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AIM
hACT

Fifty-seven corpounds were prepared and characterized under this
contract of which twenty-eight were delivered to USACRDL.
compo"nds delivered were crecially

avai

elablin soan

None of the
instances tlh

metiod of preparation and the physical constants are reported in the literature, while in

other cases analogous procedures were applied to the synthesis

of the desired compounds,

A number of new compounds were prepared which

required research effort to develop a satisfactory synthesis route.
The synthesis of a number of new compounds was started, but further
research and development effort is

required to obtain final results.

research on these compounds to date is

The

discussed along with proposed routes

for the synthesis of model compounds.
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1.

T rR1UMIO

A j STAMW

CF TASK

This i s the Final Remort of the work accomplitshed on Contract No.

DA 13-l81-AM-42(A).

The Contracting Qfficer at C7D-L was Dr. Robert i.

Ellin; the M4Ipa, Pr-incipal Investigator was Dr. F- E. Podall.
The task of thIs project was to prepare various organic and/or iznorganic
coapounds that were nt
Contracting Officer.
in weight.

co=ercia1ly availahle, as called for by the
The quantities prepared were not to exceed I kilogram

qu antitative analyses and other analy7tical data were supplied

with each comnound as evidence of its composition, structure, and purity.
Table I lizt
Conqpounds,

the co pounds prepared and delivered during the contract period.
ihose syntheses have been startec but -wich require further research

and development effort, are listed in table II.

The detailed experimen.tal

procedures for the synthesis of each compound prepared under this contract
and delivered to CRDL are presented in an appendix.

TALE i
CORPOUNW PrEPAPM AND DELV
Cozpoimd

Melpar
Code

Amunt
Delivered

methyl phenylcyclobutylglycolate

110

3-hydroxy-5,8,10-trisulfonic acid of pyrene, Na-alt

120

5 g

pyrene sulfonyl chloride

221

0.4 g

chloroacetylglycylglycine methyl ester

130

2 g

chloroacetylglycylglycine ethyl ester

131

2 g

chloroacetylglycylglycine n-propyl ester

132

2 g

l-'(2-oxypTyrolidino)-L-pyrrolidino-butyne-2

3-90

2 g

I-(2-oxypyrrol.idino)-L-pyrrolidino-butyne-2

150

33 ga

I01 g

S|

3

?APLI
Co~m~xd

Melpar
Code

trtethylannidu*) propane ditzreudde

171

7g

Latriinethyanwaiuza methyl crvtonate bromide

172

9, g

L-diaethylsutl-onita Methyl crotonate bromi-de

173

3-5 £

L-trimethylarswnium methyl butyratve bromide

17h

20 g

-dimetbhylhuifonim methyl butyrate i-odide

175

10 g

210

9. 6 g

a-cnloro-2-pyrine aldoxime 1hyd-rochloride

220

3.6 g

a-chlr-2-pydine aadoxime methbyl chloride

221

3.1 g

2-f luorobenza3doxze

222

12 g

a-choro-ci-nitxvsoacetcne

230

-3.7 g

2311

35g9

250

2.5
0 g

3-b~obutbyryl bromide

2,50C

22 g

-brnwubtyrl bromide

281

3SgC

l-chlorobv tyrl

chloride

282

1w0

3-chiorobutyryl chloride

283

l0 g

$-brozovaleryl bromide

28h

lg
1

2855

9g

Nf-benzoyl-l-tyro sie-p--nitroani Jide

290

0.5 g

glyvy4h*-enyLaJsnine-p-nitroanflide

291

50 Mg

291

1 g

L3lbis(

3

5
3

9-chlorobentaloio

5

me

mo-isonitroeoacetone
pyridin-Iu

5

(continued)

acetopbnioneotsae chlor-ide

I3-brcopropionyl

bromide

3glyeylpheiylAlanine-p,-nitroanilide
1

kwmto=Delvered

g

6

III
TABi3Z I (Continued)
,Corpound

&lpar
Code

Amout

Delivered

p-a-rnobe.nzyvcellulose

320

b

p-aminobenzyl celzuose

320

j9

I

Leg end:

4

a.

An additional request by the U.SCDL

b.

Three development samples of p-aminobenzyl cellulose prepared by changing
the procedure in each run.

c.

USACRDL's decision was to scale up -ample B which was the most satisfactory
rnm of b.

7

TABLEJ

IT

5-amzino -2-p icol3ine
5--a-chloroac etoxr-pyri dine
46 -dethylar-dm oeyridIn e-2 -a Idoxime
a-braiobenzal2doxize
6-NI,N-dimthylatino-7-raethylearbamyl-phenanthridiLne
4re[7-(dimethylamino )-phenanthridyl] -'(dimethyl)-urea
2-amino -3,N-diimethylaiuno±luorenone-9
h~D340
P-methyl-4- (p--cyc-lohexy2.be-nzyl )-tropylben zo ate halde

_alSg
27b
149

c

211-

d

263
264

e
f

300
3L0

g
h

312.

Legend:
a.

Prepared 5 g for conversion at a later date to another compound desired
by the USACRDL.
be SYnthesis Research. Tvm precursors have been synthe-i zed thus far:

c.

(i) c-picoline-3--sulIfonic acid.
(2) 5-.hydrox.-picline.
isolated.
Desired compound could not h,,e

d.

Several experiments to -ynthesize this compound were xmsccessful,
however, a new coxpoaund having two bromine atom~s in the side chain has
been isolated (see text).
e. Several precursors have been synthesized (see tet)
f. Synthesis research. Five precursors have been synthesi zed and well
characterized:
(1) 2-nitro-3-brorw-fluorenone.
(2) 2-nitro>-3-dimethylamino-flnorenone.
(3) 2-avmo-3-dimethylamiino-f luorenone.
(4) 2-nitro-3-dimethylanino-9-hydroy-ilu1-orene.

(5) 6-dimiethylamino -7 -ni t ro -phenan thri dine.

g.For conversion to Mei-2,63 anrd Mel-26I.
h.

Several precursors have been synthesized (see text).*

i.

"No precursors have been synmthesized:

3

1

p-methylbenzoyl chloride.

2 tropyl-p--toluato hydrochloride.

he Ccntatr.r-

Tne compounas as spcft

under tis
a.

ffi ce r, zo te symrthe-sized

co-ntract. were ziviutd into two, 7eneral catxtre

as follows

C,'orrronas not cotmnercially ava-,iatle hut deol!oihthelira

r-,0;e -tTanC-s

the Upe-if"IC a

rt

ou:withi its pti',ical consitarnts anc a

detailed miethod of preparationcr was reported in the li'.er"ture.

ir-

c,,er

cases very airilar homologs or analogs of the des irea compound were aesor:led,
and the methods used for their preparatacn were entirely applicable to the
synthesis of the aiesired compound.
b.

New ecmounds requiring research effort to develop a satisfactcry

synthesis route.
(i)

Included in this cat-egcry were the focllowing:

investigation of the c-piCOline-tvlt

nitritie route for the prepara-

tion of pyriAne-2-aldcxme anid extension of7 this method to the preparation of
various pyridine-2-aldoxime derivatives.
(2)

Attempts to improve the yield of nhnlylbtllclcacid

in the oxidation step.

(3)

Study ofI the feasibility of- electrolyte oxidation of 1-cyciobtutyl-

-ph nyl
-popyn-l-ci.t

the glycoli c acid.

(4) Attempts to prepare a-bromoberzaldoxirme and elucidation of th.e
nature of the product resulting fromr the attempted a bromiration of berizaldoxime.

(5 )

Preparation of 2-( a- chinro )uyri dinlumaadoxime me thehioride.

(6)

Preparation of new quaternary ammonium anc ternary aliphatic

slulfoniurn compounds.
(7)

Atterpts to. prepare rertair t-ropin-e

rnr,,'vativrs

9

(8)

Development of an improved process for preparing p-aminobenzyl

cellulose for use an an ion exchange material.
(9)

Synthesis of certain specific fluorene and phenanthridine

derivatives.
('0)

Development of an improved procedure for the synthesis of

glycylphenylalanine
(11)

-p-

nitroaniliue.

Design of a possible route for the synthesis of 5-a-chloro-

acetoxypyridine aldoxime methiodide.

This included proposed model compound

synthesis and development of improved methods for preparation of key
starting materials.

10

3.

MEETING WITH CONTRACTING OFFICER AND CONSULTANT
On November 12, 1963, a meeting was held with Dr. R. I. Ellin of the

USACRDL, Edgewood, Maryland, and Dr. R. Levine, Professor of Organic Chemistry,
University of Pittsburgh, at Mlpar, inc., Falls Church, Virginia, to review
plans for this project.

Major emphasis was given to possible methods for

preparing substituted pyridine-2-aldoxime3.

It was generally agreed that

the use of model compounds would serve to most quickly delineate the feasibility
of various methods for preparing the desired compounds.

h.

DISCUSSION AID RESULTS*

4.1

_Methyl Cylobutyl4henyl 01olate (MEL-lb) 1 ' 2
Overall yields of the multistep synthetic route have not been high, but

the poor yield of final product has been due to the inpfficiency of oxidaLion
of l-cylobutyl-l-phenyl-2 propyne-l-ol (step (L) in the synthesis below).
Though some research has been carried out in an attempt to improve the yield
of acid from permanganat

oxidation, it is apparent that further exploration

of alternate oxidation procedures would be worthwhile, particularly if
preparation of large quantities of this material is

the

to be economicz-lly

attractive.
Reactions:

>

Ar0

K>

(2)

ccorK

-CHN

(3)

2

-Co

-c

(I)

I*The results will be discussed
I
II in chronological
I
order of delivery.

IV

12

Cyclout-inecarbonyl chloride was prepared fron the corresponding acid and
PC13 without solvent.

The product was isolated by fractional distillatiOn.

This compound was reacted with benzene in a Friedel-Crafts-reaction using AICd3
as the catalyst.
distillation.

The resulting cyclobutyl phenyl ketone was obtained by vacuum

This compound was reacted with sodium acetylide in liquid

amonia and subsequently hytrolyzed with water to give cyclobutyl-l- Ienyl-2propyne-l-olwhich was isolated by vacuum distillation.

Cyclobutylphenyl-

glycolic acid was obtained from this propynol by oxidation with KMO4 in aqueous
soItion, which on treatment with diazomethane gave the desired methylester.

4.2

!-(2-Oxypyrlidino-).-Pyrrolidino-Btye-2

(me1-io)3

Reactions:

+ BrCzC=Ci+

0-

1)I

I1 L+1

4t

The sodiun

salt of 2--yrrolidinone (prepared frm

2

pyrrolidinone and Nal)

was reacted with propargylbromide to give l-propargyl-2-pyrrolidinone (I).
Pyrrolidine, paraformaldehyde, and (I)were refluxed in dioxane.

The resulting

l-(2-oxypyrrolidino)-2-pyrrolidino-butyne-2 (II) was purified by high-vacuum
distillation.

3

In a second preparation, the yield was improved using column chromatography
for the purification of (II)

instead of ordinary vacuum distillation.

Further improvement was made in another large batch of Mel-l$O.

Small

changes in the procedure were made, including isolation of the final product
by molecular distillation.
In addition, an interesting solid side product was isolated and ana3yzed.

Mmental analymis (C,U,N) shows the same empirical formula as (I).
It is very likely that the structure, based on starting materials, is

one of the following:

C14t mC1

CHL.CHCF

(3)

(1)

(1)

CoGaionmI (I) may be ruled out since it is the main product and is an
ail.
(Ii)

In addition, the IR-apectrum does not show any -CaH bond,

Structure

or (III), is of considarable interest as a possible intermediat

nw heterocycles (substitution via C-C-bond).

.or

The compound seems to be

rather stable* The carbonyl group (of the cyclic amide) could be reduced

rather easily with iAAI"
It

.

does not appear that the proof of chemical structure would be

difficult (ozonolyjis, hydrolysis, .R,

hydrogenation).

It might be possible

to synthesize the compound in question in good yields by simply heating (I),
or by ra acid-or base-catalyzed reaction of (I).

a.3

Chloroacetvllowlurlytne Ethyl ester (~rj

Reactions:
14112 -;H

2

.SH- -CH

2

-&-00(HI+.0

2

1H5 wtwlC

HCl

2- CH2-

I

MH2 -Cm2 -4

o

21

C

- Mi-

C2

C'"2oo-

(1)

lL-4112

- 02H5+ WaGE

*,OH
2 -O

2

2 K5

-

C 2

Mi

e

HOC

HCI2t
F

C

-0
x

2

CH

C

I-;

(2)

, +fN,

H5+C'-CH 2 c9 0 cl

C-

C2 -C

C

2OG
2 K+

RCl

(3)

Qlycy'-glycine was esterified, with ethyl alcohol in the presence of dry
ECX to give the hydrochloride of g:lycyglycine ethyl ester.
was obtained by treating the hydrochloride with NaCFI,
on standing and must. be used innediately.

The free eater

The eater decompoes

Treatment of the ester ith

chloroacetyl chloride yielded the chloroacetylglycyglycine ethyl ester.

A

by-product of the last reaction (3) is the hydrochloride of glIycylg~ycine
ethyl ester which was separated from the desired product by treatasut with
hot acetone which dissolved the desired product, but not the hydrochloride,
The melting point of the final product corresponded to that reported
in the literature.

15m

. ,..i

..,
l.Ch~prcostyU2 1 yuyglycna,

°

W2-C'2 -

M•

-2 OH - 2

- CH

°

M'2eCoo.s -

M-

CAo

2 _
Cl - (

2-

- CE + C

-

°

-

3

.7 OR + HC1

- 2 -C-O-

-

0M3 H7 + H2 0

-% :? + NU-a

-

(1)

A

OCk+NaC7
-Ac

-OC

_c

3

(2)

H + Nac

C! - C 2 d - C'

,M . '12 _ Co..4X37
"M

°

i al 2 - e

'eE -sC2 nt

CH-C-4 - M -

C °

_ _

Pnapyl aster (f-2-32)

M- - =
CH 2 c-f

HC

_ _

2

Co. OC3 H7.+C'l

()

GlMyMgline was eaterified with n-propyl alcohol in the presence of
dry RaI to give the hydrochloride af glycylglycine prowyl ester.,
estar was obtained by treating the hydrochloride with NaO{.
the eter

The free

Treatment of

ith chloroacetyl chloride yielded the chloracetylglycylglycine

prOWl eter. A by-product of the last reaction (3) is the hydrochloride
of gItylgycine propyl ester which was separated from the desired product

by trsatent with hot acetone which dissolved the desired product, but not
the hyrchloride.
The final product was characterized by elemental analysis for carbon,
hydrogen, chlorine, and nitrogen.

16

14.5

Chloroacetyl-Glycyllycine Methyl Ester (YEL-130)

Reaction:

2C

-

.!NCH2c

CUCH 2 C

-

1FCH 2 - COOH + CI

- NI2l

2

2

CH2 eO

-

OCH3

1'2

The desired compound was obtained by treatment of chloroacetylglycylglycine
with diazomethane in ether.
Elemental analysis for carbon, hydrogen, chlorine, and nitrogen was used
to characterize the final product.
4.6

6
a-Chlorobenzaldoxime (MEL-210)

Iteaction:

C6 15 CH - 11I

C

-

*

c6

-

O

HC2

Cl
Dry chlorine gas was bubbled into a chloroform solution of benzaldoxime
at 5-0C.

The solvent was evaporated off, and the crude product was

recrystallized from petroleum ether to give the desired compound.
The melting point of the final product corresponded to that reported in
the literature.
4.7

Preparation of 1,3 Bis-(Triethlammonium)

Propane Dibroide (IEL-171)

Reaction:

Br-CH 2

2

-Br
22-

+2(c

1
3N

o--H =H

-".

(3 E)3..

2 cI

c

2

Et3)

2Rr

The compound was prepared by refluxing a methanolic solution of 1,3dibromopropane and excess triethylamine for 72 hours.
fairly low for a quaternization
ality of the alkyl halide.

The yield (31.0%) was

reaction, probably a result of the bifunction-

longer reaction periods or increased temperatures

17

by means of a sealed-tube reaction vould probably lead to a significant
increase in

yield.

The melting point of the product corresponded to that reported in

the

literature., ad the analysis for Br checked the calculated value.

4.8 nyearation of TPCK, l-l-Tosylsido-2-Ph

~ylethyl Chloromethyl Ketone

Reactions:

NW, 14

Io

H

H

SS

(

0

(10
0

C

hN

(OF CH zCHCOCH24
2

0
CHI
1-Phenylalanine was tosylated with p-toluene sulforyl chloride in ether
solution in the presence of NaOH.

After acidification,

the crystalline product

was recovered and purified by recrystall3ization.
The tosylated R -phenylalanine was converted to the acid chloride by
treatment with PC15 in ether.
!-tosyl-l-phenylalanyl chloride was then treated with diazomethane in
ether to yield the diazomethyl ketone, which was then converted to the desired
l-l-tosylamido-2-phenylethyl choromethyl ketone (TPCK)
HCI.

The product,

by treatment with dry

a white crystalline solid, had a melting point corresponding

to that reported in the literature for TPCK.
4.9

15
Preparation of 4-Chlorobutyryl Chloride (MEL-282)

This compound was commercially available and was procured from Aldrich
Chemical Corpany.

Its physical constants

(boiling point and refractive index)

were checked and compared with those reported in the literature.
'
4.10 Preparation of 3-Chlorobutyryl Choride (I4EL-283)16, 17

Reaction:

CHCIICHC02
Cl

+

SOC12

>.

CH CHCH
Gl.

0 -Cl

+

+S2

3.9

3-Chlorobutyric acid waq added drowi.se '%o thionyl chloride while gently
warming and stirring the reaction mixture "or a period of 30 to

4C

minutes.

After an additional one-half-hour period of heating at steam bath teaperature, the Lcpo-od was recovered by vacuum distillation.

The boiling point

and refractive index corresponded to that reported in the literature for 3chiorobutyryl chloride.

4.fl

Praration of L-Bromobutymrl Bromide (ME-281)

Reaction:

0
+

P+r3

BrCM CH2CH C-Pr

.

Butyrolactone was heated with phosphoruis tribromide for 2 hours at steam
bath temperature, then slowly brought up to a temperature of 180C using an
oil bath.

The crude oily product was isolated by distillation under reduced

pressure.

Elementary analysis and comparison of its

boiling point with that

reported in the literature were used to confirm the identity of 4-bromobutyryl

bromide.
4.12

Preration

of Isonitrosoacetone

20 '21

231)1 9 ,

(Z

,

22

Proosed Reaction Route:
0 N-OH
CH13GOG3 + NaO2 + HOAc

NaOAc/20

.

CH C-.-H

3

A concentrated aqueous solution of sodium nitrite was added dropwise
to a cold (O*C)

solution of acetone in

glacial acetic acid.

Water was

After drying and removal
added, and the mixture ias extracted with ether.
of thn stzhs 9 a viscous syrun rexmined instead of the cyItaI1inP mush as

20

reported in the literature.

Attempts to isolate the isonitrosoacetone from

the reaction mixture were unsuccessful.

Accordingly, the compound was pre-

pared by thq following alternate route:
Reactions:

CH3 COCH 2 COOC2 H5
3 2 53,,
0N
CH C,,CHC-OEt

KOH

>

CII C-CHCOOC2H
2 5()

+ NaNO2 + H 2 s

(1)

CH3C-C,,OOC 2

OK

5 +KHSO4

(2)

0 N(A{

CH3-CC.COO2H5 + NaOH -CP&

C3C-C-COONa + C2H

NOH

(3)

0 NOH

CH C-C-COONa + HSO
3. ,,
2 4
0 NOR

CH. C-C-CO.

3II III,,
0 NOH

CH C-C-COOH
3,, .
0 NOH

(4)

CH 3C-C-H

(5)

I,

O NOH

A mixture of ethyl acetoacetate and aqueous KOH was allowed to stand at
room temperature for 18 hours.

A solution of sodium nitrite was then added,

and the reaction maintained at 5" to 6°C while dilute sulfuric acid was
added dropwise.
strong NaOH,

After 15 minutes, the reaction mixture was neutralized with

then reacidified to pH 4, while keeping the solution cold.

Decarboxylation was affected by allowing the reaction mixture to warm to room
temperature.

The product was extracted with ether.

After drying and removal

of the ether, the product was recrystallized from benzene.

The melting point

corresponded to that reported in the literature.
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I
4.13 Preparation of a-Chloro-a-Isonitrosoacetone (,71L-230)

23'

24

Reaction:

CH 3C-C-H
0 '10H

+

CH3C-C-CI

C.2

0 v-OH

A solution of chlorine and chloroform was added dropwise to a chloroform

solution of i-onitrnsoacetone while maintaining the temperature at 0* to 10C.
After stirring for 1 hour, the chloroform solution contairing the final product
was evaporated to dryness, and the crude product was recrystallized twice from
benzene.

The melting point corresponded to that reported in the literature

for a-chloro-a-nitrosoacetone.

1.]L Preparation of 2-(a-Chloro )Pridinealdoxime Hyrochloride (-ML-220)
Reaction:

H

NO

A solution of 2-pyridinealdoxime in chloroform was cooled to -5$ C ad
chlorine in chloroform solution was added dropwiase while stirring the reaction
mixture vigorously.

The reaction mixture was allowed to warm to room tempera-

ture, and the white solid, which had precipitated during reaction, was
filtered and dried under vacuum.

(

Elementary analysis for C, H, Cl, and N

corresponded tc that calculated for 2-(a-chloro )-pyridinealdoxime hydrochloride.
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4.15

Preparation of 4-Trimeth

monilux Methyl Butyrate Bromide (MEL-l174)25

Several attempts were made to prepure the taove compgund before a
satisfactory procedure was developed.

In the first attempts, the following

reactions were investigated.
Proos ed:0

C1(H2)4C

0
-

(Lm 3)2N(CH 2 )3 -ocR

Om 3 + (0R3 )2 MH-.
0

0
(2)

33Z

C
I-OCR
3 + CHI 3

)NCH)3

(

(1)

Treatment of methyl-.4-chlorobutyrate with excess dimethylamine at 100"C
in a sealed tube gave a colorless oil.

Elementary analysis of the oil did

not correspond to the calculated values for the desired methyl-h-N,Ndimethylaminobutyrate.

Another synthesis route was proposed which was used

with success in obtaining the desired compound.
Reactions:
BrCH2 CH2 CH2 CN + HBr + 2H2 0

BrCH2 CH2 H2 COOH + CH2 N2

Br-M 2 CH2 H2 C00

-

---

0

BrCH2 CH2 CH2 C-OCU 3 + N(CH3 )3

(1)

0
BrCH2CCH2C-OCH3

(2)
0

(CH3 ) 3 NCE 2 CH2 CH2 C--OCH 3 Br

(3)

4-Bromobutyronitrile was hydrolyzed with HBr by refluxing for 2-1/2
hours.

The excess HBr was evaporated under vacuum, and the precipitated

NH14Br was filtered and washed with CCl4.
with CClh.

The filtrate was then extracted

After removal of the CC14, the h-bromobutyric acid was isolated

as a crystalline solid.
23

I
The methyl ester of the 4-bromobutyric acid was prepared using diazo-

I

methane.
To prepare 4-trimethyl amwnlum methyl butyrate bromide, 4-bromomethyl

I

5

butyrate was heated with trimethylamina in methanol in an autoclave at 70°C
for 24 hours.

The methanol was evaporated,

crystallized, was isolated.

and the white solid, which

Purification was effected by dissolving the solid

in a minimum amunt of methanol and precipitating the product with ether-

5

acetone (6:1).

The melting point of the final product did not correspond to

that reported in the literature, but elementary analyses for C, H, and Br
vb,,e very close to the calculated values for 4-trmethylamwonium methyl

5

butyrate bromide.
We believe that either the melting point in the literature is not

3
f

correct or that the previous investigators obtained, not the pure methyl
ester, but the ethyl ester arising from transester-ification with the solvent
ethyl aichol (which they used) or a mixture of methyl and ethyl esters.

In

addition, the bromine analysis reported in the literature (C and H analyses
were not given) corresponds more closely to the ethyl ester than to the methyl

3

estere
4.16
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Preparation of p-Aminobenzyl Cellulose (?L-320)

Reactions:

CHXC
(0H

(0

.

*

*

2

NO24

CH

(-)

I

0

ICHI

i

10 -o

Powered ceLlulose, p-nitrobenzyJ chloride,

s"

(2)

and conceiuratd WaOH were
The mixture was poured

heated at 95°C with vigorous stirring for 4 hours.

into a large excess of water. then filtered and washed thoroughly with water,
ethanol, a

finally with acetone.

The proiduct after drying was the orange-

yellow p-nitrobenzyl cellulose.
The p-nitrobenzyl cellulose was suspended in

alcohol and reduced to

p-animobenzyl cellulose by adding an aqueous solution of sodium hydrosulfite,
The yellcaw

stirring, and heating at near reflux temperature for 30 minutes.
product was filtered off, washed thoroughly with water, and dried,

A sample

of the material prepared by the above procedure was submitted to CRDL.

Our

analysis indicated an exchange capacity of O.45 meq/g determined by stirring
a weighed quantity of the material with an excess of standard HCl, and back
titrating with jtandard NaOH.
was questionable, however,

The validity of the results of this analysis

since it

was necessary to stir

the material over-

night before any significant consumption of HCl was indicated.
ample,

The same

analyzed at CRDL by titrating with an acidic solution of NVNO 2 (in

order to diazotize the amino groups
no amino groups present in

j,

indicated that there were practically

the sample.

Three more small development runs were made in

which slight changes in

procedure and technique were employed in order to obtain a material with a
higher ion exchange capacity.

In preparing Sample A (2813-38), a modification in the procedure for
isolating the p-nitrobsasyl cellulose consisted of neutralizing the ecess
NaW with HCI before the first filtration,

jhe mechanical difficulties

This modification greatly reduced

originally encountered in filtering the strongly

alkaline suspesion of p-nitrobenzyl cellulose.

No changes were made in the

original procedure for reducing the nitro compound.

The ion exchange

capacity of this sample as determined by the method recomnanded by CRDL, i.e.,

titration with acidic NaVO 2 , was 0.35 meqig.

3M%

the first step of the synthesis of Sample B (2813-39), the concentra-

tion of NaF was reduced, and the heating time for the reaction of cellulose
and p-citrobensyl chloride was considerably reduced.

The same modification

as described above for Sample A was used in isolating the p-nitrobenzyl
cellblose.

In addition, during the reduction step, the p-nitrobenzyl

cellulose was suspended in water instead of alcohol.

This seemed to be a

better procedure since the reducing agent (sodium hydrosulfite) is water
soluble and precipitates out if

alcohol is added.

The ion exchange capacity

of thi sample was 0.55 meqig.
The original procedure was repeated without modification in preparing
Saple C.

The ion exchange capacity of this sample was 0.40 meqjg.

Since the method of analysis appeared to be subject to variations in
technique, all three development samples were submitted to CRDL for confirma-

of our analyses.
At a later date, 50 g of p-aminobenzyl cellulose

was

prepared

using the procedure described for preparing Sample B.
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Preparation of 5-Brmovaleryl Bromide (M.

4.17

84) 28 ,29

Reactions:
0
BrCH

2

C

2

CN

HBr +

20

(1)

A

0

BrH2C
C
5rH
2 H2 H2 RC-OF. + SOCL,

Br

-)-

C' 2 2'
CMCRCH

O
CI

+ Mot2 -k HC

(2)

0
BrH2CH2CH2 CH 2C-Ci + Er

(3)

BrCH2 H2CH2CH2C,'Br + HCI

A mixture of 5-bromovaleronitrile and h8% HBr i#as refluxed 2-1/2 hours
with stirring.

The precipitated NH4Br was filtered off and the product

extracted with CC't.

After removal of solvent at reduced pressure*

crystalline 5-bromovaleric acid having a melting point corresponding to that
reported in the literature was obtained.
The acid obtained above was heated at ref23m
chloride for 2 hours.

tewperature with thionyl

Distillation of the reaction mixture at reduced

pressure yielded a colorless liquid with a boiling point corresponding to
that reported in the literature for 5-bromovaleryl chloride.
Dry HEr was bubbled into cold 5-bromovaleryl chloride for 3 hours.
Distillation of the reaction mixture afforded a product boiling at 75"76" at -c1-mu pressure.

Elementary analysis for C, H, and Br corresponded

reasonably well to that calculate' for 5-bromovaleryl bromide.
4.18

Preparation of 3-Bromopropionyl Bromide (MEL-285)29

Reaction:

BrOCH

2

0

+ fBr

-

BrCH CH C-

+HCl

27

I

i

Dry HBr was bubbled into cold 3-bromopropinyl chloride for 3 hours.
Fractional distillation of the reaction mixture at 20 rm afforded the 3bromopropionyl bromide boiling at 79'-8bC.

Elementary analysis for C, H,

and Br confirmed the idetity of the product.
4.19

Preparation of 3-Brmbutyyl Bromide (M

,280) 2 9

Reactions:

Br

3

Br

+

C

Br

cxc C1G

~"C

+HC0I + SO2

Br

~

Br

Br
+HCI

3-bromobutyric acid was heated at reflux temrperature with thionyl
chloride for 2 hours.

Te reaction mixture was distilled at reduced pressure

to obtain the acid chloride.
Dry hydrogen bromide was bubbled into cold 3-bromobutyryl chloride for
Distillation of the reaction mixture yielded the product boiling

3 hours*

at 50-60* at 3-irdig press-ure.

Elementary analysis for C, H, ano Br

corresponded reasonably close to that of 3-bromobutyryl bromide.
4.20

Preparation of h-Trimethylazuonium iethyl Crotonate Bromide (MEL-172)30

Reactions:

I

~

~

0R3 H=HC 0AL
C

3

+ ?1 2CCB

-

B H -HCxA

.1

OH-C,-O
\N2

2

I

28

+0

CH3®
02r.HC,

Pressure

e

(2)

Methyl caotOnate was adked to a smspension of Nf-browsucciAide in
CC\.

The mixture was stirred and ref3nxed for 12 houra.

The euccinivide

which formed was filtered off and the solvent removed by distillation.

The

product, isolated by distillation at reduced presrure, had a boiling point
corresponding to that reported in the literature for m tkyl--bromocrotonate.
In the first attempt at quatermization, the reactLton
in an autoclave at about ?O'C for 24 hours.

ixture was heated

Extensive prc
jmerization appeared

to occur, and the low yield of crystalline material which was isolated did not
give the correct elementary analysis for 4-triethylamnnium methyl crotonate

bromide.
The experiment was repeated with a mdification in the quatermization
step.

Instead of heating in an autoclave at 70"C., the reaction mixture was

simply rocked in an autoclave for 2 days at room temperature.
crystalline material from this run
experiment,
compound,

rs

The yield of

much greater than in the first

and the amount of polymeric tars appeared to be negligible.

The

purified by precipitation from a concentrated methanol solution

with acetone-ether, melted at 1534-60C.

Elementary analysis for C and H

corresponded to that of 4-4rimethylamonium methyl crotonate bromide.

Z9
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Prearation of ri-Pyridinia Acetophenone Oxime Chloride (MEL-250

1

Reactions:
HO

£0

O

A

A solution of c-chloroacteophenone

in ethanol was combined with an

aqueous solution of hydroxylamine hydrochloride and the mixture was warmed
until all solids were dissolved.

Upon cooling and addition of more water,

the oxime precipitated and was purified by recrytallization from carbon
disualfide.

Pyridine was added to a cold solution of chloroacetophenone oxime
in +olnene.

Se

solid product precipitated irediately, and heating the

reaction mixture caused more product to come out of solution.

The wite

solid was filtered off and purified by dissolving in Lethanol and
precipitating with anhydrous ethyl ether.

Elementary analysis for C, H, N,

and CI corresponded reasonably well with the calculated values for

a-pyridintum acetophenone oxime chloride.

*

!30

L.22

3

Preparation of 4-Di.ethjyl Sulfonium Methyl -Butyrate Iodide (MEL-I75.

Reactions:

MeOH

Na

a3M

3

3~

CH
cOCC
2 2OCH3

+ BrC

2

CH3SCH2CH2CH

2

(1)

NasciL

CH 3{ 9H3M

+

12NJH

-

3

(2)

C
C0,07
2
2 2OMI(
+ naBr

+CI

3

CH

.3!

CHH

(3)

2 2 24~

CH3

Several previous attempts to prepare 4dethyl

sulfonium methyl

butyrate bromide by reacting methyl 4-bromobutyrate and dimethyl sulfide
were unsuccessful.

In these experiments,

vo be trimethyl sulfonium bromide*

the ony product isolated appeared

Therefore, preparation of the compound

by an alternate route was attempted.
In the first attempt to prepare sodium methyl mercaptide, sodium and
methyl mercaptan were allowed to react in liquid amnia.
obtained by this procedure analyzed on3,

72% pure.

The product

In another procedure,

sodium methyl mercaptide was prepared by reacting sodium with methyl
mercaptan in methanol.

After addition of toluene to the reaction mixture,

the resulting sodium methyl mercaptide was filtered and dried.

Analysis of

the salt by o-idation with 12 and back titration with Na2S2O3 indicated a
purity of practically 100%.

31

The thioether, 4-(methyl butyrate) methyl sulfide, was prepared by
refluring methyl 4-bromnbutyrate and sodium methyl mercaptide (10(35' purity)
in methanol for 7 hours.

After evaporation of the solvent,the residue was

taken up with water and extracted with ether.
thioether purified by vacuu

The ether was removed and the

distillation (B.P. 9l-92/l2n).

A previous attempt using the 72% pure sodium methyl mercaptide gave a
poor yield of impure thioether which was discarded.
The final sulfonium salt was prepared by reacting an acetone solution
of the thioether described above with methyl iodide for 2-1/2 hours at room
temperature,
filtered off.

Upon addition of ether,, 4ite crystals precipitated and were
Purification was effected by redissolving the compound in

acetone and precipitating with ether,

Elementary analysis for C and H

checked the calculated values for 4-dimethyl s'ulfonium methyl butyrate iodide.
4.23

Preparation of N-Benzoyl-l-Tyrosine-p-Nitroanilide

(W1,290)

Reaction:

I

I

%
CO

*02

HIN H"'c
NOt.

I
I

CO

32

p-Nitroaniline was reacted with gaseous HCI in

Lenzene to give the

corresponding hydrochloride which suLsequently was mixed with A-benzoyl-lty-rosine adide and heated to i55-65' for )/1

of

n hour.

The light brown

product was pur if ed by repo-ated precipitation fron ethanol with water ard
finally with n-hexane.

The melting point (225'-8 ° ) corresponded to that

reported in the literature.

4.24

Preparation of 4-Dimethyl Sulfonium Methyl Crotonate Iodide (ML-173)

Reactions:

BrC

.H
2 C11C,

M

+

.> CH 3 SOF 2C,-CH,"

3

,

"OCH.

3

~

3

CH3SCH2CH-HC 32

OCH

CH I

3

I'

.1

3

4-(methyl crotonate) meth7l suLfide was prepared by ref lu _ng a
methanolic solution of methyl-h-bromocrotonate and sodium methyl mercaptide
for 7 hours.

After evaporation of the solvent, the residue was taken up w-th

water and extracted with ether.

The ether was removed and the thioether

purified by distillation under vacuum.
The sulfonium iodide was prepared by reacting the thioether described
above with methyl iodide in
at room temperature,
21h*-215").

acetone solution.

After standing for 16 hours

a trace of crystalline material precipitated (m.p.

This material is

probably trimethyl sulfoniuzri

iodide.

The main

yield of material was recovered as an oil after removal of the acetone
solvent under reduced pressure.

The oil failed to crystallize in

spite of

33

extens-ve effort and employT.cnt of a number of techniques.

The solubility

properties of the oil (soluble in water, EtOH, MeOH, CHC1 3 ; insoluble in
ether, heyane, CC4, and benzene) suggest that it is the ipure sulfonium
salt.

To further purify the substance, it was 'issolved in water, extracted

with ether, and the aqueous layer was evaporat

under vacuum at 35*.

resulting oil was dried further under vacuum over P205.

The

The elementary

analysis for C and H corresponded to the calculated values for I-dimethyl
3ulfonium crotonate iodide.
It is possible that the oil may be a salt mix-ture of the cis and trans
crotonate, which would account for % depression in the melting point, and
imight explain the difficulty in obtaining a crystalline salt.

4.25

?reparation of 2Fluorobenzaldoxime

(MEL-222)35

Reaction:

CH- NO4

CtO

F

W CO

""

2-Fluorobenzaldeh-de and hydroxyflanine hydroch-loride were reacted in {
the presence of sodium carbonate in a water-ethanol mixture,
precipitated was recrystallized from hexane.

The oxime which-----'

The melting point corresponded

to that reported for 2-fluorobenzaldoxime.

34

I?
L.26

Pro eration of PTrene-3-Sulfony1 Chloride (ML-123l

7

Reaction:

o

0

After several unsuccessful attempts to prepare the compound by the above
reaction, a technique was developed which yielded the pyrene-3-sulfonyl chloride
with an elementary analysis for chlorine corresponding to the theoretical
value.

The sodium salt of pyrene-3-sulfonic acid was heated slowly with an

equimolar amount of PCl 5 until the temperature reached 155.

The reaction

mixture was held at this temperature for 15 hours, then cooled and treated
with ice water.

The yellow solid remaining was filtered and dried under

vacuum, then treated again with ice water, filtered, and dried under vacuum.
The solid was dissolved in chloroform, precipitated with hexane, filtered,
and dried.
14.27
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Preparation of a-Chloro-2-Pyridine Aldoxime Methchloride (WL 221)

Reactions:

C" I

cA

CH

o>3O

C14

CH-

r3

CPO

II
DI many previous attempts to prepare the above compound,

2-pyridine

aldoxime methiodide was reacted directly with chlorine under a variety of
conditions.

In none of these experiments was it

possible to isolate the

final desired product of satisfactory purity.
Finally, a two-step synthesis as shown above was employed.

The first

preparation using this approach yielded a product slightly contaminated
(ca. 5%) with NaCl.

By slightly modifying the work-up procedure in a sub-

sequent preparation, we obtained the pure a-chloro-2-pyridine aldoxime
methchloride.

The infrared spectrum of the pure compound and that of the

product slightly contaminated with NaCl were identical, indicating that

I

fNaCl in the latter was the only significant impurity.

2-pyridine aldoxime methiodide was converted to the corresponding
methchloride by reacting it

with dry HC1 in methanol.41

The 2-pyridine

aldoxime methchloride was isolated by precipitation with a 50-50 mixture of
ether and acetone.

I

To the 2-pyridine aldoxime methchloride in methanol at O*C was added
simultaneously a solution of C12 in methanol and a solution of sodium
methoxide in methanol.
at room temperature,

The reaction mixture was allowed to stand over night

and the NaCI which formed was filtered off.

Elementary

analysis of the product recovered from the filtrate corresponded with the
calculated values for o--hloro-2-pyridine aldoxime methchloride.

I
I
I
I

I36

III

4.28

(Mn -350)
Preparation of Glycyiphenylalanine -p- Nitroanilide

9

' 3

Reactions:
CHLCe, Hs

W-14s

c

)

CH-CON1-CH-COO*+

(.

tI

CO
Io

NOI

HL
H COMH C HC = 0
1

C4ZCONHCHCO

NHI

(2)

29
In one reference

it

is claimed that the above compound was prepared

by a methoI analogous to the preparation of lysine-p-nitroanilide wich was
described elsewhefe.

30

The yield was stated to be 4%, but no details were

given for the preparation nor do the authors give any analysis, melting
point, or other physical constants.

We followed the method analogous to

the preparation of lysine-p-nitroanalide and isolated a product which proved
to be extremely hygroscopic.

Strictly anhydrous solvents are required for

recrystallization.

37

I
In a aecond batch the yield was remarkably increased (to 96%).

Since

the compond is so hygroscopic that even standing in opez air for less than
a =4nts gives arn oil.
required; otherwise

Strictly anhydrous conditions i n all operations

--e

the yield decreases remarkedly (4% according to the

literature cited).

38

5.

SMTSIS RZAUMH IN PROGMS
This part includes incomplete preparations and discssion of parts of

the multistep syntheses.

It also includes discussion of synthesis of

starting materials for compounds not delivered and discussion of unsuccessful
preparations.

5.

P
etl--Amin o7fP
RactionsI

n0

9

1V
"
OO1

2-Methyl-5 ethylpyridine was selectively oxidized with aqueous
potassium permaianate and isolated as the copper complex.

The oxidation

and work-up of the 6-methyl nicotinic acid was a slow, tedious step
requiring concentration of the product from large volumes of water.

The

copper complex wasdissolved in hydrochloric acid and freed from copper
by treating with H2 S and the 6-mthyl-nictotinic acid hydrochloride
isolated.

39

I
6 -methyl-nicotinic

Isterification of

acid with ethyl alcohol in the

presence of HS% yielded ethyl 6-methyl nicotinate which wan isolated
by vacuum distillation.
The ester was converted to 6-methyl nicotineMpide by stirring overnight with ammonium hydroxide, filtering, and drying.
Treatment of the amide with sodium hydrochlorite (Chlorox) in the
presence of KOH yielded by Hoffmann degradation the desired 2-methyl-5
amino pyridine.

I

The melting point of the final product, as well as the melting or
boiling points of all the intermediates isolated, corresponded to those
reported in the literature.
A souhat more convenient route to 6-mthyl nicotinic acid was
checked out in one run.

This involved selective oxidation of 2-methyl-5-

ethyl pyridine with concentrated HNO 3 in the presence of a catalytic amount
of amwmium vanadate.

The yeld was about the same as with the pernanganate,

but the work-up was a little more convenient.
5.2

Attr-.t!d Preparation of a -Bromobenzaldoxime (MCL-211)

Proposed reaction routet
C6 H5CH - N-O + Br2

j

I

615 C - NOH + H Br
Br

Bromine was added to a cold (&-lO°C) solution of benzaldoxime in
chloroform solution.

Although soee reaction occurred, the products

isolated after evaporation of solvent and recrystallization from a variety

40

of solvents appeared to be mixtave
ranges).

(as judged by wide melting point

Failure to obtain the desired product was probably due to bromin-

ation of the ring in one or more positions as significant side reactions,
or perhaps the only reactions, under the conditions employed.
A secod proposed reaction route is as follows:

0

06

H

N - OH +

_NBr

N-"
Br
+

CH --C.
C

-C

2

ICH2

C0

A solution of benzaldxIne in chloroform was added to a chloroform
suspension of N-bremosuccinimide.

Upon heating and stirring, a reaction

took place and all solids went into solution.
separated out.

On cooling, succinimide

The succinimide was filtered and the filtrate was concen-

trated until a product separated on cooling.

This product, which was

originally thought to be the a -bromobenzeldcxime, proved to be slightly
impure succinimide.
BenzaldoxLme (12.1 g) was dissolved in 150 ml of dry CHCl

3

Sodium

methcoide (55 g) was added, and the mixture was placed in a quartz flask
fitted with a stirrer and dropping funnel.

With stirring and ultraviolet

radiation (using a sunlamp) 16.0 g of bromine
added within 20 minutes.

in 100 ml of CHCl 3 was

The reaction mixt'uLe was filtered to remov .

the sodium bromide and the mother liquor evaporated under vacuum.

The

41

residual oil crystallized.

It was dissolved in 15 ml of CHCI

3

and

precipitated again with CC1 4 to give yellow-orange crystals which were
extremely sensitive to moisture.

j

3

The yield was 7,5 g,

In a similar experiment. using triethanolamine as the HBr acceptor,
the yield was much lower, i.e., 3.0 g.
In another experiment using the saw

amour 4 s of starting material as

described above but with the difference of cooling the mixture to -30C

I

during the reaction, the yield was almost the same as described in the

3

first experiment.

3

Because of solubility problems, CC1 4 appeared to be the better solvent.
The reactic:. was carried out with the same amounts as described above with
the following differences:

I

3

(1) the reaction mixture was cooled to -300C

and (2) the solvent was CC1.

The bromine solution and a suspension of

)eOMa in
100 ml of CC14 were added simultaneously at the same rate from
two separate dropping funnels.

Sodium bromide and the reaction product

precipitated during the reaction.

The precipitate was filtered, was

extracted with CW13 , and was precipitated with CC1 h to give 8.0 g of
yellow-orange crystals (m.p., 94.00 to 94.5 0 C.)
The compound isolated in the last experiment was extremely sensitive
,water

and even to moist air.

In attempting to characterize the yellow-orange crystals (m.p., 9400
to 94.5 0 C) isolated in the last experiment, 0.560 g was reacted with
water and titrated with 0.1 N NaOH.

It required 36.7 ml of NaCH to

neutralize (to the phenolphthalein endpoint) the free acid.

This

42

corresponds to two very labile Br atoms in

the molecule,

If

one Br is

on

the benzene ring,. it would not be expected to hydrolyze so easily,,
Therefore,

it

is

concluded that the two Br atoms are in

the side chain.

In the present state of our limited study, we can only vaguely spe"ulate
as to the structure of the compound which might be one of the following:

H

i

1-H

()

T)

The insolubility of the compound in CCl h suggests that structure (I)
is more likely.

Elemental analysis
Calculated

CABr 2 NO

Found

C

29.2

29.31,

30.01

H

2.5

2.9 ,

2.76

Br

57.o

58.19

Water hydrolyzed the compound rapidly, and the resulting solution
indicated the presence of active bromine (starch-iodide paper turns blue).
The white crystals which can be precipitated after hydrolysis,

upon purifi-

cation, had a melting point of 1270 and a molecular weight of 137.
Furoxanes are usually by-products in the halogenation of aldaiimes; but
in

this case the molecular weight shows that the product is not
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diphenylfur.xane

a vlting Point Close to tht

(III), which also ha3

of

trans t1inaldoxfme.

It\
C-C

(1 i
Microanalysis, molecular weight, and meitirng point show that the
compound isolated after hydrolysis is

trans benzaldoxLme,

and the original

starting material was cis benaldoxime:

NNON

HC

Analysis:

C H

OH

ale.

Found

C 69.5%

C 69.64A

H 5.8

H 6.68

N 11.58

N 11.21
Br

Molecular weight:

Calc: 121, found:

0.0

-37.
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Further examnation of the brominated product by NMR and UV spectrvscopy is

planned.

It

is

expected that such studies will give an answr

as to whether the compound is

a charge transfer complex,

an adduct of Br

2

with benzaldoxime., a salt such as a hydrobromide, or a covalent compound
with one bromide on the a -carbon and the second brominebound to the nitroeen
or mxygen.

5.3

Nparation oflyridine-2l.Adoxim

Proposed reaction route:

O CH.

C Hk
K

-CZ

N,W
I'>
*

N

The purpose of this experiment was to check out the above procedure
10
which was recently reported in

the literature.

If successful, it was

planned to make use of the method for making oximes with certain substituted 2-picolines as starting materials.
After preparing potassium amide from metallic potassium and liquid
a'nonia, 2-picoline was added followed by amyl nitrite.
for 1-1/2 hours,

dry ammoniu=

was allowed to evaporate.

tar7

and the excess ammonia

The residue was extracted with ether.

distillation to remove ether,
reduced pressure,

chloride was added,

After stirring

After

the unreacted piL ,line was distilled under

and an attempt was made to distill

residue at 1-mn pressure.

the product from the

A trace of semicrystalline material which
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appeared to suablLne on the neck

,fthe apparatus was recovered, but no

positive identification could be made.

A second proposed proceduire *.3 as follows

Vi

C ,.LNC

2N4 tCL
2~

2-picolJine was added to phenyllithium prepared from metallic lithium
The lithio-picoline was added to an ether

d bromobenz.ene in ether.

ution of amynitrite, and the reaction mixture was -Arred
oerature for 2 hours.
-r layer separated.

Aqueous ammoni,,.m chloride was added,

at room
and the

The aqueous layer was ex t racted several times

ether, an~d the washings were combined with the main ether layer.
dryring, the solution was distilled to remove ether and other lowig components.

Unreacted 2-picoline and an unidentified liquid were

d by distillation under reduced pressure.
i product by distillation of thb tarr
successful.

Attempts to recover the

residue at i-mm pressure

There was some evidence that tie product might be

td by vacuum sublimation,
in this manner,

and a sm-ll amount of oily solid was

A-fter trituration LT this solid with

recrystallization

from uenzno,

a Vet>

etroleum

small Wnount of

-e material wJith a melting point co rresponding to that reported
erature for 2-pyridine aldoxiLne was isolated.
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A variation was attempted using (1) a large excess of 2-picoline and
anyl nitrite with respect to sodium (sodium in
potassium was used in
NH C1,
in

these experiments)

It was not possible to

liquid amonia instead of

and (2)

2

0L

istead of

olate any of the desired 2-pyridine aldoxime

this experiment.
Through improvement in th

technique of isclation,

butyl nitrite for amyi nitrite_, and variation in
it

(NHL)

substitution of

the ratio of reactants,

was possible to obtain a respectable ,yield of 2-pyridine aldoxime via

the sodio-picollne route.
reported by S. Forman,

26

The succes3ful procedure,
follows in

similar to that

detail:

CI N &
C1+,

co:

H

Sodamide was made in

N

the usual manner from sodium metal (23 g, lg

atom) and liquid NH3 (4OO ml).

2-picoline (139.6 g,

1.5 moles) was added

dropwise over a period of 1 hour, and the reaction mixture was stirred
for 2 hours.

Freshly prepared n-butyl nitrite (51.5 g,

9.5 mole) was

added dropwise to the reaction mixture over a period of one-half hour,
and the mixture was allowed to stir

an additional 20 minutes.

NaNH. was deconposed by adding dry (NH)

2

Tnreacted

0so.
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The NH3 was allowed to escape at room temperature while replacing it
After all of the NH3 had escaped,

with 250 ml ether.
slurry remai.ned.
dissolved,

Saturated aqueous

The layers wer

was added until all solids

(HQ4)2SOh

separated, and the ether layer was washed with

the saturated (HM)-SO, solution.
combined and extracted with ether.
over MgSOD,

a thick, yellow

The aqueous phase and washings were
The caxibined ether extracts were dried

then distilled to remove ether.

Excess picoline and other

volatile components were removed by vacuum distillation up to a pot
temperature of 600 C. Finally, there remained a dark yellow solid which
was recrystallized from benzene three times to yield a slightly yellow
product having a m.p. of 113.o
aldcocime is 115 0 C).

to li..5C (literature in.p. for 2-pyridine

Further purification to obtain a white product was

effected by vacuum sublimation at about I mm and 70°C.
1150 to 116PC.
5.4

The m.o

was

The yield was 2L.1 g or 39.6%, based on butyl nitrite.

Attem ted Preparation of 6-Dimethylamino- tridine-2-Aldoxime (MEL-1h9)

Prp sed Reaction Route:

(C14CH24

I0
(cik~
1

'- C.i=NOH

4~b

This same procedure (as described under 5.3) was used in this preparation,
but the desired compound could not be isolated.
6-di.nethylamino 2-picoline,

After removal of excess

a deep reddish-brown oil remained.

A solid

consisting of a trace of yelloi crystals mixed with a brown, gumuy material
was precipitated from the reddish-brown oil.

Attempts to purify this material

by recrystallization and by sublimation were not successfu4 and only a

trace of guny -,llow solid -was isolated,

5.5

2-Amino 3-NN Dimethylamino Fluorenone-9 (MEL 300)u
Reactions t

o

00

0

C 000
5T
0M14_

NO L

,

(CHS,)N

--

NOL

=0

1_~J

o
0

H49

N14,

(3)

A direct preparation of the 2-amino 3-N, N dimethyl fluorenone-9 by
reaction of 2-amino 3-bromo fluorenone-9 with dimethylamine proved to be
difficult.

This reaction, carried out by heating the reactants in an auto-

clave at 1000 for 2 hours, gave a mixture consisting mostly of starting
material and small amounts of unidentified products.

It

was decided,

therefore, to investigate the longer synthesis route shown above,
especially since some of the reactions have been described in the literature
for making very similar f'uorene derivatives.
2-Nitro-3-bromofluorenone-9 was prepared in good yield by oxidation of
the corresponding amino compound with 38% peracetic acid.
2-Nitro-3-N, N dimethylarino fluorenone-9 was synthesized by reacting
the bromo derivative above with excess dimethylamine in an autoclave at
700 for 2-1/2 days.

A mixture of benzene and ethanol was used as a solvent.

Shiny, gold-brown cryrtals melting at 233 -4o precipitated from the reaction
mixture.

The compound was almost completely insoluble in ethanol, methanol,

ethyl acetate, ether
ir

hexane, dioxane,

and THF.

It was slightly soluble

acetic acid, acetone, dimethylformamide, and N-methyl pyrrolidone.
Several attempts were made to convert 2-nitro-3 N, N dimethyl amino

fluorenone-9 to the 2-amino compound by catalytic hydrogenation with Pt
black.

This appears to be difficult because of the low solubilit) of the

nitro compound.

With ethanol as a solvent, no hydrogenation was observed.

With glacial acetic acid as a solvent, the product proved to be mostly
starting material. Using dimethylformamide as a solvent, sljw hydrogen
uptake was observed.

After evaporation of the solvent under vacuum, a

dark-red solid crystallized which after washing with water was dissolved
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in acetone and p- ecipitated with hexane to give a purple solid melting at
1330-135O.

Elementary analysis of this product corresponded to the

theoretical values for 2-amino 3-N, N dimethyl fluorenone-9.
Detailed experimental procedures are given in the appendix.
5,6

N Dimethlamino-7-Methyl Carbanyl Phenanthridine (KML 263)

6-N,

Reactions:

It

8

HO"

0

07-,.ONO.,Q

IT

It

is

_t1

known that aromatic ketones can be specifically reduced with

NaBH4 (at room temperature) to the corresponding alcohol without reducing
a nitro group attached to the aromatic ring.
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Several attsmpts were made to reduce the nitro ketone with NaBHBB
However,

it

appeared that the nitro ketone was too insoluble at room

temperature (solvents: methanol and isopropanol).
isolated at room temperature was starting material.

The only product
At elevated temp-

eratures reduction of the nitro group as well as the ketone occurred.

It

was desirable to avoid reduction of the nitro group since the subsequent
rearrangement to the phenanthridine gives much poorer yields with the
amino compounds.

Therefore,

reduction of the ketone by the alternate

method of Meerwein-Ponndorf with aluminum isopropoxide was attempted.
proved to be a rather clean reaction and gave the alcohol in

This

good yield.

Unreacted starting material could be easily recovered at the end of the
reaction by filtration.
In different experiments we increased the reaction time from 1/2 hour
to 2-1/2 hours.

The conversion increased from

40%

to 69%.

The overall

yield in each experiment was 95% since unreacted material was recovered.
The rearrangement of this particular alcohol (reaction (2)) is
described in the literature.
compounds,

e.g.,

the rearrangement of similar

2-nitro-9-fluorenol to 7-nitrophenanthridine,

2-amino-3-nitro-9-fluorenone
reported.

However,

has been

was reported that only a small

amount of 2-nitrophenanthridine was obtained.
other than the nitro in

and

to 6-nitro-7-amnino phenanthridine, 40 9 h

In the former reaction it

not

Rearrangements with groups

the ring were less specific and mixtures of the

2- and 7-substituted phenanthridiries were obtained.

By analogy, we have

assumed that the product we obtained by this rearrangement (reaction
(2)) has the amino group in

the 7-positior.

/ k

The reacticn was carried out in a suspension of NaN3 and 98% H2 so

in CHCI1 3 * The fluorenol was added as a fine powder.

The work-up procedure

was the same as described in the literature cited, 3 9

The elementary

analysis of the puified product checked with the theoretical values

calculated for 6-N.N-dimethylamino-7 nitro pherantAdineo
Details are given in the appendix.
5.7

Attempt to Prepare N- 7-(6-.Dimethylamino)-Phennthridy

-N'

(Diwtthy1)

Urea. - LzEL26)

H,)~(CH

(4Z~~(

WO N(C

The starting material,

)

6-NN-dimethylamino-7 nitro phenanthridinep was

prepared by a series of reactions described under subsection

5.6.

A number of attempts were made to reduce the nitro group to the
corresponding amine.

The amounts used for the rf action were from 0.2 to 0.5g.

First, we followed a preparation from the literature
phenanthridine was reduced

where 7-nitro-

o the corresponding amino compound by using

Fe-powder in 0.05 normal acetic acid.
tried several other methods,

39

Since the yield was

ery small, we

such as cataltic hydrogenation on Pt-char-
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coal and Pd-charcoal.

In these cases, we obtained only a small amount of
The small yield might be due to

material which would not crystallize.

complex formation with the transition metals.

From the structure one

might expect quite a strong tendency toward complex formation.

(C40
Finally, we did some experiments using Na 2 S 2 0 4 as the reducing agent.
One mole of nitro compound and 3 mcles of Na S 04 were refluxed in a

2 2h
mixture of H2-Et0H.
extracted with CHC1

3

After evaporation of the solvent, the residue was
to give an orange solid, which was reacted with

dimethylcarbamyl-chloride

without further purification.

inorganic residue was left after combustion; therefore,

However,

some

we could not .et

obtain good analysis.
5.8

Attempted Preparation of MEL 3 4 0
Two attemptE were made to prepare the compound.

glycolate and tropine were heated to 110 0 C with:
(each in

catalytic amount-)

for:

mn Hg).

was prepared and isolated.
tropine hydrobromide.

From the first
However,

CH3 ONa and (2)

Na

20 hours.

To

2-1/2 hours and (2)

(1)

remove the methanol formed during the reaction,
under vacuun (15

(I)

Equimolar amounts of

the system was maintained

reaction,

a hydrobromide salt

analysis indicated it

From the second -reaction we prepared and isolated

a fumarate 3alt which again proved to be a salt of tropine.

I5

was simply

,III
It

appears that either the MEL 3kG do3s not forn

the salts easily,3

so that only the tropine salts were isolated, or the transesterification

did not take place under the reaction conditions investigated thus far,
Another competitive

reaction might explain why we are experiencing

dirrLcult, in obtabing the product in good yield, i.e.1

the OH group of

the glycolate might undergo a transesteriftoatOn with Itself thus cansing
a self-polymerization.

5.9

p-Methyl-N(p-cylohexylbenzyl)

Tropyl Bensoate-Halide (MEL 341)

Proposed reactionsC
C tj .P

HO

LoC

C "IOH

C12

-H

I

CHC
"0

-

0

t>5

CHt

3c

I

Direct bromomethylation of benzene, toluene, etc.,
in the literature.

has ben described

We tried to extend this method to cyclohexylbenzene3

but the final product decomposed during vacuum distillation.
cyclohwAylbenzylbromide,
avoids ditillation..

we therefore will try an alternate method which

We will first

chloromethylation),

To isolate

prepare cyclohexylbenzychloride

(by

and without further purification, hydrolyze with

water to the corresponding benzylalcohol which can be distilled without
decomposition.

Reflning with L0% HBr should give cyclohexybenzylbromide,

which can then be extracted with ether.

It is anticipated that the

product will be pure enough to be used without further purification.
Reaction of this compound with tropyl p-methylbenzoate

should give the

desired product.
p-toluoylchloride was prepared from p-toluic acid by refluxing with
excess SOCk in benzene and subsequent fractional distillation under
reduced pressure.

Tropine was then refluxed with a slight excess of

p-toluoylchloride in

toluene for 16 hours.

was filtered and washed with ether; and it
checked with the calculated value.

The resulting hydrochloride
,ave a CH analysis that

If
5p,Tidirie-t'-al

(ox in

methodd

I~%

(EL-)7)t

00

L'O

NN

/N*4

C
HOH

TE~~I57

C 14~ o

"'" ;r :, '

" 5 a"

1rt'r'O'h'-lr.a

i ,

easy, rt-2i

'-a!

S3'lfont,ion of a-picoline an

me*!%od

subsequent alkali fusion of the

,-retlhylpyridine-5-sulfonic acid seems to he the simplest way to prepare
5-hydroxyr-2-methylpyridine.

We prepared the sulfonic acid by heating

a-picoline for 2h hours to 2200 in fuming sulfuric acid.

Excess fuming

sulfuric acid was distilled und3r reduced pressure, and the tarry residue
was extracted with H2 0.

After concentration of the aqueous solution, the

acid was precipitated with ethanol.
2-Methylpyridine-5-sulfonic acid was then mixed with excess NaOH
and heated to 300 C for 2-1/2 hours.

Neutralization and extraction

with ether gave 2-methyl-5-hydroxy pyridine.
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ATP2NDI X

EXPER.iENTAL WR

(Cn which the subsection or paragrath nuhmbers
correspond to the numbered discuasions in
sections h and 51of the report.)

A mixture

,f

(,C0 m,

o

phosphorus tr'

Th o:i

:e and 200 P (2.0 role) of

cyclolbutanecarboxylic ncid was placed in a 1000-ml flask fitted with a

reflux condenser and drying- tube,

aird the mixture was refluxad for 3 hours.

After removal of the excess phosphorus trichloride at atmospheric pressure,
the residue was distilled through ari 18-inch vacuum jacketed Vigreux column.
There was obtained 189.7 g (80% of theoretical) of cyclobutanecarbonyl

chloride, b.p. 70 0 C/50mm.
in another experiment, the volatile reaction products ,-ere distilled
away from the reactive phosphorus oxychloride solids and the yield in this
case was only 6h.5%.
Cyclobutyl Phenyl Ketone
A solution of 1 8 9.7g (1.6 moles) of cyclobutanecarbonyl chloride in
500 ml of anhydrous benzene was added dropwise with stirrinp over a 2-hour
period to a refluxing mixture of 266 g (2.0 moles) of anhydrous aluminum
chloride in 2100 ml of benzene.

After the addition was complete, refluAiwr

was continued for an additional 2-hour period.

The mixture was allowed to

stand overnight, then poured into 3 gallons of crushed ice.

The layers

were separated, and the water layer was saturated iith salt before triple
extraction with benzene (a total of 3 liters).

The combined benzene solutions

were concentrated at atmospheric pressure, and the residue distilled through

*The numbering system corresponds to the discussion in the subsections of
sections 4 and 5. The IR-spectra of all delivered compounds have been sent
with the samples and will not be included here.
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, r~.

110

o

lin 7 at I/mm,

250
n

" 1.5451.

-I.ohiftyi -.- Phenyl -2-Propy-,-ol
A 3-liter, 3-necked 1,lask, fittad with a gas inlet tube, a dry-ice
cooled condenser attached to n drving tube, and a mechanical stirrer, was

charged with 2000 ml of anhydrous liquid ammonia and 42.2 g (1.83 gram atom)
of sodium.

When the sodium was dissolved, acetylene was passed in until

the CVue metallic color disappeared, then for an additional 10 minutes.

The

gas inlet tuhe was removed and replaced with a dropping Nunn6l filled with
235 g (1.47 moles) of cyclobutyl phenyl ketone in 350 ml of anhydroua ether.
This was added over a period of 2 hoursl the mixture was stirred an
additional 4 hours, and the ammonia was allowed to evaporate overnight.
The ethereal residue was poured over 3 liters of crushed ice which was then
acidified with dilute hydrochloric acid.

The layers were separated, the

aqueous phase extracted once with ether, and the organic phase was dried
with anhydrous calcium sulfate, filtered, and concentrated.

Distillation

of the residue through a column gave 228 g (83.5%) 1-cyclobutyl -1- phenyl-

2-propyn- 1-ol, b.p. 1000 /2mm, nD2 50 -. 5460.
Cyclobutylphen2ylglycolic Acid
In one experiment, a solution of 335 g (2.12 moles) of potassium
permanganate in 5.5 liters of warm water was added dropwise to a vigorously
stirred mixture of 10 g (1.33 moles) of 1-cyclobutyl -l-phenyl-2-propyne1-ol and 600 ml of water.

Since great care was taken to keep the reaction

mixture at 00 to 50 during the addition, a totipal of 8 hours was allowed for
this step.

After an additional 2 hours of stirring, the excess )otassium
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permarngasnte was removed with sodium thiosulfate.
through a pad of CelitA (a very slow process),

The

ixture was filtered

the manganese dcoxide was

washed with an additional 1-liter portion of water madci mild2
sodium hydroxide.

After one washing with 500 ml of ether,

oasic with

thi clear aqveous

phase was acidified with dilute hydrochloric acid and saturated with salt.
The white solid whi'ch appeared was separated by filtration, and the filtrate
was extracted twice with 250-ml portions of nther.

h'vaporation of the ether

gave a white solid, which was auded tu +'le residue in the filter funnel.

There was obtained 65 g (2P%) of cyclobutylphenyl. glycolic acid as a white
crystalline solid, m.p. 21*O -ll°C.
In another experiment, stirring at room temperature after addition of
the potassium permanganate was increased to 15 hours.
raised slightly--to near L0%.

The yield of acid was

When this modification was applied to a larger

scale experiment, the expected 40% yield did not materialize--a 30% yield
was the result.

In still another experiment, an attempt was made to increase

the homogeneity of the reaction mixture by dissolving the acetylenic compound
in

acetone before treatment with the aqueous pentianganate solution.

A yield

of 30% of cyclobLtylphenyl glycolic acid was the result of this modification.
In view of the apparent inefficiency of permanganate oxidation as a route
to the glycolic acid, a short investigation of the anodic voltammetry of
1-cyolobutyl-l-phenyl-2-propyne-l-ol

was carried out to determine the

feasibility of An electrochemical oxidation to the glycolic acid.

Studies

of the anodic polarography of the acetylenic derivative in mixed water-methanol
at various pH showed no wave for the compound.

It

is

apT arent that electro-

chemical oxidation of this material would require extensive study to be
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usefu1] on a preparative sea1e as a route to the 8ui.stituted gly:olic acid.
It

is,

however, entirely reasonable to assume that an electrochemical process

cvan te applied to this problem in view of the reported oxidation of acetylene
to potassium formate in

KOH medium at a platinum

electrode.

Methyl Cyclobutylphenylgycolate
Cyobutylphenyl glycolic acid, 38 g (0.184 moles) was dissolved in
1CO ml of ether and added to an ethereal solution of 0.3 moles of diazomethane
prepared frcn1.
I-nitrso-N-methyl-p-toluensulfonamide
Chemical Co., Inc.).

("Diazald",

Aldrich

The solution was allowed to stand overnight, the excess

diazomethane destroyed with acetic acid,and the ethereal solution extracted
with 10% solution of sodiun bicarbonate.

.he

residue left

after the ethereal

solution was dried with magnesium sulfate, filtered, and the ether evaporated
off was recrystallized from benzene-petroleum other to give 37.5 g (92.5%)
of methyl cyclobutyl phenylglycolate, m.p.

h.2

510-530.

Overall yield --

Preparation of l-(2-Oxypyrrolidino)-h-Pyrrolidion-Butyne-2
Preparation A:
2-pyrrolidinone,

17%.

(Mel-150)

l-Propargyl-2-Pyrrolidinone
30 grams (0.352 moles), was dissolved in 100 ml of dry

toluene and added dropwise with stirring to a solution of 18 g
of sodium hydride-mineral oil mixture in 200 ml dry toluene.
mixture was refluxed for 2 hours and cooled.

(O.

moles)

The reti.ction

Propargyl bromide, 48 g (O.

moles) in 100 ml of dry toluene was added with stirring over a period of
2 hours; the reaction mixture was heated for a further 2-hour period and
allowed to stir

After filtration through

overnight at room temperature.

Celite and evaporation of excess toluene, a dark oil was obtained.
placed on an alumina column aud eluted with a

i

This was

heptane-ether mixture.
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Th,

resulting solution was concentrated under vacuum to give L

a light yellow oil.

g (57%) of

This material darkens on standing, and when heated in

air tends to polymerize to a black solid mass.
I-(2-Oxvpyrrolidino) -Is-Pyrrolidino-Butne-2
A mixture of 9.6 g (0.08 moles) of the oil obtained above, 7.6 ml
(0.088 moles) pyrrolidine and 2.88 g (0.096 noles) paraformaldehyde in 25
ml dioxane was heated it ref1"x for 16 hou-s.
was cooled and poured into 300 ml of water.

The dark reaction mixture
After acidification with

hydrochloric acid and thorough extraction with ether to remove unchanged
pyrrolidine, the water solution was made basic again with sodium hydroxide.
The organic material was extracted four times with chloroform

300 ml),

and the chloroform so-&tio.,l was dried over CaSO4,

concentrated under reduced pr , jure.

Thewe -mained

(a total of

filtered, and

14 'n0 of a dark-yellow

oil which was placed in a modified C)aisen apparatus ana distilled at l-rnm

pressure.

Two fractions were collected,

a 2-ml fraction at 1900-2250.
behind in

a 3-ml fraction at 165'-1750 and

The main portion of the material remained

the form of a tarry material which solidified to a hard black

mass on cooling.
Infrared analysis of both volatile fractions showed certain differences
in structure, though both exhibited strong carbonyl absorption at 1685 cm " .

A picrolonate salt, melting at 1580-1600 after recrystallization from acetone,
was prepared from the first fraction.
It appears that the low yield results from isomerization and polymerization
processes arising in the distillation steps.

Such behavior is common in

acetylene derivatives and can be minimized by avoiding high temperatures.
Chromatographic purification is probably applicable in this preparation.
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To 64.5 g of pyrrolidine in 215 ml of toluene, a solution

PreparatLon B:

of 3.7 g of 55% Nail (mineral oil suspension) in 430 ml of toluene was added
dropwise.

The mixture was refluxed for 2 hours and then cooled.

Propargyl

bromide (103 g) was added over a period of 1 hour and refluxed for 1.5 hours.
Tho filtered red-brown solution was evaporated under reduced pressure,
placed on an Al 0

23

column, and eluted with hexane and hexane-ether (1l1).

The eluato was evaporated under reducod pressure to give a 2-phase oil; the
lower, reddish liquid was separated (80.2g) from the top, colorless oil
(16.4 g mineral oil).

Upon refrigeration, 0.3 g of slightly yellow crystals

precipitated (m.p., 1850-6 0 C).

A mixture of 80.2 g of the red liquid, 63.5

g pyrrolidine, 2h.0 g of paraformaldehyde, and 150 ml of dioxane was refluxed
for 20 hours under an argon atmosnhere.

The liquid was then poured into

1200 ml of distilled H20 , acidified with HC1
each with 250 ml ether.

to pH 3.5, and extracted 4 times

The aqueous solution was brought to pH 10 and

extracted with HCC1 3 & The chloroform was evaporated under reduced pressure,
the residual oil was degassed under oil pump vacuum, and then distilled with
a molecular still.

The wall temperature was 1600, and the pressure was

100 to 500 microns.

(m.p.,

i80o_°5C) were analyzed for C, H, N.

analyses fit

found,

The crystals

Oxygen was calculated.

The

an empirical formula C7 H9 NO.

Analysis:

4.3

The yield was 36.0 g of an orange oil.

Calculated for, C7 H9 NO:

C--68.26,

C--68.4%, H--7.32%, N--lU.39%;

H--7.52i N--11.3%.

Preparation of Chloroacetylglycylglycine Ethyl Ester (Mel-131),
A mixture of glycyl glycine (10 g) and ethanol (250 ml) was placed in

a 500-ml round-bottom flask equnped with stirrer, condenser, thermometer,
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and gas addition tube.

The mixture was stirred while gaseous anhydrous

hydrogen chloride was passed into the reaction mixture.

The pas addition

was continued until the ethanol solution gave a positive acid test with pil
indicating paper.

The reaction mixture was then heated rapidly to reflux

temperature and held there for 5 minutes.

Practically all of the solids

went into solution which was then filtered and cooled as rapidly as possible

to -30

0

,

White needles crystallized from the filtrate and were removed by

filtration.

This solid product was placed in

a 250-,al beaker; 10 ml of water

and 30 ml of chloroform were added and mixed to give a fine slurry.
hydroxide

solution containing 3.2 of sodium hydroxide in

added with cooling and stirring.
the water layer.

A sodium

8 ml of water was

Potassium carbonate was added to saturate

The organic layer was separated and the water layer washed

three times with 30-mi portions of chloroform.

The chloroform solution was

filtered and the filtrate concentrated to 15 ml, then poured into 250 ml of
petroleum ether.
off.

White needles (m.p. 870-880) precipitated and were filtered

This product was redissolved in

30 ml of chloroform( a

wise to a solution of chloro acetyl chloride (7.5 ml) in
at 00 .

)

and added drop-

30 ml of chloroform

After the addition a white solid began to precipitate.

After standing

for 1 hour, the mixture was poured into 500 ml of petroleum ether.
solid(b) formed was filtered off and recrystallized from acetone;

The
1.5 g of

white needles (m.p. 151°-1520) were recovered.
Notes:
(a) The glycyl glycine r ,hyl ester decomposes on standing and must be
used immediately.
(b)

The solid was found to be a mixture of the desired product and

glycyl glycine ethyl ester hydrochloride.

The latter, which was completely

insoluble in acetone, was removed by filtering the hot acetone solution.
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References:
1. Ber. 3h2872 (1901)
2.

Ber, 36,2113 (1903)

Characterization:

CHA 3 CIN204; M.W. 236.67; m.p. 151-1520.

(literature,

m.p. 1530 -1540 ).
h.4

Preparation of Chloroacetyl Glycyl Glycine Propyl Ester (Mel-132)
Glycyl glycine (0.1 m) was placed in a 500-ml round-bottom flask

equipped with stirrer, thermometer, condenser, and gas addition tube.
Propanol (250 ml) was added and the mixture was stirred while passing hydrogen
chloride gas into it.

The gas addition continued until the alcohol gave r

strong acid indication with pH indicating paper. The mixture was then heated
to reflux and held at that temperature until all went into solution.

The

solution was then filtered and the filtrate cooled to -30 0 lor 2 hours.
Twenty-six grams of white needles (m.p. 1580-159)

were recovered.

The solid

was dissolved in 30 ml of chloroform and 10 ml of water, and 8 ml of sodium
hydroxide solution containing 0.4 g of sodium hydroxide per ml.

Potassium

carbonate was added to saturate the water, and the chloroform layer was
separated.

The water layer was washed three times with 30-ml portions of

chloroform, and the organic layers were combined and concentrated to 15 ml.
This was then poured into petroleum ether with stirring, and the resulting
wnite solid filtered.

It was immediately redissolved in chloroform (40 ml)

a a placed in a 100-ml, three-neck, round-bottom flask with stirrer and
thermometer.

Chloroacetyl chloride (3 ml) was dissolved in 15 ml of

chloroform and added dropwise while maintaining the temperature at 00 .

A

precipitate formed, and after the reaction mixture had stood for 1 hour, it

70

The solid* was recrysta2lized from acetone yielding 1.5 g

was filtered.

of white powder (m.p. 127°-128 ° ).

*Note:
The solid formed was found to be a mixture of two compounds.

One was

the desired product; the other was found to be glycyl glycine propyl ester
hydrochloride, which was insoluble in hot acetone.
Characterization:
Analsis,

Calculated for C9 H 6 ClN2 04,

N--11.13%1 folln t

h.5

C--13.86%,

C--43.0%, H--6.41%, C1-14.15%,

H--6.31%0 N--II.OI%,

CI--13.76%.

Preparation of Chloroacetyl Glycyl Glycine Methyl Ester (Mel-130)
Potassium hydroxide (5 g) was dissolved in 8 ml of water and placed in

a 100-ml, three-neck, round-bottom flask equipped with thernometer and
distillation head.

Ethanol (25 ml) was added and the mixture heated to 650 .

N-methyl-N-nitroso-p-toluenesulfonamide

(10.8 g) was dissolved in 65 ml of

ether and added dropwise, keeping the pot temperature 450 to 650.

The ether

distillate and the diazomethane produced were collected in traps immersed in
Ether was added to the reaction flask until the distillate

an ice bath.

became clear white.

The yellow distillate was poured into a 250-mi

ErlenmeyIr flask containing choroacetyl glycyl glycine (5 g) which was
stirred during the addition.

The stirring was continued for 3 hours, then

the ether solution was filtered to recover the solid product which was
crystallized from acetone to obtain 3 g of white needles (m.p. 1550-1560).
Analysis:
N--12.59%1

Calculated for C7 lICIN2 04,

ond:

C--37.8%, H--4.98%, Cl--15.93%,

C--38.2%, H--5.18%) CI--15.87%, N--72.31%.

71

Reference:

"Preparation of Diazomethane from 'Diazald'", Aldrich

Chemical Co., Inc., 2369 North 25th St., Milwaukee, Wisconsin.
4.6

Preparation of a-Chlorobenzaldoxime (Mel 210)
Benzaldoxime (50 g) was dissolvod in chloroform (100 ml) and placed in

a 25-mi, three-neck, round-bottom flask equipped with a magnetic stirrer,
Drierite tube, and a gas addition tube.*
Ice-cold reaction mixture for 1 hour.

Dry chlorine was passed into the

The reaction mixture was allowed to

come to room temperature, and the excess gases were allowed to escape upon
the completion of thA reaction through a Drierite tube protecting the flask.
The solution containing the product was evaporated to dryness urder reduced
pressure.

The crude product that remained in the flask was then recrystallized

from petroleum ether to give a-chlorobenzaldoxLme (9.6 g.1 14.9%) m.p. 480-490
(lit.,

m.p. 480 or 520).
*Notes:
0C
(1) It is very necessary to keep the reaction mixture between 50 -10

during the addition of dry chlorine.
(2)

The reaction mixture should be protected by A -Aer.te tube during

the reacti-n.

Characterization:

The melting point corresponded to that given in

literature; therefore, no elementary analysis is given.
Reference:

B. Werner, Ber. 27(2197)

(Beilstein Organische Chemie, 9,

316(129)).
4.7

Preparation of 1.3-Bis (triethlammonium) Propane Dibromide (Mel-171)
A solution of 10.1 g (0.05 mole) of 1,3-dibromopropane (Calbiochem),

25 ml of redistilled triethylamine and 10 ml of anhydrous methanol was
refluxed in the darc for 72 hours.

The reflux condenser was topped with a

drying tube filled with Ascarite to exclude moisture and CO2 .
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The crystallinu material was filtered off, washed with ether, and
recrystallized twice from alcohol and ether mixtures to give 6.1 g (31%)
of 1,3-bis (triethylammonium)

propane dibromide,

a white crystalline

material, m.p. 22 0-24 ° , soluble in water, ethanol, and acetone.
Calculated for C15 H36 Br 2 N 2 : Br--39.6%; found:
Reference:
4.8

Br--39.3%, and 39.8%.

Barlow and Ing. Nature, 161, 718 (1948).

Preparation of L-I-Tosylamido-2-Phenvlethyl Chloromethyl Ketone (TPCK)

(Mel-180)
1. Preparation of N-Tosyl-L-Pnenylalaninet

Freshly recrystallized

p-toluenesulfonyl chloride, 14.2 (0.072 moles) was dissolved in 75 ml of
ether and shaken for 4 hours at 5

with 10 gram (0.06 mole) of L-phenylalanine

(Calbiochem) in 25 ml of 2 N sodium hydroxide.
were

The ethereal and water layers

separated, the aqueous phase acidified with 50% hydrochloric acid,

and the crystalline product isolated by f't.tration.

Recrystallization from

75% ethanol gave 18.2 grams (85%) of N-tosyl-L-phenylalanine, m.p. 1580-160 ° .
2.

Preparation of N-Tosyl-L-Phenylalanyl Chloride:

A solution of 16.2

(0.05 moles) N-tosyl-L-phenylalanirne and 12.5 g of phosphorus pentachloride
(from a freshly opened bottle) in 200 ml of anhydrous ether was stirred at
00 for 30 minutes, at room temperature for 1 hour, and finally allowed to
stand at 0

overnight.

Concentration of the ethereal solution gave a

crystalline product, which was separated by filtration and washed with a
little ether, then with ice water.

After drying for

4

hours in a vacuum

desiccator, 7.85 (46%) of the acid chloride was obtained.

It melted with

decomposition at 1290.
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(0.023 moles) was suspended in 100 ml of anhydrous ether and treated with
0.07 moles of diazomethaie in 300-ml anhydrous ether.

The diazomethane waa

prepared from N-methyl-N-ntroso-p-toluenesu.fonamide (Aldrich Chemical Co.
"Diazald").

After standing overnight, the reaction mixture was refluxed for

30 minutes.

In one experiment the diazomethyl ketone was isolated and showed

the characteristic peak at 4.68 4 in the infrared.

The ethereal

iolution of

the diazo.-etyl ketone was treated with hydrogen chloride by bubbling in the
dry gas for 3 hours.

After evaporation of the ether, the residue was re-

crystallized, once from 1-1 benzene-hexane mixture and twice from 95% ethanol,
to give 4.5 g

(56% yield) of N-tosyl-amido-2-phenylethyl chloromethyl ketone,

a white crystalline solid, m.p. lC2.5*-I03° .
References:
1.

E. Fischer and W. Lipschitz, Ber. 48, 360 (1915)

2.

F. A. Popenoe and V. D. deVigneand, J. Am. Chem. Soc.

76, 6202 (1954).

3." 0. Schoellmann and E. Shaw, Biochem. 2, 253 (1963)
4.9

Preparation of 4-Chlorobutyroyl Chloride (Mel-282):

This compound was

commercially available from Aldrich Chemical Company (100 g).
Physical Constants:

n20D
Reference:

-. 610)

B.P.1 2 66-67' (lit., B.P.1 2
M

D
1.4606 (lit., n 20D

-

1.4616

Blicke, Wright, Zienty, Am. Soc. 6) (1941) 2489 (Beilatein

Organische Chemie E III 2, 627).
4.10

Preparation of 3-Chlorobutyryl Chloride (Mel-283)
Freshly distilled thionyl chloride (37.5 g) was placed in a 250-ml,

three-necked, round-bottom flask equipped with a magnetic stirrer, dropping
funnel, thermometer, and water condenser.

The HCl given off during the

7i4

reaction was absorbed in a water trap attachIed t- the condenser through a
gas outlet tube.

While stirring and gently warming the thionyl chloride,

3-chlorobutyric acid (22 g) was added dropwise during the course of 30-40
minutes.

The HC1 was collected in the trap as described above, and the

sulfur dioxide was permitted to escape into the hood.

When all of the

acid had been introduced, the reactants were heated for an additional 1/2
hour on a water bath.

The crude o 4 ly product remaining in the flask was

purified through distillation at reduced pressure to yield pure 3-chlorobutyryl
chloride (10.3 g; 36.7%); BPl
(lit.,

n 2.5

5

0

47-8

12

(lit.,

~

BP

12D

40 0 -41 0 );

n 2D . 1.45OO

,o

Characterization:
given in

2

The I-iling point and refractive corresponded to that

the literature.

References:
1.

B. Michael, Ber 3h 4051 (Beilstein Organische Chemie 2, 278).

2.

Abderhalden,

Chemie E II2
3.
2nd Ed.
4.

Fleischmann,

253).

H. Gilman and S.

A. Harris,

"Organic Synthesis," Coll. Vol. I,

(1947) 147.
A. I.

Vogel, A Textbook of Practical Organic Chemistry Including

Qualitative Organic Analysis,
4. 1 1

Fermentf. 10, 203 (Beilstein Organische

3rd Ed.

(1956)

386-89.

Preparation of 4-Bromobutyryl Bromide (Mel-281)
Butyrolactone (30 g) and phosphorus tribromide (73 g) were placed in

a 100-ml pear-shaped flask and heated on the steam bath for 2 hours under
ardydrous conditions.

The reaction was completed when the temperature was
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brought up to 1800 in an oil bath.

The crudeoily product was distilled

under diminished pressure, yielding the pure 4-bromobutyryl bromide (35.5 g,
57.1%); *B.P. 5 700 -720 (lit., B.P.l

90°0-910); n175 - 1.5346 (lit., not given).

3

D
Characterization:
Elemental Analysis:
found:

C4 I

C--20.3%, H--2.70%,

Br

2

:

Calculated:

C--20.9%,

H--2.62%,

Br--69.5%;

Br--66.8%.**

Notes:
*Compound was distilled at 5-ram Hg instead of 13-im Hg since some
polymerization of unreacted butyrolactone appeared to occur at the higher
temperature required for distillation at 13-mm Hg.
**Analytical difficulties in

obtaining good results in the bromine

analysis were due to the rapid hydrolysis of the acid halide.
Reference:

Kuschinsky, G. Lange,

Scholtissek, and Turba, Biochem.

Z.

327, 314-30 (1955).
4.12

Preparaion of Isonitrosoacetone (Mel-231)
Ethyl acetoacetate (200 g),

KOH (100 g), and H20 (3750 ml) were placed

in a 4-liter beaker; the mixture was allowed to stand for 18 hours.
mixture sodium nitrite (124 g) in H2 0 (400 ml) was added,
was chilled to 50-6 0 C in

an ice-salt bath.

To this

and the solution

Twenty percent (by weight)

H2 SO4 (860 g) was added dropwise during the course of 1 hour.

After 15

minutes, the solution was neutralized with 30% NaOH. While keeping the
solution cold 50-6°C) the sodium salt of isonitrosoacetoacetate was acidified
with 20% H2 SO4 to pH 4.

The solution containing the final product was allowed

to warm to room temperature.

The product was then extracted with ether and
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dried over anhydrous sodium sulfate.
the Na2 SO4 and evaporated to dryness.

The etheral extract was filtered from
'Tho crude product (105 g, VO%)

was

recrystallized from benzene yielding crystalline plates of isonitrosoacetone
(70.52 g, 5h.2%) m.p. 66'-67' (lit.,

m.p. 450 or 690).

*Note:
It is necessary to store the final product in a dark bottle and to keep
cold.
Characterization:

The melting point corresponded to that given ir

the

literature.
Reference:

V. Meyer, Zublin, Ber. 11, 695; Ceresole, Ber. 15, 1327;

Charrier, Gazz. 37 I, 145 (Beilstein 1, 763).
4.13 Preparation of o-Chloro--Isonitrosoacetone (Mel-230)
A calculated amount of chlorine (13.)t g plus a 3.F f excess) was
dissolved in chloroform (150 ml).*

A solution of isonitrosoacetone (15 g)

in chloroform (50 ml) was placed in a three-neck, round-bottom flask oquippcd
with a magnetic stirrer, thermometer, and dropping funnel.

The chlorine

solution was placed in the dropping funnel and added dropwise Lu the
isonitroso acetone mixture.*

After introducing all of the chlorine, the

reactants were allowed to stir for 1 hour.

A white precipitate was fon.ad,

which dissolved in the chloroform when allowed to warm to room temperature.
The chloroform solution containing the final product was evaperated to
dryness, and the crude product (21. g) was recrystallized twice from benzene
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yielding a slightly yellow nowder,
l7.6)

ry-clloro--isontrosoacetne (3.7 g,

m.p. 10$1-1090 (lit., m.p. 2070 or 1000).
*Note:
It is necessary to keen the temperature between 0 0 -100 C during the

addition of the chlorine to the chloroform.

The chloroforn solution of

chlorine should be added at such a rate that the temperature of the reaction
r1xtuir

does not exceed 100C.

Characterization:

The medting point corresponded to that given in

the

literature.
Reference:

Claisen, Manasse, Ann. 27h, 98; Ponzio, Charrier, Gazz.

37 11, 68; (Beilstein II,

620).

Preparation of 2-(cr-Chloro) Pyridinealdoxime Hydrochloride (Mel-220)

h.lh

Twelve and 2 tenths grams of 2-pyridinealdoxime were dissolved in 170 ml
of

CI., (dried with MgSO 1).

In a three-neck flask with stirrer, thermometer,

and dronping funnel, the soltion was cooled down to -55
of
r

r.h

g of chlorine in 100 ml of dry CHCI

Lon mixture was stirrnd vigorously.

3

0

C, then a solution

was added dropwise while the

After addition of the chlorine

solution, the re0,clion mixture was allowed to warm up to room temperature.
The white powder which orecipitated during the reaction was filtered quickly
and dried under vacuum.

Yield--l8.5 g (96%); m.p. (sealed tube) 173-7

decomp.

Characterization:
Elemental Analysis:

C

Cl--36.8%, N--14.5%; found:

6

F6 C1

6

2

N

2

0:

Calculated:

C--37.3%,

H--3.1!%,

C--37.7%, H--.7%, Cl--36.9%, N--Th.b%.

(8

4.15

Preparation of 4-Trimethylammonium Methylbutyrate Bromide (hel-174)
4-Bromobutyric Acid:

Twenty four and six tenths grams of 4-bromo-

butyronitrile were refluxed for 2-1/2 hours with 67 g of 48% HBr.
HBr was then evaporated off under vacuum.
filtered and washed with CC
50-ml CCI

4

each.

under vacuum.

4.

Excess

The precipitated NH4Br was

The filtrate was extracted five times iith

The combined CCI4 extracts were dried and evaporated

'he product crystallized upon cooling, yielding 22.5 g of

4-bromobutyric acid, m.p. 320C.
4-Bromomethylbutyric acid was treated with a solution of CH2N 2 in ether
until the yellow color remained for 15 minutes.

Excess CH2N 2 was destroyed

with a few drops of glacial acetic acid until color was only slightly yellow.
The ether was evaporated under reduced pressure to give a water white

residual liquid (34 ml).
4-Trimethylammonium Methybutyrate Bromide:
the ester was placed irto a 250-mi autoclave.

Without further purification
A solution of 30 ml of MeOH

and 15 g of trimethylamine (the mixture was prepared with cooling) was added.
The mixture was heated at 70 0 C for 24 hours.

MeOH was evaporated under

reduced pressure; the white solid which crystallized was recovered with
3D g overall yield, 75% based on butyronitrile.

The compound was further

purified by dissolving it in a minimum amount of MeOH and precipitating
with ether-acetone (6:1).

The white crystals were washed with acetone and

dried.

The compound did not hnve a real melting point, it softened at

120 75.

and decomposed without giving a clear melt up to 2300 because of

the possible formation of (CH3 ) 3 N-HBr or NH4Br.

The compound dissolves in

H20, MeOHI it is insoluble in ether and is slightly soluble in acetone.
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Characterization:
Elementary Analysis:
Br--33.3%; found,
Discussiont

C8 H8 Br 02 N:

Calculated:

C--40.O%, H--7.5%,

C--40.0%, H--8.5%, Br--. 33.1%.
The procedure in the literature

no yield was given for the ester.

was not very complete and

In order to avoid splitting offtHr during

esterification with y12O 4 as a catalyst, we used CH2 N2 . Without further
purification, the ester was used for the quaternization.

As a solvent for

the quaternization reaction, MeOH was used instead of EtOH to prevent possible
transes-terification.

The melting point of the quaternary salt in the

literature ((1)0
. was given as 820, which is not in agreement with the melting
point found by us (1200-50 decomp.).

This fact might be explained as follows.

The authors of the literature cited (1 ) used ethanol as a solvent for
the quaternization reaction.

It is therefore easily possible that a base-

catalyzed transesterification occurred to give the ethyl instead of the
methylester. Or it is a mixture of both which would probably be hard to
separate.

A low melting point would be explained on this basis.

The melting

point, 820 (in the literature), seems rather low for a quaternary salt.
The authors(l) have for characterization of the compound a bromine
analysis which corresponded more closely to the ethylester than to the
methylester.

They do not give a carbon and hydrogen analysis which would

show the difference.
We assume that either the melting point in the literature is not correct
or they obtained, not the methyl, but the ethylester.
Reference:

(1) G. Aksnes and J. E. Prue, J. Chem. Soc. 103, 1959.
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4.16

Preparation of p-Aminobenzyl Cellulose (Mel-320)
Preparation of p-Nitrobenzyl Cellulose:

In a 2-liter flask equipped

with mechanical stirrer, condenser, and thermometer, was placed 500 g of
powdered cellulose (obtained from "SOLKA-FWK, by washing with dilute acid,
dilute alkali, water, and then drying)* and 600 ml of 20% NaOH.
One hundred grams of p-nitrobenzyl chloride was added, and the mixture
stirred vigorously for 1-1/2 hours while heating to 95 0 C.
After cooling, the mixture was diluted with 3 liters of distilled H20
and then neutralized with concentrated HCI.

The mixture was filtered in a

basket centrifuge, washed with H20, EtOH, and acetone.

The red-orange solid

was treated overnight with acetone in a Soxhlet extraction apparatus.

Yield--

54 g of p-nitrobenzyl cellulose.
Fifty four grams of p-nitro benzyl cellulose was suspended in 800 ml of
distilled H20 and heated to 800C.

One hundred twelve grams of Na2S204 in 500

ml of H20 were added dropwise while stirring.

After addition of Na2 S2 0 4 , the

reaction mixture was heated for an additional 2 hours and then filtered.

The

solid obtained was washed twice with distilled H20, once with EtOH, and then
dried.

Yield--50.O g p-aminobenzyl cellulose.

Characterizationt

Titration with a 1% NaNO 2 solution until the blue

color of starch iodide remains for 1/2 hour, 0.5 milliequivalent/g.
4.17

Preparation of 5-Bromovaleryl Bromide (Mel-284)
5-Bromovaleric acid,

5-Bromovaleronitrile (14.5 g) and 40 g of 48%

HBr were heated under reflux with stirring for 2-1/2 hours.

After cooling

the reaction mixture, the precipitated NH4Br was filtered and washed thoroughly

*Proc. Nat. Acad. Sci., 37, 575 (1951).
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with CCU 4 .

The aqueous layer was extracted several times with CC14, and all

of the organic extracts and washings were combined.
evaporated under reduced pressure,

Most of the CC

was

and the crystalline 5-bromovaleric acid

Yield--12.5 g (77% of theory) m.p. 32-34 0 C.

was filtered off and dried.
5-Bromovaleryl Chloride:

5- Bromovaleric acid (12.5 g) was heated at

reflux with 10 g of SOCl 2 for hours.

The reaction mixture was distilled at

reduced pressure to obtain 5-bromovaleryl chloride.

Yield--12.4 g (89.8% of

theory).
-Bromovaleryl Bromide:

5-Bromovaleryl chloride (12.4 g) was placed in

a reactor with a gas inlet tube and kept cold while dry HBr was bubbled slowly
into the reactor for a period of 3 hours.

The reaction mixture was distilled

at 1-m pressure and 10 g of a fraction boiling at

75 O- 76

0C

was collected.

Yield--66.1$ of theory.
Characteri zation:
Refractive Index:

n24 0 - 1.52WO

Elementary Anal;sis*:
Br--65.6%; found:
*Note:

C H, 0 Br

Calculated:

C--24.6%, H--3.28%

C--25.7%, H--4.9%, Br--62.0%.

Because of the extreme sensitivity of the compound to moisture

in the air, it was difficult to obtain a very accurate analysis.
References:
1. Chem. Abstrs., 45, 4644c (1951)
2. Standinger and Anthes. Ber., 46 II,
4.18

1417 (1913).

Preparation of 3-Bromopropionyl Bromide (Mel-285)
3-Bromopropionyl chloride (20 g) was placed in a reactor equipped with

a gas inlet tube.
3-1/2 hours.

Dry HBr was bubbled into the cooled reaction mixture for

The reaction mixture was distilled at 20-mm pressure, and a

fraction boiling at 700 -840 C was collected.

Yield--9.h g (37.2% of theory).
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Characteri zation:
Refractive Index:

200 " 1.5281

91D

Elemental Analysis*:

C3 H 0 Br2:

C-16.7%, P--1.86%,

Calculated:

C--17.1%, H--2.2%, Br--72.7%.

Br 74.3%; foundt
*Notes

Because of the extrene sensitivity of the compound to moisture in the
air, it was difficult to obtain a very accurate analysis.
Reference:
4.19

Staudinger and Anthes, _r., h61,11417, (1913).

Preparation of 3-Bromobutyryl Bromide (Mel-280)
3-Bromobutyryl Chlorides

3-Bromobutyric acid (20 g) was heated at

reflux with SOMI2 (17.2 g) for 2 hours.

The reaction mixture was distilled

at 17-am pressure, and the fraction distilling at 72 0 -82 0 C was collected.
ield--13.8 g (62.0% of theory).
3-Bromobutyryl Bromide:

Dry HBr was bubbled through 13.8 g of cooled

3-bromobutyryl chloride for a period of 3 hours.
distilled at 3
collected.

The reaction mixture was

n, and 12.1 g of a fraction distilling at 50°-60°C was

Yield--71.6% of theory.

Characterization:
Refractive Index

n
n 200 1.5089

Elementary Analysis*:
Br--69.7%; found:

D

C4 H6 0 Br 2 :

Calculated:

C--20.9%, H--2.62%,

C--22.3%, H--3.0%, Br--67.4%.

*Note:
Because of the extreme sensitivity of the compound to moisture in the
air, it

was difficult to obtain a very accurate analysis.

Reference:

Staudinger and Anthes, Ber. 46 II,

1417 (1913).
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4.20

Preparation of 4-Trimethylammonium Methyl Crotonate Bromide (Mel-172)
4-Bromo-Methylcrotonate:

To a 500-ml, round-bottom flask equipped

with stirrer and reflux condenser, was added a carbon tetrachloride solution
of methyl crotonate (40 g) and N-bromosuccinimiAe (36 g), which had been
purified by recrystallization from benzene.

The reaction mixture was

refluxed for 12 hours then cooled and filtered.

The COl 4 was removed at

reduced pressure and the residual oil was distilled at 8 mm Hg.
boiling at 770-780 was 4-bromo methyl crotonate.

4-Trimethylammonium Methyl Crotonate:

The fraction

(29 g, 81% of theory).

4-Bromo methyl crotonate (11 g)

in 15 ml of methanol and (CH3 ) 3 N in 25 ml of methanol were rocked in autoclave
at room temperature for 2 days.

The solvent was evaporated,

oil was diluted with 20 ml of acetone and scratched.

and the residual

Crystal- formed and

100' ml of ether was added; the brownish crystals were filtered off and
w&shed with 120 ml of hot acetone.

The comnound, after drying, weighed

12.7 g (87% of theory) and melted from 1510 to 1560.

The comnound was

purified by twice dissolving in a very small amount of methanol and
reprecipitating with acetone-ether.
Elemental Analysis:
found:

(m.p. 153-6o).

C, H6 NO2 Br:

Calculated:

C--40.2%, H--6.7%;

C--39.7%, H--7.4%.

Reference:

Vogel, A Textbook of Practical Organic Chemistry, Longman

Green and Co., London, 1948, p. 1OO4-5.
4.21

Preparation of or-Pyridinium Acetophenoneoxime Chloride (Mel 250)
a-Chloroacetophenoximet

A solution of cr-chloroacetophenone

(6.16 g - 0.04 moles) in 95% ethanQI was combined with an aqueous solution
of hydroxylamine hydrochloride (5.52 g - 0.08 moles).

More ethanol was

addedgand the solution was heated slightly to dissolve all of the ketone.
Upon cooling and the addition of more water, the oxime precipitated.

814

This product wasi recrystallized twice from carbon disulfide resulting
in white crystals m.p. R3°-50 (Lit. m.p., P8.5°-890 C).

Yield--2.69 g (40%

of theory).
Characterization:
Elemental Analysis:

C 8 H 8 NOCi:

N-8.26%, Cl--20.91%; found:

Calculated:

C--56.68%, H--4.76%,

C--56.35%, H--5.02%, N--7.22%, Cl--20.20%.

a-Pyridinium Acetophenoneoxime Chloride:

o'-Chloracetophenoxime

(2.5 g - 0.15 moles) was dissolved in 200 ml toluene.

Pyridine (3.16 g

=

0.04

moles) was addedand a white solid formed immediately at room temperature.
After refluxing the mixture with starting for approximately 3 hours, more
white solid formed.

This was filtered off and purified by dissolving in

methanol and precipitating with anhydrous ethyl other.

The white crystalline

solid thus obtained melted with decomposition starting at 182 0 C.

Yield--2.40 g

(65% of theory).
Characterization:
Elemental Analysis: C1 3 H1 3 N2 OC:
N--1].26%, Cl--ia.26%; found: C--63.0,,,

4.22

Calculated: C--62.8%, H--5.22%,
N--10.70%, Cl--12.75%.
-5%,

Preparation of 4-Dimethyl Sulfonium Methyl !hityrate Halide (Mel-175)
4-Bromo-Butyric Acid:

were refluxed for 2 hours.

4-Butyr3lactone (86 g)

and 1420 ml of 48% HBr

Th i Hi3r solution (13u ml) was distilled off

under reducsd pressure, anru the residual liquid was extracted with CC1I4
(once with 100 ml and 3 times with 50 ml), dried, and decolorized with a
small amount of charcoal.

The filtered solution was evaporated to give

90 g of 4-bromobutyric acid (m.p.,

320 C).
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The above acid (45 g) was treated with a solution

lt-Bromo-Methybutyratet

of CH2N 2 until the yellow color remained.

After standing overnight, the

solvent was evaporated to give 48 g of ester,
Unsuccessful Attempt:

Part of the above ester (24 g) and 17 g of (CH3 )2 S

in 400 ml of MeOH were placed in a 250-mil autoclave and heated at 700 C for
64 hours.

After cooling to room temperature, 800 ml of ether were added.

White crystals precipitated, which were redissolved in MeOH and precipitated
with ether.

The yield was 19 g.

in the same way.

The substance was recrystallized once more

There was no real melting point, but the substance changed

color between 1400 and 1600C and seemed to disappear between 1700 and 180°C
while droplets condensed on the wall of the sealed melting point tube.
substance wav very so1'Tbla Jn water 9nd MeOH, insoluble in other,

The

and only

slightly soluble in acetone.
The elementary analysis corresponded, not to the calculated values for
the desired compound, but very closely to those for trimethyl sulfonium
bromide.
Calculated fort
CH S-H
32

OOC
0 0

2 2

3

j&Br

Calculated fort
Brcq
(CH ) S

Found

3 3s

C

34.6%

23.0%

23.73%

H

6.18

5.74

5.78

Br

32.9hs
Successful Preparafion:
Sodium methylmercaptide:

50.0

491

Sodium (11.5 g) was reacted with continuous

stirring at -600 in 250 ml of methanol.

A solution of 30 ml of CH3 SH in

30 ml of methanol, cooled to -600, was added to the sodium methoxide solution
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and the mixture was allowed to come to room temperature.
removed by vacuum evaporation to a volume of 120 ml.

Methanol was

Toluene was added

and the removal of solvent was continued under vacuum until no more methanol
remained.

The NaSCH3 which precipitated from the reaction mixture was

filtered and dried. Analyzis of the sodium methylmercaptide by treatment
with an excess of standard I and by back titration with sodium thiosulfate

2
indicated a purity of i00.5%.
4-(Methyl Butyrate) Methyl Sulfide:

Methyl-h-bromobutyrate (10 g) and

C3 SNa (4 g) were dissolved in 100 ml of methanol and refluxed for 7 hours.
After evaporation of the solvent in a rotary evaporator (bath temperature
350),

the resicue was taken up in water and extracted with ether.

The ether

extract was dried, then distilled to remove solvent, and finally vacuum
distilled to recover the thioether (B.P. 910 -920 /12mm).
4-Dimethyl Sulfonium Methyl Butyrate Iodide:

L(methyl butyrate) methy]

sulfide (6.3 g) and methyl iodide (11.5 g) were mixed with 35 ml of acetone
and allowed to stand for 2-1/2 days.

Two hundred ml of dry ether were added

and the white crystals which precipitated were filtered and dried.

Yield--

10.9 g (89% of theory) m.p. 640 -660 .
Characterization:
Elementary Analysis:

C7 H15 SO

I:

Calculated:

C--28.99%, H--5.28%;

found; C--28.89, H--5.49%.
References:
1. M. Protiva and M. Borovicka, Czech. Pat. 90, 407, C.A. 5q, 24935 h.
2. Ber. 83,

265 (1950).
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h.23

Preparation of N-Benzoyl-l-Tyrosine-p-Nitroailide

(Mel-290)

p-Nitroaniline-hydrochloride was prepared by dissolving nitroaniline
in benzene and bubbling in dry HM gas.

The precipitate was filtered,

washed with benzene and anhydrous ether, then dried.
One gram of N-benzoyl-l-tyrosine amide and 0.62 g of p-nitroaniline
hydrochloride were mixed and heated in a small flask, triturated with H2 0,
decanted,

and the remaining solid dissolved in EtOH.

Water was added again

and the yellow-brown product was filtered and washed with 1-1/2 liters of
distilled H20.
with 120

,

T e remaining material was dissolved in EtOH, precipitated

dissolved in ether, precipitated with hexane,

0.5 g, m.p. 225 -280 uncorrected.
Reference,

11. 2j

and dried.

Yield-

Literature m.p. 226 -228°C.

Azial. Biochem, 3, No. 5, 431 (1962).

Preparation of 4-Dimethyl Sulfonium Methyl Crotonate Iodide (Mel-173)
4-(Methyl Corotonate) Methyl Sulfide:

Methyl h-bromo crotonate (15.1 g)

and sodium methvlmercaptide (6.5 g) were refluxed in 100 ml of methanol for
7 hours.

The methanol was removed in a rotary evaporator (bath temperature,

350) and the residue was taken up with water.

The mixture was extracted

with ether, the -ther extract was dried, and the solvent evaporated.

The

residue was distilled under va -uum and the fraction distilling over at
770-1070/11 mm was collected.

4-Dimethyl Sulforium Methyl Crotonate Iodide (Mel-173): 4-(methyl
crotonate methyl sulfide (3.9 g) and methyl iodide (7 g) in 15 ml of acetone
were mixed and allowed to stand at room temperature for 2-1/2 days.

A

trace (0.26 g) of yellow crystals precipitated out m.p. 214j0-2150.

This

compound is probably trimethyl sulfonium iodide.

The solvent was removed
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by evaporation under vacuum and the oily residue was treated with ether.
crystallization occurred even on cooling to dry-ice temperature.
added, and the aqueous layer was separated from the ether portion.

No

Water was
The

4l

was very soluble in water and was soluble also in EtOH, MeOgH, acetone, CHC1 3;
it was insoluble in ether, hexane,

CC

4

and benzene.

The water solution was

evaporated in a rotary evaporator (bath temperature, 350),
oil was dried further in a vacuum desiccator over P2 0

and the residual
The oil weighing

3.5 g failed to crystellize, but was submitted for elemental analysis.
Characterization:

.emental Analysis:
found:
4.25

C7 H13 S02 I:

Calculated:

C--29.2%, H--4.5%;

C--29.6%, H--5.0%.
Preparation of 2-Fluorobenzaldoxime (Mel-222)
2-Fluorobenzaldehyde (13.9 g) and hydro.ylamine hydrochloride (6.9 g)

were mixed with 170 ml of water and 25 ml of ethanol.

Then, Na2003 (7.3 g)

was added, and the reaction mixture was stirred at room temperature for 7 hours.
The organic layer was separated,

and upon addition of water and scratching the

oxime crystallized and was filtered off.
(06.3%of theory) was recovered.

After drying under vacuum, 12.0 g

The compound was recrystallized from hexane

to obtain white crystals, (m.p. 600-620; lit., m.p. 62.60).
Characterization:

The melting point corresponded to that reported in

the literature.
Reference:
h.26

Beilstein VII

First Supplement, p. 132.

Preparation of Pyrene Sulfonyl Chloride (Mel-121)
Pyrene sulfonic acid (0.005 mole, 1.47 g) and phosphorus pentachloride

(0.C5 mole, 1.14 g) were mixed and placed in a 100-cc, round-bottom flask
equipped with condenser and drying tube.
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The mixture was heated to 155°0C, using an oil bath, and maintained at
155C for 15 hours.

The reaction mixture was then cooled under N2 and added

to 100 cc of ice-water mixture.

The rnLixture was then filtered, and a yellow-

solid was isolated, which was immediately dried under vacuum.
The dried yellow solid was dissolved in chloroform and precipitated by
addition of n-hexane and scratching; no shard m.p.--decomposes above 1200.
Characterization:
Elemental Analysis:

C1 6 H9 so 2 Cl:

Calculated:

Cl--12.1%; found:

Cl--fl.8%.
h.27

Preparation of a Chloro-2-pyridinealdoxme methchloride (Mel-221)
2-pyridine Aldoxime Methchloride:

Methanol (150 ml) containing P.1

grams of dry HCI was added dropwise to 7.95 g of 2-pyridine aldoxime
methiodide and 150 ml of methanol in a 500-ml., round-bottom flask.

When

the addition was completed, the mixture was concentrated by distillation
to a volume of 30 ml.

Upon cooling, a solid began to precipitate.

Precipi-

tation was completed by the addition of a 50-50 mixture of Et 20 and acetone.
The solid was filtered and dried--m.p. 2330 to 2350C (open block).
r Chloro-2-Pyridnealdoxime Methchloride

(Sample A):

2-Pyridinealdoxime

methchloride (2.3 g) and 100 ml of MeOH were placed in a 250-mi flask equipped
with a mechanical stirrer, two addition funnels, and an ice-water bath.

To

this mixture (cooled to 00C) was added simultaneously while stirring, a
solution of sodium methoxide (prepared by reacting 0.31 g Na metal with 30 ml
of MeOl) and 30 ml of MeOH saturated with C2.

After the additions were

comnleted, the reriction mixture was allowed to warm up to ambient temperat ire
and maintained at this temperature for 3 hours.

Additional Cl 2 was then
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passed throur'h the mixture until a pronounced yellow color was obtained, and

the reiction mixture was allowed to sit over night at room temperature.

The

reaction mixture was then filtered from NaCI, and the filtrate evaporated
to dryness.
MeOH,

The solid obtained was redissolved in a minimum amount of hot

filtered, and thon cooled.

Very fine crystals began to precipitate.

Precipitation was completed by the addition of Et20.
from EtOH did not lower the melting point.

A second recrstallization

Decomposed at 173 0 -180 0 C

(uncorrected).
Characterization:
Elemental Analysis (Sample A):

Cl--34.O0; found:

C--40.75%, H--3.88%,

Calculated:

C--40.97%, H--4.10%, C1--34.15%.

In a previous experiment,

similar reaction conditions were used with

the following differences in work-up production:
1.

No additional Cl2 was passed through the reaction mixture after it

had warmed to room temperature.
2. The reaction mixture was not allowod to stand at room temperature
over night to allow complete precipitation of NaCl.
3. Methanol, rather than ethanol, was used as a solvent for the second
recrystallization.
Under the conditions used for the previous experiment, a product containing 5% to 6% NaCl was obtained.
since its

This appt red to be the only impurity

infrared spectrum was identical to the pure c-chloro-2-pyridineal-

doxime methchloride described above (Sample A).

Elementary analysis of the

slightly impure product (Sample B) was as follows:
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Calculated:

C--40.75%, H--3.88%, Cl--34.O%; found,

C--34.6%, H--3.8%,

Na--4.9%.
h.28

Preparation of Gly yJ -Phenylalanine p-Nitroanilide Hydrobromide (Me1-291)
One gram of N-carbobenzoxyglycy-phenylalanine,

0.386 g of p-nitroaniline,

and O.565 g of dicyclohexylcarbodimide were dissolved in 80 ml or dry
tetrahydrofurane and were kept at 350 for 3 days.

The reaction mixture was

cooled in the refrigerator and filtered from the insoluble N,N'-dicyclohexyl
urea.

The solvent wns evaporated under reduced pressure, and the residual

oil was dissolved without further purification in 13 ml of 30% HBr in
acetic acid.

glacial

After 1 hour, the solution was poured into 100 ml of #a

ether.

Droplets of oil condensed at the wall of the flask and solidified.

The

liquid was decanted and replaced by fresh dry ether to give a nice yellowbrown solid.

The solid was washed several times with dry ether, filtered,

and immediately dried in

a vacuum

desiccator.

Yield--l.15 g (96%).

Characterization:
Microanalysis:
found:

C1 7

1 9

N4

0

4 Br:

Calculated:

C--48.2$, H--4.49%i

C--48.16%, H--6.63%.

Reference:

Analyt. Biochem. 5, 360 (1963) cf. Rev. Biochem. and Biophy. 95, 271
(1961).
Note:
An earlier batch, No. 2814-71, with 0.7 g carbobenzoxyglycylphenylalanine
gave less yield.
anhydrous enough.
it

Evidently the ethanol used for recrystallization was not
The solid is

darker than the one described above; however,

gave the right analysis:
Calculated:

C--48.2%, H--4.49%;

found:

C-47.7%, H--5.7%.
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5.5

Preparation of 2-Amino-3-N,N Dimethyl Amino Fluorenone-9 (Mel-.300)
Several small batches have been run.

Only one of the examples will be

given here.
2-Nitro-3-Bromo Fluorenone-9:

Thirty five g of 2-amino-3-bromo fluorenone-

9 were refluxed for ,3 hours in 130 ml of 38% peracetic acid.

The resulting

solid was filtered, washed with H20 and ethanol, and dried to give 25.0 g of
2-nitro-3-bromo fluorenone,--m.p. 250-3°--(Iit. 2540).
2-Nitro-3-Dimathylamino Fluorenone-9:

Ninety five hundredths gram of

2-nitro-3-bromo fluorenone-9 was dispersed in 50 mL of dimethylamine in 20 ml
of ethanol, then mixed arid heated in an outoclave to 700 C for 2-1/2 days.
autoclave was then shaken for 4 hours at room temperature.

The

The precipitated

crystals (with a metallic gold-brown color) were filtered and washed with
H20 and EtOH--m.p. 233-4,

0.5 g. After evaporation of the mother liquid,

0.1 g more material was obtained.
MeOH,

Solubility:

Almost insoluble in LIU,

AcOEt, Et2 0, hexane, dioxane, and THF; slightly soluble in AcOH, acetone,

I14F and N-methylpyrroli done:
CR

N20

Calculated:

C--67.2%, H--4.5%; found:

2-Amino-3-Dimethylamino-Fluorenone-9:

C--66.9%, H--4.8%.

One tenth gram of 2-nitro-3-

dimethylamino-fluorenone-9 dissolved ir,80 ml of glacial acetic acid was
hydrogenated at room temperature (Pt-on charcoal) for 16 hours without applying
pressure.

The filtered solution was evaporated under reduced pressure.

The

residue dissolved in acetone, and a solid was precipitated by addition of H20.
This solid was dissolved again in acetone and precipitated with hexane.

The

pur7le crystals melted at 133-50 (0.05 g):
C15H14N 20

Calculated:

C--75.6%, H--5.9%; found:

C--74.5%, H--6.1%.
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5.6

2-Nitro-3-Dinmnthylainino-Fluorenol-9

(Mel-263)

Five and three tenths grams of 2-nitro--dimethylamino-fluorenone-9
(described under subsection 5.5) and 35 ml of a Al-isopropoxide solution

[prepared
HgSO4)]

by refluxng 9 g of Al in

120 ml of isopropanol (and a trace of
The hot solution

wore refluxed in 54 ml of benzene for 2-1/4 hours.

was filtered to give 1.4 g starting material back.
acidified and extracted with 50 ml of benzene.

The mother liquor was

The aqueous acidic solution

was made basic and was extracted also with benzene.

The combined benzene

extracts were dried and evaporated to give 3.65 g of an orajge solid--m.p.

14 A -500

C15L

N203:

Calculated:

C--66.7%, H--5.2%; found:

6-Dimethyvlamino-7-Nitro-Phenanthridine:
grams NaN, suspended in 30 ml of CHCI
)

3

C--65.9%, H--5.2%.

One and ninety five hundredths

was cooled to 00

Under stirring,

7.8 ml of 98% 112 SO 4 (made from commercial HKSO14 and SO3) was added dropwise.
Stirring was continued for 10 minutes.
bath of 250.

The ice bath was then replaced-by a

Under vigorous stirring, 5.2 g of 2-nitro-3-dimethylamino

fluorenol-9 was added as a powder in

small portions.

Stirring was contimed

The clear solvent was decanted from the sticky product.

for 1-1/2 hours.

Three hundred grams of ice was added to the sticky product,

and after the

ice was melted, the solution was made basic, and the red solid formed was
Nice red crystals could be isolated by recrystallization

filtered (4.9 g).
from a little

(Four tenths gram of material was insoluble.)

hot acetone.

The addition of Et 20 to the mother liquid gave more material.

The total

amount of recrystallized material was 3.95 grams:
Analysis of C15H3
0-12.0%j found,
c--66.6%.

:

Calculated:

C-67.5%,

H--4.8%, N-15.7%,

C-66%, &--5.3%, N--15.5%i found (Edgewood Arsenal),

H--5.0%.

N-15.4%9 O0-12.1%.

9

