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TL4BLE 1 
ARALKYL CARBALKOXY- A N D  CARBARYLOXYHYDROXAhIATES 

*-ONHCOOR 

x 
LIP or bp ---Calcd, %-- ---Found, %-- 

No. s A R Method (mm),  OC n% Formula C H X C H N Activitya,* 
1 €1 CH? hlethyl 5 lO9(0 .2)  1.5215 CgHiiNOa 59.66 6 .12  7 . 7 3  59 .86  6 . 0 9  7 .90  
2 O  H CH? Ethyl  1 l l l ( O . 3 )  1.5125 CiqH13N03 61 .53  6 . 7 1  7 . 1 8  61 .79  6 . 5 5  6 .97  -td 
3 H  CH? Butyl 5 123 (0 .8)  1.6023 Ci?HiiNOs 64.55 7 . 6 8  6 . 2 8  64 .27  7 . 7 5  6 . 5 8  f 
6 H  C H ?  Isobutyl 5 37-38 . . . CIZHLINOB 64.55  7.68 6 .28  64 .94  8 . 0 1  6 . 2 i  f 
5 H  CH? Hexyl 5 35 . . . CiaHziN03 66.90 8 . 4 2  5 . 5 8  66 .81  8 .40  5 .89  - 
6 H  CHs Phenyl 5 45 , . . Ci4HiCi0~ 69 .12  5 .39  5 .76  69.22 5 . 5 0  5.85 -t 
7 H  CHz Benzyl 1 65-68 . . . C i a H ~ N o s  70.02 5 . 8 8  5 .44  70 .10  5 .90  5.49 - 

H (CH?)? Ethyl  1 1 3 0 ( 0 . 2 )  1,5104 CuHisNOa 63.14 7 .23  6 . 7 0  63 .18  6 . 9 5  6 . 8 2  - 
El* H (CH2)3 Ethyl  1 138(0 .2)  1.5070 Ci?HiiN03 64.55 7 . 6 8  6 . 2 8  64.37 7 .20  6.46 - 

11 p-CHz CHi Ethyl 1 45-47 , . . CiiHiaNOa 63.14 7 . 2 3  6 . 7 0  63.31 7.09 6.76 ++ 
12 p-CHa (CH2)s Phenyl 5 72-74 . . , C1;HigN03 71.56 6 . 7 1  4 .91  71.65 6 . 4 8  5.07 - 
13 o-C& CHI Ethyl 1 120(0 .1)  1.5105 CinHirNOa 64.55 7 .68  6 . 2 8  64 .72  7.66 6 .35  f 
16 3,4-(CH3)2 CHr Ethyl  1 1 4 2 ( 0 . 1 )  1.5152 CuHi?I\T03 64.55 7 . 6 8  6 . 2 8  64.42 7 . 4 8  6 . 5 3  - 

10 m-CHd CH? Ethyl 1 103(0 .1)  1.5138 CLlHllNo3 63 .14  7 .23  6 . i O  63.47  7 .39  6 . 8 3  4- 

l 5 l  iso-Pr CHI  Etliyl 1 133(0 .1)  1.5057 C13kIigPio3 65 .80  8 . 0 7  5 . 9 0  65 .84  8 . 1 0  5 . 9 6  - 
16 o-ocI13 CH? Etliyl 1 127(0 .1)  1.5221 CnHlbN04 58.65 6 . 7 2  6 22 58.32 6 .17  6.33 - 
171 m-OCII3 CII? Ethyl 1 136(0 .2)  1.5186 CiiHisNO4 58.65 6 .72  6.22 58.31 6.32 6 .00  - 
18 m-CF3 CH? Ethyl  1 78-80 , , . CiiH~?FsNoa 50.19 4 . 6 0  5.32 50 .05  4 . 6 9  5 , 2 1  + g  

19 0 x 1  CH? Ethyl  1 40-42 . . . CiiiHi?CINOa 52.59 5.27 6.10 52.30 5 . 3 8  6 . 3 3  
20h p-CI CH: Ethyl 1 83-84 . . CLJHI?CIKO~ 52 .59  5 2 i  6.10  52.44 5 . 5 1  6.18 + 
21h 3,4-C1? CH? Ethyl 1 80-81 , , , C~II€I I ICI?XO~ 45.48 4.20 5.30 45.40 4 .29  5 . 2 2  

23 p-Nor CH? Ethyl  1 82 , . . CioHi&gOs 50 .00  5 . 0 4  11.66 50 .17  4 . 9 2  11.50 + 
24 p-XH? CHz Ethyl  i 133,deo . . CmHi6Cl~?oai 48 .68  6 .12  11.36 48.53 5 . 8 7  11.59 - 

22 3,4-Clr CH(CH3) Ethyl 1 74-75 . , . C I ~ H I ~ C I ~ N O ~  47.50 4 .71  5 . 0 4  47 .47  4 . 5 5  5 . 0 1  

The activity is measured as a reduction of serum cholesterol relative to  control animals on the same diet without drug: <25% 
At 0.5%, diet level. 

At 0.257, diet level. 
See Exper:mental Section. j Hydro- 

reduction = -, 25-50% reduction = +, 51-75G reductiun = ++, and 76% or greater reduction = +++. 
c A. Hantzsch arid ,4. Sauer, dnn.  Chem., 299, 67 (1897). 
h A. F. McKay, 1). L. Garmaise, G. Y. Paris, and S. Gelblum, Can. J .  Chem., 38, 343 (1960). 
chloride. 

At 1 . 0 7  diet level. e See ref 7c. f See ref 3a. 

CHART I 
r+RIONHCOSXY 

1 3 J 
HONHCOOR + RIONHCOOR RIONI-I, + 

13 5 D 7  
RiOXHCORa 

J G 
HONR&OOR + R10XR2COOR 2 R,ONIlR, --3 

C 6 E '  10 F 
R~OXRICORI 

I12 H 
L+RIONR,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 alcoholic 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  S-hydroxyurethan furnished good yields 
of the 0-aralkylated products of type B with little of 
the 0,s-diaralkylated cornpourid of type C. Increas- 
ing amounts of C were obtained by increasing this ratio 
and C was formed almost exclusively when the ratio of 
aralkylating agent to  S-hydroxyurethan was 2 :  1. 
This procedure is preferred when carbethoxyhydroxa- 
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,6 by extract- 
ing the 0-aralkylated product into aqueous alkali, the 

0,S-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 physical 
constants and the analytical data for the aralkyl carb- 
ethoxyhydroxamates and aralkyl N-aralkylcarb- 
ethoxyhydroxamates are listed in Tables I and 11, 
respectively. Similar data for a smaller number of 
aryloxyalkyl derivatives are included in Tables III and 
IV. 

The hydrolysis of carbethoxyhydroxamates of types 
B and C with alkali3a,5,6 produced excellent yields of 
the corresponding aralkoxyamines of type D or of N- 
aralliylaralkoxj-amines of type E (reactions 3 and 4). 
It was generally unnecessary 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 hydroxylamines were obtained directly. These 
weakly basic compounds were usually high-boiling 
colorless liquids which can be purified by vacuum distil- 
lation or by conversion to  the hydrochlorides which can 
be readily crystallized from alcohol. The physical 
constants and the analytical data for these aralkylated 
hydroxylamines are listed in Tables V and VI.  Tables 
I11 and T V  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 HCl and the 
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TABLE 111 
AR.%LKOXY-N-ARYLOXYALKYLAMINES AND ARALKYL N-ARYLOXY ALKYLHYDRoX.IMATES 

NO. 

1 4 i  
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 

x 
H 
H 
H 
m-CHs 
p-C1 
m-CHa 
m-CHa 
II 
H 
H 
H 
H 
m-CHa 
H 
m-CHa 

n 
1 
1 
1 
1 
1 
1 
1 
3 
1 
1 
1 
1 
1 
1 
1 

Y 
H 
m-CHa 
H 
H 
H 
€1 
p-C1 
2,4-C12 
H 
H 
m-CHs 
m-CHa 
p-CI 
m-CHa 
H 

m 
2 
2 
3 
3 
3 
4 
3 
2 
2 
3 
2 
2 
3 
2 
4 

Z 
H 
H 
H 
H 
H 
H 
H 
H 
COOCzHs 
COOCzHs 
COOCzHa 
COOCsHa 
COOCHa 
COCsHs 
COCHa 

A 

M p  or  bp 
Method (mm),  OC 

4 121-122 
4 1 4 5 ( 0 . 1 )  
4 103-104 

1 , 9 , 4  84-86 
1, 9 , 4  C 

1 , 9 , 4  119-120 
1 , 9 ,  4 133-134 
1, 9 , 4  147-148 

l , 9  162 (0 .1)  
1 , 9  168 (0 1) 
1 , 9  172 (0  1) 
6 C 

6 C 

8 C 

8 C 

n Z s D  

. . .  
1.6532 

. . .  

. . .  
1.5610 

. . .  

. . .  

. . .  
1.5379 
1.5345 
1.5342 
1.5690 
1.5465 
1.5812 
1.5454 

--Calcd. %-- 
Formula C H N  

CisH1sClN02~ 64.40 6 . 4 8  5 . 0 1  
CisHIsNOz 74.68 7 .44  5 .44  
C I S H M C I N O ~ ~  65.41 6 . 8 6  4 .77  
CnHnCINOzb 66 .33  7 .20  4 .55  
C I S H S C I N O ~ ~  65.86 6 . 2 2  4 .80  
CisHz4C1N0zb 67.17 7 .52  4 .35  
CnHz1C12N02'~' 59.65 6 . 1 8  4.09 
C1iHzoClsN02~*f 54 .20  5 . 3 5  3 .72  
CISHPINO~ 68 .55  6 . 7 1  4 . 4 4  
CigH~aN04 69 .28  7 .04  4 .25  
CigHzsNO4 69.28 7 .04  4 . 2 5  
CzaH23~04 73 .19  6 . 1 4  3 . 7 1  
CioHzzCIN04g 6 2 , 7 3  6 .09  3 . 8 5  
CnaHnsNOs 76.43 6 . 4 1  3 . 8 7  
CruH?sNOa 73.36 7 .70  4 .28  

-Found, %-- 
C H N  

64.26 6 .39  4 . 9 5  
74.64 7 .44  5 . 7 3  
65 .96  7 . 0 1  4 .90  
66.06 7 .45  4 . 2 5  
65.83 6.16 4 . 8 8  
67.48 7 .67  4 . 4 5  
59.54 6 .40  4 .15  
54.12 5 .24  3 . 7 8  
68.22 6 . 5 1  4 .48  
69.41 7 .04  4 .46  
69 .37  7 . 2 0  4 . 5 0  
73 .35  6 . 0 3  3 .93  
62.89 6 . 8 3  3 . 8 6  
76.39 6 .34  4 . 0 3  
73.39 7 . 5 8  4 . 2 i  

Activitya 

++ ++ +++ +++ 
+++ ++ 
+++ ++ +++ ++ ++ ++ + 

At 0.2570 diet level. See footnote a, Table I, for a description of the activity data. * Hydrochloride. e These compounds were 
purified by short-path distillation a t  lO(t120" bath temperature (0.001 mm) since decomposition occurred in attempts to use conven- 
tional equipment. d Anal. Calcd: C1, 12.15. Found: C1, 12.33. e Anal. Calcd: C1, 20.72. Found: C1, 20.70. f 9nal. 
Calcd: C1,28.23. Found: C1,28.15. 0 Anal. Calcd: C1,9.74. Found: C1,9.89. 

free 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- 
(CH2),0SH2. HCl], however, underwent more ex- 
tensive dissociation when stored a t  room temperature 
for periods of a year or longer, generating free HCl 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 carbaryloxyhydroxamates 
(reactions 5 and 6). This route was followed ad- 
vantageously when products having carbaryloxy 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 S). Formylations were performed by heating the 
amine hydrochlorides with formamide as reported by 
Galat and Elion.8 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 VI1 and VIII. The corresponding aryloxy- 
alkyl derivatives are included among the compounds 
listed in Tables I11 and IV. 

Some uncertainty remains in the chemical literature 
concerning the structure of dialkylated hydroxamic 
acids. Frequently, structure I1 has been assigned 

(7) (a)  R. T. Major and K. TV. Ohly, J .  Med. Pharm. Chem., 4, 51 (1961); 
(b) P. Mamalis, J. Green, D. J. Outred, and XI. J. Rix, J. Chem. Soc. ,  1829 
(1965); (c) B. J. R .  Nicolaus, G. Pagani, and E. Testa, Hela .  Chzm. A d a ,  
45, 1381 (1962). 

(8) A. Galat  and C. Elion, J .  A m .  Chem. Soc., 66, 1566 (1943). 

to the reported compound~,9~'~ while the alternate struc- 
ture I11 has been less often used. The former struc- 
ture appears to be excluded for compounds of type H by 
the method of preparation. Cooley, et U Z . , ' ~  reported 
the preparation of a dibenzylated product from aceto- 
hydroxamic acid and benzyl chloride but did not report 
any attempt to ascertain its correct structure. Using 
their method, we obtained a product having the proper- 
ties described by them and which was identical with 
the compound we obtained from the reaction of 0 ,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 111 rather than 11." 

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, alcohol, or water to  give stable, sharp- 
melting, colorless, crystalline solids (Table IX). 

The preparation of compounds of types C, E, or H 
where R, # R2, ie., "unsymmetric" compounds, was 
accomplished in two general ways. The alkylation of 
the carbethoxyhydroxamates of type B7c with aralkyl 
halides under the conditions employed for reaction 2 
produced high yields of the desired compounds of type 
C (reaction 9). Alternately, N-aralkylcarbethoxy- 
hydroxamic acids of type F were prepared from N- 
aralkylhydroxylamines and ethyl chloroformate, follow- 
ing the procedure described by Zinner12 for the prepara- 
tion of the corresponding N-alkylcarbethoxyhydroxa- 
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., 

2 5 ,  1734 (1960). 
(11) (a) G. M. Steinherg and R. Swidler, ibid., SO, 2362 (1965), have pre- 

sented evidence for the existence and relative reactivities of the various 
benzohydroxamate anions. (h) For a discussion of the mechanism of reac- 
tions involved in the synthesis and hydrolysis of N-hydroxycarbamates, 
see E. Royland and R. Nery, J .  Chsm. Soc.,  Sect. C, 346 (1966). 

(12) G. Zinner. Arch. Pharm., 292, 329 (1959). 
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NO. x 
83* H 
84 I1 
85 H 
86 H 
87 t1 
88 kI 
BY ti 
Y O  €1 
9 1  €I 
92 o-CHq 
93 m-CH3 

Yt5 m-CH3 
96 p-CH3 
97 3,4-(CH3)9 
98 o-CnHa 
Y9 p-t-CsHi 

100 p-CHI 
101 m-CH3 
102 o-OCbIs 
1038 m-OCH3 
1048 p-OCH3 
105 2,6-(OCHa)? 
106 o-OC?Hs 
107h H 
108 m-CF3 
109 0-CI 

94 O-CH3 

11oh p-CI 

A Y 
CHz H 
CH? €I 
(CII?)2 H 
CIIz H 
Cliz H 
(CtI?)3 H 
(CH2j3 H 
CHz O-CH3 
CHz m-CH3 

CHz H 
CH?  O-CH3 
CH? m-CH3 
CHz p-CH3 
CH? 3,4-(CH3)2 
CHz o-C?Hs 
CH? p-i-CsHj. 
(CHz)s m-CH3 
CHz H 
CH?  o-OCH3 
CHz m-OCHa 
CH? p-OCHa 

cn2 H 

HYPOCHOLESTEREMIC HYDROXYLAMISE DERIVATIVES 

TABLE VI 
N-ARALKYLARALKOXY .%MINES 

56 1 

B 
CHz 
(CHzj? 
CH2 
CH(CH3) 
(CHd3 
CHz 
(C H 2 j  3 

CH2 
CH2 
C H ?  
CHz 
CHz 
CH2 
CH? 
CHz 
CH?  
CHg 
CH2 
(CHd3 
CH?  
CHz 
CH2 

hlp or bp  
(mm), 'C 
174- 176 
99-100 
117 (0.1) 
124-126 
134-135 
90-91 

113 (0.1) 
164-165 
116 (0 1) 
110 (0.1) 
161-163 
120 (0.1) 
58-60 
164-166 
177-179 
151-152 
142 (0.1) 
99-100 
155-157 
101-103 
56-57 

159 (0.1) 

nz5D 

. . .  

. . .  
1.5566 

. . .  
, . .  

. . .  
1.5445 
1.5618 

1,5630 
1.5593 

1,5582 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  
1.5449 

. . .  

. . .  

. . .  

. . .  

--Calcd, %-- 
C H N  

67.32 6 .46  5 .61  
68.30 6.88 5 .31  
79.26 7.54 6.16 
68.30 6.88 5 .31  
69.18 7.26 5 .04  
69.18 7.26 5.04 
80.25 8 . 6 0  5 . 2 0  
7Y.26 7.54 6.18 
68.30 6 .88  5 .31  
79.26 7 .54  6.18 
79.26 7.54 6.18 
69.18 7.26 5 . 0 4  
79.63 7.94 5.80 
i 9 . 6 3  7.94 5.80 
70.68 7 .91  4 . 5 8  
70.68 7 . 9 1  l l . 5 3 e  
60.73 7.39 3.54 
80.25 8.60 5.20 
69.97 7.60 4 .80  
62.03 6 . 5 1  4.53 
62.03 6 . 5 1  4.53 
70.30 7 .01  5.13 

---Found, %-- 
C H S  

67.48 6 .36  5 .55  
68.53 6.66 5.32 
79.26 7.50 6 08 
68.34 6.62 5 . 4 1  
69 .52  7 . 2 6  5 .33  
69.23 7 .01  4 . 9 1  
80.09 8 .71  5 ,33  
78.87 7 .65  6 .40  
68.59 6 . 8 4  5 .37  
79.30 7 .55  6.38 
79.16 7 . 6 6  6.10 
68.98 7.82 5.16 
79.68 7.72 5.84 
80.00 7.86 5 .96  
70.82 7 .71  4 .39  
i 0 . 8 0  7.97 1 l . 5 g e  
60.64 7.40 3.56 
80.12 8.56 5 20 
70.27 7.66 4.53 
62.24 6 .40  4.48 
62.28 5 .87  4.47 
70.06 6.90 5 .01  

Activitya 

++ + + d  

- 
- 

+ + + d  

+ + d  

+ + + d  

+ + d  

++ 

++ 

++ ++ 
++ ++ 

- 
- 
+ d  

CHz 2,6-(OCH3)3 CH2 166-168 . . . ClsH?3PiOs 64.85 6 .94  4.20 64.48 6 .71  4 .50  - 
CHz o-OCzHa CHz 115-117 . . .  CiaHzrCINOae 63.99 7.16  4.15 64.29 7.30 3.97 - 
CHg m-CF3 CHz 107-109 . . .  C I ~ H I ~ C I F R N O ~ ~ ~  49.82 3.66  3.63 4 9 . i 1  3.67 3 .80  - 
CH2 o-COOH CHz 96 . . . CisHiaNO3 70.02 5 . 8 8  5 .44  70.36 5.52 5.49 

CHz 0-C1 CHz 141-143 , . .  CiaHi~C1aNOC~j 52.69 4 .43  4.39 52.34 4 . 5 7  4.39 ++ 
CH? p-CI CHz 80-81 . . .  CirHi3CIzNO' 59 59 4 . 6 4  4.97 59.65 4.80 4.78 

a At 0.2570 diet level. See footnote a, Table I, for a description of the activity data. b See ref 6b. c Hydrochloride. d A t  0.5% 
diet level. e C1. f Hydrogen sulfate. 0 See ref 3a. Obtained by alkaline hydrolysis of 77. Anal. Calcd: F, 29.55. Found: 
F, 29.43. I Anal. Calcd: C1, 33.40. Found: C1, 33.50. See P. Mamalis, J. Green, D. J. Outred, and 11. Rix, J .  Ckm. Soc., 
3915 (1962). Anal. Calcd: C1, 25.13. Found: C1, 24.95. 

TABLE 1'11 
BENZYL ACYL- AND AROYLHYDROXAMATES 

m 

X w-cHzo"CoR 
NO. X 

3Gb II 
37 H 
38 II 
39 H 
40 I€ 
41 H 
42 If 
43 If 
44b I1 
4,5 m-CHj 
46 tn-ocr-T1 

R 
Methyl 
Isopropyl 
n-Propyl 
n-Hexyl 
n-Heptyl 
n-Octyl 
n-Tridecyl 
n-Pentadecyl 
Phenyl 
n-Hexyl 
l le thyl  

Mp or bp 
(rnrn), O C  n% 

109 (0.2) 1.5381 
63-64 . . .  
56-58 . . .  
142 (0.3) 1.5080 
145 (0.3) 1.5049 
34-35 . . .  
72-73 . . .  
81-83 . . .  
102-103 , .  . 
1.58 (0.2) 1 .  5076 
128 (0.1) 1.5418 

----Calcd, %-- --Found, %-- 
Formula C H N C  H N  Activitya 

CgHllN02 65.43 6 .71  8 .48  65.24 7.01 8 .37  + 
CIIHljXOJ 68.40 7.82 7.27 68.08 7.98 7.35 + 
Ci4HfiN02 71.45 9.00 5.95 71.35 8 .92  6.09 + 
Ci&3N0z 72.25 9.29 5.62 72.45 9.21 5.91 + 
C I ~ H ~ G S O ~  72.95 11.57 5.32 72.56 9 .47  5.54 + 
C21fI33N02 75.60 10.58 4.20 75.59 10.62 4.19 + 
C23H3&02 76.40 10.87 3.87 76.67 10.85 4.08 + 
Ci~H23N02 72.25 9.29 5 .62  72.60 9.18 5 .81  
CioHidV03 61.52 6.71 7 .20  61.69 6 .81  7 .13  - 

CllHljNOL 68.40 7.82 7.27 68.22 7.93 7.34 

C M H I ~ N O ~  73.99 5.77 6.17 74.19 5.85 6 .08  

0 At 0.5% diet level. See footnote a, Table I, for a description of the activity data. See ref 10. P. Mamalis, >I. J. Rix, and A. A. 
Sarsfield, J .  Chem. SOC., 6278 (1965), have also reported the formation of this compound by the reaction of benzyl 0-acetamidobenzo- 
hydroxamate and acetic anhydride. 

(reaction 10) led to tl--e desired unsymmetrical com- 
pounds of type C. 

The serum cholesterol lowering activity of most of 
these conipounds has been evaluated using male Charles 
River albino weanling rats according to the method 
described by Berger and his  associate^.^^ The con- 
centration of the drug in the diet was usually 0.25 or 
0.50%. The screening data are included in Tables 
I-TX and are expressed in terms of reduction of serum 
cholesterol relative to  control animals on the same diet 
w vi thout drug. 

Of the various types of aralkoxyamine compounds 
evaluated, the most potent serum cholesterol lowering 
activity was exhibited by the aralkyl K-aralkylcarb- 
alkoxyhydroxamates (Table 11). N-Aralkylaralkoxy- 
amines (Table VI) were next in order of potency, fol- 
lowed by aralkyl K-aralkylacyl- and -aroylhydroxa- 
mates (Table VIII) . The N-unsubstituted aralkoxy- 
amines (Table V), their acyl- and aroylhydroxamate 
derivatives (Table VII),  their carbalkoxy- and carb- 
aryloxyhydroxamate derivatives (Table I), and the 
urea compounds derived from both the S-unsubstituted 
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TABLE Ix 
ARALKOXYUREA COMPOUNDS 

No. 
181b 
182 
183 
184 
183 
186e 
1 8 i  
188 
189 
190 
191 
192 
193 

R1 Method 
H 
H 12a 
€1 11 
H 11 
H 11 
Benzyl 
Uenzyl 12a 
Benzyl 11 
Benzyl 12b 
H 11 
y-Phenylpropyl 11 
€1 11 
v-PhenoxvDroDv~ 11 

Rz 
H 
H 
H 
H 
H 
H 
H 
H 
Benzyl 
€1 
H 
H 
H 

Ra 
H 
CzHs 
COCHs 
COCHs 
COCH3 
H 
CzHs 
COCHs 
Benzyloxy 
COCsHs 
COCHa 
COCzHs 
COCHa 

Mp,  o c  

139-141 
51-52 

139-140 
172-174 
162-164 
98-100 
60-6 1 
61-62 
40-4 1 

144-146 
44-45 
97-98 
65-67 

7-4 
C 

57.81 
61.83 
57.68 
49.49 
43.34 
70.29 
71.80 
68 .44  
i 6 . 9 6  
69 .21  
71.16 
58.63 
65.27 

!alcd, %-- 
H N  

6 . 0 7  16 .88  
7.27 14.42 
5 . 8 1  13.46 
4 . 5 i  11 .54  
3 . 6 1  10.11 
6 . 2 9  10.93 
7 . 0 9  9 .85  
6 . 0 8  9 .39  
6 . 2 1  6 .19  
6 . 4 5  8 .97  
7 .39  7 . 9 1  
6 .82  10 .52  
6 . 7 8  7.25 

-Fo 
C 

57.56 
61.74 
57.89 
49 .47  
43.48 
69.60 
71.60 
68.18 
77.05 
69 .23  
71.43 
58.52 
64 .96  

a n d ,  70- 
H N  

6 . 0 8  16.64 
7 . 0 1  14.26 
5 . 6 8  13 .20  
4.36 11.55 
3 . i i  9 . 8 6  
6 . 2 i  11 .05  
7 , l i  9 . 8 3  
6 . 0 3  9 .37  
6 . 1 8  6 . 1 4  
6 . 2 8  8 .79  
7 .45  7 . 7 1  
6 . i 6  10 .39  
6 .69  7 . 2 0  

Activitya 

+ 
+ 
- 

- 
- 

++f 
- 9  

+* + + g  + + + 
- _ .  . 

Q ,4t 0.25% diet level. See footnote a, Table I, for a description of the activity data. * R. Behrend and K. Leuchs, Ann. Chem., 257, 
203 (1890). c Anal. Calcd: C1, 14.61. Found: C1, 14.72. Anal. Calcd: C1, 25.59. Found: C1, 25.i0. e See ref 6b. 
f At 1.0% diet level. .4t 0.5% diet level. * 7-Phenylpropoxy derivative. 7-Phenoxypropoxy derivative. 

arallioxyaniines 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 K-aralkyl group with aryloxyalkyl (Table 111) 
usually gave compounds of superior serum cholesterol 
lowering activity. 

Experimental Section13 

m-Trifluoromethylbenzyl Carbethoxyhydroxamate (18, Re- 
action l).-A sodium ethoxide solution was prepared from 6.9 g 
of sodium and 500 rnl of anhydrous et'hanol. N-Hydroxyurethan 
(31.5 g, 0.3 mole) was added to this solution a t  room temperature. 
m-Trifluoromethylbenzyl bromide (71.7 g, 0.3 mole) was then 
added a t  such a rate that, the temperature did not exceed 30". 
The mixture was stirred for 3 hr a t  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 CCla-hexane furnished the 
desired carbethoxyhydroxamate (38.2 g, 48%). 

0-iMethylbenzy1 N-(o-Methylbenzy1)carbethoxyhydroxamate 
(65, Reaction 2).-A solution of S-hydroxyurethan (28.4 g, 0.27 
mole) in 150 ml of ethanol was cooled to  0". Ethanolic KOH 
(250 ml, 2.16 -Y) was added a t  that  temperature and a-bromo-o- 
xylene ( 100 g, 0.54 mole) then was added a t  such a rate that the 
t,empereture did not exceed 30'. The mixture was stirred for 2 
hr a t  room temperature and most of the ethanol was removed by 
distillation. The cooled residue was diluted with ether and the 
inorganic salts were separated by filtration. The ether solution 
was washed (dilute SaOH, H,O) until neutral. Distillation of 
the dried solution afforded the desired carbethoxyhydroxamate . -  

(59.4g, 7O%),nZ5D1.5401. 
Y-Phenvloroovl N-Benzvlcarbethoxyhvdroxamate (55.  Reac- 

~ - _ -  
tion g).-y-Phenylpropyl~ carbethoxS;hydroxamate (9, 80.3 g, 
0.36 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 a t  ca. 30'. Stirring was continued for 3 hr a t  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 SaOH, dilute HC1, HZO) until neutral. Distillation of the 

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

dried solution yielded 103 g (77%) of the desired carbethoxy- 
hydroxamate. 

N-Benzylcarbethoxyhydroxamic acid was obtained by the 
reaction of ethyl chloroformate and S-benzylhydroxylamine, 
following the procedure described by Zinnei-12 for the preparation 
of ethyl carbethoxyhydroxamic acid. It was obtained as a 
colorless liquid, bp 114-115" (0.05 mrn), n z 6 ~  1.5236. 

Anal. Calcd for CloHI3SO3: C, 61.51; H, 6.66; N, 7.17. 
Found. 

m-Methylbenzyl N-Benzylcarbethoxyhydroxamate (62, Re- 
action lo).-IC'-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). a-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 a t  ca. 60" 
until the FeC13 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 KaOH, dilute HCl, H20) until neutral. 
Purification was effected by distillation, yield 118 g (7970). 

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 50% 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 
(IC'aiSOh) and 15 ml of 5 S ethanolic HC1 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-Chlorobenzy1)-p-chlorobenzyloxyamine (1 10, Reaction 4). 
-A solution of p-chlorobenzyl N-( pchlorobenzy1)carbethoxy- 
hydroxamate (80, 16.3 g, 0.045 mole) and of SaOH (5.5 g, 0.135 
mole) in 200 ml of 50% 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 (NapSOa). Evaporation of the 
ether yielded a solid which was purified by crystallization from 
25 ml of methanol to give 7.5 g (58y0) of the desired hgdroxyl- 
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 5) was then 
added dropwise over a period of 2 hr. Heating was continued 
for another 2 hr after which 132 ml of 2070 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 HCI 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 (4770) 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 

C, 61.67; H, 6.42; N, 7.35. 




