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INTRODUCTION

The utility of hydroxylamine as a reagent in organic chemistry for various transformations is
well documented.!? Its application in synthesis, however, is more limited primarily due to its
amibident nature. In 1982, Marvin Miller stated the need for a hydroxylamine reagent bearing remov-
able protecting groups which would afford the needed control.# The efforts of Miller, and others (vida
infra), have now generated more than twelve distinct species of bis-protected hydroxylamine reagents.
The impetus for these reagents is predominantly derived from their application to the synthesis of iron
sequestering siderophores (macrocyclic polyhydroxamic acids that solubilize ferric ion from the envi-
ronment) and 5-lipoxygenase inhibitors (N-hydroxyureas that act as antiinflamatory agents). More-
over, the ubiquitous presence of the nitrogen-oxygen bond as found in N-hydroxyamides (peptides
and amino acids), N-hydroxyureas, N-hydroxyheterocycles, isoxazoles, oximes, and other functional-
ity which incorporate the nitrogen-oxygen bond as a core structural unit,’ all contribute to a variety of
biological activity observed for these compounds (e. g. antibacterial, antitumor, antifungal, antiinflam-
atory, antistroke).®

In view of the above discussion and the emergence of recent publications describing bis-
protected hydroxylamine reagents, it is the purpose herein to detail both the origin and distinction of
bis-protected hydroxylamines reagents as applied to organic synthesis.

1. ALKYLATION STUDIES

1. N,O-bis(Benzoyl)hydroxylamine (1)

In 1964, Bachman and Goldmacher'® described the conversion of o
benzoic acid into aniline upon being heated with nitromethane in polyphos- O)k""
phoric acid. O-Benzoylbenzhydroxamate 1!! was identified as an intermediate
in a sequence shown to proceed through a Lossen rearrangement.'? Their
study showed that 1 could be induced to undergo Lossen rearrangement upon
treatment with either acid or base in accordance with earlier observations.'®
Much attention has been devoted to the Lossen rearrangement of 1 including !
studies on rate,'*!S solvent effects,'®!” and the contribution of substituents.'® Indeed, concern that
reagents of this type could be employed without competitive Lossen rearrangement was mentioned as
late as 1980.'

In a study on the alkylation of hydroxamates,”® a mixture of benzoylbenzhydroxamate 1,
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benzyl bromide, and potassium carbonate were stirred together in DMF at 42° for 24 hrs (Scheme 1).
Under these reaction conditions, an 88% yield of a mixture of N-alkylated product 2 and O-alkylated
Z-hydroximate 3 were obtained in a ratio of 4:1, respectively. The tendency for O-alkylation is consis-
tently observed for reagents that bear an acyl group on nitrogen. As will be seen below, O-alkylation
is circumvented by use of “carbamate” type protecting groups on nitrogen, which have also been
reported to suppress Lossen rearrangement for activated substrates.>”> While E-hydroximate 4 was
not observed in this reaction, alkylation of the silver salt of 1 in anhydrous ether at room temperature
over 3 days resulted in enhanced O-alkylation, and 4 was isolated in 32% yield after recrystallization.

In addition to alkylation with alkyl halides, bis-protected hydroxylamine reagents participate
readily in the Mitsunobu reaction.?® Thus, admixture of 1 with triphenylphosphine and benzy] alcohol
in THF prior to addition of diethyl azodicarboxylate (DEAD) at room temperature (25 hrs) was
reported to give an 82% yield of a mixture favoring the N-alkylation product 2 by almost two to one."
The poorer ratio of N- to O-alkylation for the Mitsunobu reaction is a result that is generally observed
for bis-protected reagents. When the same reaction was performed with methyl aicohol at 50°, a
shorter reaction time (6 hrs) gave an 88% yield of N-methyl & O-methy] alkylation product mixture in
a 4:1 ratio. A corrigendum, however, was later published which indicated that O-alkylation may have
been the favored pathway for this example.?*

CL. @ié?, @;’Q

1 N,
K,CO5, DMF
@0
2 3
i Ag, NH;0H, ©\/°\/©
H,0, MeOH I
1 2 + 3 + _N
ii Ether 0
(o]
Br

Scheme 1 4

Benzoylbenzhydroxamate 1 has thus served as a starting point for bis-protected reagents
from which much improvement has been achieved through the appropriate choice of protecting

groups on nitrogen and oxygen.
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2. N-Benzoyl-O-benzylhydroxylamine (5)

Replacement of the benzoyl group with a benzyl group on oxygen o]
gives the hydroxylamine synthon 5.2 This protecting group, as will be seen ©)LI:€H
below, is the most common oxygen protecting group observed in the literature °
for these reagents. The reason for this is due to its stability to a variety of reac- g)
tion conditions and its ease of removal upon mild hydrogenolysis.

A hydrogenolysis study performed on 5 in 1973 revealed that s
N-acyl derivatives would undergo selective O-benzyl cleavage without competitive N-O cleavage as
was observed for N-alkyl derivatives.?® Although reagent 5 has not been employed in synthesis, the
study cited exemplifies the utility of N-acyl derivatives to serve as latent hydroxamic acids in that
hydrogenolysis of 5 leads directly to benzohydroxamic acid.

3. N-Tosyl-O-benzylhydroxylamine (6)

Between the years of 1972 to 1974, Isowa et al. published a series of papers Me
which employed the N-tosyl reagent 6 which, not being an acyl derivative, does not
suffer from O-alkylation. Dissolution of 6 in sodium ethoxide/ethanol at reflux on a
one mole scale in the presence of 1,3-dibromopropane reacted to give an 88% yield  ©O.S.

(350g) of bromide 7 (Scheme 2).%° Subsequent bromide displacement with diethyl gH
sodioacetamidomalonate (70%) and hydrolysis in HCl/acetic acid at gentle reflux

over 8 hrs gave the N-tosyl-N-benzyloxy ornithine derivative 8.3 Further hydrolysis,

36% HBr/acetic acid at room temperature, selectively cleaved the tosyl group to give 6

9. The O-benzyl group was cleaved upon prolonged reaction time (10 days) to generate N-hydroxyor-
nithine. Acylation and hydrogenation of 9 lead to the N-acetyl-N-hydroxyornithine, and further
manipulation gave N-hydroxycycloornithine.’! The utility of 8 was also demonstrated in the total
synthesis of rhodotorulic acid, a siderophore first isolated from supernatants which were cultured from
the red yeast Rhodotorula pilimanae 3> Moreover, alkylation of 6 under the same conditions with
1,4-dibromobutane gave an 86% yield of bromide 10 (Scheme 3). This one carbon homolog gave rise
to N-hydroxylysine upon subjection to the same synthetic sequence.®

Reagent 6 was also employed in the synthesis of alanosine (Scheme 3),>* where selective
alkylation was observed at the terminal carbon of dibromide 11. Hydrolysis and bromide displace-
ment on 12 in concentrated ammonium hydroxide gave the N-tosyl amino acid in 75% overall yield
which upon further manipulation lead to the antimicrobial agent alanosine.

About ten years after the work of Isowa, bromide 7 was used to synthesize the semi-
synthetic antibiotic FR-31564 (fosmidomycin) and some of its analogs.* Displacement of the
bromide on 7 with a phosphinate followed by hydrolysis and formylation gave the antibiotic. Simi-
larly, alkylation of 6 with ethylene dibromide in sodium methoxide/methanol at reflux was reported to
give an 82% yield of 13 (100g scale) which was carried forward to the ethano homolog of FR-31564
(Scheme 4).
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Me Me

028, 0,8, CO5H
Br " Br NBr Refag N

6 0 ) NH,
EtONa, EtOH
7 8
CO.H
R
HBr/AcOH 2 HB1/AcOH COH
8 HN N
48 hrs 10 days OH NH,
N-Hydroxyornithine
4 1. Ac,0
Ref 31 2.Pd/C,H,
HO\N )(J)\
COzH
0 N
NH2 OH NHz
N-Hydroxycycloornithine N-Acetyl-N-hydroxyomithine
A N
N__O
— N__O
0~ 'N
; T
Rhodotorulic Acid
Scheme 2

The O-benzyl-N-tosylhydroxamate 14 was prepared upon alkylation of 6 with t-butyl 2-[(t-
butoxy)carbonyl) amino]-5-bromopentanoate when freshly dried potassium iodide was added to a
solution of potassium carbonate/acetone at reflux (80%). Treatment with a biphasic solution of 6N
HCI and ethyl acetate at room temperature selectively liberated the amino acid to afford ornithine

derivative 15 with no loss in optical activity observed over the two step sequence.

Me
~
I
Br CO,'Bu
L
NHBoc 02N CO2Bu  nmar 925wy COH
o NHB o NH
K,COs3, K1, acetone oc 2
14 15
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02S. Br CO.H
Br- "N Br z r,‘/\/\/ Ref 33 /\/\/k
o HN NH
EtONa, EtOH OH

2
N-Hydroxylysine

10

Br

Br
COzEt 025 CO,EL o
N 0
11 o Br Ref 34 N‘N CO,H
EtONa, EtOH OH NH;
Alanosine
12
Scheme 3
Me
0,S. Ref 35
||4/\/\Br OHC\',‘/\/\,',’(OH)z
0 OH )
FR-31564
7
Me
BI'\/\ 9
Br Ozs\"/\/ Br Ref 35 OHC\N/\/ P(OH),

MeONa, MeOH o] OH

ethano homolog

13

Scheme 4
More recently, Oppolzer et al. has applied reagent 6 to the generation of optically active

amino acids (Scheme 5). Reagent 6 was deprotonated with potassium hexamethyldisilazide and treated
with the 3-chloro- and 4-iodo- chiral sultams.>” Subjection of the alkylation products (93% and 83%
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yields, respectively) to consecutive acidic and basic hydrolysis gave N-tosyl-O-benzyl ornithine 15
(93%) and lysine derivative 16 (94%) in good overall yields with high optical purity (97% - 99% ee).

0 SMe
A . i Acid
N N” "SMe  KN(SiMes), Hydrolysis
/ - 15
s 6 ii Base
0z Hydrolysis
cl
Me
SM
0 ° . iAcid
N7 "sMe  KN(SiMes), Hydrolysis NH,
N 028 A
S 6 ii Base N COLH
02 Hydrolysis o
I é
16
Scheme 5
4. N-Tosyl-0-2,4,6-(trimethylbenzyDhydroxylamine (17)
The 2,4,6-trimethylbenzyl analog 17 was reported by Isowa to afford Me

simultaneous deprotection of both tosyl and O-benzyl groups under HBr/AcOH

hydrolysis conditions (Scheme 6).*® Thus, treatment of 17 with benzyl chloride

in sodium methoxide/methanol at reflux gave a 78% yield of 18. Hydrolysis in 025 \H
36% HBr/acetic acid gave N-benzylhydroxylamine 19. Alternatively, the Y

trimethylbenzyl group could be selectively cleaved to give 20 in trifluoroacetic

acid leaving the tosyl group intact. The 4-methoxybenzyl derivative 21 has also

been reported to undergo facile acid hydrolysis in the preparation of mono alky-

lated hydroxylamines.> 17
5. N-Acetyl-O-benzylhydroxylamine (22)
O-Benzyl acetohydroxamate 22, first reported in 1893,% is another early o

example of a bis-protected hydroxylamine to be used as a reagent in synthesis.!!*! )LNH

As reported by Miller,* the advantage to the N-acetyl reagent is that natural prod- o

ucts, often being N-acetyl derivatives, are secured directly without need for further g)

manipulation at the end of a synthesis.

In the synthesis of (-)-aerobactin,* reagent 22 was stirred with potassium 2

carbonate in anhydrous acetone at reflux for 24 hrs (Scheme 7), and exposed to

(L)-N-Boc-g-bromonorleucine methyl ester to give hydroxamate 23 in 66% yield after silica gel sepa-

ration from E-hydroximate 24. Addition of catalytic potassium iodide was reported to accelerate the

reaction, however, purification proved more difficult due to formation of the Z-hydroximate
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0,8 N
©\/c| 6© HBr/AcOH HN/\O
H

17 i
MeONa, MeOH ol
19
18
Me
18 TFA
C)-,_,S\';l
OH
H 20
MeO R-NHOH
21
Scheme 6
Br ) NHBoc COMe
)I\,ﬂ/v\/\ CO,Me \fo NHBoc
22 BocHN o N,
COzMe * 0
K,CO3, KI, acetone ©)

23 24

S el QELIRO,
o P 2

(o}
(-)-Aerobactin Mycobactin S2

Scheme 7

isomer. In addition to (-)-aerobactin, aceto derivative 23 was also carried forward in the total synthesis

of mycobactin §2.42
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Alkylation of 22 with t-butyl 2-[(fert-butoxy)carbonyl)amino]-5-bromopentanoate under
the same reaction conditions gave N-alkylated product 25 in 60% isolated yield (Scheme 8). Addition
of catalytic potassium iodide to the reaction offered no advantage and a lower yield (54%) was
obtained even though the reaction time was reduced three fold. Selective deprotection of the
carboxylic acid gave the protected N-hydroxyornithine derivative 26; a precursor to the hydroxamate
antibiotic ferrichrome,*3#

¥
Br /\/\‘/c"2 Bu NHBoc L TEA 0 NHBoc
NHB
2 e ii. Boc),0
K,CO;, acetone
26
N/\/\/\ NHBoc \r Q
NHBoc

Br” ""NHBoc

2 K,CO3, acetone é O)

0 0
A -om Ho., A

Ref 46
T qu
N N
H OH

Arthrobactin

Scheme 8

A similar result was obtained in the total synthesis of microbial iron chelator arthrobactin.*
Alkylation of 22 in potassium carbonate/acetone was performed in the presence of catalytic potassium
iodide (Scheme 8) with 5-[(tert-butoxycarbonyl)amino]-1-pentyl bromide and gave a 4:1 mixture in
favor of hydroxamate 27 isolated in 62% yield.% Further elaboration over four additional steps yielded
arthrobactin.

The thymidylate synthetase inhibitor, vanoxonin, also bears an aceto substituted hydroxyl-
amine (Scheme 9).*7 Reagent 22 was admixed with L-(N-tert-butoxycarbonyl-8-bromo)norvaline
benzyl ester, potassium carbonate, and potassium iodide, in acetone at 60° for 13 hrs. Silica gel chro-
matography separated N-alkylation product 29 (44%) from the O-alkylation product 30 (9%).
Removal of the Boc group followed by a coupling reaction and hydrogenolysis gave vanoxonin in 3
steps, 54% overall yield from 29.
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)?\ NHBoc
CO,CHzPh
cogomen ~ N Y l/\)\ CO,CHPh
Br 2CH, ) NHBoc 0
NHBoc + \Nl/
22 "0
K,CO3, KI, acetone
29 ©/‘ 30
OH
OH
Ref 47 H O COH OH
29 .
@;‘/N NJ\/\/N\FO
0 H
OH

Vanoxonin

Scheme 9

6. N-[(Trichloroethoxy)carbonyl]-O-benzylhydroxylamine (31)

In an effort to by-pass the need for chromatographic removal of o
O-alkylation products, the N-substituted trichloroethoxycarbonyl “Troc” C'}/\OJLNH
reagent 31 was introduced as a suitable substrate for alkylation. As o o
mentioned above, “carbamate” derivatives do not suffer from O-alkyla- é
tion. Exposure of 31 to a series of dibromides (BrCH,(CH,) CH,Br) 31

where n = 1,2,3 gave the anticipated products with no evidence of

hydroximate formation (Scheme 10).4® Although a modest yield of N-alkylated product 32 (40% yield)
was obtained with 1,4-dibromobutane under the reaction conditions of sodium hydride in dimethylfor-
mamide for 30 min, a better yield was secured in acetonitrile at reflux with one equivalent of DBU.
Thus, a 60% yield was obtained for 1,3-dibromopropane (n = 1) and a 62% yield for 1,5-dibromopen-
tane (n=3). Exposure of Troc derivative 32 to acetic acid solutions of zinc dust in the presence of
acetic anhydride affected concomitant Troc removal and acetylation. Further elaboration lead to
rhodotorulic acid analogs bearing an isocyanuric acid nucleus.

X R o

ci

BrCH»(CH3),CH,Br CI{\O gM\Br ) \f
n

3
K,CO3, acetone o._N__O
1,2,3 é o 31(/\%/71/ f zH o
n=1,2,
OOy
32
Rhodotorulic Acid Analogs

Scheme 10
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(o]
t t
HO .CO,'Bu g: Y\OJI\N/\/\(OOZ Bu
31 NHBoc Cl o NHBoc Zn, AcOH,

TPP, DEAD Ac,0

33

(o]

A /\/Y°°2'B"

N H
w1 N_O
- N
o o) N H"//\/

34 35
Scheme 11

Reagent 31 was also applied in the total synthesis of rhodotorulic acid itself (Scheme 11).*
Mitsunobu conditions (triphenylphosphine, DEAD, THF) in presence of L-N-Boc-8-hydroxynorvaline
tert-butyl ester converted 31 into N-alkylated hydroxamate 33 in 80% yield. Concomitant Troc
removal and acetylation was accomplished without loss of the amino acid protecting groups, and 34
was obtained in 85% yield. Selective hydrolysis prior to coupling produced chiral nucleus 35, and

0O
oy ~o Ky A0
0" N Br
BrCH,(CH,0CH,),CH,Br CIhc,/\ S n o n=123

i NaH, DMF

36

0
i. Zn, AcOH, Ac,0 )l\nln/\ﬂ/ovy\ NH,
0o n

ii. potassium phthalimide, DMF Ref 50

iii. 40% MeNH,, EtOH

Jmﬁvr
chmy Jrﬂwr

Rhodotorulic Acid Analogs

n=1,2,3

Scheme 12
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hydrogenolysis gave thodotorulic acid.

Analogs of rhodotorulic acid bearing a more lipophilic benzene nucleus, but with more
oxygenated side arms have also been prepared as artificial siderophores (Scheme 12).°° In this
example, alkylation of Troc reagent 31 in NaH/DMF solution with oligo(ethyleneoxy)ethyl dibro-
mides occurred in good yield (71%) and substrates 36 were isolated after chromatography. After
acetylation as above, the pendant bromides were displaced with potassium phthalimide in DMF, and
the primary amines were liberated upon treatment with methylamine in ethanol to produce 37. These
intermediates were coupled with benzenetricarboxylic acid chloride to give analogs of varying side
arm length (n = 1,2,3).

More recently, Troc reagent 31 was applied to the preparation of beta-lactam/siderophore
conjugates. These conjugates were designed in view of active transport systems within bacteria which
recognize and assimilate extracellular iron/siderophore complexes in the hope of identifying more
effective antibiotics.’! Alkylation of 31 with 1,4-dibromobutane in NaH and DMF gave 38 in 75%
yield along with 10% of bis-alkylation product 39 (Scheme 13). This material was treated with

h/\o /\/\/Br

N (¢]
+ ) N/\/\/
3 Br N Br
NaH, DMF :'\
Ccl o
38 39
o1 Troc
N)QN (\/\"‘ Ref 51
/m /)\ OYNYO OBn
HO N~ "OH
38 Troc. /\/\/N\n/N\/\/\N/Tm
NaH, DMF OBn 0 0Bn
40
(o] (o]

OH HO N COLH HO
o o]

HH

I g N N N

N o] BBy 0
Cl X 0

COzH
a1 Scheme 13 4
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isocyanuric acid to affect tris alkylation, and 40 was carried through to beta-lactam conjugates of
rhodotorulic acid 41 and 42.

Conjugate formation with other siderophores has lead to products of arthrobactin as well.
Alkylation of 31 in NaH/DMF with 5-[(tert-butoxy)carbonyl)amino]-1-pentyl bromide provided 43 in
80% yield (Scheme 14).% A more efficient access to 43 was gained through Mitsunobu mediated

o
cl Y\OJLN/\/\/\NHBoc
” B ""“NHBoc o HO” >"~"""NHBoc -
NaH, DMF TPP, DEAD
43
0
HO\n/\/U\N/\/\/\NHB
43 Zn, AcOH, THF . oc Ref 46
o o
o
~N7r° é
44
HOgC o CO2H o
N__©O
> N
ﬁ HHy,

)?\ i
Ol
o o A om HO.

45 46
Scheme 14

alkylation on the corresponding alcohol to give a 95% yield. Activated zinc treatment in the presence
of succinic anhydride produced a near quantitative yield of carboxylic acid 44. This acid was carried
forward to arthrobactin and coupled to give 45 and 46.

Albomycin, a polyhydroxamic acid siderophore containing a N-hydroxyomithine peptide
backbone, has also been prepared as a conjugate from Troc reagent 31 (Scheme 15).°*>° Mitsunobu
alkylation with N-(benzyloxycarbonyl)-5-hydroxy-L-norvaline fert-buty! ester and subsequent expo-
sure to zinc in acetic acid/acetic anhydride gave a 50% overall yield of N-acetyl derivative 47 (49g).
The amino acid protecting groups remained intact under these conditions, and no racemization was
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o]
CO,'Bu )J\ t

HO CO,'Bu
/\/\'5l . /\/Y 2

N
(o] NHCbz

i. TPP, DEAD Ref 52
ii. Zn, AcOH, Ref 53
Ac 20

47

3

OON

% T g
(e} Cl
A T "
OH
N-Acetyl-N-Hydroxy- L-ornithine

Albomycin conjugate

Scheme 15

observed at the chiral center. Conversion of 47 to N-acetyl-N-hydroxyornithine was accomplished in
two steps, and conjugate 48 was synthesized as reported.

As seen in scheme 15, the multigram scale preparation of 47 without competitive O-alkyla-
tion, and the ability to affect protecting group removal in the presence of chiral centers illustrates
improved utility of bis-protected hydroxylamine reagents over those described previously.

7. N-(Benzyloxycarbonyl)-O-benzylhydroxylamine (49)

The O-benzyl-N-carbobenzyloxyhydroxamate 49 offers the same
improvements seen in Troc reagent 31 of selective N-alkylation and ease of @/\OJL NH

protecting group removal. Furthermore, while either nitrogen or oxygen o
protecting groups can be removed selectively as is true for 31, reagent 49
also affords the option of simultaneously deprotecting both nitrogen and 49

oxygen upon mild hydrogenolysis.

Mitsunobu alkylation of 49 with 3-[(tert-butoxycarbonyl)amino]-1-propanol gave N-alky-
lated hydroxamate 50 in 78% yield (Scheme 16).** This material was subjected to mild hydrogenolysis
in the presence of acetic anhydride to generate the N-acetyl derivative 51 in a single step (65%).
Compound 51 was carried forward in the total synthesis of schizokinen.

In the synthesis of an artificial siderophore,>* reagent 49 was alkylated under Mitsunobu
conditions with 5-[(tert-butoxy) carbonyl)amino]-1-pentanol (Scheme 17). Subsequent exposure to
TFA provided primary amine 52 (70% overall) which was coupled with 1,3,5-benzenetricarboxylic
acid chloride. Hydrogenolysis lead to a rhodotorulic acid artificial siderophore bearing an internal

263



08:27 27 January 2011

Downl oaded At:

ROMINE

benzene nucleus (44% yield over two steps).

0
HO” ™""NHBoc o PA/C, H,

49 - —_ -
TPP, DEAD AcyO

50
(o]
)‘\ AN 2 9
N NHBoc M on Ho JL_
[o) N N
Ref 45
A RSNy
N N
H OH
51 .
Schizokinen
Scheme 16
Ji§
HO™ """ NHBoc 07 NN NN,
49 i. TPP, DEAD o) Ref 54
ii. TFA gj
52
H OH

1
o) N\/\/\/N\fo
on H H oH
o N A AN N o~ A~N
T F 1 T

Rhodotorulic Acid Analog
Scheme 17

Reagent 49 was methylated (potassium carbonate/Mel/acetone /reflux) to give N-methyl
derivative 53 in 98% yield in synthesis of the natural product spermexatin (Scheme 18).5° Hydrolysis
at room temperature in HBr/acetic acid removed the Cbz group (93%) selectively, and the resultant N-
methyl-O-benzylhydroxylamine 54 was treated with succinic anhydride in THF at reflux to generate
carboxylic acid 55 (87%). Multiple equivalents of 55 were coupled with polyamine substrate spermi-

dine to arrive at spermexatin as shown.

In a study toward the synthesis of mycelianamide, Mitsunobu alkylation of 49 with optically
active o-hydroxy ester 56 met with limited success and desired product 57 was isolated in only 37%
yield after flash column chromatography (Scheme 19). This result was consistent with an earlier
report which showed that a-hydroxy esters react with Mitsunobu reagents.”’ In the absence of a nucle-
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ophile, good yields of Mitsunobu reagent by-products were obtained.

1 Me
.Me HN”~
O N
19 Mel 5 HBr/AcOH o
K,COs3, acetone 4hrs rt
53 54
HO\EO/& HO., Me Me\ L0
Me
- N‘
THF Y Ref 55
(o}
090
v HN A~ N~~~ (o)
Spermexatin
55
Scheme 18
~ OEt
Ye TPP, DEAD OJ\N/Y
49 + HO/H(OEt (o] (]
o 37%
56
Me OMe
)M;(OMe TPP, DEAD N=( 1L
! THE  EocNy© ¥ EtOzC’N CO2Me
COgEt COZEt
Mitsunobu by-products
Scheme 19

Reagent 49 has also been applied to the acquisition of chiral N-hydroxycycloornithine deriv-
atives (Scheme 20).5¢ Mitsunobu alkylation mediated by diisopropyl azodicarboxylate (DIAD) on 49
with D-N-(allyloxycarbonyl)-8-hydroxynorvaline fert-butyl ester (prepared from pyroglutamate) gave

(o]
t
o~~~ CO2Bu OJ\,‘(\/\; o Bu BnO.
49 oc Ref 58
TPP, DIAD NHAloc
2%
59
58
Scheme 20
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N-alkylation product 58 in 72% yield. Sequential hydrolysis in trifluoroacetic acid to cleave the -
butyl ester and then HBr/acetic acid to remove the Cbz group allowed for cyclization to N-allyloxy-
carbonyl protected ornithine derivative 59 obtained in 53% overall yield from 58.

8. N-(tert-Butoxycarbonyl)-O-benzylhydroxylamine 60

The N-Boc reagent 60 has proven qualitatively equivalent to N-Cbz Me O
reagent 49 in terms of utility. Although it does not offer the option of simultane- :::ﬂ\ OJ\NH
ous deprotection at both nitrogen and oxygen, it has been the most extensively o
employed reagent in synthesis to date. Reagent 60 was first introduced in '5)
1981, where it was subjected to methylation (NaH, Mel, THF, 94%) and

deprotection (TFA, 82%) to provide N-methyl-O-benzylhydroxylamine 54

(Scheme 21). Compound 54 was coupled with amino acid alanine upon activation with DCC. Depro-
tection of 61 gives rise to an a-amino hydroxamic acid; isosteric to o-amino acids wherein the
carboxylic acid has been exchanged for a hydroxamic acid. Alternatively, 61 was prepared from the
protected amino hydroxamic acid derivative 62 (Mitsunobu with methyl alcohol), but in poor yield
(39%). This result is consistent with the tendency for O-alkylation observed for N-acyl hydroxy-
lamines, and alkylation on 62 with either ethyl iodide or benzyl bromide gave a mixture (4:1, N- to O-).

(o)
.Me
i. NaH, Mel ""g Me\‘)j\rg'"'e
60 THF DCC BocHN O
ii. TFA éj N-Boc-alanine é
54 61
e NH Bt .
BocHN O - . 4:1
or .
benzyl bromide N- to O-alkylation
62
Scheme 21

Alkylation of 60 has also been reported. A direct comparison showed that Mitsunobu alkyla-
tion (triphenylphosphine/DIAD) with 3-[(ters-butoxycarbonyl)amino]-1-propanol to give 63 was less
effective (41%) than alkylation with 3-[(fert-butoxycarbonyl) amino]-1-propyl bromide upon deproto-
nation with sodium hydride at 100° for 3 hrs in DMF which gave 63 in 70% yield (Scheme 22).> An
even more formal study conducted under the conditions of NaH/ DMF revealed that alkylation with a
variety of electrophiles could be achieved at lower temperatures (25° to 70°) and in good yields to
give N-alkylation products 64 - 68 (Table 1).5
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HO” ™>""NHBoc Me >"ﬁe j\
TPP, DIAD Me 0 h‘l/\/\ NHBoc
4 0
60 %
r~"NHBoc
NaH, DMF
T0% 63
Scheme 22
Me O Me O
Me Me
Me>'\oJL»,H RX MeS\OJL,’,a
o] (o]
NaH, DMF
60 64 - 68

Table 1. Alkylation of N-(tfert-Butoxycarbonyl)-O-benzylhydroxylamine 60

Substrate Conditions Product Yield
Boc\ITJ,Me
Me-1 1 hr, 25° Bn-© 64 95%
BOG\N/\/
Br 7 1 hr, 50° P 65 9%
Bn~
Boc.. B
By~ BT 1hr, 25° PN 66 61%
(10eq.) Bn/o
COEt
Boc.,
B "SCoEt  1hr,70° N/\) 67 94%
gn-
A:/\j 16 hrs, 60° 3°°\N/\>© 68 88%
Br -
Bn/o

The products, 64 - 68, were readily hydrolyzed to their corresponding benzyloxyamines 69
upon treatment with trifluoroacetic acid in dichloromethane, or alternatively, mild hydrogenolysis
produced N-hydroxy-N-tert-butylcarbamates 70.
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v o
o) 3
TFA 64- 68 HCO,;NH,4 Me>k /[L
CH,Cl, Pd/C Me” 'O° N
OH
69 70

Reagent 60 has been most extensively employed in the synthesis of iron chelating
siderophores. Bisucaberin is a macrocyclic lactam reported to sensitize tumor cells to macrophage
promoted cytolysis.5! Bergeron reported in 1989 that 60 reacted well with 5-chlorovaleronitrile to give
nitrile 71 in 87% yield upon deprotonation with sodium hydride in DMF and heating at 80° for 4 hrs
(Scheme 23).* Nitrile 71 was reduced, and a series of couplings reactions prior to cyclization gave
rise to the macrocyclic lactam. In a similar manner, substrate 71 has been carried forward in the total
synthesis of the larger macrocycle nocardamine,®® and the linear compound desferrioxamine B %

Me Me O
Me>|\ OJLN/\/\/CN
Br A U-CN 6
60 —
NaH, DMF
4 hrs, 80°
87%

Ref6/ Ref63|  Ref6d

/

N o~ ~N
HO HN A~ A~ N OH
Bisucaberin Nocardamme Desferrioxamine B
Scheme 23

Desferrioxamine B is the parent of a family of linear trihydroxamate ligands and shows ther-
apeutic utility in the treatment of iron overload, and several analogs of this family have been
reported.®>% In one example, reagent 60 reacted smoothly with a tosylate under the conditions above
{NaH, DMF) and gave 72 in 77% yield (Scheme 24). The polyether derivative 72 was carried forward
to the desferrioxamine analog 73.
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L & S . aﬂ?

|
/\/o o j
TsO HO\N NH
NaH, DMF Ref 65
(o] 0
77% (o] o)
HN \/\/\/N\OH
72
Scheme 24 73

The siderophores shown above are derived from a cadaverine backbone. The macrocyclic
lactam alcaligin, however, is derived from a 2-hydroxy putrescine backbone. Upon exposure to
sodium hydride/DMF at room temperature for several hours, reagent 60 underwent selective alkyla-
tion (ascribed to steric congestion) and gave 74 in 83% yield (Scheme 25)." Further elaboration over
eight synthetic steps provided the macrocylic lactam alcaligin.

N
o Me Me JOL 0 HO Jﬂ_«o
Tso/\/\/OTs Me>ko N/\/\/ors NH

NaH, DMF ° Ref67  HN
83% o] OH
N

O OH

74 Alcaligin
Scheme 25

The ability of 60 to alkylate tosylates was taken advantage of in the preparation of photoac-
tive pyrene tethered hydroxamic acid based ligands for the purpose of a fluorescence study (Scheme
26).58 Pyrene 75 was secured in 82% yield upon alkylation in NaH/DMF. Further elaboration over
three additional steps produced the desired metal trimer.

In addition to tosylates, alkyl chlorides are also good electrophiles for reagent 60 as depicted
in synthesis of the bis-hydroxamate derivative of (S)-desmethyldesferrithiocin (Scheme 27). Treat-
ment of 60 with 1,5-dichloropentane (NaH/DMF at 70°) gave a 74% yield of 76.9° The aceto deriva-
tive was generated, now over a two step sequence, but in excellent yield (96%) upon TFA hydrolysis
of the N-Boc group followed by acylation under Shotten-Baumann conditions. Displacement of the
pendant chloride with reagent 60 gave bis-hydroxamate derivative 77 (95%) followed by deprotection
and coupling yielded 78. Although longer, this route proved more efficient than either direct alkyla-
tion of 1,5-dichloropentane with two equivalents N-acetyl-O-benzylhydroxylamine 22, or
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TsO Me (o] rg
NaH, DMF o Ref 68
82% g)
75
Scheme 26

displacement of the pendant chloride on 76 with N-acetyl reagent 22. While the latter reaction was
reported to provide 77 (50%), the choice to proceed through the longer route again emphasizes the
attractiveness of avoiding formation of O-alkylation by-products.

Me O

Me
60 O ~~ Me>l\ OJ\N/\/\/\CI i. TFA/CH,(Cl,, (quant.)
NaH, DMF o ii. AcCl, NaOH (96%)
74% 76 iii. 60, NaH, DMF (95%)
o i. Pd/C, H,
)<"'e ii. TFA/CH,Cl,

0" Me

N/\/\/\N
iii. BOP/i-Pr,NEVDMF
‘ X OH
N/ /N e\H
s/ “CO,H
| N OH
NN
S

77

Ill\/\/\/|‘|1 (o}
\r

Scheme 27

In a more recent report, reagent 60 was applied to the synthesis of a glycine site antagonist at
the NMDA receptor. L-687,414 (3-amino-1-hydroxy-4-methylpyrrolidin-2-one) is considered one of
the most potent agents to have shown efficacy in animal models for stroke,” and has been prepared as
outlined below (Scheme 28). Alkylation of 60 (K,CO,/acetonitrile at reflux for 48 hrs) with an opti-
cally active bromide prepared in a single step from a commercially available lactone gave N-alkyla-
tion product 79. Hydrolysis of the N-Boc group in trifluoroacetic acid and subsequent treatment with
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base caused cyclization and pyrrolidinone 80 was isolated in 51% overall yield for three steps. Amina-
tion and debenzylation provided a very efficient synthesis of L-687-414.

Me\[>: Me Me;f\e JOL
g ° HBr \E\coza Me” 07 N o,k
commercially Br 0. Me
available K,CO;, CH;CN
48 hrs, reflux
60

79

Z—Lo Ve NH;
i. TFA N Ref 70 Z—L
0 )

ii. NaOH, EtOH N
HO
L-687.414

80

Scheme 28

9. N,0-bis(Phenoxycarbonyl)hydroxylamine (81)

As mentioned in the introduction, N-hydroxyureas are useful as o
inhibitors of the enzyme S-lipoxygenase which is the first key enzyme in ©\° J\NH
leukotriene biosynthesis, and therefore a strategy for intervention in inflam- 0.0

matory disease and allergic disorder is promised. bis-Protected hydroxyl- o
amine reagents such as N,O-bis(phenoxycarbonyl) 81, bearing the same ©/
protecting group on nitrogen and oxygen, afford simultaneous deprotection in 81
single step. Reagent 81, however, possesses an added utility in that phenol

displacement with ammonia gives rise to an urea, and thus 81 serves as a latent form of N-hydroxy
urea. Participation of 81 in the Mitsunobu reaction with a variety of alcohols was reported to proceed
in good yields to give products 82 as depicted in Table 2.7' Subsequent exposure to high pressure
ammonia (sealed tube) generated the N-hydroxy ureas 83 -88 directly, and without need for further
protecting group manipulation. As applied here, this methodology provides a short synthesis of zileu-
ton 87, a 5-lipoxygenase inhibitor in phase II clinical trials’> which has demonstrated efficacy in
ulcerative colitis and asthma.’”>"

As a second generation 5-lipoxygenase inhibitor, Abbott compound A-79175 90, has proven
more potent at inhibiting leukotriene formation than zileuton (Scheme 29).”> Propargyl alcohol 89 was
subjected to Mitsunobu conditions as above in the presence of 81 (59%), and after ammonia treatment
90 was isolated in 57% yield. Moreover, a synthetic precursor to 89, propargyl alcohol 91, was

recently reported in optically pure form.
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F F
\Q 1\ as above \©\ I\ OH
O/Q\(OH T 0" N7 ==._N__NH;
Me
89

hil
Me O
90
OH A-79175
TMS—E—<
91
Scheme 29
2 | [o]
X J\ R o
DIAD, TPP o NH; J_ R
81 —_— 0.0 HN" N7
R-OH, THF OH

o
82 83-88

Table 2. Synthesis of N-Hydroxyureas from N,O-Bis(phenoxycarbonyl)hydroxylamine 81

Substrate  Alkylation Yield Product Yield

(o]
>kﬂ JL
>kAOH 92% N"NH, 83 68%
OH

L
©V oH 92% N___NH; 84 71%

bl
0
©\( Q/?H
OH 79% N___NH, 85 61%
il
Me Me O
O
@w 95% N N, 86  T3%
OH (I>H
HO O
OH \
N\ 48% ? A N'( 87 56%
s NH Zileuton
Me s  Me
> | S 9“
| 93% A _N._NHz 88 54%
N OH o N \Ig °©

a) Obtained as the major product from N- to O-alkylation (3 : 1).

A third example of this method was reported in the synthesis of “amide-linked” 5-lipoxyge-
nase inhibitors.”” Mitsunobu reaction on N-Boc-ethanolamine with reagent 81 gave the N-alkylation
product 92 in 90% yield (Scheme 30). Exposure to ammonium hydroxide in methanol at room temper-
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ature, what has now become the common method for phenolic hydrolysis, gave N-hydroxyurea 93.
Acylation with 4-phenyoxybenzoyl chloride occurred on oxygen, and N-Boc hydrolysis was accom-
panied by intramolecular acyl migration to arrive at 94.

(o)
Ho/\/NHBOO @\o/lk'l‘/\/ NHBoc NH4OH
0\(0 MeOH

o~

92
X hooo9
~_-NHBoc i. Et3N, CH,Cl, @\
HaoN Pll o N\/\';l/U\Nﬂz
” Q. CL ° ™
(o] COCl 94

93
it. TFA
66% Overall

81

Mitsunobu

Scheme 30

Polyunsaturated N-hydroxyurea 95 was prepared as a natural substrate for the 5-lipoxyge-
nase enzyme (Scheme 31).”® QOleic and linoleic acids were first reduced to their corresponding alco-
hols, and Mitsunobu alkylation on 81 followed by methanolic ammonium hydroxide treatment gave
N-hydroxyureas 96 and 97.

OY NH;
T N-oH
Arachidonic Acid 05
o Ref 78
Oleic Acid m CH;(CH,),CH=CH(CH,);CH,N(OH)CONH,

96

Linoleic Acid CH5(CH,),CH=CHCH,CH=CH(CH,),CH,N(OH)CONH,
97

Scheme 31

The quisqualic acid receptor is another of the excitatory amino acid subtypes associated with
neurotransmission, the inhibition of which is therefore postulated to be effective in stroke therapy. bis-
Phenoxy reagent 81 was reported to undergo Mitsunobu alkylation on protected pyrrolidine derivative
98 and gave N-hydroxyurea 99 in 50% overall yield after ammonia hydrolysis (Scheme 32).” Subse-
quent manipulation gave the conformationally restricted analog 100 found to be equipotent with
quisqualic acid.
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HO,

Boc
DEAD, TPP

81

Ref 79

10. N,O-bis(tert-Butoxycarbonyl)hydroxylamine (101)
In 1994, bis-Boc reagent 10130 was reported in an improved

method for the synthesis of 1.Y280810, a potent 5-lipoxygenase inhibitor in
clinical trials for treatment of asthma®' A variety of conditions for the alky-
lation of 101 were reportedly successful, however phase transfer conditions

(metbylene chloride/IN sodium hydroxide solution/tetrabutylammonium
bromide) proved optimal, and hydroxamate 102 was isolated in quantitative

yield (Scheme 33).

101 TBAB, NaOH

CH,Cl,
quantitative

It -
coMe (7 (o] - o OH
N 2 @ ESN Boc ;
X O/U\N\“' NH,OH >N,
6_o  “meon ™ [\
Y e N~ CO2Me
C ~
98 99
H {
CO.H
N HoN
Logeom | 5
H
O-N O-N
AL J~o oeyo
H H
100 Quisqualic Acid
Scheme 32
Me Me fl\
Me” ~0” “NH
o\fo
Me>r0
e Me
101
X .
] \\/S
e Ve © 7 l
Me>ko/u\,’ Ref 81
0__0
\( 0._N.
Moo O Y OH
Mo NH,
Me
102 L.Y280810
Scheme 33

Table 3 depicts a series of reaction products 103 - 107 which were obtained upon alkylation
of 101. The corresponding alkyloxyamines were secured upon treatment with trifluoroacetic acid in
cold (0°) methylene chloride which simultaneously deprotected both nitrogen and oxygen.
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me e f,\
R-B
101 r o NP TFA "
TBAB, NaOH 0.0 CH,CL, OH
CHCl, Me., -0 103 - 107
Me
Me

Table 3. Synthesis of Hydroxylamines from N,O-Bis(fert-butoxycarbonyl)hydroxylamine 101

Substrate  Alkylation Yield Product®  Yield
" 85% AN 103 79%
H
@ 96% ©V” 104 80%
Br N‘OH
O2N 02N
\©\/ 97% O\/: 105  89%
Br “OH
H
96% ©\/\/ 106 81%
©\/\/ Br = N. OH
NO: NO,
H
98% 107 83%
©\/ Br ©\/ N‘OH

CH3;0 CH30

a) Products isolated as their TFA salt.

In an effort to remove complications associated with chirality, the zileuton analog 858C, a
meso compound, was prepared and found to have improved in-vivo potency over zileuton (Scheme
34).82 Mitsunobu alkylation of 101 with a cis-cyclobutylthiophene derivative proceeded with

aLS
Me>"|"\° j\ _ i. HCl, MeOH
101 DEAD, TPP Me” O rla“ ii. KOCN
THF . 0\0(0 o ﬁ \
OH
x HzN
Me Me
108 858C
F
101 as above \©\
Ref 82 o o
,,JLNH:
OH
Scheme 34 862C
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inversion of configuration to give 108 in 65% yield. Carboxamide formation from reagent 101 must
be performed over two steps (as opposed to a single operation from reagent 81), and was achieved by
methanolic HC1 hydrolysis which cleaved both Boc groups prior to addition of potassium isocyanate
to the intermediate hydroxylamine (32% overall yield). Compound 862C was prepared in a similar
manner from Mitsunobu alkylation on the corresponding trans-cyclobutyl alcohol and was reported to
offer high potency and good oral availability as a 5-lipoxygenase inhibitor.

5-Lipoxygenase inhibitors bearing a benzodioxane ring system were described very
recently. Deprotonation of 101 with sodium hydride in DMF and alkylation with 2-(bromomethyl)-
1,4-benzodioxan gave N-alkylation product 109 in 58% yield.®3 Trifluoroacetic acid hydrolysis
removed the Boc groups and addition of the resultant hydroxylamine to trimethylsilyl isocyanate gave
urea 110. A similar sequence lead to optically active ureas 111 and 112 (Scheme 35).

©io]A ' e J* iﬁ/ i. TFA \_S

101 Me” 0" N HO-N
NaH, DMF O0__0 ii.Me3Si-N=C=0 —NH;
58% Y o
0
109 >( 110
X
(o] (o]
ISR GRS
F )
101 Ref 83 /

Scheme 35

11. N,O-bis(BenzyloxycarbonyDhydroxylamine (113)
The bis-Cbz reagent 113, first reported 1969 in a study aimed at 0
the synthesis of cyclocanaline,* was more recently employed by Haness- ©/\ OJ\NH

0\(0

ian et al.® in an asymmetric synthesis of N-hydroxy amino acids.

Mitsunobu inversion of enantiomerically pure o-hydroxy esters at 0° in o
THF was reported to give good yields of N-alkylation products. Note-
worthily, the competitive reactivity of o-hydroxy esters with Mitsunobu 13

reagents (mentioned above for reagent 49, Scheme 19) was not observed

for this reagent.”’” The difference in reactivity is attributed primarily to reaction conditions (0° for 5 hrs
as compared to room temperature/overnight) rather than substrate. Hydrolysis in concentrated
HCl/dioxane at reflux over four hours liberated N-hydroxy amino acids 114 - 118 (Table 4). Verifica-
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tion of optical purity was ascertained by reduction to the corresponding N-hydroxy esters 119 (5% Pd-
C/H,/30psi/12 hrs) which allowed comparison to authentic samples (Scheme 36).

o o O, OMe
R\t)l\we OJ\N R
3 OH [jA 6Yo HSIIO()((:;)I?: ) R -COM
TPP, DEAD S s, reflix HNLG
THF, 0°

114 -118

Table 4. N-Hydroxyamino Acids from bis(Benzyloxycarbonyl)hydroxylamine113

Substrate Alkylation Yield e.e. Final Product
o] Me._ CO.H
Me\l/lkom 90% 96% Hid 114
OH “OH
Me
Me O
COzH
Me OMe 62% 93% Me)\;/ z 115
OH N~ on
o] Me COzH
Me OMe 85% 96% M HN. 116
Me OH OH
I\:Ile 0 Me '#9 COoH
Me\/'\‘/uxom 66% 82% * NN 117
OH N~ oH
0 CO,H
" “OMe 81% 95% HN 118
OH “OH

a) The d.e. of the starting hydroxy ester was 92%

o Os, OMe o

o/U\NIR PA/C, H, “\_.)Lom
©/\ o Yo MeOH HN. o,
° 119

Scheme 36
In the choice between a reagent bearing different protecting groups or the same groups (as in

reagents 81, 101, or 113) one need only consider whether selective deprotection or simultaneous
deprotection is preferable. In selecting between reagents which afford simultaneous deprotection
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(including reagent 49), the choice should predominately be based on the type of deprotection condi-
tions are most suitable for one’s substrates (i. e. hydrolytic or hydrogenolytic conditions) as their
utility appears quite comparable.

12. N-Phenoxycarbonyl-O-tert-(butoxycarbonyl)hydroxylamine (120)

Reagent 120 is a differentially protected reagent with a fert- o
butoxycarbonyl group on oxygen. The significance of this reagent was seen @ o JLNH
in synthesis of zileuton (Table 2, 87). Although carbamate protected 0.0

reagents don’t suffer from Q-alkylation, a poor ratio of N- to O-alkylation Me>(
(3:1) was observed for this entry and a suggestion was put forward that the Me p1e
thiophene sulfur may play a role.” In this regard, reagent 120 was found to 120

yield an improved ratio of products (7:1) under the same reaction conditions
and 121 was secured in good yield (Scheme 37).

DIAD, TPP o N8
2 . 7:1
OH 0" "N "Me N- to O-alkylation
A *r°
S Me

Me>'/0

MeMe

121
Scheme 37

Reagent 120 was also reported to participate in the generation of N-hydroxy amino acids
comparable to reagent 113 (see Table 4).° Mitsunobu mediated alkylation to 122 followed by dissolu-
tion in 20% trifluoroacetic acid/dichloromethane selectively cleaved the Boc group to N-hydroxy-N-
(phenoxycarbony!) amino acid derivatives 123 - 126 which were obtained without racemization
(Table 5).

IL ACYLATION STUDIES

1. N,0-bis(tert-Butoxycarbonyl)hydroxylamine (101)
Acylation of bis-protected hydroxylamines gives rise to hydroxamic Ve S

acids. Reagent 101 was treated with a series of acid chlorides (Table 6) and '+ © & o
excellent yields of N-acyl derivatives 127 we obtained.®! Trifluoroacetic acid Me f
hydrolysis produced hydroxamic acids 128 - 131 in good yields (80 - 94%). ME>Mre

101
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0 0. _OMe
R\/KOM‘* @\ Joj\ I 0._OMe
OH 0" N R TFA @\ 0 I
120 TPP, DEAD OYO CH,Cl, OJ\IIM R
THF, 0°C ::: ° OH
Me 123-126
122

Table 5. N-Hydroxy Amino Esters from N-Phenoxycarbonyl-O-(tert-butoxycarbonyl)
hydroxylamine 120

Substrate  Alkylation Yield ee. Product Hydrolysis
Yield
0
0
Me Me\:)j\OMe
OMe 88% 96% o. N 123 91%
OH Ph” \n/ “OH
0
Me O

e 0 MeMOMe

Me/K‘/kOMe 68% 96% N 124 95%

OH Ph” T “OH
o]
Me. _Me
06, 18
81% 96% ~ “OMe 125 96%
OMe o. _N.
OH Ph" Y OH
0
o]
e /\/U\
Ph OMe
Y "OMe 91% 96% O. N 126 93%
OH Ph” "y TOH
o}
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o mo e 0 0
AL Mej\OJ\NJ\R
R™ ¢l o o
101 \l//
E[3N, CH2C12 Me (o]
=4
127

[o]
TFA
RJ\ NH
CH,Cl, o
128-131

Table 6. Acylation of N,O-bis(tert-butoxycarbonyl)hydroxylamine 101

Substrate  Acylation Yield Product Yield
Hydrolysis
0 0
Py 93% we NyOH 128 80%
Me” Ci e” N
o o
@J{ 94% @—( 129 81%
Cl N-OH
H
0 o)
Br—®—/( 95% Bh@—( 130 94%
Cl N-OH
H
O p e O fo
Q 94% 2 131 81%
o o

2. N-(tert-Butoxycarbonyl)-O-(tert-butyldimethylsilyl)hydroxylamine (132)

Upon exposure to acid chlorides, O-tBDMS reagent 132 was

readily acylated in the presence of triethylamine and DMAP in acetonitrile m;‘\eo )ol\ NH
(Scheme 38).56 The resultant N-acyl derivatives 133 were reported to undergo 6‘siMe Mo
selective hydrolysis of the O-tBDMS group when treated with CsF and acetic M Fme
acid to afford products 134. Simultaneous hydrolysis of both protecting 132 He

groups occurred with TFA in the presence of CsF and gave hydroxamic acids
135 - 138 (Table 7). The authors noted that hydrolysis proved more complete when cesium fluoride was

added to the reaction mixture.

o

/U\CI

DMAP (1 eq.)
Et;N, CH;CN

R
132

Me O R
Ve

ol oy A
Og
Me/

Q

Me
Me

FA

133

Scheme 38
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Table 7. Acylation of N-tert-Butoxycarbonyl-O- tert-butyldimethylsilylhydroxylamine 132

Substrate Yield Acylation Product  Yield
Hydrolysis
0 0
@J( 90% @—/( 135 85%
Cl N-OH

o] o]
CH3(CHz);CH=CH(CH)s—4 90%  CH3(CHo)7CH=CH(CHz)g—{ 136 75%
ci N

PhCH(OCH2CH2);30 ci

PhCH2(OCH;CH2);0
)

-OH
H
(o]

8% PhCH,(OCH3CH2)30 N-OH 137 5%
H

80% H 138 75%
N-OH

PhCH(OCH2CH,)50

3. N-(tert-Butoxycarbonyl)-O-(tetrahydropyranyl)hydroxylamine (139)

Similarly, reagent 139 was also reported to undergo acylation in Me

good yield (Scheme 39).% Table 8 depicts hydroxamic acid products 141 Me” O

and 142 prepared after hydrolysis with trifluoroacetic acid in
dichloromethane with concomitant removal of the protecting groups.

Joj\ wo e O R
o
139 R Cl Me>,\oJ\N/§o TEA /u\ oH
————— b ————————— .
DMAP (1 eq.) 0._0 CH,Cl, R "N
Et3N, CH;CN U H
140 141- 142
Scheme 39

Table 8. Acylation of N-fert-Butoxycarbonyl-O-tetrahydopyranylhydroxylamine 139

Substrate Yield Acylation Product Yield .
Hydrolysis
85% H 141 2%
cl ° N-OH
PhCH2(OCH,CH3);0 PhCH,(OCH2CH,)30
(o} (o]
80% H 142 70%
cl N-OH
PhCH2(OCH,CH3);0 PhCH,(OCH2CH2)30
(o} (o]
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4, N-(Benzoyl)-O-benzylhydroxylamine (5)

In selecting a reagent for acylation, one can not employ harsh o]
conditions hydrolytic for fear of cleaving the newly formed N-acyl bond. The NH
three reagents listed above (101, 132, 139) all have relatively labile protecting o
groups. Although reagent 5 would not meet this requirement, acylation studies é
with acid chlorides and isocyanates have been reported and are referenced

here for the interested reader.8”% 5

III. OXYAMINATION STUDIES

N,O-bis(tert-Butoxycarbonyl)hydroxylamine (101)

Palladium catalyzed oxyamination of allylic esters with bis- e Me ©
protected hydroxylamine reagents has been demonstrated to give N-hydrox- Me>l\o)L NH
yallylamines. Earlier work showed that coupling was possible with N-alkyl- 6\(0
hydroxylamines in good conversion,” but unsubstituted hydroxylamines Me>(°
yielded bis-allyl derivatives. Palladium catalyzed coupling of bis-protected ™
reagents provides a means of securing mono substituted N-allylamines. 101

Reagent 101 was stirred together with catalyst Pd(dppe), (generated upon addition of dppe to 3%
Pd(dpa), in THF/DMF) and either allylic esters or allylic carbonates and products 143 - 147 were
obtained in good yields (Table 9).”2 Hydrolysis of 147 in 6N HCI at reflux for 1 hr cleaved the four
protecting groups and subsequent reduction of the double bond gave N-hydroxylysine (Scheme 40).

Boc H
1
MeO,C I~_N_..Boc i 6NHCI HO,C N.
\‘/\/w o reflux, 1 hr \‘/\/V OH
NHBoc I NH,
11. s Hp
147 N-Hydroxylysine
Scheme 40

In a second example, coupling 101 with allylic acetate was performed in the presence of Pd(0)-tpps
(Scheme 41).>* Upon being stirred in acetonitrile/water (15:1) at 70°, N-hydroxy product 148 was
formed in 81% yield where hydrolysis of the O-Boc group had also occurred.

Pd(tppts) Me O ~ SO3Na
101 — ML
#~Ohc Me” O gH tppts = P
CH;CN, H,0 3
148
Scheme 41
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Me O R
Mooy

00  143-147

Me._ O
1
Me” pe

Pd(dppe),
101

R A~_OR

Table 9. Oxyamination of N,O-bis(tert-butoxycarbonyl}hydroxylamine 101

Substrate Yield Product
/\/O ?oc
77% 143
Y o o
Boc
©\/\/°\H/°\/ 80% @\/\/,‘, Boc 144
o
o
(o] o] .
o]
Boc
MeOzC\'/\/\/\/O\n/o\/ MeO,C NG ’I‘\O’Boc 146

k]

Me020 AN OO Me0,C.__~ _~_N._.Boc
Y\/\/ Y 7% of Y\/\/ 0 147

BocHN o BocHN

Palladium-catalyzed amination of allylic phosphonates provided an improved synthetic route
to antibiotic FR-31564 mentioned above (see Scheme 4). A solution of 101 was stirred with diisopropyl
(1-methoxycarbonyloxy-2-propenyl)phosphonate and Pd[P(Ph,),], in dichloromethane and gave the
E/Z mixture 149 (87%) and 150 (7%) with complete regiocontrol (Scheme 42).%° Hydrolysis and reduc-
tion generated the hydroxylamine precursor to FR-31654 in three steps from 101 (78% overall).

PO(iPr0);
Me O (Z PO(IPIO
AP0 e o 2 M°>k,u\f°( )e
0CO,Me S L Me” ~0” N
101 Me”™ 0" "N + 0_0
Pd(PPhy), 0_0
Me (o]
CH,Cl
e o>y v T
Me
149 150
i. Pd/C, H
149 &150 —— 2 HN"""P(OH),
ii. 6 M HCI M 6
FR-31564
Scheme 42 Precursor
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IV. CONCLUSION

as
att
yu
of

10.

11.

12.

13.

14,

15

The chemistry described herein demonstrates the utility of bis-protected hydroxylamines
applied in organic synthesis. The driving force behind their development can predominately be
ributed to the areas of siderophore natural product synthesis, and the preparation of N-hydrox-
reas as 5-lipoxygenase inhibitors. The many recent publications indicate that theses reagents are
current interest.

REFERENCES

S. R. Sandler and W. Karo, Hydroxylamines and Substituted Hydroxylamines; 2nd ed. Vol. 12-
I, Academic Press, Inc., New York, NY, 1989.

H. J. Wroblowsky, R. Andree and J. F. Kluth, Houben-Weyl, Organic Nitrogen Compounds; 4th
ed. Vol. E 16a, Georg Thieme Verlag, Stuttgart, 1990.

J. B. Neilands, Struct. Bond., 1, 59 (1966).
P. J. Maurer and M. J. Miller, J. Am. Chem. Soc., 104, 3096 (1982).

P. A.S. Smith, The Chemistry of Open-Chain Organic Nitrogen Compounds Vol. 2, Benjamin,
W.A., New York, NY, 1966.

H. Kelh, The Chemistry and Biology of Hydroxamic Acids Vol. , Karger, NY, 1982,

P. L. Skipper, S. R. Tannenbaum, W. G. Thilly, E. E. Furth and W. W. Bishop, Cancer Res., 40,
4704 (1980).

H. Maehr, Pure Appl. Chem., 28, 603 (1971).

O. Mikes and J. Turkova, Chem. Listy, 58, 65 (1964).

G. B. Bachman and J. E. GoldMacher, J. Org. Chem., 29, 2576 (1964).
J. H. Cooley, W. D. Bill and J. R. Throckmorton, ibid., 25, 1734 (1960).
W. Lossen, Ann., 161, 347 (1872).

W.B. J. Renfrow and C. R. Hauser, J. Am. Chem. Soc., 59, 2308 (1937).
G. Dougherty and L. W. Jones, ibid., 46, 1535 (1924).

. D. C. Berndt and H. Shechter, J. Org. Chem., 29, 916 (1964).

16. D. C.Bemndt and W. J. Adams, ibid., 31, 976 (1966).

284



08:27 27 January 2011

Downl oaded At:

17

18.

19.

20.

21

22

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36

37

38

39

bis-PROTECTED HYDROXYLAMINES AS REAGENTS IN ORGANIC SYNTHESIS. A REVIEW

. C. Walling and A. N. Naglieri, J. Am. Chem. Soc., 82, 1820 (1960).
R. D. Bright and C. R. Hauser, ibid., 61, 618 (1939).
M. J. Miller, P. G. Mattingly, M. A. Morrison and J. F. J. Kerwin, ibid., 102, 7026 (1980).

J. E. Johnson, J. R. Springfield, J. - S. Hwang, L. J. Hayes, W. C. M. Cunningham and D.L.
McClaugherty, J. Org. Chem., 36, 284 (1971).

R. E. Oesper and W. A. Cook, J. Am. Chem. Soc., 47, 422 (1925).
G.M. Steinberg and J. Bolger, J. Org. Chem., 21, 660 (1956).
O. Mitsunobu, Synthesis, 1 (1981).

M. J. Miller, P. G. Mattingly, M. A. Morrison and J. F. Kerwin, Jr., J. Am. Chem. Soc., 103,
2909 (1981).

O. Exner and W. Simon, Coll.Czech.Chem.Comm., 30, 4078 (1965).
N. Sharma and B. N. Misra, ibid., 54, 2738 (1989).

P. M. Beart and A. D. Ward, Australian J. Chem., 27, 1341 (1974).
T. Fujii and Y. Hatanaka, Tetrahedron, 29, 3825 (1973).

Y. Isowa, T. Takashima, M. Obmori, H. Kurita, M. Sato and K. Mori, Bull. Chem. Soc. Jpn, 45,
1461 (1972).

Y. Isowa, M. Ohmori and H. Kurita, ibid., 47, 215 (1974).

Y. Isowa, T. Takashima, M. Ohmori, H. Kurita, M. Sato and K. Mori, ibid., 45, 1464 (1972).

Y. Isowa, T. Takashima, M. Ohmori, H. Kurita, M. Sato and K. Mori, ibid., 45, 1467 (1972).

Y. Ioswa and M. Ohmori, ibid., 47, 2672 (1974).

Y. Isowa, H. Kurita, M. Ohmori, M. Sato and K. Mori, ibid., 46, 1847 (1973).

K. Hemmi, H. Takeno, M. Hashimoto and M. Kamiya, Chem. Pharm. Bull. Jpn, 30, 111 (1982).
. R.K. Olsen, K. Ramasamy and T. Emery, J. Org. Chem., 49, 3527 (1984).

. W. Oppolzer, R. Moretti and C. Zhou, Helv. Chim. Acta., 77, 2363 (1994).

. Y. Isowa and H. Kurita, Bull. Chem Soc. Jpn, 47, 720 (1974).

. T.Kolasa and A. Chimiak, Pol. J. Chem, 55, 1163 (1981).

285



08:27 27 January 2011

Downl oaded At:

ROMINE

40

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57

38.

59.

60.

61.

62

. E. Beckmann, Ber., 26, 2631 (1893).

JR.v. B. Nicolaus, G. Pagani and E. Testa, Helv. Chim. Acta., 45, 1381 (1962).
P. J. Maurer and M. J. Miller, J. Am. Chem. Soc., 105, 240 (1983).

W. Keller-Schierlein and B. Maurer, Helv. Chim. Acta., 52, 603 (1969).

H.-U. Naegeli and W. Keller-Schierlein, ibid., 61, 2088 (1978).

M. J. Miller and B. H. Lee, J. Org. Chem., 48, 24 (1983).

A. Ghosh and M. J. Miller, ibid., 58, 7652 (1993).

F. Kanai, K. Isshiki, Y. Umezawa, H. Morishima, H. Naganawa, T. Takita, T. Takeuchi and H.
Umezaawa, J. Antibiot., 38, 31 (1985).

M. J. Miller, B. H. Lee, C. A. Prody and J. B. Neilands, J. Med. Chem., 28, 323 (1985).
M. J. Miller, B. H. Lee and G. J. Gerfen, J. Org. Chem., 49, 2418 (1984).

M. Akiyama, A. Katoh and T. Ogawa, J. Chem. Soc. Perkin Trans II, 1213 (1989).

M. Ghosh and M. J. Miller, J. Org. Chem., 59, 1020 (1994).

K. E. Dolence, A. A. Minnick and M. J. Miller, J. Med. Chem., 33, 461 (1990).

K. E. Dolence, E.-C. Lin, M. J. Miller and S. M. Payne, ibid., 34, 956 (1991).

B. H. Lee, M. I. Miller, C. A. Prody and J. B. Neilands, ibid., 28, 317 (1985).

S. K. Sharma, M. J. Miller and S. M. Payne, ibid., 32, 357 (1989).

R. W. Feenstra, E. H. M. Stokkingreef, R. F. J. Nivard and H. C. J. Ottenheijm, Tetrahedron, 44,
5583 (1988).

T. Kolasa and M. J. Miller, J. Org. Chem., 52, 4978 (1987).

T. Kolasa and M. J. Miller, ibid., 55, 1711 (1990).

R. K. Olsen, T. Emery and K. Ramasamy, ibid., 46, 5438 (1981).
R. Sulsky and J. P. Demers, Tetrahedron Lett., 30, 31 (1989).

T. Kameyama, A. Takahashi, S. Kurasawa, M. Ishizuka, Y. Okami, T. Takeuchi and H.
Umezawa, J. Antibiot., 40, 1664 (1987).

. R.J. Bergeron and J. S. McManis, Tetrahedron, 45, 4939 (1989).

286



08:27 27 January 2011

Downl oaded At:

63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

bis-PROTECTED HYDROXYLAMINES AS REAGENTS IN ORGANIC SYNTHESIS. A REVIEW

R. J. Bergeron and J. S. McManis, ibid., 46, 5881 (1990).

R. I. Bergeron, J. Wiegand, J. S. McManis and P. T. Perumal, J. Med. Chem., 34, 3182 (1991).
R. J. Bergeron, Z. R. Liu, J. S. McManis and J. Wiegand, ibid., 35, 4739 (1992).

R. J. Bergeron, J. S. McManis, O. L. Phanstiel and J. R. T. Vinson, J. Org. Chem., 60, 109 (1995).
R.J. Bergeron, J. S. McManis, P. T. Perumal and S. E. Algee, ibid., 56, 5560 (1991).

B. Bodenant and F. Fages, Tetrahedron Lett., 36, 1451 (1995).

R. I. Bergeron, C. Z. Liu, J. S. McManis, M. X. B. Xia, S. E. Algee and J. Wiegand, J. Med.
Chem., 37, 1411 (1994).

M. I. Fray, D. J. Bull and K. James, Syn. Lett., 709 (1992).
A. O. Stewart and D. W. Brooks, J. Org. Chem., 57, 5020 (1992).

G. W. Carter, P. R. Young, D. H. Albert, J. Bouska, R. Dyer, R. L. Bell, J. B. Summers and D.
W. Brooks, J. Pharmacol. and Exper. Ther., 256, 929 (1991).

C. Collawn, P. Rubin, H. Perez, H. Bobadilla, G. R. Cabrera, E., J. Borovoy and D. Kersheno-
bich, Am. J. Gasteroenterol., 87, 342 (1992).

E. Israel, R. Dermarkarian, M. Rosenberg, R. Sperling, G. Taylor, P. Rubin and J. M. Drazen,
New Eng. J. Med., 323, 1740 (1990).

D. W. Brooks, A. O. Stewart, S. J. Kerkman, P. A. Bhatia and A. Basha, Patent W09201682,
(1991); Chem. Abst. 117:26346 (1992).

Y.-Y. Ku, R. R. Patel, E. M. Elisseou and D. P. Sawick, Tetrahedron Lett., 36,2733 (1995).
J. F. Dellaria, Jr., K. J. Sallin and K. Rodriques, Bioorg. Med. Chem. Lest., 3, 305 (1993).
T. Kolasa, D. W. Brooks, R. L. Bell and C. Lanni, Med. Chem. Res., 3, 96 (1993).

S. Venkatraman, R. J. Roon, M. K. Schulte, J. F. Koerner and R. L. Johnson, J. Med. Chem., 37,
3939 (1994).

M. A. Staszak and C. W. Doecke, Tetrahedron Lett., 34, 7043 (1993).
M. A. Staszak and C. W. Doecke, ibid., 35, 6021 (1994).

S. T. Hodgson, P. J. Wates, G. J. Blackwell, C. Craig, M. Yeadon and N. Boughton-Smith,
Bioorg. Med. Chem. Lett., 3, 2565 (1993).

Y. Satoh, C. Powers, L. M. Toledo, T. J. Kowalski, P. A. Peters and E. F. Kimble, J. Med.

287



08:27 27 January 2011

Downl oaded At:

ROMINE

Chem., 38, 68 (1995).
84. M. Frankel, Y. Knobler, E. Bobbi, S. Bittner and G. Zvilichovsky, J. Chem. Soc., 1746 (1969).
85. S. Hanessian and R.-Y. Yang, Syn. Lezt., 633 (1995).

86. J. M. Altenburger, C. Mioskowski, H. d’Orchymont, D. Schirlin, C. Schalk and C. Tarnus, Tet.
Lett., 33, 5055 (1992).

87. A.S. Singha and B. N. Misra, Indian J. Chem., 24B, 1065 (1985).

88. M. T. W. Hearn and A. D. Ward, Australian J. Chem., 22, 161 (1969).

89. L. Sunita, G. C. Rao and B. N. Misra, Coll. Czech. Chem. Commun., 57, 540 (1992).

90. B.C. Challis, J. A. Challis and I. R. McDermott, J. Chem. Soc. Perkin Trans II, 2, 634 (1979).
91. S.-1. Murahashi, Y. Imada, Y. Taniguchi and Y. Kodera, Tetrahedron Lett., 29, 2973 (1988).
92. J.-P. Genet, S. Thorimbert and A.-M. Touzin, ibid., 34, 1159 (1993).

93. I.P.Genet, S. Thorimbert, S. Mallart and N. Kardos, Synthesis, 321 (1993).

94. E. Blart, J.-P. Genet, M. Safi, M. Savignac and D. Sinou, Tetrahedron, 50, 505 (1994).

95. E. Ohler and S. Kanzler, Synthesis, 539 (1995).

(Received December 21, 1995; in revised form March 20, 1996)

288



