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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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THE PREPARATION OF Cl4-LABELED BENADBIL, PYRIBENZAMINE AND
1 1-Dmamxxp4-nmmmwosu'rmm-1

by
T, A, Geissman(¥)

April 11, 1951
 ABSTRACT

The preparations of labeled Benadryl, Pyribenzamine and 1,1-diphenyl-/-
dimethylaminobutehe-l, as hydrochlorides and as methiodidés, have been described.

(*) John Simon Guggenheim Memorial Fellow, 1950-51, Professor of Chemistry,
University of California, Los Angeles,
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THE PREPARATION OF G 4-.IABELED BENADRYL, PYRIBRNZAMINE AND
1y1-DIPHENY L~ DIMETHYLAMINOBUTNE-1

by

T, A, Geissman *

1) John Simon Guggenheim Memorlal Fellow9 1950w51, Professor of Chemlstry,
Unlver31ty of California, los Angeleso

As part of a study of the mechanism and site of action of physiologically active
substances the preparation of three ClAélabeled compounds wes carried out. These were
the two well-known antihisteminic drugs, Benadryl (I) and Pyribenzemine (II); and the

structurallyafelated (to Benadryl) amine, 1,l-diphenyl-4~dimethylaminmbutene~1 (III)*,

*. A1l were isolated as the hydrochloride salts,

which is kmown to be devoid of ahtihistaminic activity, Compound III was included in
the study to sérve as a8 control substance which it is anticipated will allow a dis- |
tinction to be made between the spscific antihistgminic effects of these drugs and
those non-specific physiological effects related to the chemical properties which the
phjéiologicallyaactive and =inactive possess in common, The compounds are labeied \

in the positions marked in the structural formulass
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~CHpCHN (CH3 )2 *HCL
CL4H Gyl |

II

Benadryl labeled in the same position as I has been prepared by Fleming and
Rievesehlz, whose product had an activity of 0,224 Mc/mg. The experimental details

2) Fleming and Rieveschl, Abstracts of Papers, American Chemical Society Fall
Meeting, September, 1947,

s

of this work heve not yet been published, but the synthetic route, which _'wa.s outlinedz,
was different in c@rtain details from that followed in the pcresent work, The method

adopted in this study is represented by the follom.ng,

. : % . ) | - . ) .
 CelishgBr —25 CglisCoon 2003, cguscocy 6P, g oCo-Cels
A1C1
3



~5- | - UCRL~-1233

NaOH . #* 26 ClQHzGHzN (CH3 ) 2 * ’
> CgHz oCHOH® CgHs —_—— (CgHs ) 2CHOCHCHoN (CH3 )
%n _ Xylene .

HCL *

e {CHz )CHOCHCHON (CHa )2 °HCL  (I)

Ether T ' o

The synthesis proceededvsmoothly in all féspects, the only serious losses in yield
being sustained in the purification of the hydrochloride, The final product had an
activity of 0,64 uc./mM, or 20245*§/mg° 

Pyribenzamine (II)'was prepared by the following routes

#* . .
coo " S0C1, *
CgHgMgBr ~w=>  CgH5COOH s CoH5C001

HHoNHy . # C4H5S05C1 %
e G Hi CONHNHy  —eme e C4Hi CONHNHS Op s
CHa0H _ .~ . Pyridine SR -

NapCO3 %
> Ol CHO _
Ethylene glycol, = HCOOH
180° 3
1, NalH,
2, CLCHCHoN(CHz)p 1 mole HCL
> Ether

SS-CHoCHoN (CHg)2°HCL  (II)

CHaCgli5
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Of the various avéilable means of converting benzoic acid into benzaldehyde, the Mac-
Fadyén~Stevens method was finaliy adopted after control runs had demdnstrated the
sase and reproducibility of the method. ' The yield (60-65% overall from benzoic

" acid) of benzaldehyde was less than thaﬁ reported for those of aromatic aldehydes

prepared by the Rosenmund réductionB, but the results of control runs using the latter

3) See "Isotopic Carbon," by Calvin, Heidelberger, Reid, Tolbert and Yankwich,
John Wiley & Sons, Inc., New York, New York (1949), pp. 197-199. '

procédure led to the observations that (1) the Rosenmund method was subject to occasional
unpredictable failuresy and (2) the isolation of lO—ﬁillimole quantities of aldehyde from
large vélumes of the solvent (xylene) was attended with serious difficultiesg
| The reductive alkylation of g-aminopyridine with benzaldehyde, to form a—benzyir‘
aminopyridine, and the>a1ky1atioﬁ of éhe latter with_ﬁ~chloroethyldimethYlamine proceed-
ed-smoothly. Since the dihydrochloride of Pyribenzamine base is oily, the ﬁreparation
on a small scale of the crystalline mdnohydrochloridé is accompanied by some losses:
the use ofmslightly less than the required amount of hydrochloric acid leaves some"
baée unconverted, while the introduction of a slight excess of aéid results in the.
formation of a gummy salt which can be purified by recrystallizations but with the
usual manipulative losses encountered iﬁ such a procedure. It was found advantageous
to purify the base by distillation (without special care in fractionation) and to cal=
culate thé amount 6f hydrochloric acid required on the basis of the weight of the dis-
rillate. | ' |
~ For the recovery_of-Pyribenzamine résidues froﬁ c;ystallization mother liquors
the crude residués were converted into the wellacrystallizéd dipicrate., The ﬁicrate

can be recrystallized from acetic acid and reconverted into the base by the use of

-'ethanolamineq
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In the cases of both Benadryl and Pyribenzamine the residual amines recovered
from‘reérystallization mother liqubrs were used fo: the preparation of the correspond-
ing methiodides, ) . |

~ 141-Diphenyl-/~dimethylaminobutene-1 (III) was prepared by the following pro- |
cedures ) . |

_ * ‘ ' :
CelHs°C0Cylis (prepared as above in the case of I)

HC1

1,(CH3)oNCHoCHoCHoMgCL %
- g (06H5)2C-CH20H2CH2N'(CH3)2 L —
2 JNH, C1-H, 0 . | | Et0H

OH

(CeH5 )C=CHCHoCHoN (CH3) 2 °HCL (III)

This synthesis, which has been applied to the preparation of numerous non-labéled.comr

poundsA, was first employed by Nhrxerso' Its use with radiocarbon-labeled benzophenone

4) R. T, Fukuto, Ph.D, Thesis, University of California, Los Angeles, 1950.
5). Merxwr, Helve, chim, Acta, 24,y 209E (1941).

ot

in the present work was uneventful, the desired amino algohol being formed in good v

&

'yieido The preparation of Y~dimethyl-aminopropylmagnesium chloride was found to occur

smoothly when the particular technic described in the'Expe:imental Part was ﬁsed. The
L _

. reaction of Y~dimethylaminepropyl chloridé wiggiﬁagnesium is erratic® and often‘reSulfs
in low yields éf the-GrignArd reagent, It is poséible to aid the formation of the. |

mgnesium derivative by the concurfent reaction of éthyl bromide with the magnesium
(the'so-called “entrainment® method), but the introduction of a second Grignard reagent

in a tracer run is undesirable since this would result in the consumption of some of
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the labeled benzophenone to yield a useless by-product. The use of pre-activated mag-
nesiumg 88 deeeribeé hereinS obviated this difficulty and gave a satisfactory result.

'The recovery of residual amounts of the_%hree aminee from recrystallization
mother liguers was not attempted since_the plans for the ﬁse'of the’drugs in';byéio~'
logical studies included experiments with quaternary salts (metho-salts) of the amines.
The .onversion of the residual amines into mefhiodides afforded sufficient amounts of
the quaternary salts for the studies projected.

A“ﬁlVlty measurements of the final compounds were carrled out by direct plating
‘of the hydraohlofldes, from aqueous -selution, onto glass or alum;num planchets. When
tlme permlts these. act1v1t1es will be redetermlned by oxldatlon and conversion of the-

carbon dqu1de ;nto barlum carbonate, This work has not yet been undertaken.

The earbonation of 25 ml, of 3 M phenylmagnesium bromide (Arapahoe éhemicals)
in 100 ml. of ether was carried outvon the vacuun line. The carbon dioxide was generated
from 4,969 gms, of barium carbonate confaining Lol millicuries of GlAv(from 2,132 gms,
‘of Osk Ridge sample #l9985)° The carbon dioxide contained 0,97 me/mM, -

The reaction mixture was worked up in the usual maﬁnero The final product waé
purifiéd by passing itsvether solution through a column of Celite-Norite-anhydrous sodium
| sﬁlfaﬁe; evaporation of the ether left 2,88 gms. (95%) of dry, nearly white crysfalline
product .

The combined residues, containiﬁg no alkali-soluble materialsewere found to
contain‘a total activity of'OﬁS»m.cte (direct plate from benzenemmethanol)o

A gecond preparatlon of labeled benzoic acid, from 3. 201 gms o of barlum carbonate

containing 27.8 millicuries, yielded 1,81 gms, (92%). To this was added 0,1 gmo .of

4
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active matefial (recévered from earlier experiments with the first_preparation), and to
this combined maﬁerial was added l@lA»gm,,of_inactive benzoic acid, The resulting 3.05 gms.
(25 mM) was estimated to cohta_in 25.‘mc..5 but activity vde‘be:tb'mina‘bio_ns made on final pro-
ducts indicéted that the original sample of barium carbonéte (C14~221) had a lower

activity than that stated on the label., See remarks, in later section.

ot

| A solution of 3.05 gms, 6f benzoic acid (25 me, assumed) in 25 ml, of purified
thionyl chloride was refluxed for 3'hrs,l The excess thionyl chloride was removed under
redu@ed pressure, and two portiéns of 10 ml, each of dry benzene werevadded and removed
viﬁ the same way. To the residual benzoyl chloride as added, with stirring, 40 ml, of
dry benzene and 3.8 gms. of alﬁminum chloride.‘The'dark brown solution was allowed to
stand for 12 hrs., refluxed_for,dne hour, cooled and poured onto iced, dilute HCl. The
:esulting mixture was fﬁeed Of‘benzéne by distillation with'steam'and9 after coolings,
the oily residual product removedeith ether, The ether solution was washed with dilute
alkali {saved er benzoic acid recoVery), dried and évaporated. The residue ﬁas distilled
under reduced pressure, yielding a colorless distillate ﬁhich erystallized cqmpletely.
The yield of 435 émso_included the recovered material from 0,25 gms, of crude benzém
phenone collected from earlier runs and Added just before the final distillation., va
it be assumed that all éf.the added 250 mg, was recovered, the yield in the run was
4ell gms. (91%).

4 portion of the benzophenone=014, Weighiﬁg 2038 gms., was dissolved in absolup
tion of 2.5 gms.-of KOH in 25 ml. of ethanol, The SOIution‘was heated to.boiling and
2.5 gns, of zinc dust added in one portion. A vigorous reaction, accompanied by a
momentary bright blue color, occurred and quickly subsided. The mixture was refluxed

for another hour and filfered onto ice, After the additidn of 15 ml, of 6 }§ HC1 the
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solution-ués cooled overnight in ice. The shining white leaflets of benzohydrol were
eollected9 washed and dried., The yield was 2,01 gms. (84%), In comparable ®cold" runs

substantially quanbitative yields were obtalned.

AThe benzohydrol (2.01 gms.) was dissolved in 40 ml, of dry xylene, 0;5 gms, of
sodium.was'added, and the migture stirred and refluxed under nitrogeﬁ for 6 hrs, After |
the sddition of.A.O ml.'of-freshlyadistilled ﬁnchloroethyldimethylamine, refluxing was
"resumed and éontihued for 4 hrs, The mixture was filtered onto ice, the solid (NaCl)‘being
washed with ether.,

The combined ether-xylene solutlon was extracted with a total of 25 ml. of 2 N
HCl in several port:.ons° The acid extract was washed with etherg made ba51c and extracted
with ether, The ether solution was dried (KQCOB) and evaporated, yielding 2025 gms . of
a deep yellow oil (81% of cruﬁe rroduct). This material waS-distilledvunder reduced
_preésure yielding a pale yellow distillate° To a solution of the distiiled pfoduét in
5ml, of dry ether was added 3 ml. of 4 N ethanolic hydrochlorlc acld and then an excess
of dry ether. The 01ly hydrochloride crystallized when seeded with Benadryl hydrochloride.
After chilling overnlght, the‘grystalllne product was collected; it weighed 2427 gms, It
was recrystallizéd by dissolving it in 5 ml. of hot isopropyl aleoholy filtering through
Norite (washing the flask and funnel with 5 ml, of fresh 1sopropyl alcohol) and diluting
the filtrate with 20 ml. of dry ether acetate and 10 ml, of dry ether, The whlte crystalllne
product weighed 1,59 gmso

The motherqiiquors were combined and éxtracted with dilute HC1l, The recovered
Benadryl was converted into the methiodide by reaction with methyl'iodide‘in ether
solution, The recrystallized (abéclﬁte ethgnol) methiodide formed shining buff leaflets;
0.48 gms, . :
Onenaimensional chromafography of Benadryl hydrochloride on Whatman #1 filter

‘paper with methanol-acid (see details below) resulted in a single, sharply-defined spote
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The data are as followss o
So ﬁent_ . Bf

10 ml. methanol + 1 drop gl.

acetic'acid » 0.88
10 ml, methanol + 1 drop 6N _

HC1 0.88
10 ml. methanol + 3 drops 6 X :
HCL ' 0,90 .

( This was prepared from labeled benzoic acid by the reduction of the latter to
benzaldehyde and reductlve alkylation of 2-am1nopwr1d1ne with the benzaldehyde. The
 synthesis was carried out with the isolation and purlflcatlon of only one of the intér-
mediatess benzenesulfony1~(carbonyl-014-benzhydraz1de)

t A solutlon of 1.6 gms, of carboxyl-labeled benzoic acid {13.1 mM, approximately -

13.1 me,) in 10 ml, of thionyl chloride was refluxed for 5 hrs, The thionyl chloride
was removed in yacuo and to the oily residue was added 2o.m1. of methanol. The result~

ing solution was allowed to stand overnight and to if was added 10 ml. of 85% hydra-
zine hydrate, After 3 hrs,! refluxing, part of the methanoi was removed by distillation,
the residual solution was»filtered through Norife'and evaporated to dryness at 50°/15 m.
The dry, white 6rystallihe'material was dissolbed in 10 ml, of dry pyridine and, while
cooling in icey 3 ml, of benzenesulfonyl chloride‘was slowly added, After‘2 hrs. at
0°, iced, dilute HCL was added, and after 2 hrs. the crystalline material was collected,
'waéhed_and dried. Thé reddish@yéllow'product was recrystallized from dilute acetic acid
(60 ml. acetic acid~125 ml, water) to yield 3,50 gms o of ﬁhite‘needles of benzenesulfonyl-
bénzhydrazideo This.represents a 97% yield if the product contained no bis-benzenesulfonyl-
hydraziﬁeo This poésible'contaminant\does not affect the use of the product in the next

'steﬁ and so no further purification was attempted,
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The 3.50 gms, of benzenesulfonylbenzhydrazide was dissolved in 30 ml, of
ethylene glycol. The solution was heated to 1650, 4 gms ., ofbdry sodium carbonate was
added, and the mixtﬁre was held at 165° for 75 seconds and then cooled, diluted, and -b
gaiefully.acidifiedo The solution was extracted with ether and the washed and dried
solution was eVaporéted. The oily residue weighed 2.6 gms. (neariy twice the theoretical

amount) but was not treated further before use in the next step.

, A mixture of the crude residue from the preceding step, 2.0 gms o of 2-aminopryidine
and 2 ml. of 98% formic acid wes heated under reflux (135°) for 6 hrs, Water and 10 ml,
of 6 N 'sodium‘ hydroxide were added and the resulting mixture was extracted 'wi’r;ll ether
(the residual alkaline 'layer : .contégined about 1.16 mc., as shown by a direct-piate‘count)_,
The ether solution was washed with 1 N HC1 in several portions. The ‘v‘_acid layer was madé
alkaline and cooled, yielding mo The ether layer émelled strongly 6f berizaldehyde;

it wés"dried and evaporated and the 0ily residue (less than 1 gm.) treated, as dexcribed
above, with 1 gm, of 2-aminopyridine and 1 ml, of 98% formic acid. This mixture was
worked up as before., yielding m_g of the product. The total yield of dry, yellowish,
ci*ystglline product was 0,972 gme (41%). (NOIE: The residual sclutions were processed
for recovery of activity. The benzoic acid which was isolated was ,é.dded'to other samples
for use 1n subsequent exper.iments'o ) , |

To the 0,972 gne of labeled 2-benzylaminopyridine was added 1,00 gu. of unlabeled
material, and the resulting mixture (now contaiﬁing approxiﬁa'bely' O o5 MmCo/mM) recrystalli—

zed from dilute alcoholo The pure ‘prbductv weighed 1.93 gms,

Th_e 1,93 gms. of 2-benzylaminopyridine was dissolved in 20 ml, of dry benzene

and the solution added to 1.00 gm. of sodamide., The mixture was refluxed with stirring
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for 3m1/2 hrse. durlng which time it changed from yellow to red,-abrown° (NOTE: In a
© Mold"® run the solid sodlum derivative separated as a yellow powdery precipitate). To
the solution was then added 245 m;. of freshly distilled p~chloroethyldimethylamine in
5 ml, of.benzene, The mixture was fefiuxed for 7 hrs., cpbled, and filtered into a mix-
ture of ice and water, The organic layer was sepafated, washed with water, and passed

thﬁoﬁgh a column packed with dry potassium carbonate, The brown oil which remained
after removal of the solvents was dlstllled at 15 mney affording 2 07 gms. (77%) of
a yellow oil b0111ng at 210-220°C,

7 T? a solution of the oily base in 10 ml. of dry ethyl acetate was added 1.9 ml,
of 4ol X ethanolic hydrogen chloride, and_dry ether was added to cloudiness. Upon seed-
ing with authentic Pyribenzamine hydrobhlpride cfystalliiatien took place st.once.and
was allowed to proceed overnight at 0°, The first crystallizate was recrystallized by
dissolving it iﬁ 8 ﬁlo of hot isopropyl alcohol, filtering the solution through Nuchar
(which was washed with two 1 ml., portions of hotvIPA and 5 ml, of hot ethyl acetate)
and adding 15 ml. of dry ether to the filtrate, The product (1.57 gms.) was recrystallized
again from ethanol-ether, yielding'as a final product_l.282 gms e of pure, white Pyri-
benzamine hydrochloride, mep, 185-6° (uncorr.).

The mother liquors and washings were extracted with dilute HC1 and the recsséred
traces of Pyrinenzamine converted into the nicely crystalline dipicrate Gnopo 182-3°
bright yellow leaflets from acetlc ac:Ld)° The picrate was decomposed with aqueous :
ethanolamine and the resulting base treated with mgthyl iodide in ether solution. The
methiodide was fecrystallized frdm methanoluethefg yielding 0.4 gmes mePo 169=70° dec,
The activity of this product was 0,53 mc,/mM (direct plate), while the picrate showed
an activity_of‘O,AQ me/mM - (direct plats)g values which are in good agreement with the
expected ﬁuo°5 mc/mM based upon the dilutioﬁ of the labeled 2~benzylamincpyridine with
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inadtiv§ material, The Pyribenzamine hydrochloride (main sample of 1.282 gms.) showed

0.8 me/mM by direct plates.

To 1,0 gm. of magnesium under 10 ml, of dry eéther was added (under Np) 0.2 ml.

of bromobenzene. When the reaction.was proceeding with vigor the solution was removed
with a pipet and to the stillswet'ﬁagnesium was added, dropwise and with stirring,.a
solution éf/grgiﬁl;fdistiued Y-chloropropyldimethylamine in 30 ml. of dry ether,

The reaction proceedéd smoothly, a white pasty suspension being formed during a 5-hr,
period of reflﬁxing. To the Grignard reagent thus prepared was added 2.14.gms. of |
benidphenonencarbonyl-cu ‘(1' me/mM) in 20 ml. i-of ether, The mixture was refluwced for
yA hfsoy cooled and poured into iced ammonium chloride solution. Ether.was added to
dissolve the crystalline solid which was present and the mixture made alkaline with
ammoniﬁm hydraxiae éndlﬁhoroughly extracted with ether., The combined ether extiact.
was shéken with 20 ml, of 2 HCl., A thick suspension of the hydrochloride of the
amino aicohol formed. This was dissolved by the addition of water, and the ether layer
fﬁrther washed with dilute HCL until all of the amine was extractedo The aqueous ex-—
tract was poured into cold, dilute ammonium hydroxide and the crystalline precipitate
collécted9 washed and dried, There was obtained 2.43 gms. of amino alechol, m.ﬁ.
118-200 (77%). |

| A solution of the 2,43 gms, of amino alecohol in 20 ml; of 1 § ethanolic hydrogen

chloride was refluxed for 1-1/2 hrsog'diluted'with 100 ml, of dry ether and cooled at
~»205 for one hour., The crystalline hydrochloride was collécted-and recrystallized from
ethanol and ether, yielding 2.2, gms. of pure whité needles of 1,l~diphenyl-/~dimethyl-
aminobutene~1 hydrochloride. An activity measurement (by direct plates) gave values 6f

about 0.8 me/mM (see Note).
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(NOIE: Recenf experience suggests that direct p&ates'of amine hyﬁrochlorides such as

I and III give low values, probably because of volatlllty, This may be due to the libera—
tion of the free base by the action of the alumlnum plate upon the aCIdlC dep031t A
redetermination of the activity of the Benadryl hydrochloride by conversion to barium .
carbonate gave a value of 0,94 me/mM, This is in accord with the value of 1,0 mc/mM

at waich the synthe51s was almed )e

Summary og'frodgctso—

Gompound . Mt (gmsa) m . me/md ng.

Pyribenzamine *HCL . l.282 40 08 2,11
BenadryleHC1 : o 1.590 5045 o.éz} 349
A" aHEL o : 24240 780 0,80 624

* Pyribenzamine*Mel _ 04440 101 0.8 0.53
BensdryloMeI 0,480 1 0464 0.77
UheMeI 0.15 (ai;prox.) 0.38 0.8 o 0.30
BenadryleHC1 , 06551 - | 1.89 - 1422 2,30
) . . : 15 .74***‘

* By direct plates; probably low, See preceding pafagraph,
#% - 1;1-Diphenyl~4~dinethylaninobutene-1

%% Plus approxXe 4 me, of recovered (unused) benzoic acid-carboxyl—cl4 and
’ 1 mc. in tarry residues in acetone solution

The author acknowledges with gratitude the courtesy of Dfs. Melvin Calvin and
Bert M, Tolbert, and the kindness and cooperation of the pérsonnel of the organic
chemistry group at Donner Iaboratory, in making possible and assisting in the com-

pletion of the work described in this report.
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Summary

The preparations of labeled Benadryl, Pyribenzamine and 1,l-diphenyl-~/~

dimethylaminobutene-1l, as hydrochlorides and as methiodides, have been described.





