that include one or more substituents. typically on the side chain. Amino acid

derivatives are amino acids tvhich the u-amino group or acyl group have been

chemically modified. Such modifications may include. for example, the addition of

protecting groups. spacers. Iinkers, or other functional groups that are useful for

further modification of the amino acid. Protected amino acids are amino acid

derivatives that have a protecting group on the tr-amino group, the acyl group or both

the tr-amino group and the acyl group. Suitable amine protecting groups include, but

are not limited to, tert-butox).carbonyl groups (Boc). 9-fluorenylmethoxycarbonyl

groups (Fmoc), benzoyloxycarbonyl groups (Cbz, Z), and Allyloxycarbonyl (Alloc).

Suitable carboxyl protecting groups include. but are not limited to, simple esters, such

as methvl ester. ethv I ester, tert-butvl ester, and benzvl ester, as tvefl as esters formed

tvtth. e g., trit).l, 2,4-dimethoxylbenyl (Dmb), and 9-fluorenylmethyl (Fm).

[0065] The term "aryl" refers to a carbocyclic aromatic group. Examples of aryl

groups include. but are not limited to. phenyl. naphthyl and anthracenyl. In various

embodiments, carboxylic acid (CA) is selected from amino acids, antino acid

derivatives. peptides and peptide denvatives.

[0066] The term "carboxylic acid (CA)'s used herein refers specifically to the

carboxylic-acid contammg compound that is reacted tvith the N-terminal of the

universal dolastatin core in the methods descnbed herem The carboxylic acid (CA)

may be selected from amino acids. amino acid derivatives, peptides and peptide

derivatives. When carboxylic acid (CA) is a peptide or peptide derivative. it is

preferably 2-6 amino acid residues in length. In some embodiments. the carboxylic

acid (CA) includes one or more substituents, suitable substituents include Ci-Ca alkyl,

hvdroxv. Ci-Cs alkoxv. amino. thiol. Ci-Ca alkvlthio. and halo. In some embodiments

the carboxylic acid (CA) may have a protecting group. The protecting group may a

carboxyl protecting group, be an amine protecting group. or a protecting group on the

side chain or other protectable location. Suitable carboxyl protecting groups include.

bui are noi limited to, simple esters, such as methyl esier, ethyl ester. tert-butyl esier.

and benzyl ester. as u ell as esiers formed rviih, e g . iniyl. 2.4-dtmethoxylbenyI
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(Dmb). and 9-fluorenylmeihyl (Fm) Suitable amtne proiecting groups include, bui are

not hmited to. tert-butoxycarbonyl groups (Boc). 9-fluorenylmethoxv carbonyl groups

(Fmoc). benzoyloxv:carbonyl groups (Cbz. Z), and Allyloxycarbonyl (Alloc). Other

suitable protecting groups are knotvn to those of ordinary skill in the art. In some

embodiments. carboxylic acid (CA) may include one or more of a spacer. a linker and

an attachment group.

[0067J The term "coupling agent" refers to peptide coupling reagents used to activate

a carboxyl moiety of a carboxylic acid to facilitate reaction tvith an amino group. such

as the ct-amino group of an amino acid. or the N-terminal amine of the universal

dolastatin core. Suitable coupling agents used in the methods provided herein include.

but are not limited to. cabonyldiimidazole (CDI), propylphosphonic anhydride (T3P)

solution and HATU. Other suitable coupling agents are knovvn to those of ordinary

skill in the ari. Coupling agents are generally used in the presence of a base. such as

diisopropylethylamine (DIPEA) and N-methylmorpholine (NMM).

[0068J The term 'coupling additive" refers to peptide coupling reagents that, in

addition to facilitating the formation ol' peptide bond, also inhibit side reactions and

reduce racemization. Useful coupling additives for the reactions descnbed herein

include N-hydroxysuccininnde (HOSu), N-hydroxy-5-norbomene-2.3-dicarboximide

(HONB). I-hydroxybenzotriazole (HOBt). 6-chloro-I-hydroxybenzotriazole (6-Cl-

HOBt). I-hydroxy-7-azabenzotriazole (HOAt). 3-hydroxy-4-oxo-3.4-dihydro-1,2.3-

benzotriazine (HODhbt). its aza derivative (HODhat), and 2-pyridinol I-oxide

(HOPO). Couphng additives are generally used in the presence of a base, such as 2.6-

lutidine. DIPEA and NMM

[0(k69J The term "halo 'efers to elements in Vila of the periodic table. such as

fluonne. chlorine. bromine and iodme. The term 'hahde" refers to the ion of a

halogen.

[0070J The term "heterocyclic" refers to any a[4 I or ar I ring containing at least one

non-carbon atom in the ring, i.e., heteroalkyl and heteroaryl, respectively. Exemplary

non-carbon atoms include, but are not limited to, oxygen, nitrogen and sulfur,

heterocyclic rings may include tvvo or more non-carbon atoms in the ring, in such

instances. the tvvo or more non-carbon atoms mav be the same or different.

[0071J The term "linker" refers to a chemical entity modified to attach to an antibody

or small molecule targeting group at one end and a cytotoxic agent, such as a

dolasiatin or aunstaiin ai the other end Conventional linkers include cleavable linkers
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and non-cleavable linl ers. The linl'ers may include an aitachment group. I'or

attachment to an antibody. antibody fragment or other tar& etmg entity. and a spacer,

vvhich allo)vs for interaction at. e.g.. a cleavable site.

[0072J The term "peptide" as used herein, are 2 or more amino acids. substituted

amino acids. amino acid derivatives. or substituted amino acid derivatives. including

standard. non-standard. and chemically synthesized amino acids. and including for L-

and D-isomers. that are linked together in an amide linkage. Peptides may include

protecting groups at the N-terminal or the C-terminal. Suitable amine protecting

groups include, but are not limited to. tert-butovycarbonyl groups (Boc), 9-

fluorenylmethoxvcarbonyl groups (Fmoc), benzoyloxv carbonyl groups (Cbz, Z). and

Allyloxy carbonyl (Alloc) Suitable carboxyl protecting groups include, but are not

limited to, simple esters, such as methyl ester, ethyl ester, tert-butyl ester, and benzyl

ester, as vv ell as esters formed vvqth, e g, trityl, 2,4-dimethoxylbenyl (Dmb). and 9-

fluorenylmethyl (Fm). When peptides, substituted peptides, peptide derivatives. or

substituted peptide derivatives are used for amine (A) or carboxylic acid (CA), they

are preferably 2-6 amino acid residues in length

[0073J The term "substituent'efers to any group that replaces a hydrogen atom of.

e.g . an all yl. cycloalkyl. aryl. heteroaryl, amine, and so forth. Substituents may

include, but are not hmited to. such groups as alkyls, substituted alkyls. aryls,

heteroaryls. ethers, amines, anndes, thiols. sulfides. disulfides, halo and protectmg

groups Suitable substituents for the annne (A) and the carboxyhc acid (CA) used in

the methods descnbed herein mclude C t-Cc alkyl, e.g . methyl, ethyl, propyl,

isopropyl, butyl, sec-butyl. isobutyl, tert-butyl, pentyl, and so forth, hydroxy, Ci-Ct

alkoxy, e.g., methoxy, ethoxy. and so forth, amino, thiol, Ci-Ce alkylthio, and halo.

[0074J Examples. The follovving examples are illustrative of the synthesis of the

universal dolastatin core and useful intermediates.

[0075J Example l. Preparation of N-Boc-Dolaisoleuine methylbenzylamine salt.

MeN
Me

OH
HN [

Bac 0

Nqsoc-isoleucine

CDI tt ec );

Mqcls t2.75 eq ',

Et;N,'3.15 eq.t
KO. - OEt

C 013 seq)

THE 0 ta 20 '0
'. 8-72 5

Vie
Me

HN

B&c 0 0

lie-)tete-ester
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[0076] To a cooled solution (7 'C) of N-Boc-isoleucine (100 g, I equiv ) m THF (5

vol.) vvas charged CDI (I equiv.), portion-vvise. The reaction ivas ivarmed to 20 'C

and stirred for 4 h. then cooled to 0 'C. To a suspension of potassium mono-ethyl

malonate (2.2 equiv.) in THF (15 vol.) at 7 'C tvas charged anhydrous MgClt (2.75

equiv.). portion-vvise. then vvarmed to 20 'C and stirred for I h. This suspension tvas

cooled to 0 'C. charged tvith EtiN (3.15 equiv.), and stirred for 2 h at 0 'C. The 0 'C

imidazolide solution vvas charged slovvly to the malonate suspension maintaining the

temperature & 3 'C. The combined suspension tvas vvarmed to 20 'C and stirred for

18-72 h. The reaction vvas quenched vvith 10"/c (vv/vv) aqueous citric acid (20 vol.),

maintaining an internal temperature ol'& 23 'C, and then concentrated under reduced

pressure. The acidic aqueous layer vvas extracted vvith MTBE (3 x 5 vol ). The

combined organic extracts vvere ivashed vvith 20'/c (vv/vv) aqueous NatCOi (2 x 5

vol.), dried over NatSOt and concentrated under reduced pressure to give the desired

Ile-I eto-ester (95% yield) ivithout lurther purification.

Me~
ttBH,(2O q.&

OEt
MeOH. -40 'C

Boc 0 0 5h

1 le-ketowster

Me
Me

HN
OEt

Boc OH 0
lie-hydroxy-ester

[0077I MeOH (5 vol.) was cooled to & -40 'C and KBHt (2.0 equiv.) vvas charged and

surred at -40 'C for 30 min A solunon of lie-keto-ester (130 g, I equiv ) in MeOH (5

vol.) and charged slovvly to the KBHt slurry, maintaining the internal temperature &-

40 'C. The reaction vvas stirred for 5 h at -40 'C The reaction vvas quenched by

charging to a stirred solution of 10'/c (vv/vv) aqueous cilnc acid (20 vol.), with intenial

temperature & 8 'C and a resulting pH of 3-5. The MeOH tv as removed under reduced

pressure, and the remaimng aqueous phase extracted ivith MTBE (3 x 5 vol.). The

combined organic extracts ivere washed with 20'/c (vv/vv) aqueous NatCOs (2 x 5

vol.), dried over NatSOt. and concentrated under reduced pressure to give the desired

Ile-hydroxy-ester (8r)"/c yield. dr & 13: I ) vvithout further purification.

Me
Vle

HN
.OFt

Boc OH 0

tte-ttydroxywster

Me~-
NaOH /1 05 eq &

.OH
EtOH, 23 'C

25h Bcc OH 0

lie-hydroxy.acid
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[007g] To a RT solution of lie-hydrovy-ester (I lg g. I equlv ) in EtOH (5 vol.) vvas

charged 2.5 M aqueous NaOH (1.05 equiv.). The reaction vvas stirred ivith an internal

temperature & 23 'C for 2.5 h. EtOH ivas removed under reduced pressure and the

basic aqueous phase evtracted ivith MTBE (2 x 5 vol.). The combined organic phases

vvere extracted ivith 2.5 M aqueous NaOH (2 v 0.5 vol.). The aqueous phases ivere

combined and acidified vvith HsPOi (g5 ivy%. 1.5 equiv.) to a pH of 4. The acidified

aqueous phase vvas evtracted vvith MTBE (3 x 5 vol.). The combined organic

evtractions ivere dried over Na SOi and concentrated under reduced pressure to a

constant vveight of crude Ile-hydrovv-acid (99% yield). The resultant vveight of the

crude vvas used in the subsequent cD stallization.

(0079J The crude Ile-hydroxy-acid vvas dissolved in MTBE (2 vol.) and heptane (2

vol.), and then vvarmed to 55 'C. Heptane (4 vol.) vvas charged, maintaining the

temperature at 55 'C. The mixture vvas cooled to 45 'C and seeded (0 5 vvt%). After

initiation of crvstallization vvas observed. the mixture vvas held at 45 'C for 2 h,

cooled to RT over I h, stirred vigorously I'or another 12 h. and then the solid products

vvere isolated by Bltration The lilter cake vvas vvashed vvith heptane (2 vol ) and dned

under vacuum to give the desired lie-hydroxy-acid (75% yield, dr & 99 I) The

crystallization step ehminates the need for purification by column chromatography,

providing both a stable. sohd product and scalability.

Me~
Me

OH

Boc OH O

lie hydroxy acid

hiHMDS /4 Q eq ) Me~ ..

Meovf (4.3 eq )

OMs, -4s.c "'H T
sh Boc OM O

)44Soc-nil

[00g0] To a chilled (-45 'C) solution of lie-hydroxy-acid (5 g, I equn ) in anhydrous

dimethoxyethane (20 vol ) vyas charged LtHMDS (1.0 M in hexanes. 4 0 equiv.),

mamtaining the internal temperature & -45 'C MeOTf (4.3 equiv.) vvas then charged.

mamtaining the internal temperature at & -45 'C The reaction vvas stirred at & -45 'C

for 5 h until ludged complete. The reaction vvas quenched by the addition of methanol

(5 vol.) and 10% (vv/vv) aqueous NaOH (4 0 equiv.). mamtaining an internal

temperature of & -45 'C. then u armed to 5 'C and stirred until judged complete The

reaction mivture ivas concentrated under reduced pressure to remove organic solvents

and then diluted vvith heptane (20 vol.). vvhich vvas extracted vvith 10% (vv/vv) aqueous

NaOH (2 x 5 vol.) The combined basic aqueous phases were adjusted to pH 4 bv the
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addition of H3POt and ihen evtracied vviih I: I heptane/MTBE (3 v 5 1 ol ) The

combined organic layers )vere dried over Na&SOt and concentrated under reduced

pressure to crude N-Boc-Dil. The resultant vveight of the isolated crude vvas used in

the subsequent chromatographic step.

[00g I J The crude N-Boc-Dil vvas loaded onto silica (not less than 20 g silica per I g

of crude: silica equilibrated vvith eluent) using a minimal amount of I:5

MTBE/heptane and eluted vvith 20% MTBE/heptane/0. 1% acetic acid. Positive

fractions vvere combined and reduced under pressure. and the resultant iveight vvas

used for the subsequent reer stallization.

Me~
Iete

MeN

Boc OMe 0
N-Boc-nil

NHe
(995 eq )

Ph Me

hepteltc

Mi e~ Me
NHe

Boc 0Me 0

N-Boc-nil.methylhenzylentine

[00g2J N-Boc-Dil (I equiv ) vvas dissolved in heptane (10 vol.) and heated to 50 'C

for 30 min. S-tr-methylbenzylamine (0.95 equi v.) was charged, the reaction was

cooled to 37 'C. and then seeded (0.5 w4%) The reaction ivas cooled to 20 'C over I

h and stirred for an additional 6 h. and then solid products tv ere isolated by filtration

The filter cake ivas washed vvith heptane (2 vol.) and dried under vacuum to give the

final N-Boc-Dil methvlbenzv lanune.

[0083J Example 2 Preparation of 0-benzyl ester Dolaproine hydrochloride salt.

0 LiCI (1 1 eq)
0 0 Et;N (1 3 eqi
f

Et' Et . HF, -15ic 23 '0
Me Ph 16 h

0 0
J.

Et N 0

Me Ph

[0054J A solution of (4R,5S)-(+)-4-methyl-5-phenyl-2-oxazolidinone (100.0 g, I

equiv.) in THE (30 vol.) vvas cooled to -20 C. To the precooled solution vvas added

lithium chloride (1.1 equiv.) follovved by Et:N (1.3 equiv.) vvhile maintaining an

internal temperature & -15 'C. Propionic anhydride (1.2 equiv.) vvas added over 30

min. ivhile maintaining an internal temperature & -15 'C. The mixture ivas ivarmed to

23 'C and stirred for 16 h. The reaction vvas concentrated under reduced pressure and

partitioned bet)veen EtOAc (5 vol.) and 0.2 M aqueous HCI (5 vol.). The organic

layer vvas vvashed with I M aqueous NaHCOi (2 v 2 vol.) and bnne (2 x I vol ) The

organic layer was dned over NaiSO4, filiered and concentraied under reduced

23



WO 2021/183542 PCT/11 52021/021547

pressure to afl'ord ihe desired Evans-type oxajoitdtnone (130 I g, 99%) as a viscous,

hght yellov«oil 1«hich v«as used vvithout further punfication.

(~&.
N

Boc 0

0 0 BupBOTf (1.3 ep.l
Jl, k Et:N (1.5 eq!

Et N 0
CH;Clt

Me Ph

Me,Ph
Me

.N'..'0

Boc OH 0 0

N-Boc-L-prolinal (1 1 eql Evans aldol adduct

[00g5] A solution of (4R,5S)-4-methyl-5-phenyl-3-propionyloxaxolidin-2-one (25.75

g. I. I equiv.) in CHiCE (10 vol.) vvas cooled to 0 'C. Triethylamine (1.5 equiv ) was

charged to ibis cold reaction mixture I'ollovved by the addiiion of dibutyl boron inflate

(I M in CHsCls. I 3 equiv.) while maintaining the reaction temperature & 4 'C. The

reaction was stirred for I h at 0 'C then cooled to -70 'C. A solution ol'-Boc-L-

prohnal (20.0 g, I 0 equiv.) in CHsCls (6 vol.) vvas charged, maintaining the

temperature & -60 C. The reaction vvas stirred for 2 h at -70 'C, I h at -0 'C, then 15

min at room temperature. The reaction vvas quenched ivith 0.1 M aqueous sodium

phosphate buffer (pH=7, g vol.) follovved by the slovv addition of 30% aqueous

HtOi/MeOH (I:2, 30 vol.) maintaining the temperature & 10 'C and stirred for I h.

The mixture vvas diluted vvith DI vvater (15 vol.) and concentrated under reduced

pressure to complete removal of organic soh ent. Dl ivater (15 vol.) vvas added to the

residue. The mixture vvas extracted vvith EtOAc (3 x 15 vol.). The combined organics

vvere ivashed vvith I M KHSOt (15 vol.), DI water (15 vol ). saturated aqueous

NaHCO; (15 vol.) and brine (15 vol.). Charcoal (20 wi%) vvas charged and remov ed

by filirauon The filtrate was concentrated under reduced pressure io obtain Ev ans

aldol adduct as a tv hite foant thai vvas utilixed without further purification (45 g)

fv1e, Ph

N
1 (:,

Boc OH 0 0

Evans aldol adduct

H.O. H,O.
cu 0 -q)

THF

Me
/ OH

N

Boc OH 0

N-Boc-nap-ttydroxy-acid

[00g6J To a solution of Evans aldol adduct (50 g. 1.0 equiv.) in anhydrous THF (13

vol.) vvas charged vvater (3.3 vol.) and cooled to 5 'C. 30% aqueous H101 (I vol.) vvas

added. follovved by the addition of LiOH (1.6 equiv.) in Dl vvater (2 vol.). The

reacuon mass w as surred for 5 h ai 5 'C under niirogen atmosphere The reaciion vvas

quenched by the addition of NaHSOi (4 equn ) m DI vvater (5 vol ) and siirred I'or 16
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h The resulting mixture was adjusted to pH 9 iviih saiurated aqueous NaHCOi and

ivashed ivith CH2C12 (2 x 10 vol.). The aqueous layer ivas cooled and adjusted to pH 2

by addition of I M aqueous KHSO4 and evtracted ivith EtOAc (2 x 10 vol.). The

combined EtOAc evtracts ivere ivashed ivith brine (10 vol.) then dried over NatSO4

and concentrated under reduced pressure to obtain N-Boc-Dap-hydrovy-acid as a

yelloiv oil that ivas used ivithout further purification (24 g).

Me

3» .-OH
jj

Boc OH 0

N-Boc-Dap-hydroxywcid

Iriezsos {2.5 eqs

THF, -50 io 23 C I I
48 h Boc OMe 0

N-Sac-Dap

[{I{I87j To a -50 'C solution of N-Boc-Dap-hydrovy-acid (6.0 g, 1.0 equiv.) in

anhydrous THF (20 vol ) vvas added MezSO4 (2 5 equiv.) folloived by LiHMDS (I M

in THF, 2.5 equiv.) maintaining the temperature ( -50 'C The reaction vvas vvarmed

io room temperature and stirred for 48 h under nitrogen atmosphere. The reaction

ivas quenched by the addition of 10% aqueous NaOH and stirred for 12 h. The

mixture vvas concentrated under reduced pressure to remove THF and adl usted to pH

4 by the addition of I M aqueous HiPO4. The acidified aqueous layer vvas extracted

ivith MTBE (3 x 10 vol ) and concentrated under reduced pressure to obtain N-Boc-

Dap as a yelloiv oil tv hich tv as used ivithout further pun fication (5 5 g).

Me

OH

Boc OMa 0

N-Bac-Dap

BnCI {1 I eq )

KRCOs {2 0 eq Ie»
OMF, 23 'C

16 h

Me

.OBn
N

Boc OMe 0

N-Bac-Dap henryl ester

j0088J To a solution of N-Boc-Dap (2.45 g, I equiv.) in DMF (8 vol.) vvas added

K2COR (2.0 equiv.). KI (0.1 equiv.) and benzyl chloride (I I equiv.) The reaction vvas

surred for 16 h at RT and then quenched by the addiuon of toluene (5 vol.) and DI

vvater (5 i ol ) The organic layer vvas collected and ihe aqueous layer extracted ivith

toluene (5 vol.). The combined organic layers were tv ashed ivith DI vvaier (5 vol ) and

concentraied under reduced pressure. The residue tv as purilied via silica gel column

chromaiography (SI'ar 50 g duo) eluung vviih a hepiane io 60 40 hepiane/EiOAc

gradieni to obiain N-Boc-Dap benzyl ester as a colorless oil (2 84 g, 88%o)
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Me
/

r Y""
Boc OMe 0

N-Boc-Dap neneyl ester

Me
3M HCI ln CPM!5 (2.5 eq.) p I pgn

toluene OMe 0
= CI

0-Bn-Dap. HCI

[0059] To a stirred solution of N-Boc-Dap benryl ester (5.7 g. 1 equiv.) in toluene (5

vol.) vvas added 3 M HCI in CPME (2.5 equiv.). After stimng for 16 h. the reaction

vvas concentrated under reduced pressure to removed CPME and HC1. The residue

vvas dissolved in toluene (5 vol.) and heated to 110 'C. After dissolution, the reaction

vvas cooled to RT and the solid product isolated by filtration. The solid tvas tvashed

vvith toluene (2 vol.) and dried to afford 0-Bn-Dap. HCI (2. 9 g, 61%) as a vvhite

cv, stalline solid.

(0090J Example 3 Preparation of Dil-Dap-O-Bn.HCI

rsP 0 5 is! l
sf!

0! n

! OMec
Clu

0 Bn.nap,HCI

!!le+
i li

ri" NH1

alen 'I
Flci. toVii in

N-Bocqslr.rnetnytnenzytenztne

!spina
yl;

Mc

parr ".:N I1;1
0!'lir 0 0!':le ".

ntlqaap-o-rtn.HCI

A stirred mixture ol'N-Boc-Dil methylbenzylamtne (10 g. I equlv ) in CPME (4 vol.)

vvas washed vvlth 4 M aqueous HCI (3 x I 5 vol.) and DI water (3 vol.). The combined

aqueous vvashes were exqracted with CPME (3 vol ) and the combined organic layers

dried by constant volmne distillation (10 vol ). To the stirred solution was added

OBn-Dap HCI (I equn ). NMI (I equiv ), T3P (50% solution in EtOAc, I 5 equiv.)

and DIPEA (3 equtv.) After stirring I'or 2 h the reaction vvas quenched by the addition

of 4 M aqueous HCI (3 vol.) and the layers separated. The organic layer vvas washed

vvlth 4 M aqueous HCI (3 vol ) then DI vvater (3 vol.). The combined aqueous layers

vvere extracted with CPME (3 vol.) then the combined organic layers dned by

constant volume distillation (10 vol.). To the stirred solution was added 3 M HCI in

CPME (5 equlv.) After stirring for 16 h the reaction was concentrated. The res!due

vvas crystalhned from MTBE/CPME to give Dil-Dap-OBn HCI as a vvhite sohd (g 6 g.

611%, 99.6 A%).

[0091] Example 4 Preparation of isolated universal dolastatln core N-Boc-Val-Dil-

Dap-OH.DCHA from Dil-Dap-OBn.HCI
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lae
Me r ) Iv)eCl,

I N~ I OBn Bocv rat-NCA Il 5 eq )

T 'll 'I
If

Irtc OMc 0 Civic 0 CHBClr, 35 'C
16 fl

Dil.Dep-O-BN.HCI

lvle
0 ) )vie (; Me

BDDHN..-K e) ~ N~ .I OBn

OMe 0 OMe 0fvle'c
N-Boc-Val-Oil&op-OBn

[0092] A solution of Dil-Dap-OBn. HCI in CH)CI) (4 vol.) vvas )vashed )vith 20%

aqueous Na)CO) (3 x 2 vol.) and the aqueous layer extracted vvith CHBCIB (2 vol.).

The combined organic layers )vere vvashed )vith DI )vater (3 vol.) and dried by

constant volume distillation (10 vol.). N-Boc-Val-NCA (1.5 equiv.) )vas added to the

stirred solution and the reaction stirred at 35 C for 16 h. The solvent vvas svvapped to

iPrOAc and the reaction quenched by the addition of I M aqueous NaHCO1 (5 vol.)

and gly cine (5 equiv.) The organic layer vvas vv ashed vvith I M NaHCO1 (5 vol.) and

DI vvater (5 vol.). The N-Boc-Val-Dil-Dap-OBn product vvas utilized in the

subsequent step as a solution in iPrOAc.

O N'rte
/ rrte

Nte

BecHN. '. H.. ~ . N .. OBrr

Y If
Orrie Ci Oue O

Me 'Irrc

N.Boc.Vet.ott.Dope)Bn

Str N 16 ec,
HoorH 15 ee I

5 1 Prl'O (6 'I Atr

re I rnronrrinlooH
16 rr

O 'e
1

L rl
I'c

Orle 0 Olla 0
I le'rle

Dcleeretrrr Core

.j. 1

[0093] To a stirred solution N-Boc-Val-Dil-Dap-OBn (2 g. I equiv.) in iPrOAc (10

vol.) vvas added MeOH (I vol.), 5% Pd/C (0.1 vvt ). TEA (6 equiv.) and I'ormic acid (5

equiv ). AfIer 16 h the solution ))as filtered through Celite and liltrate vvashed with 4

M aqueous HCI (3 x 5 vol ) and DI water (5 vol.). The soh ent vvas svvapped to g0:20

heptane/iPrOAc and DCHA (I equiv ) was charged Dolastatin Core, N-Boc-Val-DII-

Dap-OH.DCHAr (75%r 199 A%) v) as Isolated as a vvhite cn stalline solid by filtration

[0094j Example 5. Full preparation of the universal dolastatin core

I.IN

Boc 0

N E)oo lsolBDODB

6)
I:IN

)3r)r 0 ly

IIB.Kero.)15)el

[0095] To a cooled solution (0 'C) of N-Boc-isoleucine (I eq.) in THF (5 vol.) vvas

charged CDI (I eq.) poruon )vise The reaction was allowed to warm to RT and shrred

for 3 h To a suspension ol'potassium monoeihyl malonate (2.2 eq ) in THF (15 vol.)

ai 0'C was added EilN (3 IS eq ) and anhydrous MgCIB (2 7S eq ) The suspension

vvas allo)ved to vvarm to RT. stirred for 3 h then cooled to 0'C. The RT imidazohde
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solution was charged slowly to the malonate suspension mainiammg the temperaiure

at NMT 5 'C. The combmed suspension vvas alloived to vvarm to RT and stirred for 72

h. The reaction ives quenched ivith 10% aqueous citric acid (20 vol.) and concentrated

under reduced pressure to remove THR The acidic aqueous layer vvas extracted ivith

MTBE (3 x 5 vol.). The combined organic extracts vvere vvashed vvith sat. aq.

NaHCOi (5 vol.), dried over Na&SOi and concentrated under reduced pressure to give

the desired product (95% yield) ivithout further purification.

Boc O C3

Ile Keio Ifster 141 Ityd/oxv-L stei

(0096J Methanol (5 vol.) vvas cooled to NMT -40 'C and KBHi (2 eq.) vvas charged

and stirred at NMT -40 'C for 30 min. Keto-Ester (I eq.) vvas dissolved in Methanol

(5 vol.) and charged slovvly to the KBHi slurry maintaining the internal temperature

NMT -40 'C The reaction vv as stirred for 4 h at that temperature then quenched by

charging to a stirred solution of 10% aqueous citric acid (20 vol.) The pH of the

resulting solution vvas 3-5. The MeOH vvas removed under reduced pressure then the

aqueous layer extracted ndth MTBE (3 x 5 vol ). The combined organic extracts were

vvashed vidih sat. aq NaHCOi (5 vol ). dried over NaiSOi and concentrated under

reduced pressure to give the desired product (89% yield) vviihoui further purification

(diastereoselectivity 13: I).

()

Bric Oli 0 Boo i'3
I I O

Ife.hyttri~xy Ester I Ie- I iydtoxv'ei;id

[0097] To a RT solution of I le-hydroxy-ester ( I eq.) in EtOH (5 vol ) vv as charged

10% aqueous NaOH (1. 05 eq.) and diluted vvith vvater (4 vol.). The reaction ives

stirred at RT for 2.5 h after vvhich time HPLC indicated the reaction ives complete.

The EtOH vvas removed under reduced pressure and the basic aqueous phase

extracted vvith MTBE (2 x 5 vol.). The combined organic phases vvere extracted vvith

10% aqueous NaOH (0.5 vol.) and the aqueous extract combined with the product

containing basic aqueous phase. The combined aqueous phase vvas acidified vvith
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HsPO! (g5 wi/0. 1.5 eq ) to ad)usi the pH to 4 The acid!lied aqueous phase was

extracted ivith MTBE (3 x 5 vol.). The combined organic extracts !vere dried over

NasSOi and concentrated under reduced pressure to a constant iveight (99'/0 yield).

[009g] The iveight of the isolated product ivas used in the subsequent crystallization.

The crude Ile-hydroxy-acid ivas dissolved in MTBE (2 vol.) and Heptane (2 vol.) and

the solution ivarmed to NMT 55 'C. Heptane (4 vol.) vvas charged maintaining the

temperature NLT 50 'C. After the addition the mixture vvas cooled to 45 'C. Upon

cooling to 45 'C the crystallization vvas initiated. (either spontaneous. or addition of

0 5 vvt% of seed). After cv, stalhzation initiation tv as observed the nnxture ivas held at

45 'C for 2 h then cooled to RT After cooling to RT the slum. ivas stirred vigorously

for 12 h then isolated by filtration The lilter cake vvas ivashed ivith heptane (2 vol )

and dried under vacuum. The product ivas isolated in 75% yield vvith a dr ) 99: l.

HN

I,"i!xi (ot I
t~)

Iln-ttydroxy.acid

,OH

lgoc (3. O

N. Igoc.!)il

I0099] A solution of Ile-hydroxy-acid (I eq ) in anhydrous THF (20 vol ) was cooled

to NMT -50'C and MezSOa (2.05 eq ) was charged maintaming the temperature NMT

-50'C. LiHMDS (1.0 M in THF, 3.3 eq ) was charged maintainmg the temperature

NMT -50 'C. The reaction was alloived to warm to RT and stirred overnight. The

reaction vvas quenched by the addition of 10'/0 aqueous NaOH (10 eq.) and stirred for

12 h. The mixture vvas concentrated under reduced pressure to remove THF then the

basic aqueous phase tv as extracted with MTBE (2 x 5 vol.). The aqueous phase was

adjusted to pH 4 by the addition of H!POi and extracted with MTBE (3 x 5 vol.) The

combined organic layers ivere dried over Na!SOi and concentrated under reduced

pressure, the crude material vvas isolated in good yield. N-Boc-Dil vvas further

purified by crystallization in the subsequent step.

,Ol 1

N

B/ic Or te 0!

N 13rc 13!l

Nl !i

13oc i)Mo O 'J .1

N-Bcr-frrkiltettiylbenzylair&ine
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[0100] N-Boc-Dil (I eq ) vvas dissoh ed in heptane (10 vol ) and heated to 50 'C S-ct-

methylbenzylamme (I eq.) ivas charged and the reaction cooled to 35 'C. After

stirring at 35 'C for I h the reaction was cooled to RT and stirred vigorously for 12 h.

The solid was isolated by filtration and washed with heptane (2 vol.) to give the salt in

high vield (70%).

Pit
Into,

I.i N . ,:

Liui (1 'I etti
E'nNI It 3 eq)

ci

lite I! ii

[0101] (4R,5S)-4-methyl-5-phenyl-3-propionyloxazolidine. A solution of (4R,5S)-(+)-

4-methyl-5-phenyl-2-oxarolidinone (100.0 g, 0.564 mol, I equiv) in 30 vol ol'etrahvdrol'uranvvas cooled io -20 'C in a 70% ivaier-MeOH/drv ice bath To the

precooled solution was added lithium chlonde (26.32 g. 0 621 mol, I. I equiv) followed

by tri ethyl amine (102.2 mL, 0. 734 mol, 1. 3 equiv) at such a rate to keep the temperature

belovv -15 'C. Propionic anhydride (86.82 mL, 0.677 mol, 1.2 equiv) vvas then added

over 30 min to keep the temperature belovv -15 'C. The mixture vvas then removed from

the bath and stirred at room temperature overnight (-15 h). Once the reaction vvas

complete (confirmed by LCMS or HPLC), the mixture ivas concentrated under reduced

pressure. The mixture vvas then partitioned betvveen 500 mL of ethyl acetate and 500

mL of 0.2 M hydrochloric acid. The organic layer vvas then collected and vvashed vvith

2 x 100 mL of I M sodium bicarbonate and 2 x 100 mL brine. The organic layer vvas

collected and dried over sodium sulfate. Concentration under reduced pressure afforded

the final product (130.1 g. 0.558 mol, 99%) as a viscous. slightly yellovv oil No

purilicaiion vvas required.

I'ii
a!e

ii
N .,i'ie

td

Ii

Bet. 0

Be,isntt ii 2 eai
Et N (i O eqi

IeiiBE

pa
Me

lite
0

N
.N., ''

j;ie oi» i&

[0102] N-Boc-Pro-Xc. A solution of (4R.5S)-4-methyl-5-phenyl-3-

propionyloxaxolidine (35.9 g, 0.164 mol. 1.3 equtv) in 4 vol of MTBE was cooled to 0

'C in an ice bath. The cooled solution tvas charged vvith triethv lamine (34.8 mL, 0.201

mol. 2 0 equiv) follovved by careful addition of I 0 M dibutylboryl

trifluoromethanesulfonate solution in dichloromethane (150 0 mL, 0.150 mol, 1.20

equiv) at such a rate to keep the temperature belovv 5 'C. The mixture was allovved to
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stir for 5 hrs After 5 hrs, the solution was cooled to -78 'C in an acetone/dtx ice bath

Next a solution of Boc-L-prolinal (25.0 g. 0.125 mol, 1.0 equiv) in 25 mL of MTBE

vvas prepared and cooled to -78 'C. The cooled solution was then cannulated to the

reaction mixture at such a rate to keep the temperature belovv -60 C. The reaction ivas

alloived to sloivly vvarm to room temperature for 24 hrs. The reaction was then

quenched vvith phosphate buffer (pH=7, 50 mL), follovved by the addition of 75 mL of

methanol. and then cooled to 0 'C. To the cooled solution vvas added a solution of 30%

aqueous hydrogen peroxide and methanol (1:2. 100 mL) at such a rate to keep the

internal temperature belovv 10 C. The reaction vvas then stirred at 0 'C for 1 hr. The

reaction vvas quenched ivith 100 mL of vvater, then concentrated under reduced

pressure. The aqueous nuxture vvas then extracted vvith MTBE (2 x 100 mL) and the

organic layers are combined. The organic layer ivas then vvashed ivith 1 M potassium

bisulfate (2 x 30 mL), saturated sodium bicarbonate (2 x 30 mL), and brine (2 x 30 mL)

The organic layer vvas then collected and dried over sodium sulfate then concentrated

under reduced pressure. The crude product vvas then purified via Si column

chromatography using 10% to 30% ethyl acetate in heptane to afford the syn-adduct

(11 62 g, 0.027 mol. 22%) as a vvhite foam.

Pn

isle

f
Boc OH 0

lue,OBr- /2 Iraqi Ph
proter;, spoogoi30 rxII,....., IVI

: ICXI

Itoc 0/uen

[0103] N-Boc-Dap-Xc. A solution of N-Boc-Dap-Xc (19.0 g, 0.044 mol, 1 0 equiv) in

5 vol of dichloromethane vvas cooled to 0 'C in an ice bath To the cooled soluuon vvas

added proton-sponge (28.3 g, 0.132 mol, 3.0 equiv) 1'ollovved by trimethyloxonium

tetrafluoroborate (12.85 g, 0.087 mol. 2.0 eq). The reaction mixture vvas allovved to

vvarm to room temperature overnight (-18 h) The reaction vvas cooled to 0 'C and

quenched by the addition of 30 mL of water that has been cooled to 0 'C. The reaction

vvas then filtered through a pad of celite, and the filtrate vvas evaporated under reduced

pressure and partitioned between 250 mL of MTBE and 200 mL of u ater. The orgamc

layer vvas separated. and the aqueous layer u as extracted uith 3 x 20 mL of MTBE

The orgamc layers vvere combined and vvashed vvith I M aqueous potassium bisulfate

solution (2 x 20 mL). saturated sodium bicarbonate solution (2 v 20 mL). and brine (2

x 20 mL). The organic layer was then dried over sodium sulfate and concentrated under

reduced pressure to afford the crude product as an oil The product vvas then purified
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via Si column chromatography (0% to 15% eihyl acetaie in heptane) N-Boc-Dap-Xc

(11.54 g, 0.026 mol, 59%) was isolated as a clear oil.

ale

'-NW;.'a -,8

I)ec ~ct~ie 0

nII'ilii i2 2 eip
giiOH 14 3 eq!

", I.is

Me

8(x Ceie."!

[0104] N-Boc-Dap-OBn. A solution of n-BuLi (2.5M in hexanes, 4.93 mL. 0.012 mol.

2 2 equiv) in THF (9.2 mL) was cooled to 0 'C Benzoyl alcohol (2 55 mL, 0 025 mol.

4 3 eq) was added dropwise to the solution The reaction was allovved io siir at 0 'C I'or

I hr Meanwhile, a 0 2 M solution ol'N-Boc-Dap-Xc (2.56 g, 5.73 mmol, I 0 equiv) in

THF vvas prepared and cooled to 0 'C. The BnOLi-BnOH vvas cannulated into the N-

Boc-Dap-Xc solution at such a rate to maintain the reaction temperature belovv 5 'C.

The reaction vvas allovved to stir for 1-3 h. until complete by HPLC. The reaction

mixture vvas diluted ivith 15 mL of ethyl acetate and quenched via the slovv addition of

15 mL of sodium bicarbonate. The organic layer vvas separated and ivashed vvith an

additional 15 mL of sodium bicarbonate follovved bv 2 x 15 mL of vvater and 2 x 15 mL

of brine. The organic layer vvas then collected and dried over sodium sulfate. The

solution vvas concentrated under rotary evaporation to afford the crude product The

crude product vvas punfied via Si column chromatography using a 0-50%

EiOAc/Heptane gradient. The product (1.78 g, 4 72 mmol, 82%) vvas isolated as a clear

oil

Me
HCI'CPM""

C 2 Civic 0

[0105J OBn-Dap-HCI Salt. N-Boc-Dap-OBn (5.7 g, 15 mmol, 1.0 equiv) ivas

dissolved in 5 vol of toluene. To the solution ivas added 3 M hydrogen chloride solution

in CPME (12.6 mL, 2.5 equiv). The reaction mixture vvas allovved to stir overnight.

Upon completion, the solution vvas concentrated under rotaD evaporation. The crude

maienal was taken up in 5 vol of toluene. and heaied to 80 'C ihen allovved to cool to

RT After siirnng I'or 12 h ai RT the produci w as isolated by Iiltraiion. The filier cake

vvas vvashed with 2 vol ol'oluene to give the product as a white sohd (2 9 g. &99%

puntv. 62%)
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(0106] N-Boc-Dil.amine salt (I eq.) vvas dissolved in CPME (10 vol ) and ivashed three

times with 2.0 M HCI (5 vol.) and once vvith HiO, the combined aqueous ivashes ivere

extracted vvith CPME (10 vol ) and the combined organic layers concentrated to 10 vol

then constant volume vacuum distilled until ivater content vvas &0 1%. OBn-Dap.HCI

(I eq ) vvas charged followed by DIPEA (3.0 eq), I-methylimidazole (I 0 eq), and T3P

(1.5 eq.). The reaction vvas stirred at RT 0/N at vvhich time HPLC analysis indicated

the desired intermediate vvas formed The reaction vvas ivashed tvvice ivith 2 0 M HCI

(5 vol ) and twice with water (5 vol.) ihen constant volume vacuum distilled until water

conteni w as &0.1%. 3 0 M HCI m CPME (7 5 eq ) was charged and ihe reaction stirred

at RT 0/N at which time HPLC analysis indicated the desired product was I'ormed

Constant volume vacuum distillation to remove HCI and swap the solvent io MTBE

was perl'ormed and the product recrystallized from MTBE. The product was isolated

by ldiration as a vvhiie sohd (70% I ield).

I.ICI . N
' Q'

ItN

Qlse Q Qtrle Q

Bu,IN,/. ~ - - N ~ -,Qi nJ

Ql''.e Q 'I'e Q

Dil-DatuQBn I-IQI N Bo: Val Di!lDap QBo

[0107] DII-Dap-OBn.HCI vvas dissolved in DMF (15 vol.). To this solution, vvas

charged N-Boc-Val (1.5 eq.), DIPEA (3 eq.) and COMU (1.9 eq.). The reaction was

shrred ai RT 0/N After this time the reachon vvas quenched by the addition ol' M

aqueous HCI (10 vol.) and extracted vvtth EtOAc (2 x 10 vol ) The combined organics

vvere washed with I M aqueous NaHCOi (10 v ol ), dried over NaiSO4 and concentrated

under reduced pressure The crude material was purified by column chromatography

(25 g/g loadmg) vvith an EtOAc in Heptane gradient. N-Boc-Val-Dil-Dap-OBn vvas

isolated as a clear oil (72%)
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[0108] N-Boc-Val-Dil-Dap-OBn ives dissolved MeOH (10 vol.) and 10% Palladium

on activated carbon paste ty pe 487-10R487 (0.1 eq.) vvas charged. Triethylamine (10

eq ) and formic acid (9 eq ) «vere added and the reaction stirred at RT for 48 h Celite

(I vvt.) vv as added and the reaction filtered through a celite pad rinsing vv ith MeOH. The

filirates vvere concentrated and punlied by column chromatography (25 g/g loading)

vvith an EtOAc in Heptane gradient ivith 0 1% AcOH additive N-Boc-Val-Dil-Dap-

OH vvas isolated in 95% vield

(0109] Example 6. Use of universal dolastatin core in the preparation of

monomethylaunstatin E (MMAE)

(0110] A. Preparation of Val-Dil-Dap-(IS,2R)-(+)-norephednne

[0111] A solution of N-Boc-Val-Dil-Dap-OH DCHA (Example 4) (I g. I equiv ) in

iPrOAc (10 vol.) ivas vvashed iviih 4 M aqueous HsPOi (2 x 2 vol.) then Dl Water (2

vol.) and the organic layer dried vv ith NazSOiu filtered and concentrated under reduced

pressure. To the residue vvas added IPrOAc (10 vol.), (IS,2R)-(+)-norephednne (1.2

equiv ). NMI (I equiv.), DIPEA (I 5 equiv ) and T3P (50% in EtOAc. 2 equiv.). After

stirnng at RT for 2 h the reaction vvas quenched by the addition of 2 M aqueous HCI

(10 vol ) and the layers partitioned. The orgamc layer vvas ivashed ivith 2 M aqueous

HCI (10 vol.) then 20% aqueous NaiCOf (10 vol.), dried over NaiSOi, filtered and

concentrated under reduced pressure. The residue v«as dissolved in toluene (10 vol.)

and 3 M HCI in CPME (5 equiv.). After stirring at RT for 72 h the reaction ives

quenched by the addition of I M aqueous NaHCOf to pH 9 and the layers partitioned.

The aqueous layer ives extracted vvith iPrOAc (3 x 10 vol.) and the combined organic

layers dried over NaeSOi. filtered and concentrated to afford Val-Dil-Dap-(I S.2R)-(+)-

norephedrine (650 mg, 80%) vvhich can be uiilixed in subsequent sieps vviihoui furlher

punlicaiion

[0112] B Preparanon ol'N-Boc-MMAE

[0113] To a siirred solution of Val-Dil-Dap-(IS,2R)-(+)-norephedrine (100 mg, I

equiv ) in DMF (10 vol ) ives charged HATU (I 5 eqfuv ), N-Boc-N-Me-Val-OH (I 5

equiv ). and DIPEA (2 5 equiv ) Afier siirnng ai RT for 16 h ihe reaction vvas quenched
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by ihe addition of 2 M aqueous HCI (10 vol ) EtOAc (10 vol ) was charged and ihe

layers partitioned. The aqueous layer was extracted vvith EtOAc (2 x 10 vol.) and the

combined organic layers washed with I M aqueous NaHCOs (10 vol.). The organic

layer was dried over NaiSOi. filtered and concentrated under reduced pressure. The

residue ivas purified by silica gel column chromatography (Sfar HC 10 g) eluting v«ith

80:20 EtOAc/Heptane to 80:20 EtOAc/EtOH gradient. Product containing fractions

vvere combined and concentrated under reduced pressure to afford N-Boc-MMAE (130

mg. 96%) as a colorless oil.

[0114] C. Preparation of MMAE

[0115] To a stirred solution of Boc-MMAE (130 mg, I equiv.) in toluene (20 vol.) vvas

added 4 M HCI in dioxane (5 equiv ). After stirring at RT for 16 h the reaction vvas

quenched by the addition of I M aqueous NaHCO: to pH 9 and the layers partitioned.

The aqueous layer vvas extracted vvith EtOAc (3 x 10 vol.) and the combined organic

lavers dried over NasSOi, filtered and concentrated to afford crude MMAE. The residue

vvas purified by silica gel column chromatography (Sfar HC 10 g) eluting vvith 80:20

EiOAc/Heptane to 60/40 EtOAc/EtOH gradient. Product containing Iractions were

combined and concentrated under reduced pressure to afford MMAE (100 mg. 80%) as

a colorless oil. A portion of the purified material vvas isolated by preparative rpHPLC

(0.05% forrruc acid in ivater and acetonitnle. YMC PackPro C18, 250 x 20 mm. 10

Itm). The structure ivas verified by 'H NMR (spectrum consistent ivith literature) and

high-resolution mass spectrometry (ESI. m/z = 718.5136. calc [M+H]'18.5113).

[0116] Example 7. Preparation of vcMMAE from MMAE

[0117] To a stirred solution of MMAE (36 mg. I equtv ) in DMF (10 vol.) vvas added

mc-Val-Cit-PABC-PNP (I. I equiv ), HOPO (I I equtv ) and 2.6-lutidine (2 vol.). After

stirnng overnight at RT the material vvas purified by preparative rp-HPLC (0.05%

formic acid in vvater and acetonitrile, YMC PackPro C18, 250 x 20 mm, 10 Irm). The

positive fractions vvere lyophilized to isolate vcMMAE (65 mg, 98%) and the structure

vvas verified by 'H N MR (spectrum consistent vvith literature) and high-resolution mass

spectrometry (ESL m/z = 1316.7820, calc. [M+H]'316.7864)
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[0119J To a scintillation vial were added N-Methyl-L-valine (6.2 equiv.) and mc-Val-

Cit-PABC-PNP (500 mg, I 0 equiv.). The vial vvas purged vvith nitrogen (x 3), and the

sohds vvere suspended in 2,6-lutidine (4.0 vol.) and DMF (4 0 vol.). Sohd HOPO (I 2

equiv ) vvas added in one portion, the vessel vvas sealed, and the reaction vvas stirred

vigorously for 48 h The reaction vvas poured into MTBE (200 vol.), and the resulting

mixture vvas vacuum Altered (vvashing vvith MTBE) to deliver a grey solid The solid

vvas sotubiltzed in minimal AcOH (4 0 vol ), and the resulting solution vvas

chromatographically purified on silica gel (5% MeOH in CHiCB to 20%) to provide

mc-Val-Cit-PAB-N-Me-Val-OH as a pale-yellovv residue (200 mg).

[0120J Example 9 Preparation of vcMMAE irom Val-Dil-Dap-(I Se2R)-(+)-

norephedrine

[0121J To a stirred solution of Val-Dil-Dap-(IS,2R)-(+)-norephedrine (50 mg, I

equiv ) in DMF (10 vol ) vvas added mc-Val-Cit-PAB-N-Me-Val-OH (1.5 eqiuv ).

HATU (I 5 eqiuv ) and 2.6-luti dine (10 vol.). The reaction vvas stirred 0/N and puri fied

by preparative rp-HPLC (0 05% formic acid in water and acetonitrile, YMC Pac[epro

C I gr 250 x 20 mm, 10 pm). The compound vvas isolated (20 mg, 20%) and the structure

vvas venfied by HPLC (retention time matched previous vcMMAE matenal) and high-

resolution mass spectrometry (ESI, m/z = 1316.7766; calc. [M+H[ 1316.7864).

[0122J Example 10. Preparation of Val-Dil-Dap-Phe-OMe from universal dolastatin

core

[0123J A solution of N-Boc-Val-Dil-Dap-OH.DCHA (Example 4) (0.525 g, I equiv.)

in iPrOAc (10 vol.) vvas vvashed vvith 4 M aqueous HHPOi (2 x 2 vol.) then DI Water (2

vol.) and ihe organic layer dned vviih NatSOn Iiliered and concentrated under reduced

pressure. To the residue was added iPrOAc (10 vol.), L-phenylalanuie meihyl ester

hydrochlonde (I I equiv ). NMI (I equn ). DIPEA (2.5 equn ) and T3P (50% in

EiOAc, 2 eqiuv ) Aller stirnng at RT I'or 0/N ihe reaciion vvas quenched by ihe addition

of 2 M aqueous HCI (10 vol ) and the layers partihoned The organic layer vvas washed

u iih 2 M aqueous HCI (10 vol ) then 20% aqueous NatCO; (10 vol ) dned ov er NaiSOir

36



WO 2021/183542 PCT/11 52021/021547

filtered and concentrated under reduced pressure The residue tvas dissolved m toluene

(5 vol.). 1.4-dioxane (5 vol.) and 3 M HCI in CPME (5 equiv.). After stirring at RT for

16 h the reaction ivas quenched by the addition of I M aqueous NaHCOi to pH 9 and

the layers partitioned. The aqueous layer ivas extracted ivith iPrOAc (3 x 10 vol.) and

the combined organic layers dried over NaiSOi. filtered and concentrated to afford Val-

Dil-Dap-Phe-OMe (350 mg. 80%) vvhich can be utilized ivithout further purification.

[0124] Example 11. Preparation of monomethylauristatin F (MMAF)

[0125] A. Preparation of Boc-MMAF-OMe

[0126] To a stirred solution of Val-Dil-Dap-Phe-OMe (100 mg, I equiv.) in DMF (10

vol.) vvas charged HATU (1.1 equiv.). N-Me-Val-OH (1.1 equiv.) and 2,6-lutidine (10

vol.) After stirring at RT for 2 h the reaction vvas quenched by the addition of 2 M

aqueous HCI (10 vol.). EtOAc (10 vol.) vvas added and the layers partitioned. The

aqueous layer vvas extracted ivith EtOAc (2 x 10 vol ) and the combined organic layers

dried over NaiSOi. filtered and concentrated under reduced pressure. The residue vvas

purified by silica gel column chromatography (Sfar HC 10 g) eluting ivith 80:20

EtOAc/Heptane to 80:20 EiOAc/EiOH gradieni. Concentration ol'ositive fractions

gave Boc-MMAF-OMe (124 mg. 93%) as a colorless residue.

[0127] B. Preparation of MMAF

[0128] To a stirred solution of Boc-MMAF-OMe (124 mg. I eqtuv ) m toluene (8 vol.)

and 1,4-dioxane (8 vol.) vvas added 3 M HCI m CPME (16 vol.). The reaction vvas

stirred at RT for 16 h and quenched by the addition of 20% aqueous NazCOi to pH 11

The mixture was extracted vvith iPrOAc (3 x 10 vol.). dned over NasSOi. fihered and

concentrated under reduced pressure. The residue ivas dissoh ed m 4 M aqueous HCI

(20 vol.) and AcOH (20 vol.) and stirred at RT for 24 h. The reaction vvas purified by

preparative rp-HPLC (0.05% formic acid m u ster and acetonitrile, Phenomenex

Kinetex F5, 150 x 21.2 mm, 5 pm). The highest puritv fractions vvere combined and

lyophilized to yield MMAF (7 mg, 5%). The structure v«as verified by 'H NMR

(spectrum consistent vvith literature) and high-resolution mass spectrometry (ESI, m/z

= 732.4901: calc. [M+H['32.4906).

[0129] All examples provided herein are exemplaD in nature and are not meant to limit

the scope of the invention as defined by the claims.
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The invention claimed is

A method for makmg a dolastatin, auristatin or related compounds comprismg

the steps of.

providing a compound of Formula l. or salt thereof.

Rs

0 Rs Rs R,

ttH

Ri;.

0-Rs

R i ns o/rs o

vvherein

Ri, Rx Ri. Ra Rs and Rs are each individuallv selected from the

group consisting of H. Ci-Ci, alkyl, Ci-Ci substituted all yl, -ORii,-

NRiiRu, -SRii and halo,

Ri i and Ris are individually selected from the group consisting

ol'H. Ci-Cs alkvl

Re and Ri are each individually H or Ci-Cr alkyl,

Rs is H or an acid protecting group. and

Rio is H or an ammo protecting group.

if Rs is an acid protecting group. deprotectmg the C-terminal carboxylic acid group.

reactmg the C-terminal carboxyhc acid group vvith an amine (A) to form an amide

bond.

if Rio is an amino protecting group. deprotecting the N-terminal amine.

reactmg the N-terminal amme vvith a carboxylic acid (CA) to form an amide bond.

2 The method of claim l wherein the steps of

if Rs is an acid protecting group. deprotecting the C-terminal

carboxylic acid group, then

reacting the C-terminal carboxylic acid group vvith an amine (A) to

form an amide bond:

are performed before the steps of

if Riii is an amino protecting group, deprotecting the N-terminal amine,

then
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reacting the N-terminal amine ivith a carbox) hc acid (CA) to l'orm an amide

bond.

3. The method of claim 1 ivherein the steps of

if Ris is an amino protecting group. deprotecting the N-terminal amine. then

reacting the N-terminal amine ivith a carboxylic acid (CA) to form an amide

bond

are performed before the steps of

if Rs is an acid protecting group. deprotecting the C-terminal carboxylic acid

group. then

reacting the C-terminal carboxv lic acid group vvith an amine (A) to form an

iuuide bond

4 The method according io any of claims l to 3 vvheretn the amine (A) is

selected from the group consisting ol'alkylamines, all anolamines, aiv lalkanolanunes,

amino acids. amino acid denvatives, peptides and peptide derivatives.

vvherein the amine (A) may have one or more substituenis. and

vvherein the amine (A) may have a protecting group

5 The method according to any of claims l to 4 vvheretn the amine (A) is

selected from the group consisting of phenylalanme. phenylalamne denvatives,

substituted phenylalanine. substituted phenylalamne derivatives, tryptophan.

tryptophan derivatives. substituted tryptophan, substituted tryptophan derivatives.

phenylpropanolamine. protected phenylpropanolamme. substituted

phenylpropanolamme. protected substituted phenylpropanolamme, dolaphenine and

protected dolaphenine, substituted dolaphenine, protected substituted dolaphenine.

dolaphenine derivatives, protected dolaphenine derivatives. substituted dolaphenine

derivatives. protected dolaphemne denvatives.

6. The method according to any of claims l to 5 ivherein the carboxylic acid

(CA) is selected from the group consisting of amino acids, amino acid derivatives.

peptides and peptide derivatives.

vvherein the carboxylic acid (CA) may have one or more substituents, and

vvherein the carboxylic acid (CA) may have a protecting group.

7. The method according to any of claims l to 6 ivherein the carboxylic acid

(CA) is selected from the group consisting of valine, protected valine, substituted

vahne, proiecied subshiuied valine, valme denvaiives, protected valine derivatives,

subshiuied vahne

derivatives,

proiecied subshiuied v aline denvatives. alanine,
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protected alantne. substttuted alantne, protected substituted alanme. alanme

derivatives, protected alanine derivatives. substituted alanine derivatives and

protected substituted alanine derivatives.

8. The method according to any of claims I to 7 vvherein the carboxylic acid

(CA) comprises one or more of a spacer. a linker and an attachment group.

9. The method according to any of claims I, 2 or 4 to g vvherein the compound of

Formula I is

Me0 I'e '" Me

BOOHN, . ~-, g-, '.. N~'.. ~., OH

OMe 0 OMe 0

10. An isolated salt of Formula II:

NH

R„c~

R,,

vv herem

Rn Rz, Rn R~ Rs and Rs are each mdtvidually selected from the group

consisttng of H. C»Ce alky I, C»Cr substituted alkyl, -OR», -NR»R». -SR»

and halo.

Rii and R» are mdtvtdually selected from the group consisting of H

and C|-Ce alkvl,

Rr, and R7 are each individually H or C 1-Ct all~ 1.

Rto is H or an amino protecting group, and

Y's counterion.
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I I The isolated salt according to claim 10, tvherem

Ri, Rs. Ri. R» Rs and R» are each individually selected from the group

consisting of H, methyl. ethyl, n-propyl. iso-propyl, n-butyl. sec-butyl, tert-

butyl. and iso-butyl.

R» and Ri are each individuallv H or methvl.

Rio is H or tert-butovy carbonyl (Boc), and

Y is an ammonium ion of the formula N HRNRNRis vvherein Rn is selected

from the group consisting of optionally substituted C i-C» alkyl and optionally

substituted C;-C» cycloall.vl: Ri» and Ri» are independently selected from the group

consisting of H, optionally substituted Ci-C» alkyl and optionally substituted Ci-C»

cycloalkyl. vvherein each optional substituent, if present. is selected from the group

consisting of all 31 and acyl

12 The isolated salt according to either of claims 10 or 11 vvherem Y's selected

from the group consisting diethylammonium ion, dibuty.lammonium ion,

dicyclohevy lammonium ion, methylcyclohexyl ammonium ion and

methvlbenzv lammonium ion

13 The salt according to any of claims 10 to 12. vvherein the salt is

Me
0

BocHN~ N

Me Me
OMe 0 OMe 0

14. A compound of Formula III:

~ Hs
R3 R2

(
+ Rt

~N~ OBn

R5 ORB Q OR7 0

vv herem

Ri, Rn Ri, R- and R» are each individually selected from the group consisting

of H. C i-C» aI41, C i-C» substituted alkyl, -ORi i, -NRii Rib -SRii and halo.
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Ri i and Ru are individually selected I'rom the group consistmg of H

and Ci-CB alkvl

Ri and Ri are each individually selected from the group consisting of

H or Ci-C» alb l. and

Z is a counterion.

15. The compound of Formula III according to claim 14, xvherein

Ri, R . Ri. R» and R» are each individually selected from the group

consisting of H, methyl. ethyl, n-propyl. isopropyl. n-butyl. sec-butyl, iso-

butvl. and tert-butv1.

R» and Ri are each individually selected from the group consisting of

H and meth» 1. and

Z is selected from the group consisting of hahde. sull'ate. hydrogen

sulfate, phosphate. hydrogen phosphate, dihydrogen phosphate. mesylate,

tosylate, benzene sulfonate. ethylsulfonate, nitrate, I'ormate, acetate,

trifluoroacetate. oxalate, and citrate

16 The compound of Formula III according to either of claims 14 or 15, vvherein

the compound is:

H2N

CH3 OCH3 0

CH3

~.OBn
OCH3 0

17. A method of coupling an amino acid to a compound of Formula lll

~. Rs
Rs R2 & +) Ri

NQQ~OB
Ra ORe 0 OR( O

111

xvherein

Ri, Rn Ri. Rs and R» are each individuallv selected from the

group consisting of H, Ci-CB alkyl. Ci-CB substituted alla 1, -ORii.

NRORn. -SRii and halo.

Ri i and Rn are indn i dually selected I'rom ihe group consisiing

of H and Ci-Ci, all'yl.
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Re and Ri are each mdividually selected from the group consisting of

H or Ci-C~ alh I. and

Z is a counterion

comprising the steps of

contacting the compound of Formula III tvith an aqueous base to remove the

counterion. and

contacting the compound of Formula III xvith an N-protected amino acid N-

carbovy anhydride to yield a compound of Formula IV:

G RS Rs;"' ~i P.i

R
1 0 Rs ORs 0 OPr 0

IV

xvherein

Ri, Rs. R-, Rs. Ri, Ri and Rs are defined as above,

Ris is an amino acid side chain, and

Rii is a protecting group.

18. The method according to claim 17 tvherein

Ri, Rn Ri, Rs and Rs are each individually selected from the group consisting

of H, methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, iso-butv I, and tert-butyl.

Rr and Ri are each individually selected from the group consisting of H,

methyl, ethyl, n-propyl, isopropyl. n-butyl, sec-butyl. iso-butyl. and ieri-butyl,

2 is selected from the group consishng of hahde, sulfate, hydrogen sull'aie.

phosphate, hydrogen phosphate. dihydrogen phosphate, mesylate, tosylaie, benzene

sull'onaie, eihylsulfonaie. nitrate. formate, acetate. tnfluoroacetate. oxalate, and

citrate;

the aqueous base is selected from the group consistmg ol'NaiCOi, NaHCOi,

NaOH, NaiHPO~, and NmPO~.

the N-protected amino acid N-carbovyanhydride is a Boc- protected amino

acid N-carbovyanhydride

43



WO 2021/ttt3542 PCT/I/ 52021/021547

19 The method accordmg to either of cliums 17 or 18 tvherem the compound of

Formula III is

CI

H3C

H2N

CH3 GCH3 0

CHs

OCH3 0

OBn

the aqueous base is NatCO.:.

the N-protected amino acid N-carboxyanhydride is Boc-Val-NCA, and

the compound of Formula IV is:

ti. ",

I3 t~ 'ist is (" N ( t ts

j
(3ni.is 0

20 A method for punll ing a crude hy droxy acid ol'Formula V u ithout using

column chromatography. the method comprising the steps of

providing a crude hydroxy acid of Formula V

Rs R;

Boo~ -x, . k~ .(3H

R„. GR» 0

tvherein

Rt, R.:. and Rs are each individually selected from the

group consisting of H, C i-C» alkyl. Ci-C» substituted alkyl-

ORii. -NRiiRin -SRtt and halo: Rii and Rit are individually

selected I'rom ihe group consisting of H. Ci-C» alkyl. and

Re is selecied from the group consisting ol'H and Ci-Ca

dtssolvtng crude hydroxy acid in a soluble soh ent

adding an insoluble solveni,

initiating cn stalluatton, and

44



WO 2021/183542 PCT/t/52021/021547

allotvtng the crystalhzation to complete, yielding a punfied hydroxy acidol'ormula

V.

21. The method according to claim 20, tvherein the hydroxv acid of Formula V is

Rs RBoc.,OH
Rs 0Re 0

vvherien

Rs. Rs and R» are each individually selected from the group consisting

of H, methyl,ethyl. n-propyl, isopropyl, n-butyl. sec-butyl, iso-butyl, and tert-

butyl.

14 is selected from the group consisting ol'H and methyl.

the soluble solvent comprises tert-butyl methyl ether (MTBEk

the insoluble solvent comprises heptane, and

ctystalhzation is initiated by seeding, by heat cycling or by a combination

thereof.

22 The method according to either ol'claims 20 or 21 ivherein the hydroxy acid of

Formula V is

Me~
Me

Bcc ~ OH

OH 0

23. The method according to any of claims 20-22, further comprising the step of

isolating the purified hydroxy acid of Formula V.

24. A compound of Formula VI:

Rs Re

tt . ~L 1 ev NHR;xR„R,
I'

Rs ORs 0
Vl

vvherem

Rs. R:,, and Rs are each individually selected from the group consisting of H,

Ci-Ci, alkyl. Ci-Ce substituted alkvl. -OR». -NR»R», -SR» and halo. Rii and Ris are

individually selected from the group consistmg of H. Ci-Ce alkyl, and

Ri, is selected from the group consisting of H and Ci-Ci alkyl, and
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Rn ts selected I'rom the group constsimg of opitonally subsittuied Ci-

Cs alkyl and optionally substituted CuCs cycloalkyl: Ru and Ru are

independently selected from the group consisting of H, optionally substituted

CnCs alkyl and optionally substituted C:-Cs ry cloalkyl. tvherein each optional

substituent. if present, is selected from the group consisting of alkw I and aryl.

25. The compound according to claim 24, uherein the compound of Formula Vl is

Rs Fir
;g C

Boc » ~ ~ O'HFI& aR„4R is
N

uhenen

R~, R- and Rs are each individually selected from the group consisting

of H, methyl. ethyl, n-propyl, isopropyl, n-butyl, sec-butyl. iso-butyl. and tert-

butyl. and

Rs is selected from the group consisting of H and methyl: and

IviHRuRwRu is selected from the group consisting of selected from the

group consisting diethylammonium ion, dibuty lammonium ion,

dicyclohevylammonium ion, methylcyclohexylammonium ion and

methvlbenrv lammonium ion

26. The compound according to either of claims 24 or 25, vvherein the compound

ol'Formula VI ts:

*
N

27 The compound according to any of claims 24-26 vvheretn ihe compound of

Formula VI is a solid.

28 A compound of Formula VII

,.Ps R„

GR, 0
V I I
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wherein

Ri and R» are individually selected from the group consisting of H. C i-Ce

alkvl. Ci-Ce substituted alkvl. -ORii. -NR»R». -SRii and halo: R» and R» are

individually selected from the group consisting of H. Ci-Ce alkyl.

R7 is selected from the group consisting of H or Ci-C» alkyl. and

X is selected from the group consisting of halide. sulfate. hydrogen sulfate.

phosphate. hydrogen phosphate. dihydrogen phosphate. mesylate. tosylate. benzene

sulfonate. ethvlsulfonate. nitrate. formate, acetate. oxalate. and citrate

29. The compound according to claim 28 xvherein the compound of Formula VII

is

---.a, R„R;

,,N
GRi 0

rvherein

Ri and R» are individually selected from the group consisting of H, methyl,

ethyl, n-propyl, isopropyl, n-butyl. sec-butyl, iso-butyl. and tert-butyl,

R7 is selected from H and methyl: and

X is ahahde.

30 The compound according to either of claims 28 or 29 wherein the compound

ol'Formula VII is

I»le

.OBn

(jN
CI -

OMe 0

31 The compound according to any of claims 28-30 rvheretn the compound of

Formula VII is a solid.
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32 A compound ol'Formula VIII



WO 2021/183542 PCT/US2021/021547

NH~ OH
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Preparation of N-Boc-Dolaisoleuine methylbenzylamine salt

CDI;

MgClz EI3N

Me~Me KQ 'El Me~Me
HN~OH ~ HN~OEt KBH4

II
0 0

Boc 0 THF Bcc 0 0 MeOH

N-Boc-isoleucine lie-keto-ester

Me
M

() NH2

Pf&Me
MeN ph+Me

Boc OMe 0 heptane

N-Boc-Dil.methylbenzylamine

Preparation of 0-benzyl ester Dolaproine hydrochloride salt

0 0 Bu2BOTf
M

Me, .Ph H202
Me "'oc

0
Me ph

CH2CI2
B QH 0 0

THF

N-Boc-L- Evans aldol adduct
prolinal

Me

HN

Boc OH 0

lie-hydroxy-ester

~Me
NaOH HN

'H
EtOH Boc OH 0

lie-hydroxy-acid

Me
lyle LiHMDS l

OH ~MeOTf

Boc OMe0

N-Boc-Dil

Me LiHMDS Me

+0H MeqS04 ~QH
Boc OH 0 THF

Boc OMe0
N-Boc-Dap- N-Boc-Dap

hydroxy-aad

1. BnCI, Ki

K200),DMF

2. HCI, toluene

oCI

O-Bn-Dap.HCI

Me

OBn

"H2
OMeO

roCI

D-Bn-Dap.HCI

Me o T3P NMI

/3 NH3
i-Pr2NEl

MeN ph+Me CpME
Boc OMe 0

N-Boc-Dil.methylbenzylamine

0 Me Me
Me

BocHN MN N OBn

Me~MeMe OMe 0 OMe 0

N-Boc-Val-Dil-Dap-OBn

Boc.N QBn

Me OMe 0 OMe 0

HCI CPME

Me

Me OMe 0 OMe 0

Dil-Dap-O-Bn.HCI

Me
0 Me Me, o+

BeeHN~ee ee 0 HIN

jPrOAC/MeOH -'e
OM 0 OM 0Me~Me
Dolastatin Core

H(3. 2
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H OHN+

OH
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HN~N

H

O~~N
0 0

H2N 0~0~0~0~ 0

OH
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0
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(E}
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