556 Lubwig, Dtrscen, Avkrsaci, TOMECZER, AND BERGER

60,7 ¢-Oxido-17 w-acetoxy-A-norpregn-3-ene-2,20-dione (21).
------ A mixture of 15 (320 mg) and m-chlovoperhenzoic acid (6110
mg) in CILCly (40 ml) was left at room temperature for 66 hr.
The CILCL solution was washed (saturated NallCoy, 545
Na:S0);, 877 salt solution), dried, and evaporated. Crysialliza-
tion of the residue from ether-CIICly gave 21 (191 mg, wmp
202-204°).  The analytical sample was prepared by recrysial-
lization from acetone-hexane; wmp 232-233°: [a]®n —15°
(BtOI); N 5.78, 5.86, and 6.13 u; N 235 mp (e 11,700); 7 W28
(3, 18-Me), 8.88 (s, 19-Me), 7.94 (5, 17-OCOCIL), 7.88 (5, 21~
Me), 6.61 (d, d, J < 1, 3.5 ¢ps, 78-T1), 615 (d, J = 3.5 ¢ps, 63-1),
378 (5, K1),

Anal. Caled for CullnOs: C, 70.94; H., 7.5
70.97; I, 7.57.

6,7 a-Oxido-17 a-ethynyl-A-norandrost-3-en-173-0l-2-one
(22).—-A mixture of 17 (1.8 g) aud m-chloroperbenzoic acid
(3.1 g) in CH,Cl, (150 ml) was left at room temperature for 65
. The CIHLCl solution was washed (saturated NallCOy,
500 NaadUy, 897 salt solution), dried, and evaporated, Plate

Found: C,

Vol. 10

chromarography of the residue on neutral alumina Gretivity 'V
uxing CHCly a= the developing =olvent gave a major baud de-
tectiable in the nltraviolet.  Elution with ethyl acetate, evapor:-
tot, and ervstallization from ethyl acetate afforded 22 (302 g,
mp 222-224°), The analytical smmple wits prepaved by recerys-
tallization from cthyl acctate: mp 241.5-243.5%: [o]*p - 747
(CITCLy)y: x 247, 3.05, 5.82, 5497 and 6.17 4 N 234 iy
(e 14,30101): 7 L.06 (s, 18-Me), 889 (2, 1)-Me), 7453 (5, 1Tw-Caxlly,
6.6 (A, S = 3.0 eps, 718-H), 6.1 1, S = 5.0 eps, 68-11), and 5.790
(=, 3-11%

gl Caled  (or

C, 76435 11, 708,

Cudly Oy C) 76,80 1, 7.740 Fomad:

Acknowledgment.—We wisli to thank Mr. L. Yiacas
and Dr. L. Lerner for the biological results, M. J.
Alicino and his staff for analytical results, and Dr. AL 1,
Cohen for the nmr data.

The Synthesis of Hydroxylamine Derivatives Possessing Hypocholesteremic Activity

B. J. Luvowig, I, Dtrscy, M. Aversacy, X, ToMeczer, axp 1. M. BErceR

Wallace Laboraiories, Division of Cacter-Wallace, [ne., Cranbury. New Jerscy

Recerwed Maveh 3, 1567

The preparation of a variety of O-aralkyl- and O,N-diaralkylhydroxylamine eompounds ix reported.
These include, in addition to the amines, aeyl- and aroylhydroxmnates, carbalkoxy- and earbarvloxyhydroxa-

mates, and various urea compounds derived from the hydroxylamines.
cant hypocholestereniie activity upon oral administration to rats.
zhown to lead to the O,N-diaralkylated rather than O,0’-diaralkylated reaction prodnct.

Many of these componnds show sigiofi-
Aralkylation of acetohydroxamie aeid iz
O,N substitntion

(I11) is therefore asstimed for the series of analogous acyl- and aroylhydroxamates described.

The biological aud pharmacological properties of a
lurge wvariety of hydroxvlamine derivatives have been
evaluated in the past. Discovery of the antibaecterial
properties of canavanine! and of cyclogerine? stimulated
the search for antiniicrobials containing the oxyamiuo
group. Hydroxylamine derivatives have been reported
to possess alitibacterial, herbicidal, enzyme inhibiting,
and autitumor aetivities and to have anticonvulsant.
analgesic, autirheumatie, diurctie, local anesthetic,
hypoglveemie, and CNS stimulating and depressing
propertics. These reported activities are appareutly
not necessarily dependent ou the hydroxylamine moicty
sitice the eorresponding amino analogs frequently ex-
hibit simiilar activities. In other cases the hydroxvi-
amine funetion seems to be essential for biological
activity. In many investigationus these aminooxy couni-
poutids have been found to bear little, if any, biological
resemblance to their amine counterparts.®

We now wish to report the preparation and the re-
sults of preliminary pharmacological evaluation of a
number of hydroxylamine derivatives that significantly
lower the serwm cholesterol concentration of warm
blooded animals.*  These compounds cousist of aralk-
oxyamines (I, X = aralkyl; Y = Z = H), N-aralkyl-
aratkoxyamines (I, X = Y = walkyl; Z = H), a

(1) I\ I Voleani and F. E. Snell, J. Biol. Chem., 174, 803 (1048).

2) () ¥. A Kuelil. . J. Wolf, N. R. Trenner, R. .. Peck, F. Howe,
B. D. lunnewell, G, Downing. E. Newstead, and K. IFolkers, /. Am. Ckem.
Soe., TT, 2344 (1953); (b) P. 1. Hidy, . B, Hodge., V. V. Young. R. 1.
Harned, G. A, Brewer, W. F. Phillips, W. I'. Runge, 1. E. Stavely. A. Poli-
land, 1I. Boaz, and . R. Sullivan, ibid., TT, 2346 11955).

(3) (a) For a compreliensive review of the literature on O-substituled
oxyamines, sece A. O, Ilvespdd and A. Marxer, Chimia (Aaran), 18, 1 (1464):
h) . Mamalis, L. Jeffries, 8. A. Price, M. J. Rix, and D. J. Outred, J.
Mo, Chem., 8, 681 (1963), have summarized thie literature dealing willy 1le
biological and pharmacological aetivities of these compounds.

nutitber of the correspouding aeyl- and avovlhydroxa-
niates (I, Z = RCO), earbalkoxy- and carbarvloxyhy-
droxamates (I, Z = ROCO), and urea derivatives (I,
Z = CONH,, CONHR, CONHCOR). Also included
in this study are several related compounds of these
types having arviloxvalkyl rather thau aralkyl substitu-
tion.

Y (R,

NON RC=NOR, R(:U.\'_’
7 OR. 1.
I I 11

The preparation of these compouids followed in
general well-established routes of synthesis (Chart T).
Aralkylation of N-hydroxyurethan A with the ap-
propriate aralkyl halides®*® furnished good to excel-
lent vields of the aralkyl carbethoxvhydroxamates B or
of the corresponding aralkyl N-aralkylearbethoxyhy-
droxamates C depending on the ratio of the reactants
(reactions 1 and 2).  These aralkylations were usually
performed in anhyvdrous cthanol using sodium ethoxide
or KOH as acid acceptors.  The reactions were exo-
thermic when substituted benzyl bromides were ecni-
ployed, and it was usually possible to obtain good con-

(1) (a) The effcel of vne of these compounds, beuzyl N-beuzylearbetl)-
oxyhydroxamate, on experimental atherosclerosis and hypercliolesteremia
has been described; see I'. M. Berger, J. . Douglas, I>. J. Ludwig, and 8.
Margolin, Proe. Soe. Fxptl. Biol, Med.. 114, 337 (1963):. J. I¥. Doaglas, 13.
J. Ludwig, 8. Margolin, aud 7. M. Terger, J. Atheroschlcrosis Res., 6, 90
(1966); J. F. Douglas, 'ree. Sor. Feptl, Biol. Med., 117, 190 (1964).  dn
1. M. Berger and 13. J. LLndwig, U. 8. Patents 3,243,878 (Apnl 12, 1066)
3,278,583 (Oct 11, 1966). 3,280,171 (Oct 18, 1966).

() A.T. Fullerand . King. J. Chem. Soc., 063 (14470,

(@) (a) L. W. Jones, .m. Chem. J., 20, 1 (189K8): ) 1. W, lenes aud
1. K. Fleek, J. m. Chon, Sue., 50, 2018 (1928).
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TaBLE I
ARALKYL CARBALKOXY- AND CARBARYLOXYHYDROXAMATES
D—A—ONHCOOR
X
Mp or hp ~——=Caled, 9—— ——=Found, %~——
No. X A R Method (mm), °C  n¥p Formula c H N c H N Activity®?
1 H CH, Methyl 5 109 (0.2) 1.5215 CyHuNO; 59.66 6.12 7.73 59.86 6.09 7.90
2¢ H CH. Ethyl 1 111 (0.3) 1.5125 CuHisNOs 61.33 6.71 7.18 61.79 6.55 6.97 +d
3 H CH, Butyl 3 123 (0.8) 1.3023 Ci12:HisNOs 64.55 7.68 6.28 64.27 7.75 6.38 +
4 H CH. Isobutyl 5 37-38 CizHiiN O 64.55 7.68 6.28 64.94 8.01 6.27 +
5 H CH. Hexyl 5 35 CiuHaNOs 66.90 8.42 5.58 66.81 8.40 5.89 —
6 H CH, Phenyl 5 45 CuHisNOs 69.12 5.39 5.76 69.22 5.30 3.8 +
7 H CH, Benzyl 1 65-68 S CisH1sN Os 70.02 5.88 5.44 70.10 5.90 5.49 -
8 H (CH): Ethyl 1 130(0.2) 1.5104 CuHisNOs 63.14 7.23 6.70 63.18 6.95 6.82 -
g¢ H (CHa)s Ethyl 1 138 (0.2) 1.3070 Ci.HisNOs 64.35 7.68 6.28 64.37 7.20 6.46 -
10 m-CHjy CH. Ethyl 1 103 (0.1) 1.5138 CuHisNOs 63.14 7.23 6.70 63.47 7.39 6.83 +
11 p-CHs CH: Ethyl 1 45-47 CiuHisNOs 63.14 7.23 6.70 63.31 7.09 6.76 4+
12 p-CHjs (CHa)s Phenyl 3 72-74 . Ci:H1sNOs 71.56 6.71 4.91 71.65 6.48 5.07 -
13 0-CaHs CH: Etliyl 1 120 (0.1) 1.5105 CiHirNOs 64.55 7.68 6.28 64.72 7.66 6.33 +
14 3.4-(CHs): CH: Ethiyl 1 142 (0.1) 1.5152 CpHiNOs 64.55 7.68 6.28 64.42 7.48 6.33 -
15/ iso-Pr CH, Ethyl 1 133 (0.1) 1.5037 CisH1yNOs 65.80 8.07 5.90 65.84 8.10 5.96 —
16 0-OCHs CH- Ethyl 1 127 (0.1) 1.5221 CuHisNOs 58.65 6.72 6.22 38.32 6.17 6.33 -
17/ m-OCH;s CH. Ethyl 1 136 (0.2) 1.5186 CullisNOs 58.65 6.72 6.22 38.31 6.32 6.00 -
18 m-CF3 CH. Ethyl 1 78-80 CuH1:FsNOs 50,19 4.60 5.32 50.05 4.69 5.21 +¢
19 0-Cl CHa Ethyl 1 40-42 CuH1:CINOs  52.39 3.27 6.10 532.30 5.38 6.33
20%  p-Q1 CH. Etlyl 1 83-84 CnHRCINOs 52.59 5.27 6.10 32.44 5.51 6.18 +
21%  3.4.Cl CH. Ethyl 1 80-81 CiHnClLNO; 45,48 4,20 5.30 45.40 4.29 5.22
22 3,4-Cl» CH(CHs) Ethyl 1 74-75 CuHisCleNO;  47.30 4.71 5.04 47.47 4.35 5.01
23 p-NO: CH; Ethyl 1 82 CrHiN:0s 50,00 5.04 11.66 50.17 4.92 11.50 +
24 p-NH. CH. Ethyl i 133, dec CuHisCIN:Os¢ 48.68 6.12 11.36 48.53 5.87 11.59 —
@ The activity is measured as a reduction of serum cholesterol relative to control animals on the same diet without drug: <25%

reduction =
¢ A, Hantzsch and A. Saver, Ann. Chem., 299, 67 (1897).

& A, F. McKay, D. L. Garmaise, G. Y. Paris, and S. Gelblum, Can. J. Chem., 38, 343 (1960).

chloride.

Crarr 1
1 3 ¥ J
HONHCOOR —> R,ONHCOOR == R.ONH, —>

A \\ B 5 D

RONHCOR
2 9 t 3
\ i s G
HONR,COOR —> R,ONR.COOR —>:, R,ONHR, —
T 10 C 6 B 8
RIONR.CORs
12 H
L—>R,ONR,CONXY
K

versions at room temperature. Benzyl chlorides and
higher aralkyl halides usually required several hours of
reflux for completion of the reaction. Small quantities
of the corresponding ethyl ethers were always obtained
as by-products, these ethers being formed by aralkyla-
tion of the aleoholic solvent. These lower boiling
ethers could be readily separated from the reaction
mixture by distillation. A 1:1 molar ratio of aralkylat-
ing agent to N-hydroxyurethan furnished good yields
of the O-aralkylated products of type B with little of
the O,N-diaralkylated compound of type C. Increas-
ing amounts of C were obtained by increasing this ratio
aiild C was formed almost exelusively when the ratio of
aralkylating agent to N-hydroxyurethan was 2:1.
This procedure is preferred when ecarbethoxyhydroxa-
mate compounds containing two identical aralkyl
groups are desired. A molar ratio of 1.5:1 was usually
employed when both B and C were desired. The prod-
ucts could then be separated either by fractional distil-
lation or, following the procedure of Jories,® by extract-
ing the O-aralkylated product into aqueous alkali, the

—, 25-30% reduction = 4+, 31-759; reduction = + 4, and 769 or greater reduction =

+4+4. ® At 0.39 diet level.
4 At 1.0 diet level. ¢ See ref 7c. / See ref 3a. ¢ At 0.259; diet level.

i See Expermental Section. ¢ Hydro-

O,N-diaralkyl derivative remaining in the organic
layer.

The majority of the carbethoxyhydroxamates so
prepared are high-boiling colorless oils. They were
purified by vacuum distillation except in a few cases
where molecular distillation was employed when ex-
tensive decomposition occurred using conventional
high-vacuum distillation apparatus. The physiecal
constants and the analytical data for the aralkyl carb-
ethoxyhydroxamates and aralkyl N-aralkylearb-
ethoxyhydroxamates are listed in Tables I and II,
respectively. Similar data for a smaller number of
aryloxyalkyl derivatives are included in Tables I1I and
Iv.

The hydrolysis of earbethoxyhydroxamates of types
B and C with alkali®»?®% produced excellent yields of
the corresponding aralkoxyamines of type D or of N-
aralkylaralkoxyamines of type E (reactions 3 and 4).
It was generally ununecessary to isolate the intermediate
carbethoxyhydroxamates when these hydroxylamines
were the desired compounds. The reaction mixture
from reactions 1 or 2 was treated with aqueous alkali
and the hydroxyvlamines were obtained directly. These
weakly basie compounds were usually high-boiling
colorless liquids which can be purified by vacuum distil-
lation or by eonversion to the hydrochlorides which can
be readily erystallized from aleohol. The physiecal
constants and the analytical data for these aralkylated
hydroxylamines are listed in Tables V and VI. Tables
IIT and TV include a smaller number of the correspond-
ing aryloxyalkylated hydroxylamines.

It has been reported by a number of investigators
that certain of the aralkoxyamine hydrochlorides of
this general type decompose on standing to HC1 and the
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A2 diet fevel.

X A Y
" CH. 11
11 Cll, Il
11 CHo, Tl
11 CIl, 11
H CH, 11
I Cll, 11
I CIH(CIly) 11
11 CH, 11
H (CHy)s 1
H CII, H
11 (CHy)s H
I CH, 11
H Cf{z 0—CH3
11 CH, m-CH;
o-CIT, CIl, 11
m-CHy CH, 11
m-Cll; CH, 11
o-Clly CI, o-ClIl,
o-CH; CH, o-CII,
m-CII, CH, m-Clly
p-CH; CH, p-CH,
3.4-1Clly), CIl, 3,4-(CIL),
O—CzH:; CHz l)—(:gn;,
p-1-Cslls CI1, p-i-Cyll;
p-CHy (CIL); m-Clly
0-OClIy CH, 0-OCII,
m-OCH; CI, m-QOCIH;
p-OClH, CIIL, p-OCII
2,6-(OCI).  Cll, 2,6-(OCH;),
()-( )CgH E CH.- ()—()C-z”;,
11 CH, o-COOC,lT;
m-Cl%y CH, m-CFy
o-Cl CIl, 0-Cl
p-Cl CH, p-Cl
p-Cl ClIl, p-Cl
p-NO, Cl1, p-NO.

Tasre 11

ARALKYL N-ARALKYLCARBALKOXY~ AND -CARBARYLOXYHYDROXAMATES

B
CII,
CIT,
CH,
CIlL,
CH.
CI(CH,)
CH,
(CH,),
Cll,
(CHya
(Clly),
(CHy)y
CIH,
Cll,
CIl,
Cl,
(Cly),
CI,
CIl,
CIl,
Cll,
CI1,
Cll,
CIl,
Cll,
CH,
CHl,
Cll,
CIl,
Cl1,
CH.
CII.
CIl,
ci,
CI,
CII.

X

R

Ethyl
B-Methoxyethyl
v-Methoxypropyl
Isobutyl
Pheuyl
Isthyl
lithyl
Ithyl
Kthyl
Ethyl
Ethyl
B-Methoxyethyl
Iithyl
Kthyl
Ethyl
Ethyl
thyl
Methyl
Ethyl
Isthyl
Fithyl
Ethyl
Iithyl
Ethyl
Phenyl
lithyl
Ethyl
Ithyl
Kthyl
lathyl
1Sthyl
Ethyl
ISthyl
Sthyl
Phenyl
Iothyl

See footiote a, Table 1, for w deseription of the aetivity data.

Metliod
2
6
6
6
6
9

10
g
4
9
2
6

[ MR Nl (OB BN O N N2

(=23}

2

¥ Ree ref Gb.

COOR
Mp or bp
(mm), °C
145 (0.3)
175(0.3)
178 (0. 1)
144 (0. D)
50--G 1
135 (0.1
132(0. 1
146 (0. 1
153 (0.1
157 (0.1
182 (0.2

d

d
136.(0.1)
142 (0. 1)
139(0. 1)
167 (0. 1)

i
145 (0. 1)
146 (0. 1)
13710, 1
175 H

d

d

d

4

d

d
50-490
48-H1)

i
126 (0.2)
146 (0. 1)
171 (0. 1)
84-87
105--100

)
)
)
)
)
)

bath temperature ((LAOT 1in) sinee decomposition oecnrred in attempts (o nse conventlional equiprent.

Cl, 20.16.

7 Anal.

Caled:

Cl 17.63.

Found:

Ql, 1823,

@—A— OT—BQ

—_ -

< 1
= O
=
[

5362
5355
. H3H4
.5326
5324
.H284
5301
5375
.5a62
5405
.H376
5315
5483
5401

5361

5340

5300

.H303
L H220
. H606
. H4T8
5435
.H436

— —_— — —
— — - — — — e e o s e e e

5362

L.
1.4707
I.

1.5538

ALY, diet level.

< Anaod.

Y

Formula

CillyNO,
CilaNO,
CrHuNO,
CiolluNO,
Cull,NO,y
CllyNOy
CiHaNO,
CISIIZIN()l(
CieHuNOy
CioHuNO;
CouHuNOy
CoH2:NOy
CiHuNO;
CisHaNO;
CixHaNO,
CisHaNOy
Call;NOy
CillaNO,y
CiolTuaNO;
Cisl1aNO;
CioHuNO,
CnHNO;y
CoHyNOy
CylTyNOy
Ca Mz NO,
Cral1;NO;
CllaNO;
CiyHaNO:
CyHpNO;
CoHaNO;
CyHuNO;
Crg 17Ny
CilLCLNOye
CHCLNOS
Call;CLNOy
Ci:H N30

Caled:

¢, 2002,

———=Caled. Y———
¢ H N
71.55 6.71 4.91
68.50 6.71 4.44
GO.28 7.04 4.25
72.82 7.40 447
75.65 5.72 4.21
72.22 7.07 4.68
72.22 7.07 4.68
72.22 7T.07 4.68
72.82 7.40 4.47
72.82 7.40 4 .47
73.87 7.97 4.10
69.95 7.34 4.08
72.22 T7.07 4.68
72.22 7.07 4.68
72.22 707 4.68
72.22 7.07 4.68
7337 770 428
7222 707 4 68
72.82 7.40 447
7282 7.40 4 .47
72.82 7.40  4.47
T3.87 7.07 4.10
TA.87T 7.07 4 10
7476 846 379
7709 6.99 2,60
66.07 6.71 4 .06
66.07 6.71 4.00
66.07 6.71 4.06
62.21 6.71 4.46
67.35 7.26  3.72
67.21 6.4 3.92
16 4.07 3.33
57.64 4.84  3.93
57 64 484 395
62.70 4.206 q
54.40 4.57 11.19

I"'onnd:

1, 20,24,

S lnal.

~ ~———=1"onnd,
C H
71.37  6.78
65.93 6.68
69.50 7.20
73,01 7.07
75.62 5.84
72.36 7.04
72.31 7.07
7213 7.1
73.16  7.40
72.30  6.96
73.90 8.05
69.91 7.37
71.96 7.25
72.36 7.24
72.07 6.97
7218 6.95
73.81 7.55
799 6.98
7297 7.72
73.48 7.54
72 .00 7.68
73.94¢ 7.75
73.65 7.8l
74 .39 8.51
77.05 7.22
66.00  6.89
66.10 6.82
66.17 6.94
62.23 6.19
67 .61 7.04
66.91 6.35
54.40 420
57.64 4.7}
57 71 508
62.90 4. 31
54.40 4 .51

Culed:

o ——
N
5.04
4.56
4.20

4.72

e ol N GV,
R U
EEEnuEniRzenEy
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=
o}

=

3

P N N O
SRR BV N
—_— Tt Sl o=

3.60
4.03
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11.25
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* These componuds were prarified by short-path distilation at 1a-120°
1, 20.a?.
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TasLE 111
ARALKOXY-N-ARYLOXYALKYLAMINES AND ARALKYL N-ARYLOXYALKYLHYDROXAMATES
X 7 Y

Mp or bp ~—~—Caled, p—— . —TFound, %——
No. X n Y m 7z Method (mm), °C  n2p Formula C H N C H N Activity®
147 H 1 H 2 H 4 121-122 ... CiHiCINO?  64.40 6.48 5.01 64.26 6.39 4.95 + 4
148 H 1 m-CH;y 2 H 4 145(0.1) 1.3532 CisHisNO: 74.68 7.44 5.44 74.64 7.44 5.73 +4
149 H 1 H 3 H 4 103-104 ... CuHxCINOS  65.41 6.86 4.77 65.96 7.01 4.90 4+
150 m-.CHs; 1 H 3 H 1.9.4 84-86 ... CnHxCINOP  66.33 7.20 4.35 66.06 7.45 4.25 4+
151 p-Cl 1 H 3 H 1.9.4 ¢ 1.5610 CiHisCINO:4  65.86 6.22 4,80 65.83 6.16 4.88
152 m-CH; 1 H + H 1,9.4 119-120 ...  CiHuCINOS  67.17 7.52 4.35 67.48 7.67 4.45  +++
1533 m-CHs 1 p-Cl 3 H 1,9,4 133-134 CrHaCLLNOL ¢ 59.65 6.18 4.09 59.54 6.40 4.15 + 4
154 U 3 24-Cl: 2 H 1,9,4  147-148 ... CuHxCLNO?Y 54.20 5.35 3.72 54.12 5.2¢4 3.78
155 H 1 H 2 COOC:Hs 1,9 162(0.1) 1.5379 CisHaNOg 68.55 6.71 4.44 68.22 6.51 4.48 44+
156 H 1 H 3 COOC:Hs 1,9  168(0.1) 1.5345 CisHuNOs 69.28 7.04 4.25 60.41 7.04 4.46 ++
137 H 1 m-CH; 2 COOC:Hs 1.9 172(0.1) 1.5342 CisHuNOs 69.28 7.04 4.25 69.37 7.20 4.50 4+ ++
158 H 1 m-CH; 2 COOCeHs 6 ¢ 1.5690 CaxHxNOg 73.19 6.14 3.71 73.35 6.03 3.93 ++
139 m-CH; 1 p-Cl 3 COOCH; 6 ¢ 1.5465 CiH=CINOs#  62.73 6.09 3.85 62.89 6.83 3,86 ++
160 H 1 m-CH; 2 COCsHs 8 ¢ 1.5812 CuHuNOs 76.43 6.41 3.87 76.39 6.34 4.03 + 4
161 m-CH; 1 H 4 COCH; 8 ¢ 1.5454 CxHxNO; 73.36 7.70 4.28 73.39 7.58 4.27 +

@ At 0.259 diet level.

See footnote a, Table I, for a description of the activity data.

® Hydrochloride. ¢ These compounds were

purified by short-path distillation at 100-120° bath temperature (0.001 mm) since decomposition occurred in attempts to use conven-

4 Anal. Caled:
Found: Cl,28.15.

Cl, 12.15.
7 Anal.

tional equipment. Found: (],

Caled: Cl,28.23.

free amine.?>” The arylmethoxy-, arylethoxy-, and
arylpropoxyamine hydrochlorides prepared in this
study appeared to be reasonably stable on prolonged
standing at room temperature. In a few instances, a
mild aldehydic odor was perceptible, but no further
evidence of instability was apparent. A few of the cor-
responding aryloxyalkoxyamine hydrochlorides [ArO-
(CH;),ONH,-HCl], however, underwent more ex-
tensive dissociation when stored at room temperature
for periods of a year or longer, generating free HCIl and
a strong aldehydic odor.

The reaction of these hydroxylamines with alkyl and
aryl chloroformates using excess hydroxylamine, pyri-
dine, or aqueous alkali as acid acceptor yielded the cor-
responding carbalkoxy- and earbaryloxyhydroxamates
(reactions 5 and 6). This route was followed ad-
vantageously when products having earbaryloxy groups
and carbalkoxy groups other than carbethoxy were
desired.

Acylation of the aralkylated hydroxylamines of type
D and E with the appropriate acid chloride or anhydride
produced the corresponding acyl- and aroylhydroxa-
mates of type G and H in excellent yields (reactions 7
and 8). Formylations were performed by heating the
amine hydrochlorides with formamide as reported by
Galat and Elion.® These aralkylated acyl- and aroyl-
hydroxamates are generally low-melting solids or high-
boiling colorless oils. They were purified by recrystal-
lization, vacuum distillation, or molecular distillation.
Their physical constants and analytical data are listed
in Tables VII and VIII. The corresponding aryloxy-
alkyl derivatives are included among the compounds
listed in Tables IIT and IV.

Some uncertainty remains in the chemical literature
concerning the structure of dialkylated hydroxamic
acids. Frequently, structure II has been assigned

(7) (a) R.T.Majorand K. W, Ohly, J. Med. Pharm. Chem., 4, 51 (1961):
(b) P. Mamalis, J. Green, D. J. Outred, and M. J. Rix, J. Chem. Soc., 1829
(1965); (c) B. J. R. Nicolaus, G. Pagani. and E. Testa, Helv. Chim. Acta,
45, 1381 (1962).

(8 A. Galat and C. Elion, J. Am. Chem. Soc., 65, 1566 (1943).

12.33.
Caled: Cl, 9.74.

¢ Anal. Caled:
Found: Cl,9.89.

Cl, 20.72. Found: Cl, 20.70. 7 Anal.

to the reported compounds, ! while the alternate strue-
ture III has been less often used. The former strue-
ture appears to be excluded for compounds of type H by
the method of preparation. Cooley, et al.,'® reported
the preparation of a dibenzylated produet from aceto-
hydroxamic acid and benzyl chloride but did not report
any attempt to ascertain its correct structure. Using
their method, we obtained a produet having the proper-
ties desecribed by them and which was identical with
the ecompound we obtained from the reaction of O,N-
dibenzylhydroxylamine with acetyl chloride. Thus,
it appears that in the series of compounds studied by
us the diaralkylation of hydroxamic acids leads to
compounds of structure III rather than I1."

Aralkylated hydroxylamines of type D and E were
readily converted to the corresponding urea derivatives
of type J and K by direct action with cyanie acid and
with alkyl or acyl isocyanates. These compounds were
obtained in high yields and were readily crystallizable
from ligroin, aleohol, or water to give stable, sharp-
melting, colorless, crystalline solids (Table IX).

The preparation of compounds of types C, E, or H
where R, # R, 7.e., “unsymmetric”’ compounds, was
accomplished in two general ways. The alkylation of
the carbethoxyhydroxamates of type B’ with aralkyl
halides under the conditions employed for reaction 2
produced high yields of the desired compounds of type
C (reaction 9). Alternately, N-aralkylearbethoxy-
hydroxamic acids of type F were prepared from N-
aralkylhydroxylamines and ethyl chloroformate, follow-
ing the procedure described by Zinner!? for the prepara-
tion of the corresponding N-alkylearbethoxyhydroxa-
mates. Alkylation with the appropriate aralkyl halides

(9) H. L. Yale, Chem. Rev., 88, 209 (1944).

(10) J. H. Cooley, W. D. Bills, and J. R. Throckmorton, J. Org. Chem.,
265, 1734 (1960).

(11) (a) G. M. Steinberg and R. Swidler, ibid., 80, 2362 (1965). have pre-
sented evidence for the existence and relative reactivities of the various
benzohydroxamate anions. (b) For a discussion of the mechanism of reac-
tions involved in the synthesis and hydrolysis of N-hydroxycarbamates,
see E. Boyland and R. Nery, J. Chem. Soc., Sect. C, 346 (1966).

(12) G. Zinner, Arch. Pharm., 392, 329 (1959).



No.
162"
163
164°
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180

« At 0.25%; diet level.

to use conventional equipment.
Caled: Cl, 10.62. Fonud:

X
2,4-Cl,
H
2,4-Cl,
1
H
H
m—(?”:l
2,4-Cl,
H
m-Cll;
p-Cl
H
¢l
2.4.Cl,
H
5 1
m-CIL;
1
p-Cl

TaBLe IV:

n Y

2 H

3 1

2 H

3 I

3 H

301

2 Beuzyl

2 m-Methylbenzyl
3 Benzyl

3 Benzyl
3 Benzyl
3 y-Phenoxypropyl
2 Benzyl

2 2,4-Cl-Phenoxycthyl
3 ~y-Phenylpropyl

3 Benzyl
3 Beunzyl
3 a-Phenethyl
3 Benzyl

Sec footnote «, Table I, for i description of the activity data.

@ AC 0.0 diet level.

ride.

man, M. I, Greig, and W. Veldkamp, J. Med. Chem., 7, 329 (1964, reported hydrochloride mp 2457 dec.

k Anal. Caled:
1, 10.83.

No. X
25° 11
2G4 1T

27 m-C 11,
28 p-CH;,
29e m-0C11;
30 2,6-

I

1

COOC.IT;

COOCIH;
SO0C,Hy

COCH;

1T

1

11

"

11

11

COOC.IT,

COOGC,IT;

COOCTH;

COOC,H;

COOC,IT,

COOCI,

COCI,

Cl, 20.33. Found:

A
CllL,
CH{Clly)
CH:
(CTla)
CIL,

(OClly), CI,

31 m-CI%
327 o-Cl
330 p-Cl
34k 3,4-Cly

4 See ref 7e.

Cll.
CH,
Cll.,
Cllg
CI1,

Mp or bp
Method (mm), °C
3 183-184
3 118-120
1 67-6%
1 63--70
1 43-46
7 1 i
9,4 g
9,4 94-96
9,4 117-119
4 g 1
1,94 116-118
2.4 100-102
9 163 (0. 1) 1
2 64-65
4 q 1
9 167 (0. 1) ]
49 167 (0.05) 1
4,8 41-43
8 g 1

Tansrug V:

Mp or bp
(mm), °C
230-232
156-158
52 (0.4)
63(0.1)
75(0.4)

177-178
164--165
13- 145
10

191-192
100 (0.2)

Cl, 29.23. ¢ Anal.

" See ref 3a.

Caled:

n¥n

5739

25510
.H388
5332
5335
D312

. 5565

Cl, 21.60.

Fomul:

ARALKOXYAMINES D—A—ONH‘—'

X

n?n Formmalz o
CHT,CINOS - 52.67
- gl CINOe 55.33
1.5336  CyHLNO 70.04
1.5202  C,l1NO 72.69
1.5439  Col1;,NO- 62.72
ColCINOg 49,21
CslT,ClENOe 42,21
CiHLCLNO:  43.32
C71ICINO H3.34
A CHCENO: 36,79
16048 Cil,eN20 60.85

Caled, Yg———
H 11
6.32  8.78
5.96  8.07
8§08 10.21
9.15  8.48
7.24 V.14
5.42  6.38
3.08  6.15
4.68  7.22
5.12 S84
3.53  6.13
7.30 2028

See footnote a, Table T, for a description of the activily data.

¢ llvespid and Marxer’ reported hydrochloride mp 126-128°.

footnote ¢), reported mp 195-198° dec.

Cl, 21.61.

ARYLOXYALKOXYAMINES AND ARYLOXYALKYL HYDROXAMINES QO"‘(CHﬁ)nON

i dnal,

- ——Fouud, §--— =

[

33.
5.
70.
72
63,

49.5

42,
43.
53.
36.
60.

£ See ref o,

13
30
07

.63

01

56
41
52
i7
70

—
i)

H
G.51
7.05
8,10
8,75
7

2
"}

oz

.69
.14
.26
.10
45
.46

B ERVEITIRG] BN

8.

5.
20,
b AL Jauny, Ber., 16, 170 (1883),

N

GO
.26
07
.39
.05

.88
93
38

Caled:

Activity®

_+_
_+_
++

Cl, 203

5.

¢ Hydrochlo-
¢ 15 L. Sehumann, R. V. llemzel-

h MeKay, el al. (Table 1.

Found:

Y
~z
X
- ——— Caled, Vp——— ——=——-lound, Y)————
Formula (@] H N C H N Activity®
ClLCLNO e d 37.16 390  5.42 3719 3.8  5.50
ColTCINO ¢ 53.07  6.93  6.8% 5312 7.03  T7.04 +
CullCLNOS 44.92 446 476 45.02 4.3% 4.88 -+
CyHi:NO, 58.65  6.71 6.22 5877 6.72 6.22
CiH,;7:NO, 60.22 7.16 5H.85 60.68 7.4 576
Cil11:NO; 70.83  6.32  5.16 70.72  6.19 5.1
CisHxCINO,» 65.41 6.8 4.76 6530 6.93 4.78 -
CilTCLINO 5299 500 386 5279 5300 4.45
CisHgyCINO,e 65.42  6.86 4.77 6558 679 5.04 + -+
Ci7HyNO, 75.24 T80 516 7497 T7.66 5.25
Ciel115ClNOgee? 58.51 583 427 3R.67  5H.76  4.26 ++4
CisHuCINOye 63.90 716 415 06414 T7.22 416 ++
Cis1lIaNO, 68.55  6.71 444  68.47 T7.06 4.39 +
CrallCLNO:7 47.23  3.96  2.90  47.35 3.6 242 —
CapllyNOy 69.95  7.34 408 698 717 4.05 + 4+
CisHyNO, 69.28  7.04 4.25 69.32 6.75 4.23 -+
CauHyNOy 69.95 7.34 408 T70.03 7.3% 3.84 +
CilaNO;3 72.82  7.40 447 727 7.25  4.42
CilTnCINO3* 64.76  6.04 419  64.77  6.09 417 +++
¢ IMydrochloride.  * Anal. Caled: Cl, 41.14.  Fonud: Cl, 41.20.

CAnal. Caled: Cly
94.11. Found: Cl, 24.16. 7 Undistillable oil. # These componnds were purified by short-path distillation at 100-120° hath teinperatnre (0.001 ) since decomposition oeenrred in atteimpts

1, 29.42.

“ Anal

09¢
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TaBLE VI
N-ARALKYLARALKOXYAMINES

L) ONH_B_Q

X Y
Mp or bp ~——=Caled, %——  ——-Found, Z%——

No. X A Y B (mm}, °C  22%p Formula C H N C H N Activity®
83" H CHa H CH. 174-176 CuHi1sCINO® 67.32 6.46 5.61  67.48 6.36  5.55 + 49
84 H CH» H (CHa)o 99-100 ... CplisCINO® 68.30 6.88 5.31  68.53 6.66  5.32 ++
8 H (Cil: H CH, 117 (0.1) 1.3566 CisHrNO 79.26 7.5¢ 6.16  79.26 7.30  6.08 -
86 H CHo H CH(CH;) 124-126 CisHisCIN O° 68.30 6.88 5.31  68.34 6.62  5.41 —
87 H Clia H (CHa)s 134-135 CisHaCIN O° 69.18 7.26 5.04 69.52 7.26 5.33 4 4+¢
88 H (CHas H CH: 90-91 ... CisHaCINOS 69.18 7.26 5.04  69.23 7.01  4.91 +4
89 H (CHas H (CHa)s 13910.1) 1.5445 CpllsNO 80.25 8.60 5.20 80.09 8.7l 5.33
90 H CH: 0-CHa, CH. 113 (0.1) 1.5618 CisHiz:NO 79.26 7.54 6.18 78.87 7.65 6.40 + -4
91 H CHo m-CHs CH: 164-165 ... CisHiCINO® 68.30 6.88 5.31  68.59 6.84  5.37 ++
92 0-CHs CH, H CHa 116 (0.1) 1.3630 CuHuNO 79.26 7.5¢ 6.18  79.30 7.55  6.38
93  m-CHs CH. H CH. 110(0.1) 1.3593 CisHiNO 79.26 7.54 6.18 79.16 7.66  6.10 4449
94 0-CH;s CH: 0-CH; CH: 161-163 AN CisHwCIN O° 69.18 7.26 5.04 68.98 7.82 5.16 + 4+
95 m-CHs CHa m-CHs CHa 120 (0.1) 1.5582 CisHisNO 79.63 7.94 5.80 79.68 7.Y2  5.84 ++
96 p-CHs CH: p-CH; CH. 58-60 . CisHisNO 79.63 7.94 5.80 80.00 7.86  5.96 + -
97  3.4-(CHs):  CH. 34-(CHs): CH: 164-166 CisHuCINO® 70.68 7.91 4.58  70.82 7.7l  4.39 ++
98  0-C2Hs CH. 0-C:Hs CH- 177-179 . CisHuCINO° 70.68 7.91 11.33¢ 70.80 7.97 11.35° ++
99 p-i-CsHy CH. pei-CsHr CH: 151-152 ... CuHxuNOsS' 60.73 7.39 3.54 60.64 7.40 3.56

100  p-CHs (CH»: m-CH; CHa 142 (0.1) 1.5449 CisHuNO 80.25 8.60 5.20 80.12 8.56 5.20

101 m-CHs CH: H (CH)s 99-100 CrH2CINO® 69.97 7.60 4.80  70.27 7.66  4.53

102 0-OCH; CH, 0-OCHs CHe 155-157 CisHuCIN O5° 62.03 6.51 4.53  62.24 6.40 4.48 —

103¢  m-OCHs CH, m-OCHs CH» 101-103 CisHxCIN Os° 62.03 6.51 4.53  62.28 5.87  4.47 -

104  p-OCH; CH, p-OCH; CH, 56-57 CisH1sN Os 70.30 7.01 5.13  70.06 6.90 5.0l +d

105  2.6-(0OCHsz): CHs 2,6-(OCHs)» CH; 166-168 Ci1sHuN Os 64.85 6.94 4.20  64.48 6.71  4.30 -

106 0-OCaH; CH., 0-0C.Hs CH, 115-117 CisHaCIN Os¢ 63.99 7.16 4.15 64.29 7.30 3.97 —

107" H CH: 0-COOH CHa 96 CisHisN Os 70,02 5.88 5.44  70.36 5.52  5.49

108 m-CF; CH, m-CFs CH. 107-109 CiHuCIFsNO®? 49,82 3.66 3.63  49.71 3.67 3.80 -

109 o-Cl CHa: 0-Cl CH. 141-143 CuHuCLNO® 52,69 4.43 4.39  52.34 4.57 4.39 ++

110% p-0l CH» p-Cl CH: 80-81 CuHiCLNO* 39.59 4.64 4.97  539.65 4.80 4.78
s At 0.25% diet level. See footnote a, Table I, for a description of the activity data. ? See ref 6b. ¢ Hydrochloride. ¢ At 0.5%

diet level. ¢ Cl. / Hydrogen sulfate. ¢ See ref 3a. * Obtained by alkaline hydrolysis of 77. ¢ Anal. Caled: F, 29.55. Found:
F, 20.45. 7 Anal. Caled: Cl, 33.40. Found: Cl, 33.50. * See P. Mamalis, J. Green, D. J. Outred, and M. Rix, J. Chem. Soc.,
3915 (1962). ! Anal. Caled: CIl,25.13. Found: Cl,24.95.
TasLe VII
BENZYL ACYL- AND AROYLHYDROXAMATES
D—CHZONHCOR
X
Mp or bp Caled, 9 Found. %

No. X R (mm), °C n%p Formula C H N C H N Activity?

366 H Methyl 109 (0.2) 1.5381 C.H.NO. 65.43 6.71 8.48 65.24 7.01 8.37 +

37 H Isopropyl 63-64 CuHisNO. 68.40 7.82 7.27 68.22 7.93 7.34

38 H n-Propyl 56-58 .. CuHi;NO. 68.40  7.82 7.27 68.08 7.98 7.35 +

39 H n-Hexyl 142(0.3) 1.5080 CuHnNO. 71.45 9.00 5.95 71.35 8.92 6.09 -+

40 H n-Heptyl 145(0.3) 1.5049 CiHxNO. 72.25 9.20 5.62 72.45 9.21 5.91 +

41 H n-Octyl 34-35 CisHNO: 72.95  0.57 5.32 72.56 9.47 5.54 +

42 H n-Tridecyl 72-73 CaHyiNO, 75,60 10.58 4.20 75.59 10.62 4.19 +

43 H n-Pentadecyl 81-83 CyH3eNO: 76.40 10.87 3.87 76.67 10.85 4.08 +

444 H Phenyl 102-103 . CiaHisNO. 73.99 577 6.17 74.19 5.85 6.08

45 m-CH, n-Hexyl 158 (0.2) 1.5076 Ci:HuNO, 72.25 9.29 562 72.60 9.18 5.81

46 m-OCHs  Methyl 128 (0.1) 1.5418 C,HsNOs 61.52 6.71 7.20 61.69 6.81 7.13 -

+ At 0.5 diet level.

See footnote a, Table I, for a description of the activity data.

b See ref 10. P. Mamalis, M. J. Rix, and A. A.

Sarsfield, J. Chem. Soc., 6278 (1965), have also reported the formation of this compound by the reaction of benzyl O-acetamidobenzo-

hydroxamate and acetic anhydride.

(reaction 10) led to the desired unsymmetrical com-
poundsof type C.

The serum cholestercl lowering activity of most of
these compounds has been evaluated using male Charles
River albino weanling rats according to the method
described by Berger and his associates.** The con-
centration of the drug in the diet was usually 0.25 or
0.509,. The screening data are included in Tables
I-I1X and are expressed in terms of reduction of serum
cholesterol relative to control animals on the same diet
without drug.

Of the various types of aralkoxyamine compounds
evaluated, the most potent serum cholesterol lowering
activity was exhibited by the aralkyl N-aralkylcarb-
alkoxyhydroxamates (Table II). N-Aralkylaralkoxy-
amines (Table VI) were next in order of potency, fol-
lowed by aralkyl N-aralkylacyl- and -aroylhydroxa-
mates (Table VIII). The N-unsubstituted aralkoxy-
amines (Table V), their acyl- and aroylhydroxamate
derivatives (Table VII), their carbalkoxy- and ecarb-
aryloxyhydroxamate derivatives (Table I), and the
urea compounds derived from both the N-unsubstituted



No.
11l
112k
113
114
115
116
117
1R/
119
120
121
122
123
124
125
126
127
128
124
130
131
132
133
14
135
136
157
138
139
140
141
142
143
144
145
P10

A 025 diet level.

11

11

11

11

11

1

Tl

H

1T

11

11

T

H

H

11
l,'(:[[:}
m-Cll
m-Clly
11

11
0-CHy
o-CIl,
AI-CHJ
m-Clly

HA-(Cl L1

m-Clly
w-Clly
11
p-OCIIL,
p-0CT,
1-OCT,
m-C1ly
p-Cl
p-Cl
p-Cl

11

A
CI1I,
CI1l,
CIT,
CH,
CH,
CIH,
CII,
CH,
CH,
CIT,
CH,
Cll.
CH,
(CHy)3
(Clly)a
CIT,
CI11,
CIl,
ClHy
Cl1,
CH,
Clt.
ClI,
CII.
CIl,
CI1,
CI1,
(ClHa)y
CH,
CIT,
CII,
CI,
CI1,
CH,
CI1,
CH,

1l
11
1
1l
11
11
11
11
1
11
1
11
1
11
11
11
11
11

o-Cl1,
n-CllI
o-C11,
o-C1I
o-Clly

m-C

BACIH

11
1

A

m-Cl1,

n-OCI1L,
w-OCI1,
p-OCI1L

m-C

Fy

p-Cl
p-Cl

p-Cl
0-C(

K. Lenelis, sbon, Chom., 257, 2000 (1841,

) 1

2 (L

1
Cl.
CI1,
CHa.
CIT1,
CII.
Cll.
CIIL,
CH,
CII,
CII,
(Clly)
{CH,)
(CIL ),
Cll,
(Cllyh
CIL,
CH.
CH.
CI1L,
ClL,
CIH.
CIl.
Cll.
CTla
CI1I,
(Cllyy
(ClLy);
CH.
CII,
CI1,
CI1,
CHe
CII.
CH.
Il
T

T'apry V1T

AAVLEYL N-ARALKYLACY1- AND -AROYLIYDRONAMATES

X

11
Methyl
19yl
[=opropyl
n-Teptyl
Chloromethyl
3-Carboxypropyl
P'henyl
Benzyl
Phenethyl
Tl
Methyl
Phenyl
Methyl
Fheuyl
Methyl
Methyl
n-1Texyl
Methyl
Methyl
Methyl
Isopropyi
Phenyl
Methyl
Methyt
Methyl
Phenyl
AMethyl
Methyl
lsopropyl
Phenyl
Methyl
Methyl
Tsopropyl
I'hienyl
Methyl

See footnotea, Fable Tofor e deseription of theetivity data.
bl tenperstiee L0 s =inee decomposition occarved e attenpt< (o ase couveddioral rquipient.

My or bp

(mm), °C

60-61
AT--H8
14610, 13
136 (0. 1)
167 (0.2

d
K3--85
065- 67

i
550

11

i

i
15 (0. H)

i
38-40
14100 1)

I
66--685
141 b
74 81
14710 1)

BT
2637
‘o
102103
d
A p--14
HT-d4
T8-82
120122

COR

[
1.5535
1.5470
1.5306
1.5727
1. 5866
1.5559
1.5503
1.5812
1.5504
15715
1.5365
15308
1.5562
1 5471
1,553
1.055
15768
19474
IRy
I oas4s

" ee ref ML

@-A—OT—BQ

Y

IForinnla
Cill1sNOy
CisH1iNO,
CrI1,NO,
(jlx”le()»_,
CallaNO,
CielTCINO,
CiollNO,
CaulluNO,
Coul1uNO,
Col TN Oy
Cill1sNO,
CisHaNO,
CoslINO,
CislTyNO,
CoslTNO,
CialTyNO.
CilLyNO-
ClluwNO,
Cuirl,NO,y
Crl1,NO,
CillyNO.,
CapllyuNO,
ColNO,
("lxllle():
Cul TN O
CrolTaygNO),
CullyNO,
CalTuNO,
CigllaNOy
CpllsNOy
Col I NO)y
CrlT N,

CrelTCLN O,
CulLCLNO,
Cod I CLNO,

Crel T NO,

S AULAY diet level

74.66
75.27
75.81
76.29
7800

-
:C'\Iuraklv;.'
—_—=1 =] -

-1 =
o
[V 4

79.97
76.24
80349
!
81
54
51

!

3,20

-

=t~ =3 =t

TN BT T

=12t
-1 o5 Zt

097
76.29
7713
76.72
SU14
706.73
685.H5H
69 .44
19
5.25
HY 28
61,35
5530
N, 21

Caled, 9
11

7
3.71
1

<

— =1 2

.47
63
56
6.46
6.4
6.39
6.71
7.1
7.47
71

NN

7.47
7.20
7.1
7.1
N 63
7 1
711
747
N 0
$5.71
T.47
509
779
7.0l
.80
6.71
744
.14
586
466
5 44
44

573

ot

— ke e

R e

T e e

T oda Ut

L0H
.20

05

94

5
20
20

B}

.20
.20
4
2o
05

C
4 .86

-l =1 = ~1
[ N

78
66
69
79.

R0,

.
76.

70.
.39
.12
N4
.86

79

—F mF o=E o =P =1 =~ =1« = ~t L 1|
SO STt AT D

=0
70
08,
0.
72
5.
Y.
061,
[$5Y

24
87
Bl
06
6H
90

)

[

>
9
B}
06

-

02
SO0

e

i
73
520

4

A4
j 12
Sl

By
.64

)
)
11

JOS

14
14
B
in

-—-—-Fonnd, ¢{———
H N
6.0l 5.76
T2 5.061
7.00 .41
7.4H 502
8.53 419
5.04 4.78
618 4 27
.23 4.59
6.54 418
6.56 4,02
7.24 5.25

7.10

716 4.23

7.1 H.38

7.47 3.658

0.4 5 14

7.39 5. 19
K62 4.19
7.01 5.31

7.25 5.22
7.42 4 .97

N1 1028

6. 60 428
.66

.83

7.61 4.097

T35 113
.89 4.75
632 4 84
7.31 4.25

.32 3.79
3068 3.65
4.6l 22w
512 19 .Uze
150 IS Ole
557

G

1N

Acdiviry*
++
+F

+
R
e

 These compoard= were purified by short-pathe distillanion at H0-3200

= Obtatued (ron glntarie anliydride and N-beazyiberzylosyamine,

1L Bebrend aad
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ARALKOXYUREA COMPOUNDS
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HyPOCHOLESTEREMIC HYDROXYLAMINE DERIVATIVES
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July 1967
X
No. X R Method Rs Rs Mp, °C
181 H H H H 139-141
182 H H 122 H CiaHs 51-52
183 H H 11 H COCH;s 139-140
18¢  p-Cl H 11 H COCHs 172-174
183 3.4.C. H 11 H COCHs 162-164
186¢ H Benzyl H H 98-100
187 H Benzyl 12a H C:H; 60-61
188 H Benzyl 11 H COCHs 61-62
189 1 Benzyl 12b Benzyl Benzyloxy 40-41
190 p-CH# H 11 H COCsHs  144-146
191 HA v-Phenylpropyl 11 H COCHs 44-13
192 HY H 11 H COC:H; 97-98
193 H* ~v-Phenoxypropyl 11 H COCHs 65-67

s At 0.25% diet level.
203 (1890). © Anal.
7 At 1.09 diet level.

Caled: Cl, 14.61. 14.72.

7 At 0.59 diet level.

Found: CI,

aralkoxyamines and N-aralkylaralkoxyamines (Table
IX) all were significantly less effective.

Replacement of the aralkoxy group with aryloxy-
alkoxy in these compounds (Table IV) resulted in a
general enhancement of activity while substitution of
the N-aralkyl group with aryloxyalkyl (Table III)
usually gave compounds of superior serum cholesterol
lowering activity.

Experimental Section!?

m-Trifluoromethylbenzyl Carbethoxyhydroxamate (18, Re-
action 1).—A sodium ethoxide solution was prepared from 6.9 g
of sodium and 500 ml of anhydrous ethanol. N-Hydroxyurethan
(31.5 g, 0.3 mole) was added to this solution at room temperature.
m-Trifluoromethylbenzyl bromide (71.7 g, 0.3 mole) was then
added at such a rate that the temperature did not exceed 30°.
The mixture was stirred for 3 hr at room temperature and most
of the ethanol was removed by distillation. The residue was
diluted with water and extracted with ether. The dried ether
solution was evaporated leaving a residue which solidified on
standing. Recrystallization from CCl,—hexane furnished the
desired carbethoxyhydroxamate (38.2 g, 489;).
o-Methylbenzyl N-(o-Methylbenzyl)carbethoxyhydroxamate
(65, Reaction 2).—A solution of N-hydroxyurethan (28.4 g, 0.27
mole) in 150 ml of ethanol was cooled to 0°. Ethanolic KOH
(250 ml, 2.16 N) was added at that temperature and a-bromo-o-
xylene (100 g, 0.54 mole) then was added at such a rate that the
temperature did not exceed 30°. The mixture was stirred for 2
hr at room temperature and most of the ethanol was removed by
distillation. The cooled regidue was diluted with ether and the
inorganic salts were separated by filtration. The ether solution
was washed (dilute NaOH, H,O) uutil neutral. Distillation of
the dried solution afforded the desired carbethoxyhydroxamate
(59.4 g, 70%), n?p 1.5401,
v~-Phenylpropyl N-Benzylcarbethoxyhydroxamate (55, Reac-
tion 9).—vy-Phenvlpropyl carbethoxyhydroxamate (9, 80.3 g,
(.36 mole) was added at room temperature to a solution of sodium
ethoxide (from 8.3 g of Na and 350 ml of ethanol). The mixture
was stirred and benzyl bromide (61.5 g, 0.36 mole) was added
dropwise at ca. 30°. Stirring was continued for 3 hr at room
temperature, then the bulk of the ethanol was removed by dis-
tillation. The residue was diluted with water and the oil which
separated was extracted with ether. This extract was washed
(dilute NaOH, dilute HCI, H,O) until neutral. Distillation of the

(13) Tlie compound numbers refer to the numbers in Tables I-1X. The
reaction numbers are those used in Chart I and correspond to the method
numbers included in the tables. Melting points are corrected and were
obtained using a Thomas-Hoover apparatus. Boiling points represent
average values. Microanalyses are by Galbraith Iaboratories, Knoxville,
Tenn,

See footnote a, Table I, for a description of the activity data.
¢ Anal.
» w-Phenylpropoxy derivative.

R,
~——~Caled, %-—— ——Found, %———

Formula C H N C H N Activity®
CsH1gN:02 57.81 6.07 16.88 57.56 6.08 16.64 +
CiuH1N:0: 61.83 7.27 14.42 61.74 7.04 14.26 —
CuHi1N 203 57.68 5.81 13.46 57.89 5.68 13.20 +
CiHnCIN:0:°  49.49 4,57 11.54 49.47 4.36 11.33 —
CiHiCLN20s¢ 43,34 3.64 10.11 43.48 3.77 9.86 -
CisH1sN2Os2 70.29 6.29 10.93 69.60 6.27 11.05 4+ 47
CirHyN 02 71.80 7.09 9.8 71.60 7.17 9.83 —7
CirH1sN 203 68.44 6.08 9.39 68.18 6.03 9.37 +¢
C29HysN20s 76.96 6.24 6.19 77.03 6.18 6.14 + 42
CisH2N 203 69.21 6.45 8.97 69.23 6.28 8.79 +
CaHzN:Os 71.16 7.39 7.91 71.43 7.45 7.71 +
C13Hi1sN 104 58.63 6.82 10.52 58.52 6.76 10.39 +
CuHzN:0s 65.27 6.78 7.23 64.96 6.69 7.20 —

® R, Behrend and K. Leuchs, Ann. Chem., 257,
Caled: Cl, 25.59. Found: Cl, 25.70. ¢ See ref 6b.
t y-Phenoxypropoxy derivative,

dried solution yielded 103 g (779 ) of the desired carbethoxy-
hydroxamate.

N-Benzylcarbethoxyhydroxamic acid was obtained by the
reaction of ethyl chloroformate and N-benzylhydroxylamine,
following the procedure described by Zinner!? for the preparation
of ethyl carbethoxyhydroxamic acid. It was obtained as a
colorless liquid, bp 114-115° (0.05 mm), n%p 1.5236.

Anal. Caled for CHisNOs: C, 61.51; H, 6.66; N, 7.17.
Found: C, 61.67; H, 6.42; N, 7.35.

m-Methylbenzyl N-Benzylcarbethoxyhydroxamate (62, Re-
action 10).—N-Benzylcarbethoxyhydroxamic acid (97.6 g,
0.5 mole) was added to a sodium ethoxide solution (from 11.5 g of
Na and 500 ml of ethanol). «-Bromo-m-xylene (92.5 g, 0.5
mole) was added with stirring and intermittent cooling to keep
the temperature below 30°. The mixture was stirred at ca. 60°
until the FeCl; test was negative (about 4 hr). Most of the
ethanol was then removed and the residue was diluted with water.
The organic layer was extracted into ether and the ether solution
was washed (dilute NaOH, dilute HCl, H,O) until neutral.
Purification was effected by distillation, yield 118 g (799).
m-~Trifluoromethylbenzyloxyamine Hydrochloride (31, Reaction
3).—A solution of 18 (19.7 g, 0.075 mole) and NaOH (6.0 g,
0.15 mole) in 300 ml of 509, ethanol was heated under reflux
for 1 hr. The ethanol was then removed by distillation and the
cooled residue was extracted with ether. The extract was dried
(Na,S04) and 15 ml of 5 N ethanolic HCl was added carefully.
The dense precipitate which formed was separated and recrystal-
lized from ethanol-ether to give 14.4 g (85%) of the amine hydro-
chloride.

N.(p-Chlorobenzyl)-p-chlorobenzyloxyamine (110, Reaction 4).
—A solution of p-chlorobenzyl N-(p-chlorobenzyl)carbethoxy-
hydroxamate (80, 16.3 g, 0.045 mole) and of NaOH (5.5 g, 0.135
mole) in 200 ml of 509, ethanol was refluxed for 1 hr. The
ethanol was removed by distillation. The residue separated a
solid upon cooling that was dissolved in ether. This solution was
washed with water and dried (Na.SO;). Evaporation of the
ether yielded a solid which was purified by crystallization from
25 ml of methanol to give 7.5 g (589,) of the desired hydroxyl-
amine.

m-Methoxybenzyloxyamine (29, Reactions 1 and 3).—A solu-
tion containing N-hydroxyurethan (17.7 g, 0.17 mole) and m-
methoxybenzyl chloride (26.7 g, 0.17 mole) in 125 ml of ethanol
was heated to reflux. Alcoholic KOH (50 ml, 3.4 V) was then
added dropwise over a period of 2 hr. Heating was continued
for another 2 hr after which 132 ml of 209, aqueous KOH was
added. The mixture was refluxed for 3 additional hr and the
bulk of the ethanol was removed by distillation. The residue
was diluted with water and extracted with ether. This solution
was washed with an excess of dilute HCl and the acid extract was
made alkaline with NaOH. The oil which separated was ex-
tracted with ether. Distillation of the dried extract yielded
12.2 g (47%) of m-methoxybenzyloxyamine.

Benzyl Carbo-n-hexoxyhydroxamate (5, Reaction 5)—A
solution of benzyloxyamine (49.2 g, 0.4 mole) in 250 ml of ether
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was added dropwise with stiviing o n-hexyl chloroformate
(33 g, 0.2 mole) in 1 1. of ether. The temperature was kept at
20° by intermittent cooling. A dense precipitate of henzyloxy-
amine hydrochloride appeared immediately and waz removed
by filtration. The filtrate was evaporated to a thick oil which
solidified  an standing.  Recrystallizationn  fran methanol -
water (4:1) afforded the desived hydroxamate ester (33 g, 665¢).

o-Methylbenzyl N-(o-Methylbenzyl)carbomethoxyhydroxamate
(64, Reaction 6).—-Nethvl chloroformate (14.2 ¢, (015 mole)
wits added dropwise with good stirring to a solntion of N-(o-
methylbenzyD-o-methylbenzyloxyimnine (94, 36.2 ¢, (.15 moley
and 23 g of pyridine (1097 excess) in 300 ml of cther. The
temperature was kept below 30° by fntermittent cooling.  The
turbid mixtnre was stivred for 3 . Water was added. the layvers
were separated, and the ether solution wis washed repeatedly
with dilnte ITCL - Evaporation of the dried ether left an oily
rosidine,  Attempted distillationn of this ol it conventional
cquipment led to signs of decomposition at a head temperatmre
of 140° (0.2 mm). The material was porified by short-path
diztillation at 0.001 mm and 100-120° bath femperature.  The
desived earbomethoxyhydroxamate wag obtained as a colorless
Ol (37.7 g, 8497).

Benzyl Octanohydroxamate (40, Reaction 7).-—Octanoyl
chlovide (19.6 g, 0.12 mole) wax added dropwize with stirring
to a solntion of benzvloxvamine (20.5 g, 1.24 mole) in 250 ml of
ether.  The mixtnre was stirred at room temperature for 2 hr
and the precipitate of benzyloxyvamine hydrochlaride was ve-
moved by filtration.  The filtvate wag washed with water and
dried (Nax30)).  Solvent removal and distillation yvielded 17.9 ¢
(6003,) of 40.

Benzyl N-Benzylformhydroxamate (111, Reaction 8 ).---I'orm-
amide (15 ml) was heated on o steam bath and N-beuzylhenzyl-
oxyamine hydrochloride (83, 15 g) was added with stirring in
five portions at intervals such that the previons portion was
practically dissolved before the next addition was made. The
mixture was heated for 1 hr and then cooled to room temperature.
The prodnet separated as a lumip.  Water was added and the
mixture was extracted with ether. Evaporation of the ether
solntion produced a solid which was reerystullized from 30 ml
of methanol to give 9.0 g (6D57) of purified produet.

Benzyl N-Benzylacetohydroxamate (112, Reaction 8).--
Acetyl chloride (38.5 g, 0.5 mole) was added slowly with goad
stirring ta N-benzylbenzyloxyamine (213 g, 1.0 mole) in 1.5 1.
of ether. A precipitate separated hmmediately.  The mixture
was heated under reflnx for 1 ln-aud the N-benzylhenzy loxyamine
hydvochloride (119.7 g, 9695) wax separated.  The filtrate was
evaporated and the solid residue which remained was dissolved
in 200 ml of ether.  Carefnl addition of hexane (1.4 1) precipi-
tated the desived acetolivdroxamate (107 g, 8443, This prodnet
was identical in every respect (melting point, mixture melting
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point, frarved spectrum) with that obrained following the proce-
dure of Cooley, et al.!? for the henzylation of acethydroxamie neid.

N-Benzyl-N-benzyloxy-N ‘-ethylurea (187, Reaction 12a).- A
solution of ethyl isoeyanate (10.7 g, 0.15 mole) it 30 ml of an-
hyvdrons ether was added dropwise to a solution of N-benzyl-
berzyloxyamine (32 g, (L15 mole) in 150 ml of mthydrons ether,
The reaction mixtore was vefluxed for 2 hr and then diztilled
to remove the ether. The residoe which solidified on cooling
was recrvstallized fronr petrolenm ether to give 27 g ol prodnet.
The melting point and analytieal data for this compomud nd
for N-Denzyloxy-N'-ethyloren (182), prepared by the same
method, are simmmarized in Table IX,

N-(p-Chlorobenzyloxy)-N-acetylurea (184, Reaction 11}.

To o =lurey of silver evarerte (12.5 g, 0,085 mole) in 120 ml of
anhydrons ether was added acetyl chlovide (6.55 g, 0.083 mole)
at aowte safficient to maintain gentle veflux, The mixtnre was
stirred at room tempericture for 2 I then filtered into a flask
cotttaming o =olntion of p-chlorobenzyloxyamine (15,1 g, (LON]
mole) in 50 ml of anhydrons ether.  The mixture wis stirved at
room temperatare for 1 hr, cooled, aund filtered.  The =olid was
recrystullized fram 265 ml of methanol, yielding 9.2 g of prodaet.
The melting point and analytical data for this componud and for
the nther nreides prepared by this procedure arve inehitded in Table
IX.

N,N’.Dibenzyl-N,N ‘-dibenzyloxyurea (189, Reaction 12b).
N-Beuzyibenzyloxyamine (018 g, 0,43 mole) was added dropwise
with cooling and stiring (o 2 solution of phosgene (HL.7 g,
0,108 mole) i 1L of toluene. The mixture was filtered and the
solidd wns washed with 400 wl of toluene and 400 ml of cther.
The filtrates were combined and distilled to a yapor temperature
of 10° {0.05 nun}. "T'he remaining oil solidified after standing at
roon {emperatare for 1 month. It was further pnrified by
crvstallizing from 110 ml of ethanol to give 29 g of prodnct.

4-Aminobenzyl Carbethoxyhydroxamate Hydrochloride (24 ).

A solution of 4aitrobenzyl earbethaxyhydroxamate (23, 24 g,
0.1 mole) i 130 ml of ethanol was hydrogenated over Pt black
ina Parr shaker.  The hydrogen tptake ceased after 0.1 mole of
H, had beent ubsorbed.  The filtered =olntione was diluted with
ether and exeess ethawolic 1IC]H was added. A precipitate formed
aud wis sepurated. Recervstallization of the preeipitate from
ethanol furished the desived esier in the form of its hydro-
chlovide salt (182 g, 7407 ).
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