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ThTLE OF | NVENTI ON PROCESS FOR PREPARI NG N- PROTECTED AM NO AC! D- ,

. ALPHA- HALOVETHYL KETONES AND ALCOHOLS FROM N- PROTECTED AM 'NO ACI D ESTERS In -
addition to their use as irreversible active site inhibitors of certain
cysteine and serine-containing proteases (review Denuth,J. Enzyne

I nhi bition, 1990, 3, 249), am no acid a-hal onet hyl ketones can be converted
into N-protected anino acid epoxi des,~ilnportant internedi ates for the

synt hesis of inhibitors of enzymes such as renin (Evans, et al., J. Og.
Chem 1985, 50, 4615; Luly, et TATLE OF ANVENHON 1987, 52, 1487) and HV

prot ease (Handa, et al., EP 346847, n pub ﬁw opean
pat ent appl i cat- 53 o dule] pr ot ect ed
am no aci d a- halgrret Tyl I Ol'S Cor b et al, EP

580402) involves initial treatment of N-protect -ed" am no acids | (Reaction
Schenme 1) W trhadditedrkyd théir aisef 4 iredversible Active sise hdiibitoesbbceftairnat e, and
a tertiary am ne, such as N-nethyl norpholine, followed by addition of a
di azonet hanedyliteinleyand tsesineswintaindng tprogeases dreviieysr Deanutdy Jakrmymaci d
a-di azoketone 11.

Inhibition, 1990, 3, 249), amino acid a-halomethyl ketones can be

converted into N-protected amino acid epoxides, important
intermediates for the synthesis of inhibitors of enzymes such as renin
(Evans, et. al,, J. Org. Chem. 1985, 50, 4615; Luly, et alT J- Org. Chem. 1987,
52, 1487) and HIV protease (Handa, et al., EP 346847; Gordon, et al.,

. published Europeah patent application EP 580402). Standard
methodology to prepare N-protected amino acid o-halomethyl ketones
and alcohols (e.g. see Gordon, et al, EP 580402) involves initial
treatment of N-protected amino acids I (Reaction Scheme 1) with an
alkyl chloroformate, such as isobutyl chloroformate, and a tertiary
amine, such as N-methyl morpholine, followed by addition of a
diazomethane/diethyl ether solution to give an N-protected amino

acid a-diazoketone II.



-2- Reaction Schenme 1 [err] -3- Treatnment of Il with a mneral acid such
as HG or HBr then gives the desired a-hal oketone Ill. Internediate Il can
be converted to epoxide IV by reduction with a hydride reduci ng agent such
as NaBH4 and treatnment of the resulting hal ohydrin with base, such as
pot assi um hydr oxi de. As di azonet hane is a hazardous reagent, nethods to
prepare conpounds |11 which avoid the us@ of diazonethane woul d be
advant ageous. KeuatekbnekcBbmeUs Org. Chem 1985, 50, 5140) have prepared
[err] VI (Reaction Scheme 2) fromester (V) where R2 = aryl, heteroaryl,
| ower al kenyl, |ower al kynyl, and | ower alkyl (not including amno
substituted alkyl) by treatnent of the ester wwth 2 equivalents of the
ani on derived from di brononet hane, followed by addition of 1.5 equivalents
of n-BuLi to the intergrediate VI and hydrolysis. Wien this nmethod was used
to convert aminoester [(Xl)}to a '

Z..

H O
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hal omet hyl ketone (XI11) (see page 7 herein), the resulting yields were only
madest. It has since been surprisingly and unexpectedly found that

repI acenent of the n-BuLi by an excess of the dihal onet hane anion instead,
specifically chl oroi odonet hane, results in greatly enhanced yields of 80%
or nore. -4- Jerr] -5- Barluenga, et al. UCS Chem Conmun. 1994, 969)
have prepared the a- chloroketone X (ReacB8i-on Scheme 3) fromthe a-amino

coter W1 Bt BT R A YU, HOR PP g e 0 rom
fol | oned byd@{fgd)&ytﬂlét eMi’tteer N af'r?@dﬁ@é oM dagt Be'sccﬂ'l\fefrferdafﬁ eﬁ@ﬁ'aet he anion

Xl (Reaction Schene 4 generate rom deprot onati on of
IV by reductmn with a hydride reducing agent such as NaBH4 and

treatment of the resulting halohydrin with base, such as potassium
hydroxide. As diazomethane is a hazardous reagent, methods to
prepare compounds III which avoid the use of diazomethane would be
advantageous. Kowalski et al. (J. Org. Chem. 1985, 50, 5140) have
prepared o-bromoketones VII (Reaction Scheme 2) from ester (V)
where R2 = aryl, heteroaryl, lower alkenyl, lower alkynyl, and lower
alkyl (not including amino substituted alkyl) by treatment of the ester
with 2 equivalents of the anion derived from dibromomethane,
followed by addition of 1.5 equivalents of n-Buli to the intermediate

VI and hydrolysis.

When this method was used to convert aminoester (XI) to a
halomethylketone (XIII) (see page 7 herein), the resulting yields were

only modest.

It has since been surprisingly and unexpectedly found that replacement
of the n-BuLi by an excess of the dihalomethane anion instead,
specifically chloroiodomethane, results in greatly enhanced yields of

80% or more.



chl or oi odonet hane wi th a di al kyl am de base such as LDA (i.e. lithium
diisopropylam de am de), described in the present invention. Mreover, the
Bar | uenga process has only been denobnstrated for NN di benzyl protected

am noester (Conpound VIIIl). It is not clear that the process would work for
N- car bamat e protected am noesters (Conpound Xl) as used herein. The
Conmpounds Xl are nore easily prepared add-deprotected if needed and all ow
for the presence of an active hydrogen in the nitrogen atom Al so,
deprotonation of [err] CH2X2 to formthe anion [err], which is our Conpound
XI'l, may be easier to carry ouRearfienefiqhems | arger scal e conpared to
transnetallation of [err] to formthe anion [err] (i.e. Conmpound | X)

according to Barl uenga. -6- Reaction Schene 3 [err]
o .
R /U\ R3 = lower alkyl (such as methyl oz
2~ ORs ethyl)
v
Lio_ ,ORa
Br
Ry
Br
VI
a.n-BuLi

b.H+/EtOH

0
Rz/ﬂ\”’sr

VII



-7- The present invention relates to a process for preparing an

am noepoxi de conpound of fornmula (XV): [err] wherein [err] and [err] are

i hdependent |y sel ected from hydrogen, |ower alkyl, aryl, aralkyl,
substituted | ower alkyl, or [err] and [err] are taken together with the
carbon atomto which they are bonded to forma substituted or unsubstituted
carbocycl o group, which conprises: (a) - S5reacting a conpound of fornula
(XI') [err] wherein Z is a carbamate group having the formul a R702C,

wherein R7 Barlaehgs} edal (0 ICheni. @diirun01994,Y969) htlve prepardibties o-R6 i s
selected from !l ower alkyl or benzyl, with at |east 2 nolar equivalents of a

compound of chlorokétaneXX I(Reafteon Bcvrmeed)rfrper tHe arminirer edten Ml bigependent |y
selected fromchloro, brono, iodo or fluoro, provided at |east one of [err]
or [err] i stieapnenbwitlv@mequivaleotsrof the aptamiX.ogerteyated &opxi |1 1) :

metallation of chloroiodomethane with methyl lithium in diethyl

ether, followed by hydrolysis. Note that the anion‘IX is different than

the anion XII (Reaction Scheme 4), generated from deprotonation of

chloroiodomethane with a dialkylamide base such as LDA (i.e. lithium

diisopropylamide amide), described in the present invention.

Moreover, the Barluenga process has only been demonstrated for N,N-

dibenzyl protected aminoester (Compound VII). It is not clear that the

process would work for N-carbamate protected aminoesters

(Compound XI) as used herein. The Compounds XI are more easily

prepared and deprotected if needed and allow for the presence of an

active hydrogen in the nitrogen atom. Also, deprotonation of X;

CH2X3 to form the anion Xj CH(Li) X2, which is our Compound XII,

may be easier to carry out efficiently on a lai'ger scale compared to

transmetallation of ICH>Cl to form the anion LiCHCl (i.e. Compound

IX) according to Barluenga.



-8- [err] wherein X is selected fromJ[err] or [err]; and (b) converting
the conmpound X Il to the am noepoxide. A preferred enbodi ment includes (c)
reduci ng the conpound of formula XiIl, with or without isolation fromthe
reaction m xture of step (b), to forma hal ohydrin conpound of formula
(XIV): [err] and (d) reacting the hal ohydrin conpound with an al kali netal
or am ne base to formthe am noepoxi de edmpound of forrmula (XV). The

hal ohydrins XIV can forma m xture of diastereoisoners and this application
cl ai ms the prepar at iRgaCHON fSS@meN3 and separation of the mixture and

i ndi vidual isoners. [err] Another preferred enbodinment is the process
wherein 2-5 nolar equival ents of the conpound of forrmula Xl I are used.

-9- Anot her preferred enbodinment is the process wherein step (a) is

o
o

VIII
Meli

a. ClCH,-Li
IX

ClCH,I

b. NH.Cl/H,0

o

X



conducted in the presence of tetrahydrofuran. Another preferred enbodi nent
is the process wherein [err] is chloro and [err] is iodo. Another preferred
enbodi nent is the process wherein step (a) is conducted at a tenperature in
the range of [err] to [err] C. Another preferred enbodinment is the process
wherein Z is selected from carbobenzyl oxy or tertiarybutoxy carbonyl.

Anot her preferred enbodi nent is the proce%s-wherein the step (c) reduction
conprises treating the conpound of formula XIIl with a hydride reducing
agent or a silane reducing agent in the presence of a Lew s Acid. Another
preferred enDhdipFesinti inveRBoR TeRESStd\d YPrBkéssSRirprepdfingear educi ng agent i s
sodi um bor ohydri de. Another preferred enbodi nent i S the process wherein the
si | ane r educaminegmoNide conepoindnd fopmuleX¥)Acid is [err] Anot her
preferred enbodi nent is the separation of XIVA and XIVB via crystallization

of the m xture fromsolvents |ike nethanol, ethanol, isopropanol, ethyl
acetate, toluene, acetone, watergsac Kbgi trile and m xtures thereof.
z—-N (Xv)
H o

wherein R4 and Rs are independently selected from hydrogen, lower
alkyl, aryl, aralkyl, substituted lower alkyl, or Ry and Rs are taken
together with the carbon atom to which they are bonded to form a

substituted or unsubstituted carbocyclo group, which comprises:

(a) reacting a compound of formula (XI)
Ry Rs
= N)Sr O'RS (XI )
H O

wherein Z is a carbamate group having the formula R702C-, wherein
Ry is selected from lower alkyl or arylalkyl, and wherein Rg is selected
from lower alkyl or benzyl, with at least 2 molar equivalents of a

compound of formula (XII):
Li-CHX3Xp (XII)

wherein X; and X3 are independently selected from chloro, bromo,
iodo or fluoro, provided at least one of X3 or X2 is bromo or iodo, to

form a compound of formula (XIII):



- 10 - Another preferred enbodinment is the process wherein [err] is

sel ected fromnethyl, ethyl or benzyl. In accordance with the present
invention, a process is provided in which a conmpound Xl (either avail able
commercially or prepared froml by methods known in the art) of Reaction
Schenme 4, where R6 is a | ower al kyl group or arylal kyl group, preferably
met hyl and ethyl, is directly reacted wi8h excess ([err] 2 equival ents) of
reagent XIl, derived from a di hal onet hane, preferably chl oroi odonet hane,
and a di al kyl am de base, prefermpl®s |ithiumdiisopropylamnmde, to give,

after hydrolysis, an N-protecje } acid a(XnEIbnet hyl ketone Xl 11, where
Z is a carbamate group, preferagplyicarbobenzyl oxy (Cbz) or tertiarybutoxy
carbonyl (Boc), and [err] and [errf’ are i ndependently hydrogen, | ower

al kyl, aryl, substituted |ower alkyl including arylalkyl; [err] and [err]
may al so be joined together with the carbon atomto which they are bonded
to form a cavheeutDOisdscdedted IfrdrarXedt Xpeadll | is converted to epoxide XV by
reduction with a hydride reduci ng agent such as sodi um bor ohydri de and
treatnment of the halohydrin internediate XIV with potassi um hydroxi de.
Alternatively, the [err] XIIl produced is reduced 'in

()] converting the compound XIII to the aminoepoxide.

" A preferred embodimeﬁt includes (c) reducing the éompound of
formula XIII, with or without isolation from the reaction mixture of

step (b), to form a 'halohydfin compound of formula (XIV):

7- W\x (XIV),

H OH

and (d) reacting the halohydrin compound with an alkali metal or

amine base to form the aminoepoxide compound of formula (XV).

The halohydrins XIV can form a mixture of diasterecisomers and this
application claims the preparation, purification and separation of the

mixture and individual isomers.

R4 Rs R4 RS
Z".‘")S/\x XIVA z_v)ﬁ/\x XIVB

H OH H H

on

Another preferred embodiment is the process wherein 2-5 molar

equivalents of the compound of formula XII are used.



situ (i.e. without isolation) with a hydride reduci ng agent such as NaBH4
to the hal ohydrin derivative XIV. This approach has the advantage that it
does not require the isolation and purification of the hal oketone XIlIl and
avoi ds the exposure to hunmans of the toxic product s/ by- products such as
di - hal omet hanes, tri hal onet hanes (by- product) and the hal oketone. :
Al ternatively, the hal onet hyl ketone Xl I-9p+roduced is stereosel ectively
reduced with a silane reducing_agent, such as [ rrr%, inpw?. resence of a
Lewi s Aci d Anathempreferyed em aFéﬁﬂtﬁPchﬁﬁl"‘a'éﬁ Fest8P\ka) #i s appr oach
has the advantage that the diastereoisopger. XIVAis fornmed in |arger
propor t i on<oRductedsisethe PECSEREe @ 5%*[‘%5%%?%??&}‘ Xl VB conpared to ot her
reduction conditions such as reduction with sodi um borohydride. As
described in Reaction Schene 4, - 12 - '

Another preferred embodiment is the process wherein X is chloro and

X2 is iodo.

Another preferred embodiment is the process wherein step (a) is

conducted at a temperature in the range of -30°C to -100°C.

Another preferred embodiment is the process wherein Z is selected

from carbobenzyloxy or tertiarybutoxy carbonyl.

Another preferred embodiment is the process wherein the step (c)
reduction comprises tréating the compound of formula XIII with a
hydride reducing agent or a silane reducing agent in the presence of a

Lewis Acid.

Another preferred embodiment is the process wherein said hydride

reducing agent is sodium borohydride.

Another preferred embodiment is the process wherein the silane

reducing agent is (C2Hs)s SiH and the Lewis Acid is BF30 (Ca2Hs)s.

Another preferred embodiment is the separation of XIVA and XIVB
via crystallization of the mixture from solvents like methanol,
ethanol, isopropanol, ethyl acetate, toluene, acetone, water, acetonitrile

and mixtures thereof.



[err] - 13 - a mixture of an N-protected anmno ester X, and from2 to 5
nol ar equi valents with respect to Xl, preferably 4 equivalents, of a

di hal onet hane, such as chlor0|odonethane, br onoi odonet hane, di br ononet hane,
or diiodomet hane, preferably chloroi odonethane, dissolved in an organic

sol vent such as THF, di oxane, or diethyl ether, preferably, THF, at a
tenperature within the range of from aboutjg-30 to [err], preferably -70 to

[err], under an inert atnosphere such as argon or nitrogen, preferably
referably

[ -6 I . i,vwal ent i t h t I
5 o A Bt B
e o amﬂ(ti(htlé@‘lyf & 'Jf-%éﬂﬁ p or di et hyl

di i sopropyl ganl ¢ solvent such as THF, di oxane,

et her, preferably THF. Wt hout purification, the isolated a-hal oketone Xl Il
I's dissolved in an organic solvent such as t ol uene, THF, isopropanol,

et hanol or nethanol, or a mxture of these solvents, preferably a mxture

whi ch

In accordance with the present invention, a process is provided in
which a compound XI (either available commercially or prepared from
I by methods known in the art) of Reaction Scheme 4, where Rg is a
lower alkyl group or arylalkyl group, preferably methyl and ethyl, is
directly reacted with excess (> 2 equivalents) of reagent XII, derived
from a dihalomethane, preferably chloroiodomethane, and a -
dialkylamide base, preferably lithium diisopropylamide, to give, after

. hydrolysis, an N-protected amino acid & -halomethylketone XIII,
where Z is a carbamate group, preferably carbobenzyloxy (Cbz) or
tertiarybutoxy carbonyl (Boc), and R4 and R5 are independently
hydrogen, lower alkyl, aryl, substituted lower alkyl including arylalkyl;
R4 and R5 may also be joined together with the carbon atom to which
they are bonided to form a carbocyclo group. Intermediate XIII is
converted fo epoxide XV by reduction with a hydride reducing agent
such as sodium borohydride and treatment of the halohydrin

intermediate XIV with potassium hydroxide.

Alternatively, the a-halomethylketone XIII produced is reduced ‘in
situ’ (i.e. without isolation) with a hydride reducing agent such as
NaBHy4 to the halohydrin derivative XIV. This approach has the
advantage that it does not requﬁe the isolation and purification of the

haloketone XIII and avoids the exposure to humans of the toxic



contains toluene: THF: ethanol in ratios from11:2:1 to 1:1:1, preferably
1:1:1, and is treated with a hydride reduci ng agent such as sodi um

bor ohydride, |ithium borohydride, potassium borohydride, diisobutyl

al um num hydride, or the |ike, preferably sodi um borohydride, to give the
hal ohydrin XIV. Alternatively, the reducing agent is a silane reducing
agent in the presence of a Lewis Acid. The silane reducing agent has the
formula (Wn Si (Hm wherein Wis aryl or lower alkyl, n and mare

i nt f 3 ided th f d m.is, 4, 5 Si H
LorrTor [ erbodut spRfes? Gk R f RBmplnants fohilomethaReS (o2, LTI L and
can be for &;??{%bea%g;f\%/é‘%m Br2 and the |ike. The hal ohydrin forned

an or 1n

(m xture of I'vidual s) is then purified and separated by
crystallization fromsuitable solvents such as ethanol, nethanol,
i sopropanol, toluene, acetone, acetonitrile, water and m xtures -t hereof.

The resul t | Aehaleialgl i heloniahyBeRtsRE NI brodieeRosterfbsiicavelpt hods
reduced with a silane reducing agent, such as (CoHs)s SiH, in the
presence of a Lewis Acid such as BF30 (C2Hs), to the halohydrin
derivative XIV. This approach has the advantage that the
diastereoisomer XIVA is formed in larger proportion with respect to
the diastereoisomer XIVB compared to other reduction conditions

such as reduction with sodium borohydride.

As described in Reaction Scheme 4,



At the end of the first step, the a-hal onethyl ketone produced is reduced
with or without isolation and purification of the [err] hal onethyl ketone.
Thus, follow ng quench of the chl oroketone reaction nmixture with 10
equi val ents of acetic acid, adding toluene and warnming to [err], the

m xture is washed sequentially with 1% HCO and 0.5M [err]. The solution is
diluted with ethanol, cooled to [err] ta fjgrr] and treated with 4

equi valents of a nmetal hydride in ethanol as described in the above
section. Preferred e j no,ester starting materials Xl are those
where Z is a substi?E§%§E§ﬁ£cﬁc$%%ﬁs4a car bamat e group, R702C-, where R7 is
| ower al kyl or arylal kyl, nost preferably tertiary butyl and benzyl, such
as t-butoxycarbonyl (i.e. Boc) having the fornula [err] or carbobenzyl oxy
(i.e. Cbz) having the fornmula [err] is |lower alkyl, or arylalkyl, nost
~preferably nmethyl, ethyl, and benzyl; and R4 and [err] are independently,
hydrogen, |ower al kyl, ar® Bsubstituted |ower alkyl including arylalkyl;

R4 and [err] - 15 - pay 8-se j oi ned together with the carbon atomto
-which they are H o

XI

a. excess Li-CHX;X,

(XII)
b. H30*
Rs Rs
Z—l:l Xjorg + CHX1X» (X]_ or 3)
H o]
XIII

NaBH; or (C2Hs) 3SiH/BF30(CoHs) 5

1

Ry Rs Rs Rs
Z—l‘;l)%/\xi org + Z_N)Y\X1 or,

H OH H OH

XIVA XIVB
KOH

Ry Rg
z-N

H



M

bonded to form a carbocycl o group. Definitions of term nol ogy used
throughout the disclosure herein are provided as follows: The term"| ower
alkyl" refers to straight or branched chain hydrocarbon groups having 1 to
6 carbon atons. Exenplary |ower al kyl groups include nethyl, ethyl,
n-propyl, iso-propyl, n-butyl, iso- butyl, sec-butyl, tert-butyl, n-pentyl,
1- net hyl butyl , 2,2-dinethy|buty|, n- hexylizand the like. The term
"substituted | ower alkyl" refers to | ower al kyl groups, defined above,

substi tut ed, Wi f L o@aegg Rlafid Gt (a6, Gh8HRGm 380 5l bBl;, [or 1] vhere

[err] and( are in heterm

al kenyl " <ﬁ{1§afe91t§W1 e@ftobkﬁ(;t?%r& E}}"ﬁ'@ m&ueﬁar bea groups "of 2 to 6

car bon atom; havi ng at one d enp ary | ower al kenyl

P, o ot s b sorcnan ke et e 114
dibromomethane, or diiodomethane, preferably chloroiodomethane,
dissolved in an organic solvent such as THF, dioxane, or diethyl ether,
preferably, THF, at a temperature within the range of from about -30 to
'-100°C, preferably -70 to -80°C, under an inert atmosphere such as
argon or nitrogen, preferably argon, is treated with 3-6 molar |
equivalents with respect to XI, preferably 5 equivalents, of a lithium
dialkylamide base such as lithium diisopropyl amide, lithium
tetramethylpiperidide, or the like, preferably lithium diisopropyl
amide, in an organic solvent such as THF, dioxane, or diethyl ether,

preferably THF.

Without purification, the isolated o-haloketone XIII is dissolved in an
organic solvent such as toluene, THF, isopropanol, ethanol or
methanol, or a mixture of these solvents, preferably a mixture which
contains toluene:THF:ethanol in ratios from 121 to 1:1:1, preferably
1:1:1, and is treated with a hydride reducing agent such as sodium
borohydride, lithium borohydride, potassium borohydride, diisobutyl
aluﬁﬁnum hydride, or the like, preferably sodium borohydride, to give

the halohydrin XIV.

Alternatively, the reducing agent is a silane reducing agent in the
presence of a Lewis Acid. The silane reducing agent has the formula
(W)n Si (H)m, wherein W is aryl or lower alkyl, n and m are integers
from 1 to 3, provided the sum of n and m is 4, - such as (CHz)3 SiH
(C2H5s)3 SiH or (Ph), SiH. The Lewis Acid is well kﬁown in the



hydr ocar bon groups of 2 to 6 carbon atonms having at |east one triple bond.
Exenpl ary | ower al kynyl groups include ethynyl, nethyl- ethynyl, and the
like. The term"aryl" refers to honocyclic, optionally substituted aromatic
groups, preferably nonocyclic or bicyclic groups containing 6 to 12 carbon
atons in the ring portion, such as phenyly -naphthyl, tetrahydronaphthyl,

I ndanyl, biphenyl, and the |ike. Exenplary substituents include 1, 2, or 3
of the follow ng: (1) Al koxy (2) Hal o (3) Al kyl (4) Al kylthio (5)
Aryl oxy ( 6)literakuyé ahdaagie foridammple RE)O(CoM Ry, EmChLoZnBrE Ry | [err]

COOH, MgBr; and the like.

The halohydrin formed (mixture of XIVA and XIVB or individuals) is
then purified and separated by crystallization from suitable solvents
such as ethanol, methanol, isopropanol, toluene, acetone, acetonitrile,
water and mixtures thereof. The resulting halohydrin is then

converted to the epoxide XV by methods known in the art.

At the end of the first step, the a-halomethyl ketone produced is
reduced with or withoﬁt isolation and purification of the a-
halomefhyl ketone. Thus, following quench of the chloroketone
reaction mixture with 10 equivalents of acetic acid, adding toluene and
warming to -15°C, the fnixture is washed sequentially with 1% HC1
and 0.5M NaHCOs3. The solution is diluted with ethanol, cooled to 0°C
to -78°C and treated with 4 equivalents of a metal hydride in ethanol as

described in the above section.

Preferred N-protected amino ester starting materials XI are those
where Z is a substitueht which forms a carbamate group, R702C-,
where Ry is lower alkyl or arylalkyl, most preferably tertiary butyl and
benzyl, such as t—butoxjrcarbonyl_ (i.e. Boc) having the formula

—C~0—C(CHa)3 or carbobenzyloxy (i.e. Cbz) having the formula

O
i

—C-0-CH |
2 @ ; Rg is lower alkyl, or arylalkyl, most preferably

methyl, ethyl, and benzyl; and R4 and R5 are independently, hydrogen,
lower alkyl, aryl, substituted lower alkyl including arylalkyl; R4 and R5



- 17 - The term"cycloal kyl" refers to a saturated cyclic hydrocarbon group
of 3 to 8 carbon atons such as cycl opropyl, cyclobutyl, cyclopentyl,

cycl ohexyl, and the like. The term "carbocycl 0" refers to a cyclic

hydr ocar bon group of 3 to 8 carbon atons, which nay be saturated or
partially unsaturated, such as cycl opentejwl. and the |ike. The terns

"hal ogen" or "halo" refer to fluorine, chlorine, bromne and iodi ne. The

term "al koxy" depotes _an al kyl _group bondedq through an oxygen bridge [err];
the term " a3y ARbPe RS efegsﬁh%mw the seP oA t?w%ﬁgﬁ%syafﬁfur bri dge

(-S); the term"aryl oxy" denotes an aryl group bonded through an oxygen
bridge [err%;0“%8‘51‘9#8‘{%?ﬁ?’%é’ﬁaﬂﬁ%uf’denot es an aryl group bonded through
a sulfur bridge (-S-). The term"heteroaryl” denotes an aryl group
containing 1, 2 or 3 hetero atons in the ring portion of the group sel ected

from oxygen ’D&iﬂiﬁﬂhsWte?hﬁxé@%gg;/%s@?ﬂ}g%hgbbﬁﬂ ¢ !d:i%léﬂu‘éaﬁ&‘éﬁ Gre" refers

to carbocycl o groups define subst’tuted w one of the tollow ng
groups: (1) protAdédo¥y féldws: Benzyl oxy [err]

The term "lower alkyl" refers to straight or branched chain
hydrocarbon groups having 1 to 6 carbon atoms. Exemplary lower
alkyl groups include methyl, ethyl, n-i::ropyl, iso-propyl, n-butyl, iso-
butyl, sec-butyl, tert-butyl, n-pentyl, 1-methylbutyl, 2,2-dimethylbutyl,
n-hexyl and the like.

The term "substituted lower alkyl" refers to lower alkyl groups,

defined above, substituted with 1, 2, or 3 of the following groups:

(1) Hydroxy
(2) Alkoxy
(3 Halo
4) . Aryloxy
(5)  -N(R8)(R®), where (R8) and (R%) are independently hydrogen,
alkyl, C(O)R?, C(O)OR? "
6 Aryl

(7)  Mercapto
(8  Alkylthio
(9)  Arylthio



-

- 18 - The term "Ph" nmeans phenyl; the term"Bn" means benzyl; the term
"Et" means ethyl; the term"Tyr" neans tyrosine. The follow ng exanples are
offered in order to nore fully illustrate the present invention and should
not be construed to limt the scope of the invention: Exanple 1 [err] A
solution of lithiumdiisopropylam de, prepared by adding 2.5M n-
butyllithiumin hexane (8 nmL; 20 mmol) drgpw se over 10 minutes to a
solution of diisopropylamne (3.1 m; 20 mmol) in 34 nL of THF at [err] and
stirring 10 _mnutes, was added dropmnse over 30 m nutes through a pressure

equal i zi ng aam. teron " owercalkeoyh @&mttocatraaghBocbI:anqh@yhaimm ne et hyl
ester (1.17_g;. 4 mol) and chl or oi odgonet hane gl 16 ni; end) in 22 nmL of
THE at -78 [héfF‘F‘PCarbﬁ@ gWr@ﬁH@ﬁﬁémrua@rm H@gr%tal@ﬁﬁbﬂn oule was kept

bel ow - 70[ rin addlt After th tiopn was copplete, the -
reaction m h d#dé%mg ?L’GV rﬁﬁ?t&‘Pésmﬁud[%e }‘ QPEGPGPY n of acetic
acid (6 nt) bu?enﬁ, pen?eny-lﬂ_lﬁexenyl, and the like.

The term "lower alkynyl" refers to sfraight or branched chain

- hydrocarbon groups of 2 to 6 carbon atoms having at least one triple
bond. Exemplary lower alkynyl groups include ethynyl methyl-
ethynyl, and the like.

The term "aryl" refers to homocyclic, optionally substituted aromatic
groups, preferably monocyclic or bicyclic groups containing 6 to 12
carbon atoms in the ring portion, such as phenyl, naphthyl,
tetrahydronaphthyl, indanyl, biphenyl, and the like. Exemplary

substituents include 1, 2, or 3 of the following:

€)) Alkoxy
(2) Halo
(3)  Alkyl
(4)  Alkylthio
®)  Aryloxy
(6) Arylthio
)] Alkenyl
(8) Alkynyl
(99 Phenyl
(10) -N(R&)(R%)
o)

(11) ﬂ\/kf“o .

_/



m;as t hen added dropwi se over 10 m nutes, keeping the internal tenperature
below -65 [err]. After stirring an additional 10 m nutes at - 19 - -75
[-err], the reaction m xture was partitioned between ethyl acetate (150 i)
and brine (150 nmL). The organic |ayer was washed w th saturated NaHCC3
solution (2 x 150 nmL.), 5%/ [err] solution (2 x 150 nL) and brine (150 nl).
Dryi ng over magnesi um sul fate and concenfyation afforded a dark yell ow
solid, chloroketone la. (B) Preparation of the chlorohydrin conpound 1b :
[err] To the,crude |a pr wed.as, above dissqolwed jn 12 1 of rre:?ganol and
12 ni of THEREerEy oy clRalR SRR £ shnated srdic hbdiachtan 85998 (5. o
nmol ) of sodi ield f | L ) 15 [err], the
reaction vva;g t%a@rggpggﬁgéh%gspvc\ﬁeatﬁeéﬁ%Béw%X{:l&rbg?@él%ég?ﬁn nd 200 nL of
ethyl acetaf. d?ag@;(a%a' &lr?'L QT THESRE "W bRca8” Flfesd toalyert ed [err],

saturated [eTr 50 and 100 nL brine. Drying ovelf magnesium

sul f at e andhgER6EIDbOAGRUPIH/E ta18 Yalbatdhs, dviithaRaydse datGfatediadrl | zed from
hot et hyl acgt ate to a%rf@ord 612 mg (51%

partially unsaturated, such as cyclopentenyl and the like.

The terms “halogen” or "halo" refer to fluorine, chlorine, bromine

and iodine.

The term "alkoxy" denotes an alkyl group bonded through an oxygen
bridge (-O-); the term "alkylthio" denotes an alkyl group bonded
through a sulfur bridge (-5-); the term "aryloxy"” denotes an aryl group
bonded through an oxygen bridge (-O-); and the term "arylthio"
denotes an aryl group bonded through a sulfur bridge (-S-).

The term “heteroaryl” denotes an aryl group containing 1, 2 or 3 hetero -
atoms in the ring portion of the group selected from oxygen, sulfur

and nitrogen.

The term "substituted carbocyclo” refers to carbocyclo grdups defined
above, substituted with one of the following groups:

(1)  Hydroxy

(2)  Benzyloxy

3 2 l l
()

4) -Si(R)3, where R is lower alkyl



of a white solid chlorohydrin 1b. - 20 - Exanple 2 (A) Preparation of
t he chl or oket one conpound 2a [err] A solution of lithiumdiisopropylam de,
prepared by adding 2.5M n- butyllithiumin hexane (8 nL; 20 nmol) dropw se
over 10 mnutes to a solution of diisopropylamne (3.1 m; 20 nmmol) in 34
mL of THF at [err] and stirring 10 m nutes, was added dropw se over 30

m nutes through a pressure equalizing addgt+on funnel to a solution of
Boc-L- O benzyltyrosine ethyl ester (1.60 g; 4 mml) and chl or oi odonet hane

1.16 n; 4 ApRe f t f |
Ehe reactior—{‘pr%pdxe%ure was pggﬁf%latth‘?égf&‘ qu dmrl-iﬁgs b%@ gia tt:égglerif?(rare °
the additiom l’%eﬁﬁ@tﬁ&? thE'}‘érﬁ\eel?f"%eH?Ntﬂfo% iMas stirred for 10 mnutes

at [err]. A soI ution of’ acetic aci 14 m. of THF was then added
dropwi se over 10 m nutes, keeping the internal tenperature below -65 [err].
After stirring an additional 10 mnutes at -75 [err], the reaction m xture
was partiti Qedoliowingrexaniyyles aretadffered dhlorder to more fully illustrate the

present invention and should not be construed to limit the scope of

the invention:

Example 1
(A) Preparation of the chloroketone compound 1a

BocHN Cl
o

Compound 1la

A solution of lithium diisopropylamide, prepared by adding 2.5M n-
butyllithium in hexane (8 mL; 20 mmol) dropWise over 10 minutes to
a solution of diisopropylafnine (3.1 ml; 20 mmol) in 34 mL of THF at

0 °C. and stirring 10 minutes, was added dropwise over 30 minutes
through a pressure equalizing addition funnel to a solution of Boc-L-
phenylalanine ethyl ester (1.17 g; 4 mmol) and chloroiodomethane
(1.16 mL; 4 mmol) in 22 mL of THF at -78 °C. The internal temperature
of the reaction mixture was kept below -70 °C. during the addition.
After the addition was complete, the reaction mixture was stirred for
10 minutes at ;~-75 °C. A sblution of acetic acid (6 mL) in 14 mL of THF
was then added dropwise over 10 minutes, keeping the internal

temperature below -65 °C. After stirring an additional 10 minutes at



m.) and brine (150 nL). The organic |ayer was washed with saturated [err]
solution (2 x 150 nm.), 5% ([err] solution (2 x 150 nL) and brine (150 m.).
Dryi ng over magnesi um sul fate and concentration afforded a dark yell ow -

solid, chloroketone 2a. - 21 - - (B) Preparation of the chlorohydrin

conpound 2b [err] To the crude 2a prepared as above dissolved in 12 nL of
met hanol and 12 nmL of THF at [err] was_aggded portionwi se over 30 mnutes
228 ng (6.0 rrm)l) of sodi um borohydride. After stirring for 20 mn at -15

Lo o P il sOU LR AONEN bR ey Sl o (1

added. Af t {L)lhdTbHieq350 HE). " TRE Or anieday @ﬂWabtWﬁl*@ﬂ wih'WRetratéd nL of
sat ur at ed [err] and 70 nL of ethyl acet ate and the organic | ayer washed

with 70 nmNeHGOst sslufienr(R >ahsD it(L);rB"/bNaHSO@tspluthm@ex 166 gmesaman sul f at e
and concentration gave a yellow solid which was recrystallized from3:2
et hyl acet btiseH@5@meL}.o Dafring dvér @3agndsiuf sulfate and tencenitiatiorhl or ohydri n
2b.

afforded a dark yellow solid, chloroketone 1la.

(B) Preparation of the chlorohydrin compound 1b

BocHN Ci
OH

Compound 1b

To the crude 1a prepared as above dissolved in 12 mL of methanol and
12 mL of THF at -15°C was added portionwise over 30 minutes 212 mg
(6.6 mmol) of sodium borohydride. After stirring for 30 min at -15 °C,
the reaction was partitioned between 70 mL of saturated KHSO4 and
200 mL of ethyl acetate and organic layer washed with 150 mL of
saturated KHSO4, saturated NaHCO3 (2 X 150 mL) and 100 mL brine.
Drying over magnesium sulfate and concentration gave a yellow solid
which was recrystallized from hot ethyl acetate to afford 612 mg (51%)
of a white solid chlorohydrin 1b.



- 22 - Exanple 3 Preparation of the chlorohydrin (tyrosine series) 2b using
the "in-situ" [err] approach A 12 L three necked flask was equi pped with an
over head nechani cal banana type stirring paddl e, shaft, and notor. The
flask was sealed with septa, a digital thernoneter probe was inserted

t hrough one of the septa, and the flask was heated to 80 [err] (internal
air tenperature) and purged with nitrogegp tor 15 mn. The flask was charged
with N-BOC-L-OBn- tyrosine ethyl ester (185.5 g, 0.4643 nol). A 500 niL
addition f Are, needl e val ve stopcock) was attached to one neck of
the flask %%9%' Tetrahydrofuran (2.53 L, Aldrich, anhydrous, sure-seal)

was added y@yth rE- e 0 of 85 S ShidPb1did Sl to d,{gggaThe i odochl or onet hane
(328 g, 4 equiv. ; % adde 5 at once (note 2;1 iﬁ fTask was imersed in a

dry ice- acetone bath (note 3). The internal tenperature was [err]. The

addi ti on funnel
@\/o

BocHN Ct
o

Compound 2a

A solution of lithium diisopropylamide, prepared by adding 2.5M n-
butyllithium in hexane (8 mL; 20 mmol) dropwise over 10 minutes to
a solution of diisopropylamine (3.1 ml; 20 mumol) in 34 mL of THF at
0°C. and stirring 10 minutes, was added dropwise over 30 minutes
through a pressure equalizing addition funnel to a solution of Boc-L-
O-benzyltyrosine ethyl ester (1.60 g; 4 mmol) and chloroiodomethane
(1.16 mL; 4 mmol) in 22 mL of THF at -78 °C. The internal temperature ’
of the reaction mixture was kept below -70 °C. dﬁring the addition.
After the addition was complete, the reaction mixture was stirred for

* 10 minutes at ~-75 °C. A solution of acetic acid (6 mL) in 14 mL of THF
was then added dropwise over 10 minutes, keeping the internal
temperature below -65 °C. After stirring an additional 10 minutes at
-75 °C., the reaction mixture was partitioned between ethyl acetate (250
mL) and brine (150 mL). The organic layer was washed with saturated
NaHCO3 solution (2 x 150 mL), 5% NaHSO3 solution (2 x 150 mL) and
brine (150 mL). Drying over magnesium sulfate and concentration

afforded a dark yéllow solid, chloroketone 2a.



- 23 - was then charged with LDA solution (1.11 L, 2.10M 5 equiv., Note
4). The LDA solution was then added slowly with stirring (note 5) at a rate
whi ch nmaintained the internal reaction tenperature no higher than -75
[err]. The addition required 2.5 hrs (note 6). During the addition the
color of the solution went fromclear to yellow to deep burgundy. Upon
conpl etion of the addition, the solutiangwas stirred at [err] for an
additional 2 hrs Acetic acid solution (325 nL of THF and 325 nL of gl aci al

HOAC) was 6(@2 PB4 36 BF the b tmﬁgh&irpkﬁ'ﬁ?o&lﬂ&ﬂ?p the internal
tenperature Of the reactlion VESSe ow lerrj]. e addition required 1 hr.

Upon conpl etion of the addition, the m xture was stirred an additional 15
mn in the dry ice- acetone ba At this point toluene (2.0 L, Mallinkrodt
Anal ytical Reagent grade) wa Hed in 25 min (internal T < -71 [err]).
When the internal tenperature ch&d 5 [err] (note 7), ice-cold 0.4%
aqueous [err] (2.5 L, Note 8) was ado-o and the m xture stirred vigorously

3 i During this tinme, a dry 2 L
Er | enmeyer flask was charged wi th anhydrolys ethanol (1.26L). Solid [err]
(49 g, Aldrich) was added, and the m xturzg s stirred 30 mn at RT. It was
cooled to O [err] under nitrogen bef BP€™NuseX Wftn all the salts adhering to
the side wall of the 12 L reaction vessel hed '

Compound 2b

To the crude 2a prepared as above dissolved in 12 mL of methanol and
12 mL of THF at -15°C was added portionwise over 30 minutes 228 mg
(6.0 mmol) of sodium borohydride. After stirring for 20 min at -15 °C,
an additional 85 mg of sodium borohydride was added. After stirring
for 25 min at -15 °C, an additional 50 mg of sodium borohydride was
added. After 10 minutes, the reaction was partitioned between 70 mL
of saturated KHSO4 and 70 mL of ethyl acetate and the organic layer
washed with 70 mL saturated NaHCO3 and 70 mL brine. Drying over
magnesium sulfate and concentration gave a yeliow solid which was
recrystallized from 3:2 ethyl acetate:hexane to afford 1.03 g (64%) of a
white solid chlorohydrin 2b.



di ssolved, stirring was stopped and the layers allowed to separate. After
10 mn, the | ower aqueous | ayer was renoved by vacuum suction (note-9). The
washing with HO/NaCd [err] was repeated one nore tine at RT. Then, sat.
[err] (2.0 L) was added, and the mi xture stirred vigorously for 10 mn. The
| ayers were allowed to settle. The | ower aqueous |ayer was separated as
above. The wash with sat NaHCO3 (2.0 L). wms. repeated one - 24 - nore

ti me. Anhydrous ethanol (1.26 L, note 10) was added, stirring initiated,
and the fl krmersed in a dry ice-acetone cooling bath. \Wen the
tenperaturggg%ggﬁ%% [err], the previously prepared ethanolic NaBH4 sol ution
was cannul ated into the reaction m xture under a positive pressure of
nitrogen. The internal tenperature of the reaction vessel did not get

hi gher tharPrefRrd§én Jof the@hdskdhiyideth (1§86iiheGetieB) 2b Tafhg SRCtinpgitessel was
stirred at [err] for 13 hrs (note 11), warnmed to [err]| and stirred for 2
hrs (note lihprohbk col or of the solution |ightened upon warm ng. After 2
hrs at [err], the reaction was quenched by addition of a solution of 0.7 L
saturated [err]. The m xture was stirred at [err] for 30 mn, then poured
into a 20 L sinﬁfiliifked flask, diluted with 0.7 L water and concentr at ed

in
o

THF add 1. 0.4% add NaBH,
5LDA 10HOACgjuene G EtOH as soln

BOCN™ ™ COEt 4 CICHy! . 7g0C warm1to 2. Sat coolto 7g0G
o -78°C -20°C NaHCO; - 78°C

. AL

BocHN BocHN
OH

om

H

Compound 2b Compound 2c

A 12 L three necked flask was equipped with an overhead mechanical
banana type stirring paddle, shaft, and motor. The flask was sealed with
septa, a digital thermometer probe was inserted &uough one of the septa,
and the flask was heated to 80 °C (internal air temperature) and purged
with nitrogen for 15 min. The flask was charged with N-BOC-L-O-Bn-
tyrosine ethyl ester (185.5 g, 0.4643 mol). A 500 mL addition funnel (Ace,
needle valve stopcock) was attached to one neck of the flask (Note 1)-
Tetrahydrofuraﬁ (2.53 L, Aldrich, anhydrous, sure-seal) was added to the
reaction vessel by direct pouring. The iodochloromethane (328 g, 4 equiv.)
was added at once (note 2). The flask was immersed in a dry ice- acetone

bath (note 3). The internal temperature was -77°C. The addition funnel



vacuo to ~half its volume. Mdire water (0.7 L) was added to dissolve [err]
preci pitates and concentration was continued for 3 hrs (bath T [err]) to
~2L volune. The resultant m xture was stirred by nmeans of an over head
mechani cal stirrer for 30 mn. The solid was collected by pouring onto a
glass frit wth suction filtration. The solid was quantitatively
transferred and rinsed with the aid of _agg additional 300 nL x 3 of water.
The yellow solid was then rinsed with 300 nL x 3 of hexane (note 13), and

o S o AR
' 95% Et OH .0 Ly, 7 . . e ' , 10 g,
S8 LB P s W SR e R
ot £1 on (peleihd e BHEHlal Rk o e R G e T i
was heat ed ﬁtﬁd%oﬁs%cﬁ.ﬁr@d b.55REs (ot 68 YRirfg B Ad@itiofdtHeddlbr oftRePat h was

allowed to slowy co to roomtenperature overnight. The flask was pl aced

in the col dsglQ6idnl Wehl frothicdéardd Yllbw W8 idRep(Burgubliyepon cothpletidiedf and
the mxture was stirred for 3 hrs at RT. It was then filtered and
the addition, the solution was stirred at -77°C for an additional 2 hrs.
Acetic acid solution (325 mL of THF and 325 mL of glacial HOAc) was
added dropwise at a rate sufficient to keep the internal temperature of the
reaction vessel below -72°C. The addition required 1 hr. Upon completion
of the addition, the mixture was stirred an additional 15 min in the dry ice-

acetone bath. At this point toluene (2.0 L, Mallinkrodt Analytical Reagent
grade) was added in 25 min (internal T < -71 °C). '

When the internal temperature reached -35 °C (note 7), ice~cold 0.4%
aqueous HC1/NaCl (2.5 L, Note 8) was added, and the mixture stirred

vigorously to dissolve all salts. This required 10-15 min.

During this time, a dry 2 L Erlenmeyer flask was charged with anhydrous
ethanol (1.26L). Solid NaBH4 (49 g, Aldrich) was added, and the mixture

was stirred 30 min at RT. It was cooled to 0 °C under nitrogen before use.

When all the salts adhering to the side wall of the 12 L reaction vessel had
dissolved, stirring was stopped and the layers allowed to separate. After 10
min, the lower aqueous layer'was removed by vacuum suction (note 9).
The washing with HCl/NaCl (2.0L) was repeatéd one more time at RT.
Then, sat. NaHCO3 (2.0 L) was added, and the mixture stirred.vigorously
for 10 min. The layers were allowed to settle. The lower aqueous layer was

separated as above. The wash with sat NaHCO3 (2.0 L) was repeated one



washed with 100 m x 3 hexanes. The material was collected as a fine _
yel | owi sh solid: 95 g, 50% HPLC anal ysis indicated a di astereoneric ratio
of . 96.8:3.2 (2b:2c). Notes: 1. The addition funnel should be positioned
to deliver the LDA solution as close as possible to the center of the
reaction vessel. This tends to minimnze splashing onto the walls of the
reaction vessel. The needl e valve on thejgddition funnel provi des optimm
control over the additi ate of the LDA sol ution. ! err] conmes in a

seal ed bot t |TBOr@E e Y Ofléte&hlarml(lé’erLb%@ﬁel@ wedGOE tnzang Duri ng
I f BOC: OBnT t .an
1 throchl or dRtAfEde=hf A Task Vb BRatemed if & rwsf%?fpaedﬁqcs?%a&ﬁ%?ttﬁe
to the e
ook tuo_t AVABEPR i Feralore, 3559%”9%“@35{% PRt repited Baandlc ¢ e
flask, and (NiBHlfséldterPWscHaﬁ%M‘HeQ‘%n‘f@m@ rfetidrRlikh &R ﬁﬁ{dexbg_é%)smve

phenonena appear to be detrinental to yield and product purity

ction fl SHTEMHLHh @xr?é?éﬁﬁgéi%@féﬁ h/ Pggsi bl e
[gakeep theﬁfﬁﬁgngﬁ% 4. If%%alqgt 3033 was obt acl:tﬁ%ﬁg fe?%%

Li t hi um Di virpt@fet dighenshdr t682t@.d Thel sddiciophequidel BREThE T¥AdHEH 9254028

according to L| pton, M F. et
was stirred at -78°C for 13 hrs (note 11), warmed to 0°C and stirred for 2 hrs
(note 12). The color of the solution lightened upon warming. After 2 hrs
at 0°C, the reaction was quenched by addition of a solution of 0.7 L
saturated KHSO4. The mixture was stirred at 0°C for 30 min, then poured
into a 20 L single necked flask, diluted with 0.7 L water and concentrated in
vacuo to ~half its volume. More water (0.7 L) was added to dissolve KHSO4
precipitates and concentratmn was continued for 3 hrs (bath T < 30 °C) to
~2L volume. The resultant mixture was stirred by means of an overhead
mechanical stirrer for 30 min. The solid was collected by pouring onto a
glass frit with suction filtration. The solid was quantitatively transferred
and rinsed with the aid of an additional 300 mL x 3 of water. The yellov:/
solid was then rinsed with 300 mL x 3 of hexane (note 13), and dried
overnight by suction filtration. This process afforded a yellow solid, 205 g,

with diastereomeric ratio of 3.5:1 (note 14).

The solid was taken up in hot 95% EtOH (3.0 L, 74 °C), cooled briefly,
charcoal (10 g, Norit, Fisher, neutxl'al) added, the mixture heated for 5 min
with swirling, and finally filtered through celite. The flask was washed
with additional hot EtOH (4x125 mL), which was then used to rinse the
celite pad. The flask was heated to dissolve all solid in a water bath at 74
°C. The bath was allowed to slowly cool to room temperature overnight.

The flask was placed in the cold room (~5°C). After 20 hrs, water (0.4 L) was



al J. Organonet. Chem, 1980, 186, 155. - 26 - 5. 1t mght take a | ong
time to finish the addition of LDA while keeping the internal tenperature
below -75 [err], if the stirring is too slow. 6. After addition of the
first 500 mM of LDA, the addition funnel was recharged with nore LDA and
the addition continued until all LDA was added. 7. To speed up the
warm ng process, the acetone-dry ice batgswas replaced with an

acet one-wat er. bath. 8. The solution was prepared by dissol \fLi ng nh of
concent r at e@dded and the mixtrewaestivgd fop3hrs g Riri Havagthen ﬂ‘iﬁé%i ABE easy

:mﬂgssfﬁﬁttﬁﬁc_sﬁve%%{%é{yif%ﬁéq,h*lﬁﬁg SxineR nphe FatPal WaS ORHEY 10° m%”ef;?e%ﬁ
ot Com New PhaBRE SBURERS ST P PE ARt B B P A R BRS  °

top organic gdabe put back to the reaction flask. It is inportant
to wash avvaflfg%g]%lg%? t 'gc)fzoé\c, Li salt and diisopropylanmne as their
presence decrease the selectivity of reduction. I|f

Notes:

1.  The addition funnel should be positioned to deliver the LDA
solution as close as possible to the center of the reaction vessel. This tends
to minimize splashing onto the walls of the reaction vessel. The needle
valve on the addition funnel provides optimum control over the addition

rate of the LDA solution.

2. CICH2I comes in a sealed bottle, 25 g each. A total of 13.5 bottles were
used.

3.  During the addition of LDA to the -78°C solution of BOC-OBnTyr-OEt
and CICH?2], lithiochloromethide anion was generated. It is very unstable
and must be kept as cold as possible. If the solution splashes onto the walls
of the flask two things happen: (a) a solid deposits itself on the walls of the
flask, and (b) the lithiochloromethide warms up. Empirically, both
phenomena appear to be detrimental to yield and product purity. The
reaction flask should be immersed in the cooling bath as much as possible

to keep the splashing cold.

4. LDA lot # 3033 was obtained from FMC Lithium Division and was
titrated using diphenylacetone fosylhydrazone according to Lipton, M. F. et
al J. Organomet. Chem., 1980, 186, 155.



=

necessary, the wash should be conducted in a phase splitter and not in the
reaction flask. 10. To save tine, the ethanol was precooled to - 78 [err]
under nitrogen. 11. The reductions were also carried out on smaller scales
(1-10 g) without overnight stirring and simlar results were obtained.

this case it was nore convenient to |let the reduction go overnight at -78
[err]. - 27 - 12. This is to destroy s@dine related inpurities (if any)
and to ensure conplete reduction. 13. The solid thus obtained is not very

solubl e in Bexangsn; ecraﬁevz@&r{g)tm(@lﬁégfmm@{e dRBsoA S DIRH i k&ﬁgﬁane&

14. There could be t reasons ftor t low ratio: (a) the aqueous I n

the reacti oghd iriginale@mséravefe/bebhects «&, if the sg antdaslosount of the
correct iodohydrin was formed which behaves simlarly to the mnor isoner

of chl orohydrin, in which case, the iodohydrin could be converted to the

desired epoxi de. Exanple 4 Preparation of the chlorohydrin (phenyl al ani ne

series) |b GsingAftee addition of the first 500 ml of LDA, the addition funnel was
recharged with more LDA and the addition continued until all LDA was

added.

7.  To speed up the warming process, the acetone-dry ice bath was

replaced with an acetone-water bath.

8.  The solution was prepared by dissolving 1 mL of concentrated HCI in

50 mL of water and 50 mL of brine.

9. It was not easy to see the separation of the phases in the round
bottom flask when there was not much aqueous solution remaining. It is
recommended to collect 750 ml of .solution into a separatory funnel when
the organic layer reaches the bottom. New phase separation would form in
the separatory funnel and the top organic layer could be put back to the
reaction flask. It is important to wash away all of the HOAc, Li salt and
diisopropylamine as their presence decrease the selectivity of reduction. If
necessary, the wash should be conducted in a phase splitter and not in the

reaction flask.
10. To save time, the ethanol was precooled to - 78 °C under nitrogen.
11. The reductions were also carried out on smaller scales (1-10 g)

without overnight stirring and similar results were obtained. I this case it

was more convenient to let the reduction go overnight at -78 °C.



"in-situ" approach |odochl oronmethane (180 nL, 4 equiv) was added to a
solution of N- BOC-L-phenyl al anine ethyl ester (175.8g, 0.6 nol) in
anhydrous tetrahydrofuran (1500 nL). The flask was cooled to -780C and LDA
solution (1333 nm., 5 equiv, 2.25M was then added slowy with very - 28
- gentle stirring. Upon conpletion of the addition, the solution was
stirred at [err] for an additional 15 nim7 Acetic acid solution (330 nL of
THF and 330 nL of glacial HOAc) was added dropwi se at a rate sufficient to
keep the intqpnal ThRnBabaldstyiodiie reRaed Inellfouyﬂﬁasgif 418f)aimd € ehsutdpon
conpletion of the addition, the m xture was Stirred an additional 15 mn in
the dry ice coagdeteneedwdtion.The cooling bath was then renoved and the flask
slowy allowed to warm At this point toluene (1500 nL) was added. \Wen the
i nternal tenperature reached [err], the m xture was washed sequentially

w th ice-cold 1% aqueous HC (1500 nl) and ice cold 0.5M NaHCC3 (1500 ni).
Anhydrous et H@nol Thta sobd thys medeis net veny sajuble inj hexames ghHerehwags| nptk

cooled to [err],. a so]ution of
[ m1]1ch we$1gl!\t {oss after wash with hexanes.

14. There could be two reasons for the low ratio: (a) the aqueous wash in
the reaction flask was not very effective. (b) substantial amount of the
correct iodohydrin was formed which behaves similarly to the minor
isomer of chlorohydrin, in which case, the iodohydrin could be converted

to the desired epoxide.

Example 4

Preparation of the chlorohvdrin (phenvlalanine series) 1b using the

t

‘in-situ" approach

BocHN Cl BocHN = (o]
OH OH

Compound 1b Compound 1c

Iodochlorofnethane (180 mL, 4 equiv) was added to a solution of N-
BOC-L-phenylalanine ethyl ester (175.8g, 0.6 mol) in anhydrous
tetrahydrofuran (1500 mL). The flask was cooled to -78°C and LDA
solution (1333 mL, 5 equiv, 2.25M) was then added slowly with very



[err] (60g) in anhydrous ethanol (2000 nL) was added. The reaction vessel
was stirred at [err] for 12h, warned to [err] and stirred for 2h. After 2h
at [err], the reaction was quenched by addition of a solution of [750 niL
saturated [err] + 750 nL of water]. The m xture was stirred at [err] for 30
m n, and evaporated in vacuo. Water (3000 nlL) was added to the solid yell ow
residue, and the resultant m xture stirregl 30 mn. The solid was coll ected
and rinsed an additional 1000 m. of water. The yellow solid was then rinsed
three times gantle stirchge WP completion dflthenddditioan th®Sohitjon wag dri ed
overni ght by suction filtration. This process afforded a yellow solid,

136. 1g ( 76%stirmd ah-787&I for ea dddiHpnal &g mirg: 1 mi xture of (1b: 1c)

di ast er eoners. - 29 - The solid was taken up in hot ethyl acetate (2700
m.), cooled briefly, charcoal (8.1g, Norit, Fisher, neutral) added, the

Celi Lo, The Adssaci s RN oL Sihpo B of el HOAQ Y200

]E Ihle,[] r g? e%;ad\g%idcg'ro\/\ﬁav%sg g‘?% 1ate gul‘ﬁciériltntsoekégf e Ht%lena? %gmp-lépaetu% @fl acetate
the reaction vessel below -68°C. Upon completion of the addition, the
mixture was stirred an additional 15 min in the dry ice - acetone bath.
The cooling bath was then removed and the flask slowly allowed to

warm. At this point toluene (1500 mL) was added.

When the internal temperature reached -20°C, the mixture was
washed sequentially with ice-cold 1% aqueous HCI (1500 mL) and ice
cold 0.5M NaHCO3 (1500 mL). Anhydrous ethahol (1500 mL) was
added, stirring initiated, and the flask cooled to -74°C, a solution of
NaBH4 (60g) in anhydrous ethanol- (2000 mL) was added.

The reaction vessel was stirred at -78°C for 12h, warmed to 0°C and
stirred for 2h. After 2h at 0°C, the reaction was quenched by addition
“of a solution of [750 mL saturated KHSO4 + 750 mL of __water]. The
mixture was stirred at 0°C.for 30 min, and evaporated in vacuo. Water
(3000 mL) was added to the solid yellow residue, aﬁd the resultant
mixture stirred 30 min. The solid was collected and rinsed an
additional 1000 mL of water. The yellow solid was then rinsed three
times with- hexane (400 mL, then 600 mL, then 400 mL), and dried
overnight by suction filtration. This process afforded a yellow solid,
136.1g (76%), which analyzed by HPLC as a 9:1 mixture of (1b:1c)

diastereomers.



then concentrated to 1700 nL in vacuo, the m xture heated briefly to

redi ssol ve the chlorohydrins, and the flask sealed and placed in a
preheated water bath at [err]. The bath was nmintained at [err] for 2h,
then allowed to slowmy cool to roomtenperature and then at [err]. The
materi al was collected as brown nossy crystals: 81.7g, 45.5% HPLC anal ysis
i ndi cated a diastereoneric ratio of chlarefydrin conpound 1b: 95.6:

i ncorrect chlorohydrin 1c: 2.0: correct iodohydrin 1.0. Exanple 5

Prepar ati on FThetsbhddewes italen( whdn jlod letinylnscesztel (2800 pek), kodleddbmieflyn of

pot assi um hydroxi de in ethanol (328 nL, 1M was added to a sol ution of

N- BOC- L- phenglhatcanl (felgHNoribHisi¢mn neytrabladded othe7mixture heatadhfadrous

et hanol (2800 nli), The_?uspen'ipn was. stirred at anbient tenperature for
2h. A sol ut i BHngWitheswir lpss.ara% u}aélmélte;eck through celite. Abadlaskivas he ni xture

P ron o, e it pdftiondl RAKAT P hecthte (200 STtk BbVmE), vhfen™ "2

was then used to rinse the celite pad. The ethyl acetate filtrate was
then concentrated to 1700 mL in vacuo, the mixture heated briefly to
redissolve the chlorohydrins, and the flask sealed and placed in a
preheated water bath at 40°C. The bath was maintained at 40°C for 2h,
then allowed to slowly cool to room temperature and then at ~5°C.
The material was collected as brown mossy crystals: 81.7g, 45.5% .
HPLC analysis indicated a diastereomeric ratio of chlorohydrin
compound 1b: 95.6 : incorrect chlorohydrin 1c: 2.0 : correct iodohydrin

1.0.
xample 5

Preparation of the epoxide (phenvlalanine series

BOCN

A solution of potassium hydroxide in ethanol (328 mL, 1M) was

added to a solution of N-BOC-L-phenylalanine chlorchydrin 1b (81.7g,
0.27 mol} in anhydrous ethanol (2800 mL). The suspension was stirred
at ambient temperature for 2h. A solution of NaH2PO4+H?20 (18.8g) in

water (320 mL) was added and the mixture placed on a rotary



was partitioned between ethyl acetate (1500 nlL) and water (500 nmL). The
aqueous | ayer was extracted with ethyl acetate (500 nL). The conbi ned et hyl
racts were dried [err], filtered and concentrated. The brown

acet ate ext
solid was d
gl ass wool .

solution was allowed to stand at

room and fi
needl es,
1.25 KO-l [erT

i ssol ved in hot hexane (5.4L), and filtered through a plug of

The filtrate was reheated to redissol ve the epoxide. The

nally in a freezer at [err]. The epoxide was collected as

2 e¥hpgiat. WRER e inblRY of thd bRl a8 RAKdiRed (Ut Ser ' ©9)

ous et hano obt ai ne rom Quant um Chem ca

Conpany. POt@§§EHE91MHé&BbQ@e&P heetale/ (18 rﬂ@ﬁaﬁatvaa@e@sdo £10).

Mal |'i nckrodt an

flask was c

Anhydrous et han

sol ution of
equi v.) was

*’ﬁ'[é?@?hé%ﬁ&la[ E ffasCdterceRy drittne iyl @8etage (S0Pmi)pThenote 1).

(1.6 was added. Wth stirring and under nitrogen,
mmmdwﬂmyymmﬁeomctmtsewm dried3(MgSQyg), filtaredspal M, 1. 25
ciiggr?ﬁggec; r’]I?he brown solid was dissolved in hot hexane (5.4L), and
filtered through a plug of glass wool. The filtrate was reheated to
redissolve the epoxide. The solution was allowed to stand at room
temperature and then placed in a cold room and finally in a freezer at

-5°C. The epoxide was collected as needles, 62.1g, 85%.

Example 6

Preparation of the epoxide osine series

<N a.

1.25 KOH
EtOH
BocHN BOCN 7
OH 3hrs I[-I o
25°C :

Anhydrous ethanol was obtained from Quantum Chemical Company.
Potassium hydroxide (pellets, 87.8%) was obtained from Mallinckrodt and

used without further purification.

A dry 4 L Erlenmeyer flask was charged with N-BOC-L-O-benzyl-tyrosine
chlorohydrin 2b (82 g, 202 mmol, note 1). Anhydrous ethanol.(1.6 L) was
added. With stirring and under nitrogen, a solution of potassium

hydroxide in ethanol (31.1 mg/1 ml, 520 ml, 1.25 equiv.) was added to the

roomtengerature and then placed in a cold

used w thout further purification. Adry 4 L Erl enrreyer

a

k)



- 31 - resulting suspension in 10 m nutes. The suspension was stirred at
anbi ent tenperature for 3 hrs. Wien the reaction was conplete (note 2), the
excess KOH was neutralized with addition of aqueous KH2PO4 (10.5 nmg/ 1 ni,
130 m, 0.5 equiv., note 3). The m xture was transferred to a 2 L round
bottom fl ask and concentrated to 1 L in volune (note 4). The ethanolic
solution was diluted with brine (1 L). Rrggipitation occurred i mredi ately.
The resulting m xture was stirred at RT for 30 min and then filtered. The

sol i d cake wegulshedspbhidionaher0 miRAtddl FhéluspltsdbRivva 5@fred HOaMbidHt €d
when the washi ngs were conbined with the original filtrate. The resulting

solid was colehgsdratumsforehis] Wingh the sdstiond s wohrgpletel @btai2) xthd) exaess
conmbined with the first crop. The conbined solid was washed w th hexanes
(300 M x 3)Ke was neutsalized with additionspf aguenis KbieRO4 (3109 imgy/ 1 mlgi3® 77
g yellow solid (note 5). Optional Crystallization Purification is as

fol | ows: Thenddl-d @quis. eesbBhedhaimixtarpwesrtrangfened fotae2 §) raundjibettom t ot al
of 112 g. Th onbi ned materi al s.dissolve in toluene (1 L) at_ RT (note
7), char coalf?is%f'a@‘}1 %eﬁﬁégdia%ﬁ e velumgr@oigd)-sdifer aﬂ@ilc solyfon t hen
filtered through. d celite . The flask was washed w th additjonal hot
tol uene (50 ‘f'@g :a]‘ﬁ“tggd" “rﬁ‘ bring {1 Ghi @ﬁe% a’i‘ﬂ’éﬁcﬁg’gﬁgtlg‘mﬁﬂ?é‘gg’he‘}%@ ite
pad. Wth resulting mixture was stirred at RT for 30 min and then filtered. The solid
cake was washed with water (500 ml x 3). Precipitation also occurred when
the washings were combined with the original filtrate. The resulting solid
was collected as second crop, washed with water (100 ml x 3) and combined
with the first crop. The combined solid was washed with hexanes (300 ml x
3) and dried overnight (13 hrs) by suction filtration to give 77 g yellow solid

(note 5).

Optional Crystallization Purification is as follows:

The solid was combined with another batch (ﬁote 6) to give a total of 112 g.
The combined material was dissolve in toluene (1 L)I at RT (note 7), charcoal
(15 g) was added and the mixture was stirred for 30 min, then filtered
through a pad of celite. The flask was washed with additional hot toluene
(50 °C, 100 ml x 2), which was then used to rinse the celite pad. With
stirring, heptane (2.5 L) was added to the toluene solution. The resulting
clear solution was seeded and set aside at RT overnight (13 hrs). The crystals
were stirred in the solvents for 3 hrs and heptane (0.5 L) was added in the
mean time. .The mixture was then filtered and washed with hexanés (150
ml x 2) to give 79 g of an off-white solid (little yellow), with anoverall yield
of 71% (note 8).



stirring, heptane (2.5 L) was added to the toluene solution. The resulting
clear solution was seeded and set aside at RT overnight (13 hrs). The
crystals were stirred in the solvents for 3 hrs and heptane (0.5 L) was
added in the nean tine. The m xture was then filtered and washed w th
“hexanes (150 M x 2) to give 79 g of an off-white solid (little yellow),
with an overall yield of 71% (note 8). . 33 32 - Notes: 1. The

chl orohydrin had a diastereoneric ratio of 96.8:3.2 (2b:2c). 2. The
reaction shlogege nonitored by HPLC. S. M and product retention tines
differ by 1 mn."1f the reaction is not conplete in 3 hrs, addition of nore
Et OH and/ or KOH solution (0.1-0.5 equiv.) wll accelerate the reaction to
conpl etion. 3. The excess KOH (or KCEt) will generate inpurities by

openi ng the gpoxiTige dhldrBBydtia lallh Hastbréonesd tdtad b996.843.2 (20:26).bat h
tenperature was kept at 30-35 [err]. In the end, sonme solid had
precipitated out. 5. The yield is quantitative. The diastereoneric ratio

was 96. 5: 3. 5.
2.  The reaction should be monitored by HPLC. S. M. and product
retention times differ by 1 min. If the reaction is not complete in 3 hrs,
addition of more EtOH and/or KOH solution (0.1-0.5 equiv.) will accelerate

the reaction to completion.

3.  The excess KOH (or KOEt) will generate impurities by opening the

epoxide during the course of concentration.

4.  The bath temperature was kept at 30-35 °C. In the end, some solid had

precipitated out.
5.  The yield is quantitative. The diastereomeric ratio was 96.5:3.5.

6.  This batch with a diastereomeric ratio (97:3) was obtained from 41 g of
chlorohydrin (95.4:4.6), which in turn was obtained by recrystallization of

second crop of the combined mother liquor of 3 batches of chlorohydrin.

7.  There is some residual oily material not completely dissolved in
toluene. It was removed by filtration after the charcoal treatment. This was
not observed when the recrystallization was conducted in EtOAc and

hexanes.



6. This batch with a diastereoneric ratio (97:3) was obtained from4l g
of chlorohydrin (95.4:4.6), which in turn was obtained by recrystallization
of second crop of the conbined nother |iquor of 3 batches of chl orohydrin.
7. There is sonme residual oily material not conpletely dissolved in
toluene. It was renoved by filtration after the charcoal treatnent. This
was not observed when the recrystallizatigpn-was conducted in Et OAc and
hexanes. - 33 - 8. The HPLC di astereoneric ratio of the final product
is 98.5:1.5. 8To iThe &L diadtdreanheric crtioref dhe finalipraduatyis 98.3:28uckal, in
whi ch case, heating the solution to higher tenperature may be needed to

di ssol ve al | Infreasq gleld mtheyobume of) tolumeemyg& sedwsed; e velnichresset one

conmpound la [err solution of LDA in THF (100 , 2.0 5 equiVv) was
adggd dr opwi 8a?’}58§*‘t-‘éf°r‘}ﬁ%|*% %)eroifefﬁpﬁeéuml e(\i&é%é? =ﬁésq%ﬁs|a;11 and

[err] (12 m. 4 edyiv) in tetrahydrofuran (625 ni). After the

Example 7

(A) Preparation of the chloroketone compound 1a

BocHN Cl
o

Compound 1la

A solution of LDA in THF (100 mL, 2.04M, -5 equiv) was added
dropwise to a -78°C solution of N-BOC-Phe-OEt (11.72g, 40 mmol) and
CICHI (12 mL, 4 equiv) in tetrahydrofuran (625 mL). After the
addition was complete, the mixture was stirred for 20 min and
quenched by dropwise addition of HOAc (25 mL) in THF (50 mL).
After 10 min, the mixture was slowly allowed to warm to RT and
water (400 mL) was added.- The organics were removed in vacuo , and
the residue partitioned between itself and 80:20 ethyl acetate:hexane.
The organic layer was washed sequentially with 5% NaHCO3 (300 mL)
and 5% NaHSOj3 (200 mL), dried (MgSOy), filtered, and concentratéd.
The residue was triturated with diethyl ether (250 mL), and the ether
refluxed gently for 5 min in the presence of 2.4g of charcoal, filtered

through 0.75" by 2.5" of celite, and concentrated to afford a yellow solid.



addi tion was conplete, the mxture was stirred for 20 m n and quenched by
dropwi se addition of HOAc (25 nL) in THF (50 nL). After 10 mn, the mxture
was slowy allowed to warmto RT and water (400 nlL) was added. The organics
were renoved in vacuo , and the residue partitioned between itself and

80: 20 et hyl acetate: hexane. The organic | ayer was washed sequentially with
5% NaHCO3 (300 nL) and 5% NaHSO3 (200 nmt)34 dried [err], filtered, and
concentrated. The residue was triturated with diethyl ether (250 m.), and
the ether rﬁécg;ﬁs‘?gllﬁ‘iﬁbhyfréﬁ{ het mHCyI'd&ems (D6 BSEN&Ed Bbxand! 20U mhar coal ,

filtered throu elite, and concentratedto afford a

yel I ow sol i thy coolingdtb RTREM YeérabPC zdfdreled fthethimroketfone! 1anaelighe (16 nl)
and hexane (%{00 m_) by cooling to RT and then [err] afforded the

chl or oket ongr ellla“amdss?hteegltdsk @82 %beedl es: 6.82g9, 57.4% (B)
Preparation of the chlorohydrin conpound Ib General netal hydride reduction
procedure: [err] Solid KBH4 (59.7 ng) was added at [err] to a solution of

t he
(B) Preparation of the chlorohydrin compound 1b

General metal hydride reduction procedure:

KBH4
BocHN caE — BocHN Cl

o] OoH

Compound 1b

Solid KBH4 (59.7 mg) was added at -20°C to a solution of the
chloroketone (297 mg, 1 mmol) in methanol (2 mL) and THF (2 mL).
After 5 min, THF (1 mL) was added and the suspension warmed to 0°C. -
After 1h, a saturated solution of KHSO4 (11.75 rfiL) was added followed
by ethyl acetate (15 mL). The mixture was transferred to a separatory
funnel with the use of water (5 mL) aind ethyl acetate (10 mL), the
phases shaken and separated. The organic layer was washed with 5%
NaHCO3 and 5% NaHSO3, dried (MgSO4), filtered and concentrated to
afford 284.3 mg (95%) of an off white solid. The solid was recrystallized
from 12 mL of hot 50:50 ethyl acetate:hexane to afford the chlorohydrin
1b as needles:159.2 mg (53%). Similar results were obtained with

sodium borohydride.



chl oroketone (297 ng, 1 mvol) in nmethanol (2 nL) and THF (2 nL). After 5
mn, THF (1 nlL). was added and t he suspension warned to [err]. After 1h, a
saturated solution of [err] (11.75 nmL) was added foll owed by ethyl acetate
(15 nL). The mxture was transferred to a separatory funnel with the use of
water (5 nL) and ethyl acetate (10 nlL), 1RKg phases shaken and separ at ed.
The organic | ayer was washed with 5% NaHCO3 and 5% [err], dried [err],
filtered and concentrated to afford 284.3 ng (95% of an off white solid.

The solid wgzamgdewstallized from12 nL of hot 50:50 ethyl acetate: hexane
to afford the chlorohydrin I'b as needles:159.2 ng (53%. Simlar results
were obtained with sodi um borohydride. - 35 - Exanple 8 Preparation of

[err] Compound 2a Jerr %on pyur ged fl ask was
charged w t Brepamsbon o BB .iNEL, ; 568 mmol ). The
flask was equi pped with an overhead rrechanl cal stirrer. A 100 mL addition

dried, ar

5LDA, 4 ICH,Cl
THF, -78°C
OEt _— .
B°°'l“ BocHN I cl
y O

Compound 2a
A 1L three neck oven dried, argon purged'.ﬂask was charged with N-
BOC-L-O-Bn-tyrosine ethyl ester (10.0 g, 25.03 mmol). The flask was
equipped with an overhead mechanical stirrer. A 100 mL addition
funnel was attached to one neck of the flask. The flask was sealed
with septa, a digital thérmometer probe was inserted through one of
the septa. Anhydrous tetrahydrofuran (375 ml, freshly distilled) was
added to the reaction vessel via a syringe. The iodochloromethane
(17.66 g, 4 equiv.) was added at once under argon. The flask was
immersed in a dry ice- acetone bath. The internal temperature was
-77°C. The addition funnel was then charged with LDA solution (62.5
mL, 2.0 M, 5 equiv., titrated prior to use). The LDA solution was then
added slowly with stirring at a rate which maintained the internal
reaction température no warmer than -73 °C. The addition required 1
hr. During the addition the color of the solution went from clear to
yellow to deep burgundy. Upon completion of the addition, the

solution was stirred at -77°C f_or an additional 0.5 hrs.



<

funnel was attached to one neck of the flask. The flask was sealed with
t hernoneter probe was inserted through one of the septa.

septa, a digital
freshly distilled) was added to the

Anhydr ous tetrahydrofuran (375 m,

reacti on vessel via a syringe. The iodochl oronethane (17.66 g, 4 equiv.)
was added at once under argon. The flask_ W@S imersed in a dry ice- acetone

bath. The internal tenperature was [err].
charged with LDA solution (62.5 nL, 2.0 5 equiv., titrated prior to
use). The L

he addition funnel was then

i1t ai ned AR BpltPont BE T aﬁi 1o it BB R0 g 2L 0 V0
t t

From of ear t ALER drgbeisedl et Sﬁnf%qgﬁ{ﬁponee?"ﬁlﬁ R R ot e

sol ution was ﬁé i'éa[c‘?ﬁi)na&es[s@f Bilowrﬂa@ aﬁﬁé LHAHRSn Q?_‘%&C & 0.5 hrs:

acid sol ution nm. of THF and 19

at arate suEéﬁ@l@mnb@ the el difién) ﬂ{eefrﬁﬁiurbeﬁwgafféaeuoadaﬁﬁ)ﬂaqam i on

l'aci al

n Acetic
was adde dropW| se

vessel below [err]. The addition required O hrs: Upon conpl etion of the

addi ti on,

t henind ixt theed myeige <icetorecbath. dd d\ratsl t@ﬁlﬁfeﬂf&d to a2 L round

bottom flask. Water (400 ml) was added. The mixture was evaporated
to a clear two layer system. It was diluted with EtOAc (500 ml),
transferred back to a 2 L separatory funnel and washed with brine (400
ml x 2).

The organic iayer was concentrated to a dark colored solid, which was
then dissolved in acetonitrile (100 ml) and washed with hexanes (100
ml x 3). The acetonitrile layer was diluted with toluene (400 ml),
washed Na2503 (5% in brine, 400 ml x 2). The aqueous layer was
extfacted with toluene (200 ml). The combined organic layers were
washed with brine (400 ml x 2), dried over MgSO4 and concentrated to
a dark colored solid (13.5g), which was dissolved in toluene (40 ml).
Hexanes (70 ml) was added with heating. The resulting clear solution
was seeded and put aside at room temperature overnight.
Crystallization occurred and the resulting solid was collected by
filtration and washed with hexanes (8ml x2) affording a yellow powder

(6.5 g, 65% yield).



mn in the dry ice-acetone bath. It was transferred to a 2 L round bottom
flask. Water (400 m) was added. The m xture was evaporated to a clear two
| ayer system It was diluted with EtOAc (500 m), transferred back to a 2 L
separatory funnel and washed with brine (400 ml x 2). The organic |ayer was
concentrated to a dark colored solid, whgh was then dissolved in
acetonitrile (100 m) and washed vmth hexanes (100 mM x 3). The
acetonitrile layer was diluted with toluene (400 m), washed Na2SO3 (5% i n
brine, 400 rBxamgle.9 The aqueous |ayer was extracted with tol uene (200 m).
The conbi ned organic | ayers were washed wth brine (400 M x 2), dried over
‘[err] and concentrated to a dark colored solid (13.5g), which was dissol ved
i n tol uene (P40 m Hexanes 70 M) was added with heating. The resulting
cl ear sol ut ildapa oo i) -Bana chlorolnydrinnQeny d @ber ni ght .
Crystallization occurred and t he resul ting solid was col | ect ed by
filtration and washed wth hexanes [err] x2) affording a yellow powler (6.5

g, 65%yield). - 37 -
o @\/O.

NaBH4, EtOH
THF, -78°C

BocHN Cl BocHN Cl
o] ' OH

Compound 2a Compound 2b

A 50 ml round bottom flask was charged with sodium borohydride
(235 mg, 6.31 mmol). Anhydrous ethanol was added under argon. The
re;ulﬁng suspension was stirred at room temperature for 15 min then
cooled to -78 °C. A solution of N-BOC-L-O-Bn-tyrosine chloroketone
in THF (5 ml) and EtOH (5 ml) was added dropwise through a syringe
in 30 min. The internal temperature did not rise above -70 °C during
the course of the addition. The reaction mixture was stirred at -78 °C
for 2 hrs. It was diluted with dropwise addition of EtOAc (200 ml). The
mixture was allowed to warm up to 0 °C and and KHSO4 (half
saturated, 100 ml) was added. After stirring at 0 °C for 15 min, the
mixture was transferred to a 500 mL separatory funnel and washed
with KHSO4 (half saturated, 100 ml x 2) and brine (100 mIx2). The
organic layer was dried over MgSO4 (10 g). It was filtered and
concentrated to a white solid (1.2 g, diastereomeric ratio 5:1), which was
dissolved in hot EtOAc (16 ml). The resulting clear solution was put

aside at room temperature for 16 hrs then at 0 °C for 16 hrs.



Exanpl e 9 Preparati on of BOCN(H)-O Bn-Tyr- Chl orohydrin, Conpound 2b [err] A
50 m round bottom flask was charged with sodi um borohydride (235 ng, 6.31
miol ). Anhydrous et hanol was added under argon. The resulting suspension
was stirred at roomtenperature for 15 mn-then cooled to -78 [err]. A

sol ution of N BOC-L-O Bn-tyrosine chlorokggane in THE (5 n) and EtOH (5
m) was added dropw se through a syringe 1n 30 mn. The internal
tenperature did not rise above [err] during the course of the addition. The
‘reaction m XOH&alBStvn 6dctdred. THE deSiréd r;%freau@.t WhaS$ collbctd@bydi | uted with
dropwi se addition of EtOAc (200 m). The xture was allowed to warmup to
0 [err] and filtdation &} whité boEAl(0/68tE HiadePedthprit@atiad98e). After stirring at
O [err] for 15 min, the mxture was transferred to a 500 nL separatory
funnel and washed with [err] (half saturated, 100 mMl x 2) and brine (100
[err]). The organic |ayer was dried over [err] (10 g). It was filtered and -
concent r at edExampledlte solid (1.2 g, di astereoneric ratio 5:1), which was
di ssolved in hot EtOAc (16 nm). The resulting clear solution was put aside
at roomtenperature for 16 hrs then at 0 [err] for 16 hrs.

Preparation of BOCN(H)-O-Bn-Tvr-Chlorohvdrin. Com ound 2b

- Et3SiH, BF3 Et;0
CHxCl,, -78°Cto RT

BocHN Cl BocHN Ct
o ' OH

Compound 2a Compound 2b

A 50 ml oven dried, argon purged round bottom flask was charged
with N-BOC-L-O-Bn-tyrosine chloroketone (1.0g, 2.48 mmol). CH2Clp
(15 ml) was added. The resulting solution was cooled to -78 °C under
argon. Et3SiH was added followed by dropwise: addition of BF3
etherate at -78 °C in 5 min. The reaction mixture was stirred at -78 °C
for 2 hrs and slowly warmed to room temperature and stirred at room
temperature for another 2 hrs. It was recqoléd to -78 °C. A solution of
NaOAc (5 g) in MeOH (10 ml) was added dropwise through a syringe
in 15 min ( T < -60 °C). The reaction mixture was then stirred at 0 °C
for 1 hr and was transferred to a 250 ml round bottom flask. NaHCO3
(sat., 50 ml ) followed by (BOC)20 (0.54 g, 1 equiv.) was added. The
mixture was stirred at room température for 2 hrs. It was diluted with
EtOAc (80ml), transferred to a 250 ml .sei)aratory funnel and washed
with KHSO4 (half sat., 30 ml x 2), NaHCO3 (sat., 30 ml x 2) and brine



- 38 - Crystallization occurred. The desired product was coll ected by
filtration as white solid (0.65 g, diastereoneric ratio 95:5). Exanple 10
Preparati on of BOCN(H)-O Bn-Tyr-Chl orohydrin, Conpound 2b [err] A 50 m
oven dried, argon purged round bottomflask was charged with

N- BOC- L- O- Bn-tyrosi ne chl oroketone (1.0g9392 48 nmol ), [err] (15 m) was
added. The resulting solution was cooled to -78 [err] under argon. Et3SiH
was added foll owed by dropwi se addition of- BF3 etherate at -78 [err] in 5
nmn. The red@0imhx@)xflivecorganicsiayer edsatried 8veeMgSOD(S5 g), filterading oW y
warnmed to roomtenperature and stirred at roomtenperature for another 2
hrs. It was qassestmaied o ghe 1.5rg df wetsolid; mdriclhfwasadissolyedgn het MeOH ( 10
m) was add opw. se through a_syringe in 15 mn T < -60 [err]). The
reaction m jgf@%‘:\?& ml) apdput aside at roometempergture fior 19rrs\thentatansf err ed

to a 250 M ygund hottomfl ask, NaHCO3 (saj... 50 m.) followed by [err]
(0.54 g, 1 eétﬁ:'g?sg\ﬁifé'saéf@ﬁt.a W%W?‘{m’gh%ﬁ?ﬂ‘}lwsaﬁdké‘éﬁd P¥nperature
for 2 hrs. | dj Wit h. Et.OAc (80 , ,transferred to a 250 m
separatory ff&lﬁne na%%&mtvg%%(ﬁlw § . %‘f‘leséﬁﬁqs?r%‘g“‘iﬁwis 2), NaHCCB
(sat., 30 Mobtaitled®60% y28d as the first crop ( HPLC showed de of 99+%).

The mother liquor was concentrated. The residue was dissolved in
hot EtOAc (2 ml). The resulting clear solution was seeded and put
aside at room témperature for 16 hrs and at 4 °C for 2 days. The.

desired product was obtained as second crop in 20% yield (HI: 95%, de:
99+%).



=39 - (30mM x 2). The organic | ayer was dried over MgSO4 (5 g), filtered
and concentrated to give 1.5 g of wet solid, which was dissolved in hot
EtOAc (15 m) and put aside at roomtenperature for 10 hrs then at 4 [err]
for 3 days. Crystallization occurred. The solid was—eelteected by filtration
and washed w th hexanes. The desired proggct was obl‘ai ned in 60%-yield as

the first crop ( HPLC showed de of 99+% . The nothe ,!I'MMIM""HUI ting

concentrated. The residue was di ssolved in hot EtOA d
cl ear solution was seeded and put agldalMS room tenperature for *16*hrs and
at 4 [err] for 2 days. The desired product was obtained as second crop in

20% yield (H: 95% de: 99+%. CLAIMS What is clained is: 1. A process

for preparing an ani noepoxi de conpound of fornula
at is claimed is:

1. A process for preparing an aminoepoxide compound of formula

(XV)
Rg Ry
z—qp><%77 (XV)

wherein R4 and Rs are independently selected from hydrogen, lower
alkyl, aryl, aralkyl substituted lower alkyl, or R4 and Rs are taken
together with the carbon atom to which they are bonded to form a

substituted or unsubstituted carbocyclo group, which comprises:

(a) reacting a compound of formula (XI) .

Ry Rs

23 e (x1)
H )

o

wherein Z is a carbamate group having the formula RyO2C-, wherein
Ry is selected from lower alkyl or arylalkyl, and wherein Rg is selected
from lower alkyl or benzyl, with at least 2 molar equivalents of a

compound of formula (XII):

Li-CHX31X> (XII)



(XV) [err] wherein [err] and [err] are independently selected fraom

hydr ogen,

| oner al kyl, aryl, aral kyl substituted |ower alkyl, or [err] and

[err] are taken together with the carbon atomto \MI] || |I ed to
forma substituted or unsubstituted carbocyclo gro m Iw[l ﬂ“mm ng (a)

reacting a conpound of formula (XlI) [err]4wherein Z% st tarba

havi ng the fornmula R702C-, wherein R7 is selected from|ower alkyl

aryl al kyl ,

and wherein R6 is sel ected fromlower al kyl or benzyl,

t € group

or
with at

I 2 I | - 41 -
\Migftei n Fgr?%kge%giﬁ/%%ﬁ g en tty Sélgé@efgoﬁ%lj}nmé 'I[%E(%lwbrorm i odo
PicAd 88 ro) F?&hd@&ea)t%ait‘?ﬂe] of9X; bEXGlis bRoRiPIPidYo,itgdo. to

forma conpound of fornu

or fluoro,

form a compound of formula (XIII):
Ry Rs

z—rg)Yx (XIII)
H

o
“wherein X is selected from Xy or Xp; and
(b) converting the compound XIII to the aminoepoxide.

2. The process of claim 1 wherein step (a) is carried out in the

presence of tetrahydrofuran.
3. The process of claim 2 wherein step (b) comprises:

()  reducing the compound of formula XIII to form a halohydrin

compound of formula (XIV):

R; Rs (
XIV),

and (d) reacting the halohydrin compound with an alkali metal or

amine base to form the aminoepoxide compound of formula (XV).

4. The process of claim 3 wherein 2-5 molar equivalents of the

compound of formula XII are used.



wherein X is selected fromJ[err] or [err]; and (b) converting the conpound

XLIl to the am noepoxide. 2. The process of claim1 wherein step (a) is
carried out in the presence of tetrahydrofuran. claim?2
wherein step (b) conprises: (c) reducing the con‘;”“}lg B !I MB(I to
forma hal ohydrin conmpound of formula (Xig). [err] =an reaxti*ng the

hal ohydrin conmpound with an al kali netal or am ne base to formthe

am noepoxi de conpound of formula (XV). 4. The process of claim3 wherein
2-5 nol ar egui valgy U rg¢hbrslandxs is f6db. - 42 - 5.
The processq’lcj)f cl al ﬁg&ﬁ%%lﬁﬁﬁg?r]ﬂfﬁgﬁoﬁ and X2 |g | odo. 6. The

process of claim3 wherein step (a) is conducted at a tenperature in the
range of -30 Cto -100 C. 7. The process of claim3 wherein Z is sel ected
from car bobénzy| dye prodess tof aiaitru exlyererr stepy(k) is conducted at a

temperature in the range of -30°C to -100°C.

7. The process of claim 3 wherein Z is selected from

carbobenzyloxy or tertiarybutoxy carbonyl.

8. The process of claim 3 wherein the step (c) reduction comprises

treating the compound of formula XIII with a hydride reducing agent.

9. The process of claim 8 wherein said hydride reducing agent is

sodium borohydride.

10.  The process of claim 3 wherein Rg is selected from methyl, ethyl

or benzyl.
11. The process of claim 3 wherein step (c) is carried out in situ.
12. The process of claim 3 wherein step (¢) further comprises

recovering the halohydrin isomer XIVA

Ry Rs
2-00 N x (XIVA)

1 .
H OH

and step (d) comprises reacting compound XIVA with an alkali metal

base to form the aminoepoxide compound of formula XV.



&

8 The process of claim3 wherein the step (c) reduction conprises

treating the conmpound of formula XIIl with a hydHde—+educrngagent. 9.

The process of claim8 wherein said hydride reducin i bdd M

bor ohydride. 10. The process of claim3 wherein I?Hwﬂfﬁﬂtnmﬂﬂmﬂmm

met hyl , ethyl or benzyl. 11. The procggs. of cla c sstep-(c) is
carried out in situ. 12. The process of claim 3 wherein step (c) further

conpri ses recovering the hal ohydrin isonmer XIVA [err] and step (d)
conprises r@acti ndlieopposess oXicl4oB twhereiraktepl (c) momiprisease to formthe

am noepoxi de conpound of formula XV. 13. The process of claim3
wher ei n st eptefedsedeatirely aeducingethectarpppund yofr fodmsila KIilhe fompeund of
formula X1l to forma hal ohydrin conpound of fornula XIVA [err] 14. The
process of &elghidrinicomepoundofsfasmyla)XPeuction conprises treating the
conpound of forrmula XIIl with a silane
R .Rs
XIVA
20X (xTVA)
H OH
14. - The process of claim 3 wherein the step (c) reduction

comprises treating the compound of formula XIII with a silane

reducing agent in the presence of a Lewis Acid.

15. The process of claim 14 wherein the silane reducing agent has
the formula

(W)nSi(H)m
wherein W is aryl or lower alkyl; and n and m are integers from 1 to 3,

provided the sum of n and m is 4.

16. The process of claim 15 wherein the silane reducing agent is

(C2Hs)3 SiH and the Lewis Acid is BF3O(CaHs)s.



reduci ng agent in the presence of a Lewis Acid. 15. The process of claim
14, wherein the silane reducing agent "has the fornmula [err] wherein Wis

aryl or lower alkyl; and n and mare integers from1l1l to 3, provided the sum
of nand mis 4. 16. The process of claim 15 wherein the silane reducing
agent is [err] SiH and the Lewis Acid is [err].

ABSTRACT
TITLE OF INVENTION: PROCESS FOR PREPARING N-PROTECTED
AMINO ACID ALPHA-HALOMETHYL

KETONES AND ALCOHOLS FROM N-PROTECTED
AMINO ACID ESTERS

The present invention. relates to a novel method useful for the
conversion of amino acids to halomethylketones, which are then
converted to amino acid epoxides. Such epoxides are important
intermediates for the synthesis of inhibitors of renin and HIV
protease, which are particularly useful in the treatment and/or
prevention of HIV _infecﬁon (AIDS).



