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FOREWORD

This annual report was prepared at Midwest Research Institute
under Contract No *DAV.-49-l93-MD-2749 with the U.S. Army Medical Research

41 ~~and DevelopmentCman

The period of research covered in this report is from 1August
1974 to 31 July 1975. The work was carried out under the direction of
Dr. C. C. Cheng, Principr.1 Investilgator. The synthetic work was performed
b~y Mr. William It. Burton, Dr. Ping-Lu Chien, and Drý Shou-Jen Yan.
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1. INTRODUCTION

This is the Tenth Annual .Progiress_ Report from Midwest Research
Instit.ice under Contract o.D -49-193-MD-2749 with the U.S. Army Medical.

Research and Development Commia~d 'n preparation of organic compounds as

potential. antimalarial. drugs.

During the present report period, we have studied the synthesis
and characterization of compounds of the following categories: (a) comn-

T pounds having a triangular structural feature commo~n to many causal pro-
phylactic antimalarial agents; (b) cy,o-unsaturated amino acids and related

derivatives; (c) compounds related to the antimalarial antibiotic furano-
mycin; and (d) deazafebrifugine and related compounds. A total of 40 corn-

~ pounds have been synthusi2.!edq characterized, and submitted for antimalarialj evaluation.
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II. RESULTS AND DISCUSSION

A. Compounds Containing a Conmmon Triangular Causal Prophylactic Antimalarial
Structural Feature

Preparation of several compounds conforming to a triangular
structural feature common to many prophylactic antimalarial. agentsl.2/ was

IN1, 1-Diethyl -N -(3,4-dilnethoxyphenyl)-l,4-pentanediamine (A-3)
was prepared in one step by the platinum-catalyzed reductive alkylation
reaction of 4-nitroveratrole (A-i) and 5-diethylamino-2-pentanone (A-2) in
good yield.

CH 2 I c113 CH0 NCi)

II CH2)3-N(C 2 H5 )2  - .v
0% 10

A-1 A-2

4- Rrvovo-~~ (5 -die thy lauuino- 2-pentylOamino~veratro le (A-9), an RC- 12
ana~~, a~ yn~~'~~ed romvertroo (-4) According to the following Schemue.

(.11 Hr C11 3() N03 3 K%.0

A-4 A-5 A-6

C 1 11--(112)3 -(2H2 el NL i

3

A4A

A-BI4
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I,,-'. rominationA' of veratrole (A-4) followed by nitrationl" of the
intermediate A-5 gave 4-bromo-5-nitroveratrole (A-6). The latter was hydro-
genated ;n the presence of 5% Pt/C to yield 2-bromo-4,5-dimethoxyaniline (A-1l).

Condensation of A-Il with 5-diethylamino-2,2-diniethoxypentane in the presence

of p-tolkioneoll1onic acid yielded the anil A-12, which was reduced with 1NaBH4
t o give the t-arget compouind A-13.

i-liroiiio-4,5-methytenedioxy-N-(5-diethyl-aminopentyl)aniline(A1)

was synt-hosized froni 2-brorno-4,5-methlenedioxy-nitrobenzene (A-10) by the
foLlowing route.

Br 7 BL (/ Br 7r
0 -'~ N02  0 CR3-H

1(CH2 ) 3 -N(C 2 H5 );

jA-10 A-li A-12

CH3-ýH- (CH2)5-N(C2115)2

A-1 3
Ct-Mipound A -10 wa,,; smooth ly reduced to 2 -bromo -4,5-methyl enedioxy -

aniliine (A-11) in hen?.Otie using 1) at Iitwn-on -carbon as the catalyst. Condon-I Isation of A-1l with 5-dlethtlyLamhiio-2.2-dinwthtioxypentane afforded the anti
A-12, which was then reduced to the desired target compound A-13 with sodium
borohydrido.

sinice the cliloro-substituted aminie A-ISV. will be needed for the
prep)aration of 80111 CoMpoUndS lante was a rea, h ktoed Ai-2 wasoreduchlede
with REI)-AL to the alcohol A-1 Y te lather aiootn was rratdwihduolchoied
to give A-I5 as a jW1 salt in an overall yield of 52%.

H'93 (113 H
A-2? '-b 110 01-(UI2)-(~) 0- --- Cl-a1-(cu2 3 NcI 5 ,-c

} A- 14 A.15

t~~- (S -WI4. i~ly 1&auiinl- 2-pelntyl )ami nit Iqu intoal We (A-21) was prepared

lit Iavr ag oile~ttto wih 5diehylmin-22-dimtuL-toxypetttatieW (A- 19),
adthe vestittitig antilA20wa rodueed withsoiu borohydride to yield the

de. red jorodu~c A-2.
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(CO 2T SUCI2

112 N. NO2 NadISO 2N H

A-16 A-17 A-18

'j.3 I

(C 2 3- C H )2-Cocu3  1600 . NmC(C 2)N(C 2H5 ) 2

oA-19 A- 20iNaBH
NN

[ Na-cuH- CH Cl2 ) 3 N 2 H5)2I A-21

I6-Methlox-y -7- (5-die LiylIamnino -2-penty')azuino]quinoxaline (A-28) was
* sy.thesized as follows. TreatmellL of 2-rnethoxy-5-ni troani line (A-22) (Aldrich)

wi th Witl and Ac-)O fol lowed by addition of red fuming IIN0 3 gave the dinitro
comipound A-23.LL Catalytic hydrogenation of A-2.3 at 40 psig in MeOll afforded
the amiwno compound A-24. lbe latter, without purification, was itmediately
conmverted toth qtitnox'aline A-25 wi.0h glyoxal disodiumn bioUlfiLe. Compound
A-25 wait4 tydrolye~ed wil'im 5N lCId. *llme resulting amivinoquinloxaline A-26 was

coupled Wiith idw*h aim-~2dwtoyetn (A-19) to give A-27, w61ic
$4irdue ih a~i In EALOH to yield thme tit le compound A-28.

Nl2 AcOll, Ac2O0 2AN& NIACI N11Ac

A-24A-2~ .A-23

Clio) 2N411S

A -2 7 (N~NI 1NiIiiNLt~c

A- 26 A-25
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OCH OCH

! -19 (CH2) NaBH4

N-(CH2) 3-"N(C 2H5)2  CN>')N ) NH- CH- (CH2) 3 N(C2H5)2

ACH3  CH3

I. A-27 A-28

iAttempts to syntheSiZU target compounds A-35a and A-35b have

been conducted by the following route. Acetylation of 4-methoxy-2-nitro-

aniline (A-29) with Ac')O and AcOll-- gave A-30. Reduction qf A-30 with

iron in Acoll and 112() yielded 2-amino-4-methoxyacetanilide- (A-31). The

latter was condensed with 4-diethylamino-2,2-dimethoxypentane (A-19) to

give the anil A-32, which was reduced to A-33 with NaBH4 . Hydrolysis of A-33

to A-34 is in progress.

cii 0- <.NO c2  o CIU4 Fe
JiiLi

"Nil 2  AcOll

(1 A-29 A-30 A-31

I I
A-19

:'."j .e11

It}!o NC10"•"IG: 3•N)N(C 2  5 2

L~LN.

A-• A-32

: (ILI13

e O(.113

A-314 3 t3

A-35a. X it ClI S IJ. X eIll



For the synthesis of the target compound A-39, a different approach
starting with 4-hydroxy-3-nitroaniline (A-39) has been studied. The introduc-

tion of the dialkylaminoalkylamino side chain was readily achieved, but again

the hydrolysis of the acetamido protecting group in compound A-37 presented

difficulty. ]
I. HOHO C 3' 3

"20N NM 2  02N NH-CO-C.3 DMF 02N NH-CO-CH 3  •i

SA I-I3 - . Pd1

3¾11 0 CH 0_________

3! 3

011N "NIl-C-Cli3 R N /',• -CO.Ct3

CHt 3 -C- (Cl) -N(C2115) 2

CIICI 0 l

Nil-CO-Cii3 He I
e(,t3"t- (|23•(25 Ci3 -CII-M(O2Y3N (C2115) 2

A-A-1

OCII t-

ell 3 0 ellit

A- 39

4 tit the: -icou approacht, thle cowr etAly Available 2-wthoxy.A5-
Stdta~tl~c -40) U-Ig twed a•a the startlutg material. In this appiroach, the

di~kyIlaMitioalkyl s4ide haasi tW be &LLAittChd to the *O mao friup ist.

"I~



- ..... . . . .

A convenient method through the formation of the Schiff base intermediate A-43

followed by reduction was therefore attempted. Under the usual reaction condi-

tions, the ketal A-41 did react with the compound A-40, but the nitro group

apparently also participated in the reaction, resulting in the formation of an.

intractable material. The parent ketone A-42 did not react with the amino

group of A-40 under various conditions. Direct alkylation of A-40 with the
Armpthlmd drvieA-44 was then carried out in an autoclave to give

a low yield of the desired product A-45, which was catalytically reduced to

the corresponding amino compound A-46. On reaction with p-chloroacetophenone

dimethyl ketal; it also gave a highly complex mixture of products, from which

a gain, does not react with the amino group of A-46 to form the Schiff base.

OCH.3

1 30 U H3 -Y-(CH2 ) 3 NCI 5 )2 3
CHI~ + OCH3 N
2O 2  A-41

Y-A -40 orCH 3-8-(CH12)3 - ( 2 5)2

CU -CO-(CI-H)-N(CH323 2H5)2  A-43

A -42
LI 0

CH -cit.(Cl 1)3-N

A-44

CHCI0 03 C113

114 N109I 2 /Pd HNNi2

C13-U-cH)-N 0o ?'C 3 C(CH )-N

A\.4 A-46

OC3

'6 V~O -~ C1 C1

CHN 3

CH 113-h(Ci-N

A 47



terequired imino side chain was to be attached before the introductionX_

preard fomthe starting material A-40 in three stepsbut1 unfortunately,
the protecting ace tamido group could not be completely hydrolyzed to the
amino function by boiling in 50%~ aqueous KOH in MtR. Even the trifluoro-

K acetamido compound was found to be v, v resistant to base hydrolysis.
Under more drastic conditions, i.e y using ethylene glycol as solvent,
the hydrolysis went much faster, .the product formed during hydrolysis
decomposed rapidly, apparently du-. to facile oxidation of the o-aminophenol ~ ..

t ether system, as nmr spectrum clearly showed the disappearance of the

0CU3 group.

3C1 3 O 0 3

ILN RCO 2RLO

A-40 A-48 a.RC1 A-49 a, R=CHi,
II ~ R~c 3  /b. Ra"

I OCH3

~ RCH
-k 3'

A-50 a, ROC11 3b. R"CF3

Sy 4 ~it ofaolrtrO opud (-diethylaminio-2-penty I)-

5-mothoxybonzimidazole (A-60), was initially studied according to the follow-
Iitig roactio ihm ue

~ I7.

3' 8t



(CF 3 CO)20 -2N-CFA5Ni-C
3

~~~~~NH-CUC o l--F

Ci NH - ~ N--F -53

A-54' ~i1 A-51 CH

ONH 
C

~~N O NHC 
3  - i -H NH-C

A-57 C13A -61

. . O C H3 N H4 0H

CH3-C- (CU))-3 -N(C2H5)

CU3

[ Ni CR~ -C'
C" 0 ': ':: N H-C2

N=C-NH.C (CU12)3-..N'c H5 )2

... 113 C 3 O A-63

~L A-57

NaU

0,7



IThe amino group of 4-methoxy-2-nitroaniline was protected by a
*trifluoroacetyl group to give A-52, which was reduced catalytically to

yield A-53. IFroin compound A-53, there are two possible routes to the target

compound A-60, and both routes have been studied. Formylation of A-53 was

achieved witb acetic formic anhydride prepared in situ according to a literaeý ý

upon the addition of A-~53 to the mixed anhydride solution. Compound A-54,
collected as a white solid, m.p. 1900, had two carbonyl absorption bands.
The corresponding acetylated product A-55 was also obtained as a white solid. L
Hydrolysis of A-55 with ammonium hydroxide in aqueous ethanol at 5Q0 for 30

densation of A-56 with 2,2-dimethoxy-5-diethylaminopentane (A-19) gavea

i4Iliquid A-57 (ir- 1600-1690 cm-1), which was dissolved in ethanol and stirred
withNaBH toyield an oily material A-58, the ir spectram of which had

peaks at 1660-1690 cm'. An attempt to hydrolyze the acetyl group of A-58

by refluxing with 5 N IiCl for 4 hr and an attempt to form the benzimidazole

ring by refluxing the resulting product with formic acid afforded only a.
small amount of oily material, which has not yet been characterizeoI. j

'4 Another route via the formylated compound .A-54 was also studied.
Hydrolysis of A-54 with- aqueous ammonia in aqueous ethanol at room temperature.
for 1 day yielded only. a small 'amount of dark red oil which was difficul~t tor ~purify.

Preparation of N-('5-diethylamino-2-pentyl)-4-methoxy-2-nitro-
aniline (A-68) by the treatment of 2-nitro-p-anisidine Qk-5l) with 2-chloro-

5-dethlainoentnehydrochloride (A6) a subsequently studied. We

A-6 an to euialetsof A-51 were heated in 95 tanli a ste.bomb

at 1700 for 16 hr, a product isolated through column chromatography on
alumina was not the desired A-68 but rather 4-methyl-2-nitro-N-ethylaniline

(A-65) according to its nmr spectrum. Preparation of A-68 by the treatment
of 4-chloro-3-nitronnisole (A-66) with two equivalents of 2-amino-5-diethyl-

amino-petitane (A-67) either at 170-2001 in a steel bomb for 20 hr or at-NRQ
lower temperature and longer reactions times using DbM' as solvent was also.

without succes~s.

q'X
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ýýN~-4.' , -i4` ,'

I ~~ ~ 4 1H3  .N~. C4.$( 2 )3-N(C2115 )2  2Uo
+ I

NfH2*C . NH-CH 2 C1
2UH

A-51 A-64 A-65

NI cl NO2  CH3 N 2  *

~ K Lc] + CH3_C11_(CH 2)3 N(C2 1) H

A-6A

A-b

.,. ,-Another approach to the synthesis of the target compound A-60
was to use the tosylated anisidinei- as the starting material. Nitr~tion

.4.of A-61 in acetic acid gave a good yield of the nitrotosylate A-69.17 The
(1latter was also prepared in better yield by direct tosylation of 2-nitro-a

anvisidine (A-51). TIreatment of the sodium salt of A-69 in ethanol with a

concentrated ether solution of 4-chloro-N,N-diethylpentylamine (A-64, the
'free base of A-15), according to the procedure of King et al.1- for the
preparation of an analogous compound, failed to yield the desired product
A-70, presumably due to the instability of L-64. Attempts to isolate and
purify A-64 by distillation resulted in a quantitative-conversion of A-64
to the corresiponding cyclized pyrrolidine salt A-l

Al though Lhc (firnethyt ketal, A-19 condensed with 'p-anisidine to
frmv~ a Schiff's hasox, It did not condense with A-51 to give A-72, presumably

due to thiv presetco of' the o-iiitro function. Presently it i.% planned t
preparv A-00) by carrying out a reaction between 4-bromo-3-nitroanisoleQ'
(A-73) witilj novolidamine 4-67) according to the general procedure of Clemo
and Swan-- followed by reduction and cyclization. Compound A-73 was pro-

pared from A-51. through the diazonium salt in 50%. yield.



C1130,ý 2 [3'( NO

Kiii.~~~ 3 Et ..S 2 -- 13K

A-69 C1 3 -CH(CHi2 )3NEt2
A-64

CH 0 NO CH3 [
NO7 CH 3 cic1 2 3 NC 013 NOo

,a,30 NOC N;62

3-72

compound ~ ~ ~ ~ A--6 A-9wsaadoe o h sm 70nasta fte ooeh

I analog ~A-19 ~. h ntblt fte -looNNdehletlmn

(A-4).'11 niratd ainodervatve -fliuA-kyitem6a8 o h

A-?I i62.rde yniield apprac dar otane syruhes. ofthe lamtterwas urfed byge
clui rompon -9wsato baphy. e fovra attesate wreao ade that ofpare a crysetalli

raduedlog A-60, .e. h iyc statilit of A-8wthe -fhoro-Ic acd iseth activyaiey

11A

(A6) lentae miodrvtv -7i Ryitreit o h

prprto fA7.Acrigy -rowSntoearl A8)wspe
pare hytLateto A81ihnvlia e(-9 t

xati;, of A1 0 r



CH' 0 N02 A -6 3 23
3 3 '

N- SO 3~3333 33~

CH30

13: "R-oTCH 3CH0 -SO2 <CH 3 C 3  -O

CH3 -CH(CH2) 3.N( 2l5) 2

IA-74 A-75
A-76

I d1 3 .> cuN0- 2 CH3 0 (NO 2

NIH
c11 3  Br Br CH1 30 N

A-1 -1CH 3 -CH(CH2 )3 PC2 5)2

3- 
A-77

*C 
3

Cu3  1N02 a NH
C13 2 d113 0 C 3.N

A-YI A-82CH 3 .C1I(C& 2)3-N(C?115 )2

1~ A -78

Or1 CO-CIl3

i~ Ii 4, c 3-CI(C11 2) 3-N-CJ15

C-13 A-85 l 3 %%.N

ell 0 C3 N-O

3CH3C(C112)3-N- 2 1

A ~ CO-CM3

A-86

CK-cc2)-14CU5 .

133



Ani alternative approach has also been investigated. This involves
alkylation of 5,6-diiniethioxybenzimidazole(A-84). The required o-phenylene-

* dan~iw -83 was obtained In good yield by catalytic reduction of A-82; sub-
sequtent cyclization gaealwyedo -84. To avoid the use of the un-

stable aininochloro compound A-64 as the alkylating agent, two other agents
have been con' idered. The bromophthalimide A-87 was prepared and will be
used for the pieparation of A-88. Removal of the phthalimide group from
the resulting compound followed by acylation and reduction should yield

*A-79. One attempt to prepare the other alkylating agent A-85 by treatment
of the sodio salt of ethyl acetamide with 1,4-dibromopentane in refluxing,

*toluene was without success. Apparently dehydrohalogenation took place inp
the basic medium and only ethyl acetamide was recovered.

'l ,-Unsaturated Awio Acil' and Relatel1Cmpud

11-Acetyldehydroleucine (B-4) was prepared according to a literature
me thod.- Thie intermediate N-chiloroacetyl-D,L,-leucineýL'(B-2) was prepared
from DjL-evicine (B-1) and chioroacetyl chloride. Compound B-2 was converted
to the oxazolone B1-3 by heating with acetic anhydride. Hydrolys'.s of B-3

yielded N-acetyldehydroleucine (B-4).

Ll N112  -il NHB

CO-CU 3 B-2

1.1C

00



C~~ 1) 3 -C *.

Ut3CH-H-C211CH 3-CH-¶H-CO2H

~INil2 NH

I B-6

I ~ClI3-C~l=C-CO2ll \

itNH11 NaOR N CII-CH

B-7
kIAA

31.-

C:. Coi ~puflds Related to th~e Antimalarial Antibiotic Furariomycin

For the syntl~ivis of sa sulfur analog (c-5) of furanomycin, it.
1': ns'try it) pretpare the &aldehyde C-3. Attempts to prepare C-3 directly

by the cedltCictuw ofT the corresponding ester C-la were not realized. IL.
3.wimt Lhou. decided to prepare C-3 via the intermediate alcohol C-2. Reduction

of (C-lit withi RFI)-AL gave a low yield of C-2. The reduction will be repeated

by use of litliumu aluminum htydride or diborane on either the ester C-la ork tite acid C-lb. Art attempt to oxidize C-2 to the aldehyde C-3 with selenium
41 . dioxide on graphite has, thus far, been unsuccessful.

d i (-I"R 21 C .2 C-3

CII- 42-1 -

N2

C-S c-4

15q
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Two other target comnpounds, 2-azuino-2-(3-mothyl-2-furyl)acetic
acid (C-14) and 2-(3-methyl-2-tetrahydrofuryl)acetic acid (C-15), were
prepared as follows: Darzen's glycidic ester condensation of 4,4-dimethoxy-
2-butonone (C-6) and methyl chioroacetate (C-7) in the presence of sodium [
hydride, and subsequent thermal rearrangement of the condensation product
C-8, yielded methyl 2-ehl2frae5/ (C9.This ester was hydrolyzed

A ~' 'to the free acid C-10 and decarboxylated over copper in quinoline to give
3-mthyfuan!61C-1l). Vilsmeyer formylation of C-li with phosphorus

Aoxychloride, and dimethylformamide, according toChadwick, et al.,Q' yele
a mixture of 3-methylfuran-2-carboxaldehyde (C-12) and 4-methylfuran-2-
carboxaldehyde in a ratio of 30:4 (vpc). No effort was made to separate the
4-methyl isomer at this time. Thie formylated product was then converted to
the corresponding hydantoin C-13, %hich, in turn, was hydrolyzed to the amino
acid C-14 by the usual procedure.2Z8/ Catalytic hydrogenation of C-14, yielded
the corresponding tetrahydro compound C-15.

N a i l 3 C 2 ~ U C 2

(Cli30) 2Cu-CH2-I-CH3 + ClCH2VO2CH3 etherH-H -02H

C-6 C-7 c.8

j1400

2400

KCH

13 3
¶ DBa(OH) 2 2 ~

HN R 1500 ( Pd/C 2

Nil 2

C-13' C-14 C-15
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2- (k-Chlorophenyl) -2-cyanotetrahydrofuran (C-25), the intermediate
needed for the preparation of the target compound C-16 and other target
comlpounds C-17 and C-18, has been prepared.

Hl C- 2H H2 CH18 HCHC

Th~e benzoyllact,)te C-21, ni precursor of 4-bromo-4'-chilorobutyro-
phenone (C-24), was Initially prepared by condensation of ethyl p-chlorn-
benzoate (C-19) with ethyl acetate in the presence of sodium hydridek~.2/
followeJ3 by treatment with~ ethylene oxide.20 Since the yield of C-21 wasI low and the procedure was rather tedious, a different method, one involving
a acylatiot) of o-acetyl1-y-bu tyro lac tone~l / (C-22), was then used. The

sodium salt of C-22 was treated wtth p-chlorobenzoyl chloride, C-acetyl-
y-(j)-clhloroben-iioyl)-y-butyrolactone (C-23) was readily obtained, which
could be deacetylated to the benzoyllactone C-21 on treatment with amnioniumi
chloride in aqueous ammtonia. Later, it was found that, for the preparation
of C-21, it is more convenient to use the magnesium salt rather titan the

* sodium salt of C-22 in the acylation reaction. In this manner, the dosired
yii

benzoyllactone C-21 was obtained in satisfactory yield in a single step.

On hteating with hydrobromic acid, the benzoyllactone C-21 wasj readi ly covertedi into 4-bromo-4'-clitorobutyrophanone (C-24), which, on

17



~2 Et 0- '-CHI2CO Et 0

C113(C) 2 "~t _00 -
N ~Nail

-C'~ NaOEt

I C-19 C-20

.0

____=___ 0=ý- (CH2) 3B

CN

-25

Am tratitiet with~ copru. cyanide t boiling beznaccording to thle pro-
Ciiedkr. A tIoI' yielded tile tetraltydrofuran derivative C-25. This prod-

uct wais a clear lI quid-wlien first distilled, but gradually turned yellow.
E~fforts to purity Otis compound by repeated distillation were not quite
successful, as no-correct. elemental analysis could be obtained. Neverthe-

4F ~less, Lit catalytic reduction tin the presence of Raney nickel and Setuicar-
bazidt)-X tile nitrile compotald C-25 was smoothly converted into a semi-
carbaz~on (if tile corresponding aldehyde C-26, wheih was characterized. An

ft effort to prepare Lthe Itydauttin C-27 Erom C-26 by the conventional method
was conducted, but so far no solid product could be obtained. Hydrolyuis of

.4. thle crutdc product U-27 to thle target compound C-16 is being studied.
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Our first 3;ynthetic approach to D-1 involves the addition of aI
quinoline-containing iithio compound D-2 to the carbonyl function of the Al
piperidinyl derivative D-3 (or D-6). The resulting intermediate D-4 should L
be readily converted to D-l through oxidation and cleavage of the two ether
functions, illustrated as follows:

2 CH 2  CH CH3  3l2 j-I 2 K
3 H3 H

" 2 -CH~

+1 H

1:0)

~jo 2 Cu 2  N"

OCRI
COR N1 IlI~r C-1. 1- -Clio) N~

3-IHydroxyniethyl -4-methoxcyquinuline (D-1),I) the intermediate re-
quired for the preparation of the lithio compound 9)-2, was synthesized from
atin ine and diethyl etlioxymothylenemalonate, as shown in thý. following schem~e.

24 t 2"\ /C02EL
Nil .. Ii

ell .

E I L! N Cil

2 3
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3 H3
-Al -Cif OR CH Br

N HBrN

D-11 D- 12

3 C
N -CH3  --- - C

.3

N

Since the desired hydroxymethyl compound D-11 could only be isolated

by columnu chromatography in small quantity by Red-Al reduction of the eater
D-lO, a more practical preparative method was therefore sought. We have

attempted to improve the reaction conditions of this reduction but had little T

succss. invariably a mixture of products resulted, and the desired product
was difficult to isolate. This difficulty is apparently due to simultaneous
reduction of the quinoline ring by the reducing agent. On the other hand,
*lithium aluminum hydride is not so reactive toward this ester group, as the
redu~ction was found to be very slow in ether solution.. In refluxing TRF f ,7

solution the ester group was only slightly reduced after' iday. Because of
this unexpected problem, this route is not. being explored further.

In a modified first approach, which is shown in the following two

schemes, we tried to prepare the aldehyde D-15 by reduction of the ester D-10

I ~~with diisobutylaluminum hydride at -6Oo* or -30%, or with Red-Al at -~~
This reaction also did not succeed and only the starting ester was recovered.:
Apparently thie 3-quinolinecarboxyl group is comparatively unreactive towar4

these reducing agents at low temperature, At higher temperatures these
reagntswould obviously attsack the quirtoline 36/o h~fra

tion of a mixture of products.

21
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D-22

D-16

U CH3  C -1

91? ~~~OCH3tOH 3 SSI

Lu)~

Co~ 0-1
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U-23cn proc ehv ~p~rdi etrd ntepooe
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Et2CN CO t ~CH-CH CID Et,

.( NH9 NC

D -!26

Dowtherm.

C1

-A OCR3  CH2CO2E

NY

D-29' D-28

D3-27

C.

NaH 0H-cog
D-29 (or D-30) + EtO2 C-CH2 ~ - - .~ -

D-31

Conversion of the 4-hydroxy function of the compound D-27 to the
corresponding chioro compound B-21 was readily carried out by the action of

* jphosphorous oxychloride, and the structure of the product was substantiated
1 ~by nmr, However, on treatment with excess sodium methoxide in methanol

solution, the chioro compound D-28 did not yield the desired methoxy compound
D-29. In fact, very little neutral product could be isolated by ether

I extraction. After being a'cidified to pH 5-6, there was formed a little
solid product which showed only weak carbonyl absorption in ir. Similar
results were obtained in several other experiments, including one using

cuprous iodide as catalyst and at higher temperature. 0'n the other hand,
the 4-chloro compound D-28 appeared to be quite stable to methanolysis in
the absence of sodium methoxide, even at temperatures up to 140%.

We have tried to condense a dianion D3-32, which was formed by the
Itaction of two equivalents of lithium diisopropylamide on the hydroxyester

D-27, with the piperidineacetate D-21, but the reaction did not appear to
have taken place. When compound D-27 was added to a '111 solutionl of two

Al 24
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equivalents of lithioisopropylaxnide, a white precipitate was formed. When

this was heated with one equivalent of D-21 at 40-45o for 3.5 hr, the reac-
tion mixture still remained cloudy and, after it was worked un, only the

starting quinoline D-27 was recovered. The insolubility of the dilithio:

i. compound D-32 in THF may presumably be responsible for the failure. It is'

therefore obvious that the 4-hydroxyl function of D-27 should be protected

prior to this condensation. reaction.

OL?

2 LiN(i-Pr) 2  "6 O2Et

i - D-27 D Li
THF N. N

cae D-32

Attempted direct methylation of the 4-hydroxy group of compound

D-27 was carried out in DMF with methyl iodide and potassium carbonate,
in aqueous methanol with the same reagents, and in chloroform with diazo-

methane. These reactions all failed to give the desired methyl ether D-29.

Protection of the hydroxy function as tetrahydropyranyl ether or by trimethyl- A "

silyl group was also studied. These derivatives could not be formed under

nornat reaction conditions, probably due to tautomerism of the 4-hydroxy-

quinoline system.

Subsequently, attempts were made to convert the hydroxyester D-27i
T to the lactone D-30. These experiments were also unsuccessful. The reaction

conditions and results are summarized below:

(1) Boiling D-27 in methanolic hydrochloric acid for 1 day

resulted in the formation of methyl ester (ester exchange).

dyfle(2) Boiling D-27 in methanolic aqueous potassium hydroxide for

1I day followed by addition of dilute hydrochloric acid. The mixture was

V boiled again for 8 hr with the same result above._

(3) Boiling D-27 in concentrated hydrochloric acid for 1. day

results in the formation of a little high molting solid (> 2500) with much

weaker carbonyl absorption in ir.

J41 (4) Boiling D-27 in 507. sulfuric acid for 2 days: sinilar result..

(5) Treatment of D-27 with sodium hydride in .D4F at room tempera-

Lure for 3 days: no product could be isolated at pH 5.

A third approach involves construction of the entire side chain

portion prior to the cyclization of the.quinoline ring. As early as 1946,

,-5 • "



iL waS Shown that 3-alkyl-4-quinolinols could be prepared by alkylation of
anilIijiocrotonats followed by thermal cyciization.3s9 For example, endo-
chin (D-35) was obtained in good overall yield by alkylation of ethyl
ý-(3-meithtoxyauiIiino)crotonate (D-33) with heptyl iodide and subsequent

~thermal cyclization of tile alkylated product D-34.

I~to~: EtOC- -(CU 2)-d11

NC Na, xylene

HC

D-34

D-33 2500L
ID-3

OH

- ~ .AC 2)6 d 3

6I 

(C 
C

N CH3
CH- 03ii 1)D-35

se~wmi~ Us ing oitdochini a. a model1 experimpi s Pit)btefol in

worestuuiod.Tile necessary intermetlintes 1) 384L and wr
prepared accordiig, to tile literature methods. Isonierization of the cis-L Is~~oiiwr totetraps-t.%omer was carried out. at thle keto e stag.i Con
pound 0)-38, whitch contains an Ot-brornoketone, would be a good alkylating

I~~1 j 1 j 1 3 -2CiBO7

11.

V..
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a L-37a (cis)

4 Br2  < -' OHH

"HiiCH 1-CH2Br HBr..HO3

H 0

D-;8a~ -odD-37b (trans)
CH2-CH=CH 2  ic e

CH

C3 O\
OC11 0

'CN C 2-C-CH 2Br 2=
~ LL%~J dH2=CH-CH -

O C 2Et H- 2

0-Gl9 CH~GH2 D-39 D-40

IL! ~D-38b 9

H 2 CH3O0i$N)

HC-CO2Et C2CC

1IC-ONa 0

D)-41 CCthli

Ifo~w a i~u .1 -39 was carried out wl th the sud1o tsalt thl
etvipoiiat 0-38 in toluene at 50-60* for 6 hr and at room temperature for
2 days, a small amuount of an oily product was obtained. Based on its nmrJu &pocetrum$ th -uaac a nttedord product D-40. Whlen the

b. eating the mixture at 100-1100 for I hr, the reaction mixture darkened and

a siumlxir ofproducts (tic) wore formed.

:1ii~Since compound D-38 turned dark rod at 06 in a few days, it was
believed that the aforementioned reaction conditions may be too severe and

fla tower roaction temperature might be useful. Accordingiy. the following
alkylation reaction was attempted*
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H
OCH 3

(N ..... -C-CH2-CH-CO2Et

D-38 + D-41 CH0Oj

0-C 2 -CHCH2

D -42

I, CO Et

0 CO EtbaeCEt C H

*- Et02C 0
-

,CH2- 'C-C I12 " Nd

N Lttt-k 2 IN'C=0

b~-44

D -43

1+

EtLhyl sodioforniylacetate- (D-41) was p~repared in sit byU I stirring equivalent amnounts of ethyl acetate, ethyl formate, and sodium
dispersion in erher at. room temperature for 2 days under nitrogen. An
equivalent amount of D)-38 was then iedded and refluxed for 11 hr, followed
by additon of an equivalent amount of ethyl anthranilate. The mixture,
aftor betirg refluxad for an additional 10 hr. still contained mostly the
starting etityl anthranilate and only a small amount (< 5%~) of an aromatic
c~ompound was Formed, as detected by tl-c (silica gel with fluorescent indicator).
Addition of acetic acid to the mixture and refluxing for 2 hr did not change
the characterintics 'of the reaction mixture. Thle small amount of aromatic
compound *was, 1horefore, not isolated and idenatified.

depitedA modified. third approach we h~ave recently initiated to study is
depitedin the following scheme. We have already prepared 100 S of

3-methoxy-2.methyipyridine. The diethyl acetol of 3-cyanoproponal, t1he pre-
cursor of the other starting material, is commercially available. The
pivotal step in this route will be the base catalyzed cyclizatiou of U-45

to the dihydroquiaoline system D.-46.
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( 1
111. EXPERIMENTAL

N1, oxpiny)14-etneimn (A-3)

A mitxture of 16.7 g (0.1 mole) of 4-nitroveratrole (A-1), 188
(0.12 mole) of 5-diethylamino-2-pentanone (A-2), 100 mg of platinum oxide,I

j ~ 10 ml of acetic acid and 175 ml of absolute ethanol was hydro genated at

b0 psig for 72 hr. The resulting mixture was filtered and the filtrate
evaporated in vacuo to a dark oil. This was distilled to give 22 g (72%.
yield) of a light red liquid, b.p. 147-l52o/0.05 mm; ir: 3400 cm-1 (Nil); tic:

A Rf 0.54 (Al 203-acetone).

Anal. Calcd. for C171130N202: C, 69.34; H1, 10.27; N, 9.52.

Found: C. 69.46; H, 10.51; N, 9.68.

4.-Bromoveratrol.e (A-5)

ofA literatture method.3- was followed. A mixture of 207 g (1.5 mole)

ofveratrole, 267 g (1.5 mole) of N-bromosuccinimide, and 240 ml of CCd4
was placed in a round bottom flask equipped with a reflux condenser pro-

tected by a CaCd2 drying tube, The mixture was refluxed on a steam bath
for 6 hr, then allowed to stand overnight at room temperature. The insol.u-

ble suecinimtide was separated from the dark red solution by filtration and

washed with COI (3 x 60 nil). The combined filtrate and washings were
ovaporated aiid the residiial liquid fractionally dintilled in vacuo to
give 271 S (914"Y yield) of -1)romoveratrole (A-5') as a pale yellow oil,

3 1

4-11rom)-5-nitroveratrole (A.6)

A literature iuethodY' was followed. To 75 ml of concentrated
1IN03 at 10' was added, with stirring, 21.7 g(0.1 mole) of A-5 during 20 min.
Tite temperature rose to 400. Stirring was continued at room temperature

*for 30 min. Tito solution was pou red into 100 ml of ice water and the
resulting mixture stirred for 30 min. The precipitated product was col-
lected by filtration to give 17.2 g (66%~ yield) of A-6, tu.p. 106-110*.
Three recrystallizations gave an analytical sample., m.p. 120-121 (lit6A'

I2.~ 22-124').

Anal. Caled for C8II81104 : C, 36.67; It, 3.05; N, S. 34. Found:
C, 36.89; It, 3.32;AN, 5.26. 1
F[A



B 4-Bromio-5r(5-diethylamhilo-2pefltyl)amino1veratrole (A-9)

A mixture of 1.0.5 g (0.04 mole) of A-6 and 5%. Pt/C in 150 ml of

A benzene was hydrogenated at 30 psig. The hydrogenation was completed in
X ~70 min. Catalyst was removed by filtration, and the filtrate was evapor-

ir o whch hd acharacteristic Nil2 absorption at 3450 and 3350 cm

The rud A-wasmixed with 8.8 g (0.044 mole) of 5-diethylamino-2,2-

dimehoxpenaneand 0.2 g of p-toluenesulfonic acid monohydrate, and

washeaed ithstirring at 160-l65* for 2 hr. After cooling, the

recto mxtr was diluted with 180 ml of Ut2O, washed with 30 ml of

5%NaCO ad 0 l fsaturated aqueous Nlthen dried (KC3.Removal

Of E~o ffodedcrude A-8as a light brown liquid, ir (neat) 1660 cm

Ilie crude A-8was dissolved in 100 ml of absolute EtOil and cooled

to -5 inanice water bath. To the solution was added, in several por-

Litions, 5 g of NaB1l4. The resulting mixture was stirred at room tempera-

ture overnight. It was diluted with 400 ml Of 1120, extracted with Et20
Il (3 x 100 ml) and dried (MgSO4). E~vaporation of the solvent yielded 12 g

of crude A-9as a liquid. Kugelrohr distillation at 80-851/0.3 mmi removed
the lower-boiling component from the product and analytically pure A-9,

9.6 g, was collected at 125-130*/0.3 m. The overall yield of A-9 from A-6I ~was 65%/.

jfl Compound A-9 had the following characteris tics; ir (neat): 3400 cm'

~fl (Nil); tiv: % Ehgg 247 (C 14,200) and 312 nm (e 5,600); nmr (CDCl 3 ): 6 0.96

(611, 1. J= 6 cps, two terminal Ci13 Of the diethyl group), 1.18 (311, ~
J = 6 cps, Cit3 attached to the C-1 of butyl group), 1.36-1.70 (411, rn,

.~ .j protons at C-2 and C-3 of the butyl group), 2.20-2.64 (611, M, three Cit2
protons attachod to the tertiary N), a broad peak at 3.40 (UIt, methine

proton at C-1 of the butyl group) 3.68 and 3.74 (611, stwo 0U11 3 ), 6.22

and 6.88 (211, tL~ aromtatic protons).

Anal. Caled for Cl71I29 1lrN2 02: C, 54.72;, 1U, 7.77; N, 7.51.iiiFound: C, 55.00; 11, 7.95;, N. 7.47.
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f~7p - A'R ,

A -oltitioti of 9 g (0.038 mole) of 2-bromo-4,5-methylenedioxynitro-
benzene (A- 10) in 150 ml of benzene was hydrogenated under 44 psig in a Parr
hydrogenator in the presence of 5%. platinum-on-charcoal. A theoretical amount

of R12 was absorbed after 4 hr. The catalyst was removed by filtration and
benzene was distilled from the filtrate under N2. The residual crude 2-bromo-
4,5-methylenedioxyaniline (A-li) [its ir spectrum had the NH absorption at
3400 and 3300 cm-11 was mixed with 8 g of 2,2-dimethoxy-5-diethylaminopentane L
and 0.2 g of p-toluenesulfonic acid monohydrate and heated with stirring at
l60-105" for 2 hr. Methanol, one of the reaction products, was removed by ;

distillation during the heating. After being cooled, the reaction mixture
was diluted with 200 ml of Et2O. Trhe solution was washed with 5% Na2CO3,

then with saturated NaCl solution, and dried (K2C03). Evaporation of the
solvent yielded the anil A-12 as a light brown liquid. Its ir showed a
medium absorption of C=N at 1660 cm-1 .

The crude anilA-12 was dissolved in 50 ml of absolute EtOH, followed

by portionwise addition of 5 g of NaBl14- The mixture was stirred overnight
at room temperature and excess NaBhl4 was decomposed by addition of 300 ml of
1120. The resulting aqueous solution was extracted with Et2O (3 x 70 ml) and
dried (K2C03). r,-aporation of solvent afforded a dark brown liquid. This
was dissolved in 5 ml Of CHC13 and colutmn chromatographed over 100 g of
silica gel (Woeim, Act. 1) cluting initially with 900 nil of CHC13, then witha
825 oil of 01IC.l1-M~oll (9:1). 'rthe fraction fromt C1C13 eluent contained 1.5 S
of a dark brown Iliquid, which wo.4 a mixture of A- 13 and other impurities.
The fraction friom ClCI-M&4)It contained 6.5 g of A-13, Molecular distillation
of the latter at 110-1150'/0.4 mm gave 5.5 S (40% overall yield) of analytically
purCA-13. ir (ixeat): 3400 (Nil), 2790 cm 1 (0C1-nmr (CDCI3): 609

Jt *1 6 el's, 611, two C113 (of( the ethyl group), 1.15 (d, J3 6 cps, 311, C113
of the I-methylbutyl. group), 1.25-1.70 Qgs 411, two C112 of C-1 and C-2 in the
butyl group); 2.20-2.68 (Lo, 611, three CH2 around the terminal N artom),o 3.12-
ý3.50 (Ln, III, methine proton on C atom), 3.72 and 3.80 (1,11, proton on N atom),
5.72 Ls,~ 211, 0-C112-0), 6.23 and 6.80 (two sj, 211, aromatic 111).

l'ond:Anal. Caled. for C1611251irN 202:' C, 53.78; 11, 7.05; N9 7.84.

To stirred solution of 83 ml (D. 28 mole) of 70%. RED-Al. int
be~u~(Aldrich) and 250) ml of dry benzene utider nitrogen was added,

dur ing 45 mini, it nolutioki of 78 g (0.5 mtole) of 5-diethylomito-2-pentanone
(-2)1it. 150tut kito dry benzene. Tito mixture waq stirred for 4 hr anld tile

syrupy ro*.ction mixture was slowly added. through a dropping futinel, to a
stirred Lee-cold solution of 130 til of 20% soditun hydroxid1e. After 2 hr,
tito upper orgaaiic layer was separa ted and the lower aqueous layer extractedA.
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LI with ether (2 x 50 ml). The organic layer and the ether extracts were com-
bined, dried and evaporated. The residue was distilled in vacuo to give
65 g (Sl1% yield) of A-14, b.p. 87-890/6 mat (Lit,-6/ b.p. 8OV/3 mm

4-Chiloro-N,N-diethtylpentylamine Hydrochloride (A-15)

To a stirred solutioni of b2.5 g (0.4 mole) of A-14 in 160 mil of
cliloro'orm -iti -10" was added dropwise, during 30 min, a solution of 30 ml

I (49 g, 0.41 m~o le) f thionyl chloride in 65 mi of chloroform. The mixture
was allowed Lo wa,...t Lo room temperature overnight. It was then evaporatedII in vacuo to a syrup (La. 100 g). This was shaken vigorously with 250 ml of
ethyl acetate. The resulting solid was collected by filtration and washed

with cold ethyl acetate. There was obtained 55 g (64%/ yield) of crude
A-15,m-p. 85-87'. Recrystallization from ethyl acetate yielded an analyti-

P cally pure sample, m.p. 96-97* (Lit,-I/ M.P. 98*).

6-Nitroquinoxaline (A-17)

~l 11The procedure of Jones and McLaughlin for the preparation of
quiinwxaline- was followed. (;iyoxal-sodiumi bisulfite adduct was prepared
by mixiing 151) tl of 4cPZ glyoxal (1.44 molol (Aldrichi) and 218 g(2.08 mfole)

~ t of sod i thim bstiltite. lit 1,00)0 wl of hiot (600) water antd subsequent heating
of tit%- rt'sult i o solution tit minu 3 tb. Thto hot mixture, which con-
to I nd the precipitated &adducA, wag added to a stirred suspension of 153 g
(I molo) of 4-tit Lro-o-plwenylenediamine (A-16) tind 2,000 tal of hot (70')
wdtor, The rusultfiig mixture was heated at 70" uotil all solids were dis-
solved (Ea. I hr). After cooling to room temperature, 400 g of Na' -3 21120
was ad~ded with stirring. Tito precipitated solids were collected by filtra-
tion and dried. It was dissolved in~ 5.5 liter of 95% ethanol and filtered
white hot. Thto filtrate, on cooling, gave 62 g (35%Z yield) of 6-nitroquin-

C.' - - b- miou p.~x 177A-17. 177)

The meothod of W, so and Brennan- 'was used. At mixture of 41 g
(0.23 wolo) ofA-11, 161 l; of SnC1 2e21120 and 700 mil of ethanol was refluxed
for 5 lr. Thte resulting solution was coticaitra ted toaot10m n

the filtrato extracted with other (4 x 200 tu)addried 00g0 4).- Evapora-
tio olethr ielded a brown solid, which was dissolved in 500 mil of bon-

zoexe. Tito solution was concentrated in vau to 100 ml and chilled to
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afford 14 g (417~, yield) of 6-aminoquinoxaline (A-18) as a brown solid,I ~in.p. 152-l55* (Lit,l/ M.p. 157-l58*).

I I Diethylainino-2 2-dimethoxypentane'-- (A-19)

Aeho streamu of dry hydrogen chloride was passed through a solution of

(12. 8 g (0.4 mole) of 5-diethylaminopenten-2-one in 330 ml of CH30H1 until
14.5 g of 11C1 was absorbed. To the resulting solution was added 50.8 g

(0.48 mole) of1 trimethyl orthoforinate and the mixture was ref luxed forI
30 min. The reaction solution was poured into a beaker containing 800 ml of
saturated Na2(.'(3 solution. The resulting basic solution was extracted with
ether (4 x 200 ml), dried (KC03), and evaporated to give a dark red liquid.I
It was distilled to obtain 46.7 g(58% yield) of A-19 as a colorless liquid,

b.p. 86-89'/3.1-4.0 mi (Lit,J.Q/ b.p. 106'/$ Min).

A better yield of A-19 could be obtained by the use of redistillated
5 -diethyIattniuopent an- 2- one. Thus, 79 g (0.5 mole) of the redist lied ketone

E,~ i n 400 mli Of (11130"1 was saturated with dry hydrogen chloride uti' I tile Solu-A
tion absoiriod 18 it of II10. Trimethyl ortihoformate (63.5 g, (1.6 mole) was
the-n add(-k and Lit ix t~xuro wns ref Ittxed for 30 mini. After overnight standing,
the reoictiosti titixti rIo was potired fi ito 1 ,000 ml of t;attirtted aqueous Na2C()3
wot ittiou anid the' resu1 ti u ml xtirv extracted with Kt,$)o (3 x 400 ini) . The.
E.00t extraict: was dried (KC,03) and evaporated. Distillation of the residue
gr~ive 96.4 g(987. yield) of 5-dlethiylaminio-2.2-dimotbsoxyp~ontante as a color-
less liquid, A.pi4. 73-82'/2.5-3.2 tam.

6- -DfeL n (A-21)

A nixture of 10.9 g (0.075 mole) of 6-aminoquinoxalino (A-18)
20.8 g (0.09 mole) of 5-diethtyl~mdno-2,2-dimethioxypentane (A-19),.And
100) mg of p-toluenesulionic acid manohydrate was stirred andi heated in
an oil bath at 160' for 3 hr. Methanol WAS reMoved by distill~tiowi utrtmg

the react Low. The re~suiting mixture was diluted Wit.'0 ko ~bra'
washed succes,.ively with 50 ml Quell Of 5% NS4C03, water aild naturated
sodium chloride solution. After being dried over K2  0? All�•h~~ouit

19 P a porated tyiladrkred residue; its ir.(ixeAt) hod-a strong-
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Tihe dark red liquid, which contained the intermediate anil A-20,
was subjected directly to sodium borohydride reduction without further

purification, it was dissolved in 270 ml of absolute ethanol and stirred

with 7.5 g of NaBH4 at room temperature for 20 hr. The resulting solution4

was diluted with 500 ml of water and extracted with ether (3 x 150 ml).
The combined ether solution was dried (K2C03) and evaporated to give a

viscous dark red liquid. Its ir spectrum (neat) had a strong NH absorption
band at 3250 ciii- and no C=N absorption at 1660 cm-I was observed. The

crude product was dissolved in 30 ml of chloroform and column chromato-

graphed on 350 g of silica gel (Woelm, Act 1), eluting with CHCI3-MeOH

(4:1). The eluant was monitored frequently during the chromatographic

process by tlc (silica gel, CHCl3-MeOH, 4:1). The first 280 mI-fraction

contained both unreacted 6 -aminoquinoxa line (A-18) and 5-diethylaminopentan-

-2-one. The next 200 ml-fraction (2.2 g after evaporation) contained

mostly the desired product A-21 but was still contaiminated by a smallI iamount of reactants A-18 and A-19. Thle third 2250 ml-fraction, (8.0 g
after evaporation) contained mostly the desired product A-21 but was con-

r taminated by a red material. The overall yield of A-21, up to this stage
of purification, was 47%. The material obtained from the preceding third

fraction was again column chromatographed using alumina (Woelm, neutral,

Act 1, 150 g) as the absorbent and chloroform as eluant. The fractions

prior to Ot, he i t:on of a yell ow band werea dl scatded . 'Fil first 100 til.
f~ract ion ol, the Yellow e hianlt coianiined 4.0 g oF' tile product A-?1 and the

second~ 1)0( ilt- frnctilon Cc)onUi ned 3.0 g of A-21 ; the red material remained

J it, the( coltmin. The recovery of thle desired product fromD the previous chroma-
tographic purification was 95%. The ir spectrum (neat) of A-21 had a
strong N11 absorption at 3250 cm-1. The nmr spectrum (CDCl3 had two

doublets at 6 8.52 and 8.36 (J-2 cps, 2H, protons at C-2 and C-3).
[Assignment of the aromatic protons is based on a comparison with 6-
aminoquinoxaline,' with the assumption that electron density distribution

on the ring of both compounds is comparable3. One doublet at & 7.70

(j 7 8 =9 cps, 1Hi, proton at C-8), a quartet at 7.01 (J7 4'"9 CPS, J5 -7=2.5 cps,
1H, proton atC-7), a doublet at 6.83 0J5-7=2.5 cps, 1ll, proton at C-5),
a multiplet at 3.55 (1Hi, methine proton on the side chain), a multiplet at
2.56-2.22 (6H-, three methylene pr'otons attached to tertiary nitrogen on tile

-side chiaini), a multiplet at 1. 70-1,40 (411, two ilnethylene protons), a doublet
at 1.22 (,J=6 cps, 311, ("'3), a triplet at 0.96 (J7cr,6,tw c3 a h
diethmyl termninal), and twin peak8 at 5.05 and 4.98 (111, NH)

D~istillation of the product obtained from the second fraction
(3 g) usitig the Kugeirbhr D)istillation Apparatus at an over temperature
of 125 + 30 (0.1 mm) gave 2.0 g of analytically pure sample.

AtAtempts to prepare different salts failed to yield any solid

IAnal. Galcd. for C1,1126N4; C, 71.32; It, 9.09; N, 19.58. F'ound-.

C, 71.03; HI, 9.09, N, 19.51.
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2 -Methoxy-4,5-cdinitroacetanilide (A-23)

To a suspension of 84 g (0.5 mole) of 2-methoxy-5-.nitroaniline(A-22)
(Aldrich) in 450 ml of AcOH at room temperature was added 150 ml of AC20
in one portion. The suspension became clear but soon a green solid preci-
pitated whereupon the temperature of the reaction mixture spontaneously
rose to 45'. The mixture was scirred for 30 min and cooled to room tern-
perature with a cold water bath. To the mixture was added dropwise.
50 nil of red fuming HN03 (d. 1.56) in 1 hr. The green solid redissolved f
tjward the end oif the addition. The resulting solution was stirred at

room temperature for another 4 hr, then poured into 2500 mal of ice water.
al" The aqueous layer was decanted and the remiaining paste washed three

tims wthicewaer. Totepste was added 300 nil of MeOH. Trituration
and pulverization of the paste yielded a yellow solid, Ohich was collected
and recrystallized from 700 ml of MeOH to afford 24 g (18%/ yield) of A-23
as yellow needles, m.p. l62-163* (lit,.i.mr.p. 162-163'); ir (KBr): 3380,
1700 cm 1. X EtOH 254 nm (e 16,900).

Max

Anal. Calcd for C H N 06: C, 42.35; H, 3.53; N, 16.47. Found:
C. 42.17; 11, 3. 58; N, 16.27. i

Al6-,Methoxy-7-tcetarniidoguinoxalinie (A-25).

A mixture of 12.8 g (0.05 mole) of A-23 and I g of 10%~ Pd/C in
150 ml of Mioli was hydrogeniated at 40) psig for 90 min. Catalyst was re-

moved by liltitrtion andi the filtrate evaporated to give crude 2-methoxv- .

4,pimnictn d (A2)a noiyrsde which turned dar gree

A-25. Addition of 20 8 of Na2CO3 to the filtrate precipitated anoth~er 4.4 g

of i%-25, TPhe filtrate resulting front the second filtration was extracted
with ellC)C9 (4 % 50 ntl) to obtain still additional 0.4 S of the same product.

Tito total yicld of A-25 was therefore 10.4 g (96%), ta.p. 200'. Three re-
crysal lizaticons front 2-propanol yielded an analytical samlple, m.p. 200';

it: 3300 andi 1670 wn'l (N-acetyl carbonyl). X Et it251 (g396300), 356 una

* (c 4,300 nmr(D4S0-do) 6 2. 21 (34. 4,CC3 7.01 (311t *1, 0(;13) ;7,.41
(111. 9., aromnatic proton), 8.68 (211t A, aromatic protons), 8.78 (1H1, .1, aromatic
pratoo) ,9.00 ('ill, si, Nil).

Aa. Cale~d for C111311IN302: C. 60.83; It, 5,07; N, 19.35. Found: i
I~ U59; 1t .N N, 19.18.
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6-Methoxcy-7-aminoguinoxaline (A-26)

A solution of 4.3 g (0.02 mole) of A-25 in 21 ml of 5N HCI was
refluxed with stirring for 3 hr. Cooling of the reaction mixture in an
ice water bath resulted in the precipitation of a dark brown solid. This
was collected by filtration and washed with a small amount of ice water
followed by a small amount of 2-propanol to give 4.35 g of solid,
in.p. 211-2l3* dec. This solid was stirred with 30 ml of saturated Na2CO3
to yield 4.2 g of crude A-26 as a yellow solid,m-P. l59-l6l*. One recrys-
tallization from 120 ml of benzene gave 2.2 g (63% yield) of A-26 as yellow
crystals, m.p. 162-l64*. Two more recrystallizations yielded an analyti-
cal sample; ir (KBr): 3400 and 3280 cm-l (NH2~

Anal. Calcd for G9119N30: C, 61.71; 11, 5.14; N, 24.00. Found:
C, 61.49; H-, 5.09; N, 24.05.

641ethoxy-ý7,f(5-diethvylamino-2-pentyi)aminol-guinoxaline (A-28)

A stirred mixture of 6.6 g (0.037 mole) of A-26, 9.2 g (0.045 mole)
of 5-diethylamnino-2,2-diuiethoxypentane, and 150 mg of p-toluenesulfonic
acid nwonohydrate was heated at 165-170' for 2 hr. Methanol, which formed
in the process, was distilled during the reaction. The resulting mixture

was cooled and diluted with 200 ml of Et2O, Washed with 30 ml of 5% Na2CO3
and 30 ml of saturated aqueous NaCi. The Rt20 solution was dried (K2C03)

1 and evaporated to give the crude anil A-27 as a light brown liquid; its ir.4.spectrum had a caracteristic C-N absorption at 1660 cm1.
4 ~The crude arnil A-27 was dissolved in 100 oil of absoluted MR~l.

TVo the~ solution, at 0'~, was added.4.5 9 Of Nd"4I in several portions and
the mixture was stirred overnight at room temperature. It was thxen poured
into 500 I'l Of 1120, oxtracted with Rt20 (5 X 100 Ml), dried (MgSO4 ), and
evaporated to give a liquid,. 'list was dissolved in 10 ml Of GlC 3 and

column chtrouit~ographad over 150 g of silica gel (Wooim, Act 1). The mnix-
ture tvig initially cluted With) CIIC 3-MoOOR (9*.1)- The elk'ent waa monitorod

ii t ~~~with tic (0411"a 90l, C11(' -ý'e0Il,:) h frt50mtprin(
Yellow, golution) contained both the starting compound A-27 and the product A-28,1 U together with a crohpounr) which was not identified. The second 2000-ml
portiou, eluted with 011C13.'NO0H (3:1), contained mainly the desired-product
A-2M andý j *lower-hoiling cmpomant related to the starting ketal. Uvapor-
attion of the second fraction and distillaition through the 1Kigearohr D1,s-

tilling Apparittusa t 80-85'/0.3-0-35 vmu, Savo the lower-boiling compottent,
(about 0.8 &).. After raisinig the oven temperature to l1O20.425/0. 3 -.35 wma
.6 g of tho target'eowpottnd A-28 a oletd

V
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- The first fraction of the column chromatographic± eluent was

*evaporaited, Oie residue (4.0 g) again column chromatographed, and its

*sucotnd fraction redistilled as described above, giving an additional
2).0gofA-28. TIhe total yield was therefore 4.6 g (397.); ir (neat):
3420 (NI) and 1620 cm (aromatic 11); uv: X tO 267 (e 24,000) and 388 nm
(~11,800); nmr (CDC13): 6 0M8 (611, t, J 7 cps, two CH!3 at the ethyl

terminal), 1.29 (311, d, J =6 cps, CH! at the 3.-methylbutyl group),

d ~1.46-1.76 (411, mn, protons at C-2 and C-3 of the butyl group), 2.28-2.64
(611, ELI, three CH2 attached to the tertiary N), 3,40-3.80 (111, m, methine
proton at C-1 of the butyl group), 3.92 (3H, s, OCH3), 4.70-4.90 (1H1, rn
NH), 6.85 and 7.13 (2H,s ,aromatic protons), 8.35 and 8.45 (2H1, d,
1 2 cps, heteroaromatic protons).

Anal. Calcd for C181128N40.: C, 68.35>11J, 8.86; N, 17.72, Found:
C, 68.27; Hi, 8.67; N, 17.56.

4-Mehoxy-2-nitroacetanilide (A.30)

A mixture of 252 g (1.5 molce) of 4-metboxy-?-nitroaniline (A-29)
-(Aldrich), 168 g (1.65 mole) of Ac20and 400 ml of AcOH was heated at 1000
on an oil bath until all solids were dissolved. After cooling to room
temperature, the solution was poured into 1,500 ml of ice water. The orange
solid was collected and wa3hed with 1120 and dried in air to give 300 g
(957, yield) of crude A-30. 'N\o recrys tall iza tions from EtOll and H20 gave
an1 analytical-samp1.', M.P. 1160 (lit, am.p. 1.-7)

Ana I Caled for C91110N2(04 : C, 51.43; It, 4.76; N, 13.33. Found,
4 ~ C, 51.33; it, ý4.68;. N, 13.59.

~ 42 -Amino -!4 -tnethoxyy ck tal! I. ide (A-3 1)

at 6-75'for anothor: hour and filtered while h~ot through1 Colite. 'Ili

jilrat ater sandinig ovarighft, deposited 18 g of A-31.as light browni
T1 slidl, 1ie lacksold, wch as clletedon the funnie1 from thte
aforoerntionod hot filtration, W"' mixed w"11 1,000 11l. of 120 and liooted
at 70U-300 with stirring for 30 min. Iliu mixture was again filtered Itot
and from the cooled l iltrate another 27 g of A-31 was collected. Thea
votuh1itid ý etvl wiis 45 g (53%). Th1ree recrystallizations from 1120 gave all
'titilyk ico sam~pW!, t.p. 147"lt 45

411t. C'McId for (141112N 0: C, 60.00; It, 6.67; No 15.55. Found::
C,- iD.2 1 I, 6497, N, 15.61.

lit.~
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4-Methiox y-2-(5-diethylamino-2-pentylemina acetanilide (A-33)

I A mixture of 1.8 g (0.01 mole) of A-31, 2.2 9 (0.011 mole) of 4-
~ Idiethiylaint~no-2,2-dimethoxypentane (A-19) and a few crystals of p-tolueneaulfoflic

j acid was heated with stirring at 160-1650 for 3 hr. Methanol, which
~1 formed in the process of the reaction, was distilled during the heating.

The reaction mixture was then diluted with 100 ml of Et 0, washed with 20 ml

of 50/ Na2CO3, 20 ml of saturated aqueous NaCl, and dried (K2C03). Evapor-

ation of the Et2O solution yielded crude 2-acetamido-5-methoxy-N-(5-
spiectrum.Tis liquntyidnwas stirred with)a 1. lgh of browin 5mlud of a obslue
absorption band around 1660 cm-1 (Cý=0 and C=N-) was observed in the ir

EtOH overnight at room temperature. It was then diluted with 250 ml of
p 1H20, extracted with Et2O (4 x 100 ml) and dried (K2C03)- Evaporation of

U Et2O gave a light brown liquid, which was dissolved in 3 ml of CHC13 and
column chromatographed on 100 g of silica gel (Woelm, Act 1) eluting with

V ~ MeOHi-C11013 (1:3). The first 80-tal portion contained ca. 50 mng of starting
compound A-31;the second 225-ml fraction contained no isolable products and
was discarded; the third lO00-ml fraction contained .1.6 g of liquid, w~hich

Hwas believed to be the crude product A-33 contaminated with a small amount
II of compound related to the starting ketal; ir: 3370 and 3250 cmv (Nil)

and 1650 cm-l (C=O); its nmr (CDCl 3) spectrum had, among other peaks, a
~' ~ 1 . doibie:(.1 6 p)at 6 1.13 for C113 at C-1 of pentyl side chain and ,a

sig at itL6 2.04 for NI-ac'etyl.

Ij 1- (p-ch lorophlonyl) -1,1 -dimethoxyethane (A-38)

1Jt~IA solution of 38.5 g (0.25 mole) of p-chloroacetophenone
(Aldrich), 30 g of trimethyl orthoformate, 0.3'g of p-toluenesulfonlc
acid tionaohydrate and 100 ml of HoORl was ref luxed for 7.hr. The reaction

4 H mixture was diluted with 250 ml of 5% Na2CO3 extracted with Et2o (3 x
100 nil) and iried (k2C03). Removal of solvenL gave a liquid which, af ter

I ~' distillation, gave 26.4 g (53% yield), of the title com ound as a color-
ii less liquid, b.p. 53-54'/0.25 Ymn; ir (neat): 2830 cin (011), no carbonyl.

absorption around 1700 cmr1 was observed; nmr (CI)C1 3):- 8 1.53 (3H1, 2,
C113), 3.23 (611, s., two 0C113), 7.57 (411, d, J -3 cps, aromatic protons).
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and 34 g (01 .oe of ..: -.., .. 80 ml. of1

w. 2-Methoxy-5-nitro-N-(5-phthalixnido-4-pentyl)aniline (A-45)

A mixture of 18.5 g (0.11 mole) of 2 -me thoxy -5 -ni troani line (A-40)

LtMll and 1.8 ml of diisopropylamine was heated in an autoclave at 1300
for 15 hr. After cooling, the mixture was poured into 1120 and made basic
with Naflhl soluition. The precipitated solid was filtered, washed with a

plittle McOll and recrystallized three times from the same solvent. There J

Anal. Calcd for C201121N3 : C, 62,65; H, 5.52; N, 10.96.

Found: C, 62.55; H, 5.49; N, 10.95.

3 3-Ace tamido -N - Q(-ch loro -1-methyl)benzylideneJ -4 -methoxyaniline (A-50a)

* 2-Methoxy-5-niitroanilinie(A-40),7.6 g (0.045 mole), was added to
50 ml of Ac2() With stirring. Yellow crystals of the acetamido, compoundA-48a

rapidly preicipitated. The mixture was diluted with 1120 and the solid
M_ product filtered after hydrolysis of eyxcess Ac2O had been completed.

b T'he crude product was then dissolved in 200 ml of EtO1l and hydrogenated
P at 50 isig in the presence of Pd/C. The reduction was completed In 15 min.

After removal of the catalyst, the solution was evaporated to a sirupy
residue A-4¶ha under reduced pressure. It was treated with 12 g (0.06 mole)

pf j-chloroncLeophenone dimethyl ketal and the mixture was heated /t~tI
155-165' for 20 min, In Lhe presence of 0.1 g of p -toluenes ulfonic acid.
Ihe. solidifiled produ1ct A-50a was triturated with dilute N&OHI solution ad
filtered. It wasi recrystallized from MeOhl and the analytically pure
sample was isolated as yellow crystals, m.p. 1 8 8 -1 8 9 1, (.ý.6 g, 44% overall

Anal. Caled fur C1 I 1 ClNO 2  C, 64.45; H1, 5.41; N, 8.85.
Vound: G, 64.59;*II, 3.28; V, 9.00..

At
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N-[(p-chloro-l-methyl)benizylidenel-4-methoxy-3-(trifluoroacetamido)aniline (A-50b)

To a solution of 3.4 g (0.02 mole) of 2-methox-y-5-nitroanili~ne
(A-40) in 30 ml of pyridine was added portionwise, with cooling, 3 ml of

(CF3CO)20. After being allowed to stand at room temperature for 15 min,
the mixture was diluted with 100 ml of H20 and the yellow solid product
A-48b collected by filtration. It was hydrogenated over Pd/C in 100 ml of
EtOH to 50 psig for 15 mtn. The catalyst was removed and the solution
evaporated to dryness under reduced pressure. The residue A-49b was heated
with 4 g (0.02 mole) of p-toluenesulfonic acid at 1550 for 10 min. The

solidified Product was triturated with dilute NaOH and filtered. It was
recrystallized from MeOll as pale yellow needles, m.p. 150-152* (3.7 ~
50Z yield), ir; 5.8, 6.1 ti.

U Anal. Calcd f'or Cl7Hl4C1F3N202: C, 55.07; Iio 3.81; N, 7.56.
Found: C., 54.78; HI, 3.75; N, 7.37.

4-Methoxy-2 -nitro-1-tifluoroacetanilide (A-52)

To a stirred suspension of 33.6 g (0.2 mole) of 4-methoxy-2-

nitroanilineA-51 *(Aldrich), 56 g of anhydrous, Na2CO3, and 1,0 lo
anhydrous Et20 t1*w4 de dropwise 56m f(CF3CO)20 i 5 lo
Et2O in 1 hr. The mixt~ure was stirred at room temperature for another
2 hr. 'Me solid was removed by filtration and the filtrate was washed
with 1120 (5 x 200 ml.). After drying (MI&SO 4) and evaporation of Et 00
compound A-52, (44 g, 85% yield) was obtained as yellow needles. Three
recrystallizations from EtOll g~ave an analytical aample,'m.p. 89-95';
it- (D1r): 3320 cm4 (in ) 1X2 cmt(O) u: 236 (9 21,400)
and 340 noti (e 3,600).

Pound: .ji1l. Caled for VO9117V3N04 -C, 40.91; 11, 2.65; N, 10.61;

2 -Amino -4-mathox -l-trifluoroagotanilide (A-53)

A solut~ion of 14.2 9 (0.054 mole) of A-52 in 200 ml of benzene

was h~ydrogenated In the presence of 0.6 g of 5% Pd/C under 40 psig off
q: .112 for 2 hr. Catalyst was retwved by filtration through Celite and the

filtrate was evg~porated to give A-53 as a pale yellow solid (12.2 gs 94%

yield), tm.p. 90-95*. 1Three recrystallizations from benzene gave an
.~~ F. aalytical sample, m.p. 104-1129% ir (K~r): 3980, 3390g 3240 c'l 1 (Nit),

fi 1710 cw 1l (G-0).

Anal. Calu r C9 H9F3N202 : G, 46.15; 11, 3.85; N, 11.96.
Votinwd- C, 46.30; 11, 3.81; N. 11.88.
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N- (4-Anisyl ) -.-toluenesulfonamide L
To a stirred solution of 12.3 g (0.1 mole) of p-anisidine in

25 inl of (try pyridine was added portionwise during a 10-mmn interval
19.0 g (0.1 itole) of recrystallized tosyl chloride. The resulting mixture
was heated at 100'~ for 3 hir. It was cooled and poured into 400 ml of A

cold water. After standing I hr, the precipitated solid was collected by
filtration and dried to give 22 g (80% yield) of crude product, m.p. 109-110'
(lit.$AL' m.p. 114'). The product was used for the preparation of the
nitro compound A-69 (see Method B underA-69) without further purification.

N-(4-mnethoxy-2-nitrophenyl)-p-toluenesulfonamide A-69)

Method A. To a stirred solution of 16.8 g (0.1 mole) of 2-nitro-
.2-anisidine (A-51) in 50 ml of dry pyridine was added portionwise 19.0 g
(0.1 mole) to tosyl chloride (recrystallized from CHC1 -petroleum ether)
during 10 mint. The mixture was heated at 110' for 3 hr, cooled, and poured,

with stirring, into 400 ml of cold water. After I. hr of stirring, the
resulting solid was collected by filtration and recrystallized fromt 200 ml L
of methanot to give 25 g (78X. leld) of A-69 as an orange solid, m.p. 98-99'

Anal. C~alcd. for C14H14N205S: C, 52.16; H, 4.38; N, 8.69. Found:

C, 51.90; It, 4.43; N, 8.48. i
4 14 l ofMethod 11. To a stirred mixture of concentrated nitric acid and

14 ilofacetic acid at 50 was added a solution of 27.7 9 (0.1 mole) of
t4(4-aniisyl)-,L-tolueniesulfoniamiide in V~ Wl of acetic acid. The mixture was

stirred at 50 for 2I hr, after whichi the solid was collected by filtration, I
washied with water, and dried to give 21 g (65% yield) of A-69, in.p. 99-100'.
Its ir was identical with that of the product obtained by Method A.

*A mixture of 33.6 g (0.2 mole) of 2-vittro-p-anisidine (A-51) in a
solution of 0o nit of concentrated 112-S0 nil 200 ml of water was stirred at

5 11 o this was added a solution of 14 & (0.2 mole) of NaN02 in 40 ml of
water. After 2 hr Lthe mixture was clarified by filtration and the filtrate
added to a boiling mixture of 200 ml of weter, 13 g of CuSO4 , 31 g of Na~r,
and 4 g of eliectrolytic copper powder. The resulting mixture was boiled
with stirring for 30 tamn, cooled, and exti~acted with ether (3 x 100 ml).

.The ethier extract was washled with water, dried, and evapo-rated. The remain-
ing dark ret~idue was distilled at 120-123111.5 mm to give 23 9 (507% yield)
of an ora~do liquid, which solidified on itanding, m.p. 320 (lit. pli' m.p.. 321).

42H
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N- (3,4-Dimethoxyphenyl-p-toluenesulfonamide (A-74)

L~The product was prepared from 0.1 mole of 4-aminoveratrole by
essentially the same procedure as that used for the preparation of N-
(4-anisyl)p-toluenesulfonamide; the yield of A-74 was 847., m.p. 135-136.
(recrystallized from MeOH) (lit.,4 m.p. 139*).

Anal. Calcd. for Cl5Hl7N04S: C, 58.61; H, 5.68; N, 4.56. Found:
i C, 58.85, H 5.60; N, 4.68.

LI N~-r4. 5-Dimethoxy-2-ntophnl-p-toluenesulfonamide (A-75)

To a stirred mixture of 23 g (0.075 mole) of A-74 in 50 ml of
AcOH at 150 was added a solution of 8.6 g of concentrated HNO3 and 11 ml
of AcOH. After stirring overnight at room temperature, the solid product,

Ii which separated during the reaction, was collected by filtration. It was

washed with water, dried, and recrystallized from toluene to give 12 g
(467. yield) of analytically pure A-75, m.p. 197-199* (lit.,45/ m.p. 203-2040).

[: II Anal. Calcc for ClH16N20 6 S: C, 51.13; H, 4.58; N, 7.95. Found:
C, 51.29; H, 4.76; N, 8.00.

4-Bromoveratrole (A-80)o

A mixture of 69 g (0,5 mole) of veratrole, 80 ml Of CC1 4 , and 84 g
(0.5 mole) of N-bromosuccinimide was refluxed for 6 hr. It was cooled and

filtered thruglh a sintered glass funnel. The filtrate was evaporated

under reduced pressure and the residue distilled at 102-109*12 mm to give
93 g (867• yield) of A-80 (lit.,-4/ b.p. 117-1200/5 mm).

4-Bromo-5-nitroveratrole (A-8)0

To 70 ml of concentrated 11N03 at 10" was added, with stirring,
21.7 g (0.1 mole) of A-80 in 30 ml of AcOH during 20 min. The temperature
of the reaction mixture rose to 400. It was stirred for an additional
30 miin and poured into 100 ml of ice water. The resulting mixture was
stirred for 40 min and the separated solid product was collected by filtra-
dion. T•is was washed well with water and dried to give 20 g of A-81,

m.p. 119-121*. Recrystallization from ethanol gave 17 g (65% yield) of
1] pure A-81, m.p. 120-121* (lit.,L7/ m.p. 1230).
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4,5-Dinittoveratrole (A-82)

k ~To a stirred mixture of 138 g (1.0 mole) of veratrole in 200 milq

of AcOll at 150 was added 68 mil (96 g) of concentrated HN03 during 30 min.

The temperature during addition was kept below 400. After stirring for

15 min, 300 mil of fuming H1N0 3 was added during 30 min and the temperature

was kept below 30'. The resulting mixture was stirred for 2 hr and poured

into 2,000 nil of ice water. The separated solid was collected by filtration,

washed well with water, and dried to give 210 g of A-82, m.p. 120-122'.

Recrystallization from a 3:2 mixture of ethanol and 2-butanone gave 180 g

(80% yield) of pure A-82, m.p. 1l25-126- (lit.,L81 m.p. 130-132*).

4. 5-Diaminoveratrole Dihydrochloride (A-83) i
A mixture of 18 g (0.08 mole) of A-82, 200 mil of absolute ethanol,

and 0,5 g of 5% Pd/C was hydrogenated on a Parr Hydrogenator at 65 psig.

After 5 hr the required amount Of HR2 was absorbed. The reaction mixture

was heated to almost boiling and filtered. To the filtrate was added a

calculated amount of ethanolic HC1 followed by addition of 100 ml of ether.

The hydrochloride salt was collected by filtration and washed with ether

to give 14 g (74%/ yield) of A-83, m.p. 264-265* dec.

5.6- 1)imethioxybenz imidat~o1e (A-84)

V A stirred mixture' of~ 12 g (0.05 mole) of A-83 and 70 ml of 98% (
"1C0211 W-1` ret Iuxed for 2 hr. It wtus cooled tit 0" and neutralized with

concentrated N114011. The resni ting solid was collected by filtration, washed {
with ethaniol , and dried to give 5 g of an orange solid, m.p. 180-182%.

Recrystallbiation once from 2-propanot and twice from acetone gave 2.6 g

(29% yield) of pure A-84 as a white solid, m.p. 184-l85o (lit.,A/ m.p. 179-

1830).

Anal. C~alc4. for C91110N202: C, 60.66; H., 5.66; N, 15.72. Found:

C, 60.22; 11, 5.52; N, 15.29.

Attempted prepairation of A-84 by refluxing 9.6 g of A-83, 50 ml

of triethyl orthoformate, and 50 nil of AC20 gave 6 g of a tan solid,
im.p. 178-180'. its ir showed strong carbonyl absorption at 5.8 it but no

Nil absoprt ion..
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LI 4-fl(5-diethiylamino-2-pentyl)aminol-5-nitroveratrole (A-77)

H A mixture of 11.4 g (0.05 mole) of 4,5-dinitroveratrole (A-82)
and 8.7 g (0.055 mole) of novoaldiamine(A-19) was stirred and heated
slowly to 850 under nitrogen, at which temperature the reactants became
one phase. After the mixture was maintained at 850 for 1 hr, it

was heated at 110-ll5* for 6 hr and cooled. The thick, black syrup wasL
diluted with 75 ml of EtOAc, charcoaled, and filtered. The filtrate was
evaporated to a syrup and diluted with 15 ml of benzene. This was chromato-

graphed through a silica gel (MCB) column. Elution with petroleum ether
recovered 2 g of starting material A-82. Continued elution with benzene

IR: 3.0 P (UH), 6.1 11, 6.3 P, and 6.6 pi. UV: ,120 m( 840
and 324 tim (e 8,100). NMR (CDC13): 6 1.0 (tt J 7L~, CH2CH3), 1.32

(d, 7H, d-CH3), 1.48-1.87 (Mn, CH2), 2.5 ~ 6 Hz, CH2-CH3),I 8.46 (broad, NH).

A N-(4-Bromopentyl)phthalimide (A-87)

I~ I A mixture of 25.3 g (0.11 mole) of 1,4-dibromopentane, 18.5 g
l~ (0.1 mole) of potassium phthalimide, and 75 ml of acetone was stirred and

..1* I Jrefluxed for 20 hr. It was filtered and the filtrate evaporated and
~~ distilled. There was obtained 18 g (60% yield) of A-87, b.p. 154-1.56'/0.05 MOI

N-Chloroacetyl-l,L.-leucine (B-2)

A sustpension of 50 g (0.38 mole) of D,L,-leucine (B-I, Aldrich),1 85 9 (0.70 wole) of chioroacetyl chloride and 500 ml of EtOAc was refluxed

a.I witi~ stirring for 40 min until all solids dissolved. The reaction mixture
was poured into an evaporating dish and evaporated under a stream of air to

j I yield 79 g of a light yellow solid, m.p. 90-115%. Two recryst'"allizations
from EtOAc gave 52.5 g (67% yield) of analytically pure B-2, m.p. 134-136*i~~~ 1 ~(lit -.m.p. 1420); ir (KBr): 3350 cra1 (NH), 3600-2300 cm1  croyi
011), and 1710 and 1620 cm" (two C-0).

I Anal. Caled. for C8Ill4ClNO3: C, 46.27; Ill, 6.80; N, 6.75. Found:

*C, 46.47; 11, 6.99; N, 6.79.
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4-Isobutzylidente-2-methyloxazol-5-one (B-3) i
A stirred mixture of 40 g (0.19 mole) of B-2 and 60 ml of Ac2O

was heated at 60' for 90 min. Excess Ac2O was removed under reduced pressure
and the residual liquid was distilled in vacuo. The fraction collected at
55-560/0.45 mm (,it. 21./b.p. 68-690/0.l5 mm), 15 g (52% yield), was the
expected product; ir (neat): 1800, 1690, and 1640 cm-1; nmr (CDCI3): 6 1.11
(d, J b 6ups, 611, gem-dimethyl), 2.06 (s, 3H, methyl gp on C-2), 2.92-3.34
(Ili, 111, methine proton), 6.31 Jd -1 10 cps, Ill, vinyl proton. The product
was unstable on standing.

N-Acetyldehydroleucine (B-4) .

A mixture of 10 g (0.065 mole) of the oxazolone B-3 and 24 ml of
H120 was kept at 00 overnight. The precipitated solid was collected by fil-
tration and dried in air to give 8.0 g (72%. yield) of crude B-4, m.p. 145-
1520. Recrystallization from EtOAc gave 6.4 g (58% yield) of analytically
pure B-4 as white crystals, m.p. 152~I3 (1it,/ 1np 5-5~) r(~)
3280 cm-1 (NBl), 3500-2300 cm-1 (carboxylic OH), 1700 cm (CO), and 1660 cm-1

(CO) ; nmr (DMSO-d6): 6 0.97 (A, J =6 ups, 611, gem-dimethyl), 1.94 (E, 3H1,
methyl group of CIH3CONH), 2.28-2.80 (2!, methine proton), 4.88 (E, water peak), *

* ~6.2d Q~, J = 10 cps, 111, vinyl proton), 8.86 (a, 1H1, NH).

Anal. (:alcd. for V81 13N03 : C, 56.13; H1, 7.65; N, 8.18. Found-,
*C, 55.81; 11, 7.79; N, 8.21.

J, ~N- (.L-Chiloro~bentzoy )-D,I,-thtreonine (11-6)

Thea method of preparation of hippuric acidL31was followed for the
pr~en j~rearation. To a stirred solution of 25 & (0. 195 mole) of DL

threonine (11-5) hemihydrate in 125 ml Of 1120 was added simuzltaneously,
through two dropping funnels, 27.4 ml ofL)-chlorobenzoyl chloride and 16.5 &
(0.4 moole) of Na0II in 80 ml Of 1120 in a period of 1 hr. The addition was
kept at such a rate that the reaction mixture remained slightly basic and
the temperature was below 270 throughout the reaction. The resulting mix-

*ture was stirred at room temperature for another hour, then acidified with
*25 ml of concentrated lIIC. The precipitated solid was collected by filtra-

tion, washied with 1120 and dried in air to give 48 g of crude B-6, m.p. 170-
180' due. Recrystallization from 120 ml of 40% MtRl gave 43 g (86% yield)
of pure B1-6 as white crystals, m.p. 170-I71* dec. Thie structural assign-
wuent wsbased on its ir spectrum, whichi had a characteristic carbonyl absorp-
tion for carb~oxylic acid at 1710 cm 1I avid carbonyl absorption for amide at
1640 cui' anu 1530 cm" 1 .

a ~Anal. Caled. for C111112C1N04 : C1, 51.27; it, 4.69; N, 5.44. Found:
C, 51.03; 11, 4.63; N, 5.24..
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. 2-(p-Chlorophenyl)-4-ethylideneoxazol-5-one (B-7)

The 24/The method of Carter et al.-- for the preparation of unsaturated
azlactone was followed. To a solution of 25.7 g (0.1 mole) of B-16 in 200 ml
of anhydrous pyridine at 0* was added dropwise 26 g (0.2 mole) of benzoyl
chloride in 30 min. The reaction mixture was stirred at 0' for an additional
40 min, then poured into a mixture of 200 ml of concentrated HCl and 800 g
of ice water. The resulting precipitate was collected by filtration, washed
with ice water, and dried in air to give 33.5 g of crude B-7 as a white solid,
m.p. 110-137'. Recrystallization from 110 ml of MeOH gave 18.5 g (84% yield)
of pure B-7 as white needles, m.p. 154-156%, ir (KBr): 1790, 1670, and 1590 cm 1;

nmr (CDC1I 3 ): 6 1.20 and 1.30 (two doublets with a ratio of 4.5:1, J - 8 cps, A
31, methyl group), 6.68 (q, J = 8 cps, IH vinyl proton, a small peak was also
noticed at 6.88), 7.40 and 7.96 (an AB pattern of two distorted doublets,

J 10 cps, 411, aromatic protons).

Anal. Calcd. for C~lH8ClNO2: C, 59.60, H, 3.64, N. 6.32. Found:
C, 59.40, H, 3.81; N, 6.12.

2-(p-Chlorobenzamido)crotonic Acid (B-8)

A stirred mixture of 12.4 g (0.05 mole) of B-7 and 100 ml of
IN NaO1i was heated at 60-700 until all solid dissolved (ca. 40 min). The
rcsulting solution was cooled in an ice-water bath and acidified in SN UIM.
The precipitate was collected by filtration, washed with cold water and dried
in air to give 12.5 g of crude B-8, m.p. 200-205* dec. Recrystallization from 3 -
400 ml of EL!OAt gave 5.5 g (467% yield) of H-8 as white crystals, m.p. 213-
215' dec.j ir (KBr): 3250 cm'! (NH), 3600-2400 cm'l (carboxylic OH), 1690 cm" 1

(CO), and 1650 Wm1 (CO).

Anal.. Calcd. for C1 11 0MCN03 : C, 55.13; H, 4.21; N4, 5.85. Found:
. C, 55.09; 11, 4.17; N, 5.87.

2 -Tettrahtd1o tiiophenemethanol (C- 2)

To a stirred, ref•uxing solution of 77 ml (0.26 mole) of 70%'
RED-AL Lit benzene and 75 ml of ether was added a solution of 27 g (0.17
mole) of ethyl totrahydrothiophenecarboxyLate (C-1a) in 175 ml of ether
during 30 min. The mixture was stirred for 2 hr and excess reducing agent
carefully decomposed with a solution of 13 ml of concentrated sulfuric
acid ir 50C ml of water. The resulting reaction mixture was diluted with
250 ml of metianol and ref uxed for 10 min. Tih insoluble salts were
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removed by filtration and the filtrate was concentrated to a small volume.

To this was added 100 nil of ether. The mixture was again filtered and the

filtrate dried and evaporated to an oil. This was subjected to fractional
distillation and the initial fraction (8 g) was collected at 71-85*/155 nsa.

A glc-nmass spec determination revealed that the liquid was a mixture of

three components, none having a molecular ion higher than 102 (the mole-

cular weight of C-2 is 118). The next fraction, collected at 120-122'/

30 mmi was found to be the desired methanol C-2. This preparation will

be repeated for thle synthesis of compound C-5.

This Compound was prepared according t~o tile literature method-~

with tile Loitowing modification: Sodium hydride and a catalytic amount ofA
ethanol was used as a base instead of sodium niethoxide for thle Darzen's

glycidic ester condensation. Thus, one-third of a solution of 4,4-dimethoxy-

2-bUtanone (132 g, I mole) and methyl chioroacetate (174 g, 1.6 mole) was

At added to a stirred mixture of 77 g of sodium hydride (50%~ in mineral oil)
in 800 mil of anhydrous ether at -5'. To this stirred mixture was then added
1.5 nil of 'absoluto ethanol and thle temperature of the reaction mixture was

A ~allowed to rise to 101) to efiect thle reaction. The course of thle reaction
was followed by measurement of hydrogen evolved. 'rthe reaction temperature .

was maintained below 1U' so that the reaction could be kept under control.
When tile evolution of hydrogen slowed, thle remtaining two-thirds of thle
solution of 4,4 -dint-thoxy -2 -butimnoe and methyl chloroacetate was added
dropwise into tho Mixture during *2 hr. Thto resulting mixture was stirred
a t r~oom t%,nperature for () hr and allowed to stand overnighit. It was 'acidi-
tied with 2W. acetic acid and thle organic layer was separated. Thle aquie-
ous laver was extracted with ether 03 x 200 ml). The combined ether ex-
tracts andtilte organic layer were dried over muagnesium sulfate-, evaporastion
of ether gavi- a d.)rk brown liquid. ThIAN was distilled at anl oil-bath tow-
peratnee of 140" and two fractions of colorless liquid were collected,

*The first 8-_g fraction,. collected at 65-95'1/3-4.5 iMi, consisted of ttethyl
3-snetltylfuroat~e (C-9) and unrearrauged glycidie ester C-8 in a I I ratio,
as shown in thle nmr spectrumt the secontd 73-g fraction, collected at 103*/

A 4.5-8 iwn, contained 67% (it tile desired ester (A9. Riedistillation of thle
first fractioti with 5 drops of acetic acid gavte 4. 2 & of pure mathyl

*3-metthylfurvate (C-9), b.p. 90014.5 iwi (Lit,-~ h.p. 72-78018 MM);' usafr
~C1)C3~:6 2.35 (,311, Clitl, 3.90 (~311, O(113), 6.42 (Ai, J 2 cps, Ill,

* haromatic protonu at C-4). 7.55 (4, .i1'2 cps, W1. aromatic proton at. C-5) ir
(neat): 1710 em'l (CEmfl. since rdiLillation of thle tirs4t fraction did

not wncrease tho yield of pure C-9, tile second frAction was not redistilled

A Tile overall yield of C-9 throughi thle condenisation, and rearrangement roac-
tioat was 531..



3.-Iethyl-2-ftirol.c Acid (0-10)--

Tile s-econd traction of the aforentfentioned disti~late, which was

estimavted to 'iontain'50 g (0, 35- mole) of the ester C-9, was refluxed and

11 stirred with1 170 ml of 20%! sodium hydroxide for 3 hr. After being cooled

to room Veteperature, the reaction -mixtute wss extracted with ether (2 x

1(0) ml) inid the remaining aqueous* solut-ion acidified with concentrated

hydrochlo'cic acid to yield a solid. This was collected by filtration,
washied with 'water and dried at .750 in a vacuum oven overnight. There

was obtained 40 g (90%~) of C-10, ai.p. 127-1280 (Lit,26/m.p. 134-13511).
An analytically pure sample was prepared by sublimation at 600/0.1 mm,
M.P. 127-1280.

Anal., Calcd. for C H 0: C, 57.14; H, 4.76. Found: C, 56.85;

11, 4.84.

3 -Methylfuran (C-11)

A mixture of 76 g (0.6 mole) of C-10, 13.5 g of copper dust
(electrolytic), and 150 nil of quinoline (distilled over BaO) was stirred

and heated to 2400. The product, 3-methylfuran (C-Il), was allowed to
distill through a 30-cm Vigreux column. After 3 hr of heating, 43 g of
ýC-1l was collected. Redist~illation of the product afforded 42.5 g (877,

yield) of pure C-1l, b.p. 66,5-68.50 (Lit,L6/b.p. 65.5-66*), rnmr (neat)

6 1.9 (i, 3H, C"3), 6.2 (E, 1Hi, aromatic proton at C-6), 7.2 and 7.3 (two
~. .~'~ s,21t,' aromatic protons at C-2 -and C-5).

:14 S.zfurau-2-carboxaldehy~de(C-2)

A literature method /-was followed for the preparation of this
compound. Thus, 42 g (0.51 mole) of C-il was added dropwise to a stirred

.4, solution of 107 g of phosphorus oxychioride and 51 ml of dry dimethyl-
formamide at 01 during 70 min. The resulting mixture was stirred between
2-10' for an additional 50 min and allowed to rise to room temperature.

It was then stirred at room temperature for another 40 min follo!4ed by

P heating on a water bath (38-4011) for 20 min. The reaction mixture was poured,
with stirring, onto 600 g of crushed ice and the resulting mixture neu-
tralized with 185 8 of sodium carbonate, The mixture was extracted with
ether ( t x 400 mlt + 3 x 200 ml) and the ether extracts were Combined and
dried (M84) vaporation of ether and distillation of the residue 9 ave

44. g 80%yied o acolorless liquid, h.p. 77.5-80.5~'/7 Ilum (itLT
b.p. 58-60"/ Ii ms),which contained the desired 3*:uethiylfuiratn-2-carboxatIdehiyde
(C-12) the isomeric 4-methiylfurani-2-carboxaldehiyde, and an imipurity ill a

ratio of 30,4:1, as described in the literature..i/ Its ir spectrumt alhowed

"Y , ~ an aldehydic C-H stretching band at 2780 cm-1 and a carbonyl band at
1680 CL1 ,-1 No further work was done to determine its composition or to isu-
late the desired aldehyde C-12, The liquid was used directly for the next

reaction.
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S-(3-MethyL 2-furyl)hydantoin (C-13)

A solution of 26 g (0.24 mole) of the aforementioned distillate,4. 76 g(0.95 mole) of ammionium carbonate and 400 ml. of 60%~ aqueous ethanol.
was heated, with stirring, on a water bath at 5Q0 for 10 min. To the

solution was added a solution of 16.2 g (0.25 mole) of potassium cyanide
In 35 ml. of water and the resulting mixture stirred at 50-55* for 12 hr.
Most of the ethanol was then evaporated and the remaining aqueous solu-

tion was cooled to room temperature. This was extracted with ether .L

W: ~ (3 x 100 ml). The aqueous layer was cooled in an ice-water bath and acidi- V
fied with 5N hydrochloric acid to yield 25.5 g of a brown solid, m.p. 118-1
1230. The latter was dissolved in 40 ml of boiling 40% aqueous ethanol,',
decolorized with 0.5 g of activated charcoal, filtered and cooled at QO

for 2 hr. There was obtained 20 g of yellow-brown crystals, m.p. 130-.134*.
The solid was dissolved in 60 ml of acetone and column chromatographed V
over 100 g of silica &el, eluting with chloroform-acetone (3t!). The fi.rst
900-mi fraction was found to contain 19.5 g (46% yield) of the hydantoin
C-13, m.p. '140-142*. Two recrystallizations from 50%. aqueons, ethanol yielded
an analytical sample, m~p. 143-144'; ir (KBr): 3400, 3300-2900 cm-1

(broad), 1770-1670 cm4

Anal1. Ca lcd. for CUI N0 C , 53.33; N,.4.44; N, 15.55. Found:
C, 53.62; it, 4.3b; N, 15.53. 823.. 4

2-Amino-2-(3-metlhyl-2-furyl)acetic Acid (C-14)

in a 31)0-ml steel vessel was placed 42 g (0.15 mole) of Ba(011)2 -

81120, 220 ml of water and 17 g (0,095 mole) of C-13. The container wa
jsealed and heated to l50* in 6 1hr and manintained at that temperature for

2 hr. After cooling, the reaction mixture was transferred to a beaker by
rinsing with 180 ail of water, The resulting mixture was heated at 6O0 fot
90 min to remove excess anuixonia. The mixt~ure was filtered, the filtrate
acidified with 5M sulfuric acid to pH 6 and the precipitated barium~ sul-
fate removed by filtration. Thie filtrate was then evaporated invau
to yield a whito solid residue. Recrystallization of the solid from 70%,
aqueous ethanol gave 7.1 & (48% yield) of the amtino acid C-14, alp. 181-
1851 dec. An additional rocrystallization from the samcn solvent yielded

an analytical sample, t-.p. 1800 dec, ir (KBr) 3500-2300, 1650 cm-1.

Anal. tCiled. for C7119NO3: C, 54.19; It, 3.81; N, 9.03. Found.,tý

C" 54.47; it, 5,67, No 9.02.



B 1..W'.

K 2-Aminuo-2-(3-miethyl-2-tetrahydrofuiryl)acetic. Acid (C-15)

i To ai Solution of 5.g (0.03 mole)'of C-14 in 200 ml of 407%
V.aqueous etiaivo1 was added '1,.2 g'f17 dC he mixture was hydrogen-

ated 8t 30 psig for 24 hr. The catalyst was removed by repeated filtra-
tion through Celite and the clear filtrate evaporated in vacuo to yield a

I '-- white solid. Recrystallization from 70.mi of 857% aqueous ethanol gave.
1.0 g (20%/ yeild) of the'reduced amino acid C-15 as cotton-like crystals,
m.p. 20.5-2060 dec. An additional recrystallization afforded an analytical,..

LJ sairple, m.p. 207-208* dec; ir (KBr)': 3~550-3250, 31510, '3050-2300. and.

1620 cmf.'.'.

Anl Cld :'*::in::7:f:2: :ef- C, 52.83I~j.3; N, $8.81> Found-,I

C,5.4 HI, 83;N .2

The mother liquor was concentrated in vacuo to 20 ml and chilled

m.p. 207-208'. Although temelting point of a mixture of two pout

4]was not depressed, the ir spectrum of the second product was differentf

~1j Vfrom the first one; ir (KIW): 3550-3300, 3300-2300 and three strong absorp-
tion bands at 1660, 1580 and 1490 c-m'. Both products gave positive nim-
hydrin tests. The second product, 0.6 g, has not yeý been identified.

V IEthyl i'-chlorobenzoylacetate (C-20)

KA mixture of 92.5 g (0.5 mole) of ethyl p-chlorobenzoate (C-19)
$1and 48 g (1 mole) of sodium hydride-mineral oil dispersion in 500 ml of

benzene was heated under ref lux for 1 hr. Ethyl acetate (44 g, 0.5 mole)
was then added dropwise, with stirring, over a period of 30 min. Heating

. ~was continued for 5 hr, as the reacti~on mixture was gradually getting
4iilich. IL waS thoroughly cootled and treated with a methatiol-ether mixture

to decomupose excess sodium hydride. The mixture was cautiously poured over
.. cruished tee, with stirring, and acidified with 120 ml of acetic acid. After

the precipitated solid (p-chlorobenzoic acid) was filtered, the benzene
layer was separated from the aqueous layer and the latter extracted with

ether. The combined organic layer wa4 washed with water' cooled and fil-
tered once more to remove residual p-chlorobenzoic acid. - Solvent Was re-

it . oved from the filtrate by distillation and the residue was distilled
in vacuo to afford 45.5 S (43%. yield) of ethyl p-chlorobenzoylacetate
(C-20) as a colorless oil, b.p. 110-115*/0.8 mm.
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ct-(p-chlorobenzoyl)-y-butyrolactone (C-21)

Method A fI

ro a cooled (ice bath) sodium ethoxide solution prepared from.V
* 14.3 g (0.62 g atom) of sodium and 500 ml of ethanol was-added 143 g
* (0.62 mole) of ethyl pR-chlorobenzoylacetate (C-20), with stirring, over a

period of 30 min. It was followed by 32 g (0.73 mole) of ethylene oxide.
The ice bath was removed and the reaction r~ixture stirred at room temper-
ature under a Dry ice condenser for 3 hr. The reaction mixture was poured
into water (300 ml) and neutra~lized with dilute sulfuric acid. After 2

44 days, long white needles were formed and were collected by filtration
(30 g, 217% yield), m.p. 68-70'~. Itiwas recrystallized from benzene,

Anal. Calcd. for C,19C0 (224.63): C~ 5..S.31; H, 4.04. Found-
(2, 59.06; it, 4.11.

L)
Method Bh

1Balani and Kulkarni's method- was generally followed in this

41 epermentas ell s i theonedescribed under Method C. To a stirred

susenson f 2 g(0.5 mole) of sodium hydride-mineral oil dispersion in
404lo ezn a added a few milliliters of oa-ac~etyl-y-butyrolacton-a
(C-24), The mixture was warmed briefly until the reaction was initiated,

V The remainder of a total of 64 g (0.5 mole) of C-24 was added slowly to
maintain ref luxing of the solvent. The mixture was heated with stirring
for 4 hr. it was then cooled in an ice bath, andi 87.5 g (0.5 mole) of
p-chlorobanzoyl chloxide in 100 ml of benzene was added over a period of
*30 min. The reaction mixture was heated at 401 for I day, After cooling,

4 ~the beŽnzene solution wae filtered, washed with sodium bicarbonate and water,
sand concentrated to 100 mil. heprecipitated p-chlorobenzoic acid was fil.

tered and the f~iltrate evaporated to dryness. The solid residue was tri-
Zurated with Skelly F. oni filtration, there was obtained 67 g (50%. yield)
of o-aeeLyl-iy-(p-chiorobenzoyl)-y-butyrol.aictouie (C-25) as a white solid,
m.p, 95-105'. 1~was recrysi,.allixed from acetone, mu.18 l9 Lt2L

fl4p 108-209'

kna Il. Ca I cd. VOr CUHUC1C0 4, (2~6 -6), C, 58.55- 11,.4.16. Found-
P C, 58.39; Ui, 3.99.

For deacetylation, 2.67 y (0.01 mole) of C-2.ý was hcated with
1. 28 ot imiioniuma citlorido anid 5 til of aim.tionium hydroxide at 5Q0 for
1. lr. ithe. solid, whichi separated oa ceioling, was filtered, ci.p. 60-650's

:j (0. 9 40% -yielt'\, After recrystalliza'tien from betizene, it inelte6 ýat
68.7~ identical with the product. obtained by Hathod A.
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Method C

V Magnesium 'turnings, 14.4 g (0.61 g atom), were allowed to react
Iwith 15 ml of ethanol and 3 ml of carbon tetrachloride. As the reaction
J { .. started, 100 nil of benzerie was introduced. When the initial reaction sub-

t~ ~'~'sided, a solution of 115 g (0.9 mole) of cy-acetyl-y-butyrolactone (C-24)
in 75 iil of benzene and 60 ml of ethanol was added, with atirring, at such
a rate that a gentle ref lux of.the solvent was maintained (total addition
tiwe: I hr). The reaction mixture was heated for 3 additional hr. After

V 4 having been cooled in ice water for 30 min, the mixture was treated with
158 g (0.9 mole) Of k-chlorobenzoyl chloride in 100 ml of benzene (30 muin).
The cooling bath was removed, and the mixture was heated at 5Q0 for 2 hr.
It was th~en allowed to stand at roon temperature for 2 days before being

4 neutralized with dilute sulfuric acid, The benzene layer was separated,V washed with water and concentrated. There was obtained an initial crop of
the product C-21 (82 g). Further evaporation of the mother liquor afforded
additi1 onal 25 g of the desired product, m.p. 63-68*. The total yield was
107 g (53%~). It was shown to be identical with the products obtained by

I A Methods A and B.

o-(E-chilorobenzoyl)-y-butyrolactone, 112.5 g (0.5 mole), wias
heated on steam bath with 350 ml of 48%~ hydrobromic acid for 4 11-. After

1 cooling, the oily layer was separated and the aqueous layer extracted with
200 ml of benzene. The combined organic layer was washed with water, fit-
tered and the filtrate evaporated in vau to leave a residue of 115 g

U' (8814, yield). This crude product was distilled under reduced pressure to

U give a colorless liquid, b~p. 130*.Il mm, which turned yellow on standing.

b'oud: ~Anal. Caled. for Cli)11i0BrClG (261.54): C, 45.92; 11, 3.85.

2- (p.'Chloropheonyl) -2-cy,)anotetrahiydrofuran (C- 23)

tiA mixture of 78,5 g(0.3 msole) ofL 4-broiuo-4'-chlorobutyropheonouuc
N. -22)ur atiwe t3a (0.1 moe)ofo a nupotytc peehus ayndn 0 lotheneer 3wasoIL ~heated under ref lux for one day. Infrared spectru~m of the reaction mix-

A ~cuprous cyanide was added, and the reactiton mixture wa3 heated for addi-
tional 7 lie. The solid vas filtered and the benzene solution evaporated.

~ iiThe resid±ue was distilled in vau to give a main fraction boiling at
~-I- 20-130o/I.S mm which correspouded to the desired product (27 g, 43%. yield).
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t4
This fraction was redistilled to yield a colorless oil, b.p. 123*/1.5 mm, L
which gradually turned to yellowish green on standing.

Anal. Calcd. for CI111j0CINO (207.65): C, 63.62; F1, 4.85; N, 6.75.

Found: C, 63.58, 63.35; H, 4.50, 5.07; N, 5.37, 5.52.

2- (p-Chlorophenyl) tetrahydrofuran-2-carboxaldehyde Semicarbazone (C-26)

A mixture of 10.4 g (0.05 mole) of 2-(p-chlorophenyl)-2-cyano-
tetrahydrofuran (C-21), 5.57 g (0.05 imole) of semicarbazide hydrochloride,
and 5.5 g (0.04 mole) of sodium acetate trihydrate in 100 ml of ethanol
and 50 ml of water was hydrogenated at 50 psig in the presence of Raney
nickel catalyst. The hydrogenation was completed in 4 hr with absorption
of one equivalent of hydrogen. The supernatant solution was decanted and

j the residual solid was boiled with 200 ml of ethanol. After all product
dissolved, the catalyst was removed by filtration. The filtrate was comn-V bined with the decanted solution and concentrated. The precipitated solid
product was collected by filtration (12 g, 45%. yield), m.p. 175-1800. It
was recrystallized from methanol as white crystals, m.p. 186-188*.

Anal. Calcd. for Cl2H14C1N302 (267.68): C, 53.84; H, 5.27;
N, 15.69. Found: C, 53.63; H, 5.36; N, 15.39.

Diethyl Anilinonethylenemalonate (L)-7)

Miethyl ethoxymethylenemalonate, 238 g (1.1 moles), was added in

several portion~s to 93 g (I mole) of aniline in an evaporating dish. After
the inlitial eoxthermic reaction subsided, the mixture was allowed to stand
at room temperature for 30 min then evaporated tinder a stream of air. The
solid producL wais tollected by filtration and washed with Skelly F. There
was 0btained 205 g (78% yield) of C-6 as beige crystals, m.p. 41-45'.
Recrystallization from acetone-cyclohexane yielded pure C-6 as white crys-
tals, m.p. 46-480 (lit.,.ai/ m.p. 480).

Anal1. Caled. for C14111 7N04 : C, 63.86; 11, 6.51#,.N, 5.32. Found:
4C, 63.67; 11, 6.47; N, 5.45. T;.

Ety -ilydroxy -3-gutiniolinecairboxcy ate (o-8)

Into 800 ml of Dowtherm preheated at 2400 was added portionwise
* 315 g(1.2 luoles) of 0-7.. Heating was continued for 30 min after the addition.
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(F On cooling, the product D-8 crystallized. It was collected by filtration and

washed with Skell~y F to give 125 g (45%. yield) of crude D-8, tn.p. 268-272'.
A small sample was recrystallized from MeOR as off-white crystals, m.p. 267-
2700 (lit.,.5.? m.p. 266-267").

4 ~Anal. Calcd. for C12H11N03: C, 66.35; H, 5.10; N, 6.45. Found:I,'Ji C, 66.31; H, 5.19; N, 6.54.

Elthyl 4-011 (ro- 3-gitinolinecarboxy laite (D-9)

A mixture of 30 g of D-8 and 35 ml of POCI was refluxed for 3 hr.
After standing overnight at room temperature the mixture was poured, with
stirring, onto crushed ice and made basic with NH4OH. The crude product
readily solidified and was collected by filtration to give 22.5 g (70% yield)
of D-9, m.p. 43-45". Recrystallization from Skelly F gave pure D-9 as white

Anal. Calcd. for C12HIOCINO: C, 61.16; HI, 4.28; N, 5.94. Found:flC, 60.88; Hi, 4.43; N, 6.08.
Me thyl 4 -Mtk hoxy- 3 -auino I incarboxy late (D-10)

To wt'Llinolic sodium niethoxide 4olu~ton prepared from 6 g of
Na and 3VM) tati 1) Meoll was added 42 g (0.178 mole) of D-9 in small portions.
After thv. addition was complete, the mixture was refluxed for 1 hr with
stirring. It was then diluted with I liter of cold water and the solvent
evaporated under at stream of air. The resulting solid was collected by

Ifiltration to yield 25.5 g of D-10. On further evaporation of the filtrate,
additional 3.5 g of the product was obtained to give a total of 29 g (757~
yield) of D-lO,m.p. 52-54*. Recrystallization from Skelly F afforded pure

D-10as white noedles, m.p. 54-S6.

Anal. Caled. for C121l1110 3: C, 66.45; N, 5.10; N, 6.45. Found:K IC.L 66.31; it, 4.90; N, 6.43.

Ethyl 3-Mothoxy-2-nyridineacetate (1)-19)

To a stirred solution of 5.0 g (0.05 waole) of diisopropylamine
in 100 tal of dtry T11F cooled in an ice-water bath was added dropwiso 22 ml
of 2A4 M IWIuti n hexane (0.053 mole). Ten minutes after the addition, it
w41 1 followed by the addition of 6.2 g (0.05 mole) of 3-methoxy-2-methyl-
pyridine and the mixture was stirred for 40 min. T'he resulting red solution
was trans4farred to a dropping funnel and added dropwise to a solution of
6 9 (0.055 mole) of ethyl chloroformate in 150 wl of TUF at -67 to -70*.
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The solution was stirred and allowed to f~lowly warm to room temperature
without removal of the cooling bath. After standing overnight, the cloudy4
solution was cleared by filtration and the filtrate evaporated to a paste.

The latter was diluted in 50 nil of water and extracted with ether (3 x 50 mil).

The ether extx;.ct was washed with satuxated aqueous NaCi and dried (MgSO4).

a 6-in. Vigreux column. The distillate collected at 30-45'/0.15-0.75 mm

was discarded. The Vigreux column wa~i then replaced by a short distilling
~ I head the distillation was continued. The fraction collected at

98-118'/0.15-0.2 mm was the desired compound D-19. It weighed 1.2 g
(t2%, yield). NMR (CDCI.3): 6 1.21 1, 7 cps, 3H1, -0-C112-C11 3), 3.80
(s, 31. (X.113), 3.7s, 2H1, -CU2- attached to the pyridine rin-J, 4.16
(q, .J =7 cps, 211, -0-Cuz-CH), 7.1f; (A, J 3 cps, 2H1, aro-lis) and 8.13
(t = 3 cps, 1H1. aro-H). JR: 1740) cm-1 (strong, C =0), 1580 cm-1

(a medium pyridine ring absorption).

* Anal. Calcd. for C H 3NO3  C, 61.51; H, 6.71; N, 7.18. Found:10 13 3
C, 61.63; H1, 6.78; N, 7.21. 101

Ethyl 3-Methoxy-2-pi~eridineacetat,-(D-20) o ~~R/ n 2 lo bo::I

EtHwas hydrogenated in a Parr Hydrogenator under 64 psig Of 112 for 92 hr.
Catalyst was removed by filtration and the filtrate evaporated under reduced
pressure to give 3.2 9 of D-20 as a liquid. Tenzr ndr absorptions er
in accord with the reduced product.

1.::hy I 3-Methtoxy-2- (Naeyl ie dnaett 1-21)

The aforementioned crudo product D-20, 3.1 g, was dissolved in

15 nil of Ac2t) and was allowed to atand at room temperature for 36 hr.
The solution was diluted with 100 ml of water, extracted with ether (3x
50 mil) and dried (MgSO4). Evaporation of ether gave 1.3 g of D-21. IR:

1730 cm-1 (ester C - 0), 1650 c&1l (amide C - 0). When the aqueous layer
J i was basified with NU2CO3 and extracted with ether (3 x 50 ml), and additional

* - ~0.5 S of D-21 was obtained. Purification and identification of this product I
is in prn~ress.

D~iethyl Anilinomethylenesuccinate (IJ-26)

To diethyl forntylsuccinate, prepared by sodium-catalyzed condensa-
tion oA' diethyl queeinate and ethyl formate,1Y (14.1 g, 0.07 mole),was

added, i~n oeverail portions,6.5 S (0.07 mole) of aniline. The product crystal-
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A

lized slIowly after initial exothermic reaction subsided. It was filtered
and washed with Skelly F to give 10 g of the desired product, m.p. 92-96%.
on recrystallization from acetone-Skelly F, white-prisms, m.p. l02-l04*,

4 were obtained.

JAnal. Calcd. for C15H19N04: C, 64.96; H, 6.91; N, 5.05. Found-
C, 65.22; H, 6.81; N, 5.20.

Ethyl 4-Ulydroxy-3-guinolineacetate (D-27)

'! $'1Diethyl anilinomethylenesuccinate (D-26), 27.6 g, was added drop-
wise into 200 ml. of Dowtherm preheated to 2400. After 30 min of heating at
240-250', the mixture was allowed to cool The solid product was isolated by'H filtration (2.5g), m.p. 200-204%. It was recrystallized from methanol as
offwhite crystals, m.p. 215-2l7*.

Anal. Calcd. for C13111 N03  C, 67.52; H, 5.67; N, 6.06. Found:
C, 67.68; It, 5.44; N, 6.09.

Ethyl 4-Chloro-3-gkiinolineacette~ (D-28)

I Ethyl 4-hydroxy-3-quinolineacetate (D-27), 4.6 g, was heated with
20 ml of POCd3 on a steam bath for 3 hr. After cooling, the mixture was
pouired into ice water and made basic with atmmonium hydroxide. The product

I solidified slowly and was isolated by filtration. There was obtained 4.5 g
of the desired product as beige crystals, m.p. 65-670. It may be recrystal-
lized from methanol as beige needles, but the melting point becomes lower.

2-(2-Hlydroxyoropyl).3-methcxvpiperidine (D-36)

48.8 g VTe method of Baker and MoEvoy was followed. A mixture of
488g(0.29 mille) of 2-(2-lydroxypropyl)-3-methoxypyridine in 150 ilof absolute EtM0ll was hydrogenated at room temperature under 60 poig of 112

in the presence of 16 S of 5% Rh/A1203. After 18 hr the mixture was heated

'1 was removed by filtratiou and the filtrate evaporated In vactio to give
48 9 (96% yield) of the crude product. Its nmr spectrum revealed that the
prdc a otaiae-yol a trace of unreduced starting material.

574

IL



(2-Acetonv,ý1-3-methoxy)piperidifle (D-37)

The formenione crde -36 was dissolved in 310 ml of water. 3j
The solution was cooled at 00 and to it was slowly added, with stirring,

66 ofconentate H2 04 followed by portionwise addition of 35 g of

K2Cr2O7. The temperature throughout the addition was kept below 350, The

heprecipitated purple solid was collected by filtration, washed with a

small amount of waterand discarded. The filtrate was basified with 50%.

KOHI to pH 11. The resulting dark green suspension was mixed with 100 g of

Ceieand filtered and the solid washed with 100 ml of water. The combined

auossolution was extracted with ether (3 x 150 ml) and CI12C12
(3 x150ml). The organic extracts were dried (MgSO4). Removal of ether

yieled 5g of a mixture of unreacted starting alcohol and the ketone D-37.
From the CH2Cl2 extraction was obtained 25 g (5Q0% yield) of the crude

ketone D-37.

Accodingto arringer et al.-' the ketone D-37 obtained by
the Baker's procedure- was in the cis-form D-37a. This could be isomerized

into a mixture of trans-(D-37b) and cis-(D-37a) in a ratio of 7:3 by heating

h under the reportedL2/ reaction condition, 5.4 g of the 7:3 mixture was
obtained after distillation, b.p. 70.1mm(lit.,!ii/ b.p. 8-3/. n)1; The ir and nuir confirmed the structural assignment.

*1 L~~N-Catrboal lyloxy-3-methyl-2- (3-bromo-2-oxo~2Eoylý),I±i . (38b

T1o a solution of 5.4 g of D-37 in 22 ml of AcOH cooled in an

/ice bath was added 22 ml of 30%~ HBr/AcOlI followed by addition of 1.6 ml

Of Br2 in 5 ml of' AcOli. Thle mixture was stirred overnight and the solvent
evaporated in vacuo at 500. The residual intermediate D-38a ca- 0.03 mole)
was dissolved in 60 ml Of C1ICI3, cooled at 00, and neutralized with saturated

aqueous NaBCO3 - To this was added similtaneously, with stirring, saturated
1 aqueous NaIICO3 and 4.8 g (0.04 mole) of allyl chioroformate at such a rate

that tile p11 of thle reaction solution was maint~ained between 7-8. After thle

A 1 addition thle mixture was stirred at room temperature for 2 hr. The GTICd3
layer was separated and the aqueous layer extracted twice with CHCl3. The

I combined ClIC1 3 solution was washed twice with 0.1 N 1Icl, twice with water,

D-38b aN an oil. '1lids compound was used (see Results and Discussion Section)

without. further purification.
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MO48 (E163- .B1-5)

{I

j ~Ethyl Tetrahydrothienyl-2-cairboxylate

I 51

MO-483 (BE-16949; Y-I-51):

N- (4-Oxohexyl)phthalimide

'I Ii -C12 -C12 C 2-C-C112-CH3  '2.0Og

MO-484 (BE-16958; PC-Vfl-12)Z:

il~~ ~-p-Chlorobenizoyl-y-butyrol.acton~eV
0I

> CHJOCf 2  2.0g
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I ~MO-485 (BEi-16967; Y-I-79)!

8.-(6-.Amino-3-hexylamino) -6-methoxy-4-methylquinoline
Diphiospliate Dihydrate

I. ~CH30 7 L
N 2'3PO.4 20

NH

U . CI~yC 2 -CHt-CH 2 -C11 2 -CH 2 -N H1

MO-486 (BE-17535;, IC-Vtt-17)>

cf-Acetyl-ca- (-chlorobenzoyl) -y-butyrolac Lone

I ClJ

2.0 g K.

cl ---- C =

IN s 1 Diehyl-N4 (3,4-diwoatlioxyphtenyl)-1,4-pentanediamine

1*1

60

14I



MO-488 (BE-17553; Y-I-82- 2):

k'j V 3-tMethyl-2-furoic Acid

LiH
2.0 g

MO-489 CBE-17562; Y-1-85-1):

5- (3-IMetliyl-2-furyl)hydantoiri

Cit Nit2.0 g
S0

ji N-CI I H

MO-490 (IIE-17571. I'C-VIT-22)t

4-Hromo-4' -chlorobutyroplienone

11l% 0-l A 3 .2 2
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M0-491(BL-18014i PC-VII-25).f

TV 2-(p-Chloroplhenyl) tetrahydrofuran-2-carboxaldehyde Semicarbazone

0
CI1IN

2.0 g

MO-492 (BE-180213: Y-t-90):
2-Anio--(3-tuwtliyl-2-iuryl)aeatic ai

J ili.l2

2-Axltdio-2 -(3-tw.t~iyl-2 -1 E~ahydrofury)l)acetic acid
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.MO-495(Bi->-451.19; PC-Vli-35):

2-Methoxy-5-nitro-N-(1-phthalimido-4-pentyl)aniline

(b2N __ OCH 3

-Q NH 2.0 g

HCHU-(CH2)3-

M0-496(BE-45128; Y-II-I1):

6-(N-Acetamido)-7-nethoxyquinoxaline

N 3

H ~6-[(5-Diethylamirko-2-pentyl)arnino)-7-methoxyquinoxaline

4.3 g

MO-498(BE-66387; Y-II-26):

3 r

- -(0112) 3 N

Mo-499(BE-66458: Y-11-2):

4-Mo thoxy -2 -ni troaco tani tido

i0130a NO 2. 0
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77,i

MO-500(BE-66467, Y-11-19):

2 -Amino -4-methoxyacetanilide.

CH0
2.0 g

~~NH-CH3

. MO-501(BE-66476; Y-II-12):

33

)~ZKNO2.0 g

MO0502(BE-66485 Y-11-265; WB-11-67):.

6-Bromo-3,4-dimetlhoxy-1 -nitrobenzene

2.0g

MO-503(BE-66798; P'C-VII-4O:

3-Acetaiiido-N-L( ()-ciiloro-l1-metiy 1) benzylideno 1-4-methioxyaniline

-N=C 1.m 2.0g

V.-040-60805;Y-11-28).[ ~ ~~4-M tiloxy -2-vi trotri f 1siov'oace taixiIid~e

430, N02

p * 64.



JI

IJ
it MO--505(BE-55884; Y-II-49):,

30 K, 5.2g

H(CH CHR2)3

,1 MO-506(BE-57575; Y-II-28):.

5-Methoxy-2- (trifluoromethy1)benzimidazole

I ICHO Ha
CF 3 2.08S

'~ . MO-507(BE-57584; PC-VII-48):

is ~ ( .Diethyl1 anilinomethylenemalonate

I2.0~~ ~i~u -CIF=C(C02C 2H5)22.

* MQ-508(BE-58776; pC-VII-49):

Ethyl 4-hydroxy-2-quinolineca-rboxylate

.. ~%JC O2C2 lI5 2.0 g
[N1

~YJE I'thyl 4-chloro-2-quinolinecarboxylate

.CO2L.2115  2.0~

I6.



.MO-51OjBE-58796; Y-11-66):

N.-Acetyldehydroleucine

C3-CH-CrU-C-CO 21i
YL;3 NH. 5O

COC3

4 ..~.K.. MO-511(BE-58803; -]-)

2-Acetamidoacrylic Acid

CH220-CO211
'A 'NH-

CC3

QIC loobpzm do) cr oi Acid

NHl
C= 5.0.

C=O)

I-T>
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MOK-514(BE-58830;-Y-11-63).

N- (ChIoroacetyI)-.D,L-1eucirnewH
M ~~CHFCH-CR 2 -CH-C0 2 H 20

CH Ci
2

MO-515 (BE-76061; ?C-VII-53):

2; Methyi 4-Methoxy-3-quinolinecarboxylote

t OCH3
- "*-. 02CH3

'N 
2 .0Og

MO-516 (BE-76070O; WB-11-72A).

N- (2-Nitio-4-anieyl) -R-tollumeaeulfonamide

-. 0,,ýý N0

H-S2 CJ3 2.0g

MO-517 (1iE-76089i Y-11-67):

I 2-(-Chlorop~henyl)-4-ethylideneoxazol-5-one

-< 2..O0g

MO-58 (E-77817i U-11-7111:

V iN-(3,4-Dimethoxypheuiy1) -p-toluenesulfonamnide
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MO-519 (BE-77826; PC-Vll_-58): -

D~iethylI Anilinomethylenesuccinate

I~~ H5 2O2C , 2-CO2C2H5 j

I 2.0Og

N- (4, 5-Dirnethtoxy-2-nitroplhenyl) -p-tol~uenesulfonauiide

C13 0 NO2 L
CH3o NHO-~- 3  2.0Og

MO-521. (BE-76034;, PC-VII-59):

Ethyl 4-Ilydroxy-3-quinolyacetate

Oil

2.0O&
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V. ANTIMALARIAL TEST RESULTS

Among 40 compounds submitted for antimalarial activity evaluation,
8-(6-aminno-3-hexylamino)-6-methoxy-4-methylquinoline diphosphate (WR-215761,
BE-1696, MO-485) displayed outstanding activity against Plaamodium berghei.

CH3

H13-CH -QI -CH2-CR2-CRi 2-NH2

WR-215761

This compound is active at 20 mg/kg, with five out of five cures at 320 mg/kg,
and is nontoxic even at 640 mg/kg. A comparison of the activity of this com-
pound with that of primaquine on the same P. berghei system,-5j56/ is listed
as follows.

Dosage (mg/kg)

5 10 20 40 80 160 320 640

Primaquinctu .. .. +2.2 +4.2 +6.4 +7.0 5 toxic 5 toxic
(2 toxic)

Primaquino5e6/ .. .. +4.0 +5.0 +9.4 +10.8 5 toxic 5 toxic
(2 toxic)

WR-215761 +2.1 +4.1 +7.3 +7.9 +9.7 +11.5 5 cures 5 curus

I6
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