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In continuation of our work on new antidiabetic drugs with asymmetric carbon atoms, a number of chiral sulfonyl-
ureas and -aminopyrimidines were synthesized and pharmacologically evaluated. Some of the new compounds ex-
hibit excellent hypoglycemic activity. The influence of absolute configuration as well as structural features upon

the activity within this series is discussed.

As was shown recently? sulfonylaminopyrimidines of the
type represented by formula 22 (Table I) belong to the
most effective hypoglycemic drugs since they cause blood
sugar decrease in man at doses of about 0.1 mg/kg. In
rabbits 22 is active at less than 1 mg/kg and therefore was
chosen to serve as a standard for further investigations on
new antidiabetic compounds.

In the preceding paper® we could demonstrate the re-
markable increase of hypoglycemic activity if the unsub-
stituted anilide part of the sulfonylaminopyrimidine 1 is
replaced by a benzylamide (2) or an «a-alkylbenzylamide
moiety (3). Furthermore, it was shown that the configura-
tion of the asymmetric center as well as size and type of
the attached substituent at C* (3) determines the hypo-
glycemic activity of the whole molecule. This led to the
hypothesis of a second binding site at the unknown recep-

tor.
RNHCOCH2—©>—SO7NH—-<@-—CH CH

dose,” mg/kg
1 R=CH;~ 30
2, R=CH,CH.- 0.5
3, R= (£)CH;CH(CH,)- 025

2See footnote g, Table L.

The present paper now deals with the question of
whether there are similar dramatical changes in activity
to be observed when the achiral, but highly active type of
compounds 4 (e.g., compounds 20 and 21, see Table I)
is transformed into a chiral one by specific modifications.
The results of this investigation are summarized in Table

I
ACONHB—@-SOZNHRI

4

Chemistry. The compounds listed in Table I were syn-
thesized following well-known procedures. The pathways
are outlined below.

method A
ACOCl + HzNB—-@—SOZNHR‘ base,
a b

ACONHB—@—SO._JNHR‘

C
R, = pyrimidine
t For the previous paper in this series, see ref 1.

i Starting materials or intermediates are described in the Experimental
Section.

Method A. An acyl chloride [(a), racemic or optically
active] is allowed to react with an amine in the presence
of a base (e.g., EtgN). The amine part (b) can be pre-
pared in a fashion analogous to procedures described.®

Method B. Most of the compounds were prepared fol-
lowing methods B. The sulfonylaminopyrimidines (f) are
synthesized by reaction of a sulfonyl chloride (d) with an
aminopyrimidine (e) in the presence of a suitable base
like pyridine or EtsN or with an excess of (e). The sulfon-
ylureas (h) are prepared by reaction of the sulfonamides
(g) with an appropriate isocyanate in the presence of
K2COj;. The sulfonylsemicarbazide (k) (compound 13,
Table I) is obtained following route Bg by reaction of the
sulfonylurethane (i) with l-aminoperhydroazepine in ab-
solute glyme. The intermediate chlorosulfonyl product (d)
can be prepared by direct chlorosulfonation with CISOzH
(see Experimental Section). In the case of compound 15
(Table I) the direct chlorosulfonation gave an intractable
mixture of products. Therefore, the overall yield of the
desired product was very low.

Results and Discussion

Compound 8 (Table I) is formally derived from gliben-
clamide (20), one of the most active antidiabetic drugs, by
introduction of a Me substituent into the a position of the
phenethylamine part (amphetamine-like structure), thus
generating a chiral molecule with decreased hypoglycemic
activity. No significant difference in hypoglycemic activi-
ty between the two pure enantiomers is noticed. The same
result is observed with the enantiomeric sulfonylaminopy-
rimidines 7 which are as active as the sulfonylureas 8. In
9, the aromatic ring (5-chloro-2-methoxybenzene) is re-
placed by a heteroaromatic ring (5-methylisoxazole) which
is also present in another very potent antidiabetic com-
pound (21, glisoxepide, BS 42314). However, since the ac-
tivity of 9 is poor, we did not prepare the enantiomers. If
the 8 position of the phenethylamine part possesses asym-
metry (as in compound 12), the activity is also decreased
and no differences in activity between racemic 12 and its
stereoisomers are to be observed. The sulfonylsemicarba-
zide 13 (1 mg/kg) is slightly more active than the sulfonyl-
urea 12 (3 mg/kg).

By contrast with the sulfonylureas 12 and the sulfonyl-
semicarbazide 13 the corresponding sulfonylpyrimidines
10 and 11 have increased hypoglycemic activity. This ef-
fect is surprising since the achiral sulfonylureas of type
20, in general, are a little more active than the corre-
sponding sulfonylpyrimidines.®.P Again, no significant
difference in activity between the R and S isomer can be
recognized. If both, o and 8 position, of the phenethylam-
ine part are substituted by Me, as in 14, blood sugar low-
ering activity disappears (compare with 11). Modification
of the aryl part A of the general formula 4 led to com-
pounds 5 and 6 which consist of the chiral a-methylbenzyl
group instead of the 5-chloro-2-methoxyphenyl substitu-
ent. By this variation the activity is decreased. The ob-
served difference in activity between the enantiomers
(R)-5 and (S)-5 is doubtful. The R isomer seems to be
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method B

HzN—-<N©>—R o)
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N
ACONHB—@—SOZQ Y ACONHB—@-SozNH—-<®—R
; N
f,R =i-OCH,,i-CH,
lNHS
0=C=NR
ACONHB—@—SOZNHZ et ACONHB—@—SOZNHCONHR
g h, R =-CeH,;, ~CsH o p-CH;
l CICOOCH,
H,NN
ACONHB—@-SOZNHCOOCHB — ACONHB—-@—SOZNHCONHNQ
k

i

more active than the S isomer. This is in contrast to the
former series of compounds! in which the S isomer [e.g.,
(S5)-22 (0.1 mg/kg)] was much more active than the R iso-
mer [(R)-22 (30 mg/kg)].

T N CH,
@—CNHCOCHr@—sozNH—(@—OCH

l N Nen

H 3

22

In the preceding paper! it was concluded that the dis-
tance d between the amide nitrogen and the sulfonamide
nitrogen (Table I, 20-22) is crucial for hypoglycemic ac-
tivity. This is supported by examples reported® as well as
by results obtained in our laboratories.l-2 It was found
that a 2-carbon chain between the amide nitrogen and the
phenylene ring is a presupposition for optimum activity,
regardless as to whether the compounds belong to type 20
or type 22. Compound 16 (Table I) provides further evi-
dence for this finding. Part B contains an asymmetric 1-
carbon link; therefore, reduced activity is expected and
found. However, the influence of the same link B on the
sulfonylaminopyrimidine 15 (1 mg/kg) is not as pro-
nounced as on the sulfonylurea 16 (30 mg/kg). No differ-
ence in activity is found for the enantiomers of these com-
pounds.

The more surprising are the pharmacological data of
compounds 17 and 18 which contain the same asymmetric
term B as compounds 15 and 16. The hypoglycemic activ-
ity of the R antipodes is excellent and differs remarkably
from that of the S stereoisomers. In fact, (R)-18 belongs to
the most active hypoglycemic compounds with an effec-
tive dose of 0.1 mg/kg. Compound 19 with its bulkier
alkyl substituent in part B is less active, thus indicating
extreme sensitivity of this type of compounds to structural
modifications.

Although we do not fully understand the different data
of compounds 17-19 in comparison with compounds 15
and 16, we feel that the isoxazole ring plays a peculiar
role in the hypoglycemic action of these substances differ-
ent from that of the benzene nucleus (5-chloro-2-methoxy-
phenyl ring). Perhaps the isoxazole nitrogen may compete
with the amide nitrogen at the receptor or is bound to an-
other receptor site if the molecule is of proper configura-
tion.

In summary, we conclude the following on the basis of
this investigation. 1. Introduction of an asymmetric term
A or B into compounds of type 4 (Table I, acylaminoalk-
ylbenzenesulfonamide series), in general, does not lead to

compounds with improved hypoglycemic activity, com-
pared to the parent compound. 2. The only exceptions ob-
tained so far are the compounds in which the asymmetric
link B is represented by ~-CH(CH3s)- in connection with an
isoxazole ring for term A (see compounds 17 and 18). In
these cases the R antipodes exhibit superior activity to
the S isomers.

Experimental Section

General. Melting points were determined in open capillary
tubes and are uncorrected. Analytical data of the compounds list-
ed in Table I were obtained at least for N and S and were within
+0.4% of the calculated values, unless otherwise stated. Analyti-
cal data of the compounds not listed in Table I were indicated by
symbols of elements if they were within £0.4% of the theoretical
values. Additionally, most of the compounds have been structur-
ally confirmed by ir, nmr, or uv spectra, the details of which are
not given. All reactions were controlled by tlc. Starting materials
or intermediates not mentioned in this part were commercially
available or prepared according to the literature.

3-Methylphenethylamine (23).¢ To a solution of 100 g of «a-
methylphenylacetonitrile in 500 ml of MeOH was added 10 g of
Raney Ni (washed with EtOH before addition) and the suspen-
sion was saturated with NHj at 0°. The mixture was hydrogenat-
ed in an autoclave at 100° and 90 atm (with shaking) for 2 hr
when hydrogen uptake stopped. After filtration, evaporation of
the solvent, and distillation 90 g (86%) of 23 was obtained: bp
44-46° (0.4 mm); (gle 98%); nmr as expected. 23-HCI had mp
124°.

The resolution?-® of compound 23 was simply accomplished by
the following procedure. 3-Methylphenethylamine (1 mol) was
added to a hot solution of 1 mol of (+)-tartaric acid in 2 1. of
MeOH and the mixture was allowed to cool and stand for 5 hr.
The precipitating crystals were collected and recrystallized three
times from MeOH using 10 ml of solvent for 1 g of diastereomeric
tartrate. The last crop was dissolved in water and the amine lib-
erated by addition of excess NaOH. The amine was extracted
with Et;O-benzene; the organic layer was filtered and evapo-
rated. Finally the amine was distilled in vacuo to yield 34% of (R)-
23: bp 85° (11 mm); [a]?°p +34° [(c¢ 1 (EtOH); 97.5% optical pu-
rity)].§

The mother liquor of the first crystallization was evaporated
and the residue treated with NaOH. The liberated base was ex-
tracted with Et;O-benzene and after evaporation treated with
(—)-tartaric acid. The tartrate was collected and three times re-
crystallized from MeOH. Liberation of the amine and distillation
afforded 28% of (S)-23: [@]?> -33° [¢ 1 (EtOH); optical purity
96%).§

a 8-Dimethylphenethylamine (24) was prepared according to
ref 10: yield 40%; bp 95-97° (12 mm).

5-Chloro-2-methoxy-N-(3-methylphenethyl)benzamide (25).
5-Chloro-2-methoxybenzoyl chloride (11.3 g, 0.055 mol) was added

§ Optical purity was calculated from the literature value.? The recently
published method? (determination of optical purity and absolute configu-
ration by means of nmr of the diastereomeric camphor sulfonamides) is not
applicable to amines of the 8-alkylphenethylamine type.



Biere, Rufer, Ahrens, Loge, Schrader

“HIO

41 991 NDIIW 8% g Sy S*O’NIO"H"D OEZQT ..:,_m:.v. @) er
HD 0
(HOY™ HOO
a8 ¥92 HO?IN 9¥ ‘g T9) L VG- S )
©G9% JOPH-SSO*NID"H™D A\Y:ZUI \:._w:;‘ 41
1S ‘LGT HOPIN 69 g ¢ GG+ o A__v SO
€ 96T HOd~? £ *q Sy 3
HIO
(HOY™ fu/ N
%0 gel HOPIN €T g ‘609 g 08— S SO NIDFHYO EAT@Y - It
0 geT HOPW ST 'd % 05+ q o x s
L)
(HOM "0
1> %91 HOPIN 14 g ‘T2 085 s H .
g0 €91 HOPIW 124 g 3 69+ y S'O'NIO%H®D EfT@T HYHO- 01
g3 0 8LT S ezict ov 'q sy qry N ,m‘_w
i i)
O H
0¢ 1 Sy S'O'N"H*D O!:zcul m:omﬂm N 6
"HO
AN “HOO
g 00% HOPW €8 @ ‘609 9% S SSO°NIO"H'™O (H—mmoo- “HOM); 8
€ 002 HOPW €5 ‘d 0V q i
- L
“HOO
HOYE LN N ,
g 8eT HOPIN 8% k| ‘G0 9) €3 S S'O’NIDS*HT O ;ET@T “HOHY; : L
£ 8eT HOPW L2 'd o+ q o’ N h
1
*HD,
N
og 9T  O'H-HOPW %€  V sy STO°N"H*D M/sﬂ_s@vl w1, 9
w’ ¥ H
CIOHO Ho .
0€ 931 14 T T V- - N & -
“m ot OHHOP mm M 19) M.WJr % STO'NWHD ,. v%l@z‘vl ~ O HO— |:,_w O €
og 9g1 HOPIN 8¢ v Sy B . HY
By/3w Do JudAJ0S % POUBIN 80P ‘Ag[®] %0 1e B[OULO, ' q A4 pdwo)
»“980(T LA u)sAI1)) »PIA udguo)
v

ﬁ:zNOml@!m:zoum

718 Journal of Medicinal Chemistry, 1974, Vol. 17, No. 7

wwwmﬁancﬁzm orwpaA[30d A I a[qelL



Journal of Medicinal Chemistry, 1974, Vol, 17, No. 7 719

Blood Glucose Lowering Sulfonamides. 2

G JO1 99G; ¥ JOI 993Gy "GLIE/Y9 JUSTed URdLYY YINOS NV 1SYIOH SIBMAIE]; “JoLeg UayLIqey
-uaqreyq ‘edwmid ‘H pue uuswisoH 'H Aq parjddns A[pury sem punoduiod sty y, ‘££9¢1°89 1Ud) e SPUBMHOYIdN 9V I9Leq USYLIqBJUICIE,], "[BOIJUSPE 916 e1)dads JULU Y} ‘SUOI)EIIPOuT
JUBIDIPIP OM Iy (‘3INIONIYS OY} YILM JUSWRITE UL I8 AN PUE ‘X1 “IWN]) '88°9 ‘PUNOJ Z('9 ‘P8I 1S "¥8'6 ‘PUNOY ‘gG QT ‘PO[ed IN "PF’L ‘PUNOY Gg'9 ‘Po[ed [ '€8°G ‘PUNO} ‘gH°G ‘Pores
:H "GL'GS ‘PUNOJ ‘pE9G ‘PIBO 1D PUY FTs "69°9 ‘PUNOJ 1:80'9 ‘PR 1§ N ‘10 ‘H ‘D ‘PuV BI-(S) 'S ‘N ‘10 ‘H ‘O Puy ZT-(Y) "L°'€8 ‘PUNoy 8%¢ ‘Pa[ed 1) 'S ‘N 10 ‘H "PUV ZI
-(S‘Y) s "66°9 ‘PuUnoy :Q ‘N ‘ouy I1-(S) $0°L ‘Punoy gr-9 ‘pores :§ N ‘ID ‘H ‘O PUV TI-(¥). ‘PEIA winuwijdo 07 Uni 319M SUOI)OBIX 9G] JO 3UONp PatoaLIodu(), “uorsuadsnsororm
Ul PAIdISIUIWIPY, "UOIIdG [eFUdWIIdd XS] 39U} 998 S[IBI9P 0y °(3[8S WNIPOS) UoIInjos snoanbe ur paijdde arem spunodurod 9y} paje)s ISIMIIYI0 ssequ) 3y /8w ¢o°Q pue ‘1°0 ‘CZ°0 ‘S0 ‘1
‘g ‘0g sem Uoryepeid 9sop 9y, "gg pIepuess jo 3y/3ur 1 £q patoaye 1eq) Woly juasyip Ajjueogrudis jou st yorgm (od ‘syqqex Jursey) esearoop 9s0on[d poojq e SUISNEd ISOP }SIMO,

piepue)s
' HOO
N :
1 7 S*O*NID*H™)D {HIHOO \@vl m%%i@l..moloo:z A4
N H :
b p —+! 0
m apidaxosy § m
H 1
) 1
: i
N S o - VG Ty—
G0 y SO NFH™) OZ :ZOQE%Ov!.@\ HO :oE,_NO 18
! opmrejouaqy(d i
! { 100
1 1
1SZ°0 I3 SPOENID®H®D O’mz%:%%l@lfolfomboo O 0%
1
L0 H
o€ 761 1 Sy SO’ N"H"O { —nnoo- ag | 61
HD
A%oﬁz
oe (144 HOMH oL *q ‘GT09) gge— ) 0. oM
1°0 082 HOYE L | 0've+ ¥ SONH®0  mo—_ )—mnoo- -ho; yz_»g\ 81
9270 Z61 ? sy fh_v
(HO°IW
0g¢ €61 HOMH c8 q ‘T9) 0°2e— s
S0 61 HO¥W W | v'oet ¥ SO’ N"H"O O!:zoo - -HO; L
g0 LT HOY  S. <4 Sy .
*HOO
(HOPIN
0g 281 HOY 19 °d 19 91— s SO'NIO"H™D (oo~ 1o, 91
og £81 HOPW W | v1+ q -
M)
QUBXOYO[0AD C1OHD . HOO
I 011 —HOId"? b4 d ‘c'09) g g5t S HO : N
auBXOYO[ILD S'O’NID®H™D Wo.\mol@vl -mn_vm a1
T 01T —HOId"!? G 'q v 8¢— y ‘HO N .
1
*HO R
10430 N\ N H H
o eyl “1ed-HOME oy 'q S'Y Sy SO’ NID*H®D vaol@vl wlﬂ_w: 14
Ho N H) HO



720 Journal of Medicinal Chemistry, 1974, Vol. 17, No. 7

to a stirred solution of 14.9 g (0.11 mol) of 23 in 120 ml of absolute
CHCl;. Stirring was continued for 1 hr at room temperature and
for 2 hr at 60°. Then the solvent was evaporated and the residue
redissolved in CCl,, washed with water, dried over MgSQOy, and
concentrated to yield 13.9 g of (R,S)-25: 83%; mp 87° (cyclohex-
ane).# Anal. (C17H15CINO3) C, H, Cl, N. (R)-25 gave a yield of
77%; mp 109° (CCly); [@]?% +43.3° (¢ 1, EtOH). Anal. C, H, C},
N. (5)-25 gave a yield of 65%; mp 109° (CCly); [«]?°D —44° (¢ 1,
EtOH).

Compounds 26 and 27 were prepared in a similar way. 5-
Chloro-2-methoxy-N-(cx-methylphenethyl)benzamide (26) **
(R)-26 gave a yield of 84%; mp 119° (CCly); [a}?%D -35.0° (¢ 1,
EtOH). Anal. (C17H1sCINOQy) C, Cl, N; H: caled, 6.0; found, 6.5.
(5)-26 gave a yield of 79%; mp 119° (CCly); [a]2% +34.8° (¢ 1,
EtOH). Anal. (C17H,3CINO3) C, H, C], N.

5-Chloro-2-methoxy-N-(a-methylbenzyl)benzamide (27).
(R)-27 gave a yield of 94%; mp 95° (CCly); [@]*D +18.0° (¢ 1,
CHCl3). Anal. (C16H16CINO2) C, H, Cl, N. (5)-27 gave a yield of
76%; mp 94° (CCly); [2]?% —17.5° (c 1, CHCla).

4-{2-(5-Chloro-2-methoxybenzamido)-1-methylethyl]ben-
zenesulfonyl Chloride (28). Chlorosulfonic acid (37.3 g, 0.32 mol)
was dropwise added to a cooled and stirred solution of 12.2 g (0.04
mol) of (R,S)-25 in 100 ml of CHCl;. Stirring was continued for 4
hr at room temperature; then the mixture was poured onto 1 1. of
ice-water. The organic layer was separated and the aqueous layer
extracted with CHCl;. The combined organic phase was dried
over MgS04 and the solvent evaporated; on standing (R,S)-28 so-
lidified to yield 13.9 g (86.4%), mp 111°. (R)-28 gave a yield of
95%; mp 110°% [«])2% +81° (¢ 1, CHCly). (S)-28 gave a yield of
90%; mp 110°%; [«]2% —80.4° (¢ 1, CHClg).

Compound 29 was prepared in a similar way. 4-[2-(5-Chloro-
2-methoxybenzamido)-2-methylethyl}benzenesulfonyl Chloride
(29). (R)-29 gave a yield of 83%; mp 85°. (S5)-29 gave a yield of
75%; mp 86°.

5-Chloro-2-methoxy-N-(3-methyl-4-sulfamoylphenethyl)ben-
zamide (30). (R,S)-28 (8.8 g, 0.022 mol) was suspended in 80 ml
of 25% NH4OH and the mixture was stirred at room temperature
for 5 hr. Subsequently the mixture was diluted with 100 ml of
H:0 and neutralized with HCI, and the crystalline material was
recrystallized from MeCN to yield (R, S)-30: 6.9 g (82%); mp 156°.
(R)-30 gave a yield of 65%; mp 155° [@]?%D +71.5° (c 0.25,
EtOH). (5)-30 gave a yield of 73%; mp 155°; [@]2% =72.1° (c 0.25,
EtOH). Anal. (C17H19CIN204S) C, H, C, N, S.

Compounds 31 and 32 were prepared in a similar way. 5-
Chloro-2-methoxy-N-(a-methyl-4-sulfamoylphenethyl)benza-
mide (31). (R)-31 gave a yield of 85%; mp 134° (MeOH); [«1?°p
+35° (¢ 0.5, EtOH). (S)-31 gave a yield of 87.5%; mp 133°
(MeOH); [«)2% —34.5° (¢ 0.5, EtOH). Anal. (C17H;15CIN204S) C,
H,CL N, S.

5-Chloro-2-methoxy-N-(a-methyl-4-sulfamoylbenzyl)benza-
mide (32). (R)-32 gave a yield of 25%; mp 181° (EtOH); {«]?%
+3.7° (¢ 1, MeOH). Anal. (C16H1:CIN204S) C, H, C, N, 8. (85)-
32 gave a yield of 32%; mp 180° (EtOH); [«]*% -3.7° (c 1,
MeOH). Anal N, 8.

Compound 33 was prepared analogously to ref 11 from 4-(1-
aminoethyl)benzenesulfonamide.  5-Methyl-N-(a-methyl-4-sul-
famoylbenzyl)isoxazole-3-carboxamide (33). (R)-33 gave a yield
of 68%; mp 194°; [«]?%p +19.8° (¢ 2, MeOH). (5)-33 gave a yield
of 80%; mp 195% [a]®*> —20.0° (¢ 2, MeOH). Anal
(C13H15N3048) N, 8.

Sulfonamides of Table I (5-19). General Procedures. Method
A.  N-[4-(5-Isopropoxy-2-pyrimidinylsulfamoyl)phenethyl]-2-
phenylpropionamide (5). Hydratropoyl chloride [prepared from
1.5 g (10 mmol) of hydratropic acid and SOCl; in absolute
CHCl3} dissolved in 20 ml of CHCly was added to 3.36 g (10
mmol) of 4-(2-aminoethyl)-N-(5-isopropoxy-2-pyrimidinyl)ben-
zenesulfonamide® in 200 m! of CHCl; and 2 ml of EtzN. After
stirring at room temperature for 40 hr the solvent was evaporated
and the residue treated with 20 ml of MeOH. Again the solvent
was evaporated and the solid suspended in 100 ml of HCI1 (3%) for
15 min with stirring; then the solid was collected and recrystal-
lized from a mixture of 80 ml of MeOH and 10 ml of water: yield
1.8 g (38.1%); mp 126°. Analogously prepared were (R)-5, (S)-5,11
and (R, S)-6.

Method B,. 5-Chloro-2-methoxy-N-[4-(5-isobutyl-2-pyrimi-

# Excessive amine was regained from the aqueous layer by addition of
NaOH, extraction, and distillation.

**(R)- and (S)-amphetamine were purchased from Aldrich Chemical Co.

t1 The resolution of (£)-hydratropic acid was performed according to the
literature.12
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dinylsulfamoyl)-G-methylphenethyl|benzamide (10). (R,S)-28 (3
g, 7.5 mmol) was added with stirring to 1.3 g (8.3 mmol) of 2-
amino-5-isobutylpyrimidine dissolved in 5 ml of pyridine at room
temperature; subsequently the mixture was heated at 60° for 3 hr.
On cooling and standing for 8 hr the reaction product crystallized.
The crystals were collected, dissolved in EtOAc, and washed with
dilute HCI and subsequently with NaHCOQj; solution. The organic
phase was dried over MgS0Q4 and concentrated. The residue was
recrystallized twice from MeOH to yield 10: 1.7 g (44%); mp 177°.

Method B;. 5-Chloro-N-[4-(3-cyclohexylureidosulfonyl)-3-
methylphenethyl}-2-methoxybenzamide (12). Powdered K,COs
(2.5 g,-0.018 mol) was added to a suspension of 2.3 g (0.006 mol)
of (R,S)-30 in 40 ml of Me3CO and the mixture refluxed for 1 hr.
After addition of 0.9 g (0.0072 mol) of cyclohexyl isocyanate heat-
ing was continued for about 4 hr. The precipitate was filtered
under suction, washed with Me2CO, and suspended in 2 N HCI.
Washing with water and recrystallization from i-PrOH and sub-
sequently MeOH afforded (R,S)-12: 1.7 g (53%); mp 156°
(MeOH). (R)-12 gave a yield of 69%; mp 157° (i-PrOH); mp 265°
(MeOH). (S)-12 gave a yield of 46%; mp 264° (MeOH). The nmr
spectra of the differently melting products were identical.

Method Bj;. Ethyl N-[4-{2-(5-Chloro-2-methoxybenzamido)-
1-methylethyljphenylsulfonyljcarbamate (34). Powdered K2CO3
(1.8 g, 13 mmol) was added to 2.5 g (6.5 mmol} of (R,S)-30 dis-
solved in 50 ml of Me2CO and the mixture was refluxed for 1 hr
and afterward cooled to 20°. Subsequently 1.1 g (10 mmol) of
ethyl chloroformate was added and stirring continued for 30 min
at room temperature; then the mixture was refluxed for 4 hr.
After filtration under suction the precipitate was washed with
Me,CO, then dissolved in water, and precipitated with 2 N HClL
The solid was collected, washed, and dried. Recrystallization
from i-PrOH afforded 34: 25 g (80%); mp 165°. Anal
(C20H23CIN206S) C, H, CI, N, S.

5-Chloro-N-[4-(1,1-hexamethylene-4-semicarbazidosulfonyl)-
3-methylphenethyl)-2-methoxybenzamide (13). A solution of
1.48 g (0.011 mol) of 1-aminoperhydroazepine (90%) in 5 ml of ab-
solute glyme was dropped at room temperature into a mixture of
4.55 g (0.01 mol) of 34 in 50 ml of glyme. The mixture was re-
fluxed for 3 hr, the solvent was evaporated, and the residue was
dissolved in CHCl; and washed first with 100 ml of water con-
taining 1 ml of 35% HCI and subsequently with 50 ml of water.
The CHCIl; layer was separated and dried over MgSO4. Evapora-
tion and recrystallization from MeCN afforded 1.5 g (28%) of 13.

Pharmacological Methods. The biological tests were carried
out on groups of six rabbits (male, 24 hr fasted, body weight 2-4
kg). The test compounds were given orally (by gavage) as a sodi-
um salt solution (or microsuspension when indicated). The total
volume was 1 ml/kg. The control animals obtained an equal vol-
ume of physiological NaCl solution. When the test compound was
administered as a microsuspension, the control animals received
suspension vehicle (myrg 53). The test compounds were applied
in doses of 30, 3, 1, 0.5, 0.25, and 0.1 mg/kg until the blood glu-
cose level was significantly higher than that caused by 1 mg/kg of
standard 22. Blood samples were taken from the marginal vein of
the ear before treatment and 1, 2, 4, and 6 hr thereafter. The
blood glucose content was determined enzymatically by the glu-
cose-oxidase-perid method?? in the “Braun-Systematik”autoana-
lyzer. From the observed blood glucose minima during the test
period central values have been calculated and registered. The
statistical evaluation of the results utilized the U test!* (p <
0.05).
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Hypolipidemic Substituted 1,3-Benzodioxole-2-carboxylates
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Ethyl 5-(4-fluoro-a,a-dimethylbenzyl)-1,3-benzodioxole-2-carboxylate (11, RMI 14,676) was found to be a potent
hypolipidemic agent, while ethyl 5-(1-phenyl-1-cyclopentyl)-1,3-benzodioxole-2-carboxylate (19, RMI 14,654), al-
though less potent, was found to show only minimal hepatomegaly in young rats. The two compounds were selected
from a series. of substituted 1,3-benzodioxole-2-carboxylates and represent a novel type of cyclic analog of clofibrate
with structural relationship also to treloxinate. Particular emphasis was given to attempt separation of hypolipidemic
activity from hepatomegaly by minor structural modification.

A number of investigations have been concerned with
synthesizing and evaluating cyclic analogs of the hypolipi-
demic agent clofibrate [ethyl 2-methyl-2-(4-chlorophenox-
y)propionate, I}. Thus, Witiak and coworkers!4 synthe-
sized ethyl 6-chlorochroman-2-carboxylates II and III, 5-
chloro-2,3-dihydro-2-benzofurancarboxylate IV, and 1,4-
benzodioxane-2-carboxylate V. They found that II, IV,
and V reduced serum cholesterol and triglycerides in Tri-
ton-induced hyperlipemic rats.# From our laboratories® we
reported evaluation of hypolipidemic activity in rats of
compounds VI and VII of which 5-chloroindole-2-carboxyl-
ic acid VII was found to be twice as potent as I in lowering
serum cholesterol. We now wish to report on a series of
substituted 1,3-benzodioxole-2-carboxylates VIII. These
compounds, in addition to their structural relationship to
clofibrate I, also share with 1-methyl-4-piperidyl 2,2-
bis(p-chlorophenoxy)acetate (lifibrate, IX)® and methyl
2,10-dichloro-12H-dibenzo[d, g][1,3]dioxacin-8-carboxylate
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(treloxinate, X)7 the property of containing an «,«-dioxy-
acetate moiety, which may be responsible for some of the
advantages that these agents possess over clofibrate.®

Clofibrate and treloxinate cause liver hypertrophy in
young rats. This phenomenon has been studied extensive-
ly with hepatotoxins, enzyme inducers and other chemi-
cals in general, and with clofibrate and clofibrate analogs
in particular.?-15 Goldberg® advanced the hypothesis that
in certain instances, liver enlargement should be consid-
ered as an adaptive, functional response of the liver to an
increased work load. On the other hand, it is well known
that many agents cause liver hypertrophy without af-
fecting serum lipids, while others lower serum cholesterol
and triglycerides without causing hepatomegaly.l® It
therefore seemed reasonable to hypothesize that hypolipi-
demia and hepatomegaly are two separate pharmacologi-
cal responses to clofibrate-like agents and that it might be
possible to separate these two properties by structural
modification. Since 1,3-benzodioxole-2-carboxylates
showed good hypolipidemic properties, we set out to study
this possibility.

Chemistry. Preparation of the parent compound, ethyl
1,3-benzodioxole-2-carboxylate,16-18 and its 5-chloro deriv-
ativel8.19 has been reported in low yields. We now have
developed a preparative method, analogous to that em-
ployed for preparation of 12H-dibenzo[d,g][1,3]-dioxocin-
6-carboxylate derivatives,” shown in Scheme 1. Yields of
up to 71% of pure substituted 1,3-benzodioxole-2-carbox-
ylates were obtained, as shown in Table I. Examples are
given in the Experimental Section.

Scheme I
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The substituted 1,2-benzenediols required were synthe-
sized by known methods and are listed in Table II. The
phenoxy-substituted 1,2-benzenediols 22-27 were prepared
by Ullmann reaction, followed by ether cleavage as shown
in Scheme II, by a procedure described by Mayer and co-
workers.20 The phenylalkyl-, phenylcycloalkyl-, and in-



