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INTRODlJCTIOl~ 

revic J t11e r:en ral req ii-,, 'ents v." icl-i 8. s2.t ' sPact--:iry reo. 0 ent 

;rms t ,neot . 

re1.r:8nt ny·t react w;-':;h as wide q v· ri0ty of' C'll'b--:>'1yl cor11)ounds 

as ros-;i_ble 9.nd tnqt it ,uct be stable before f',ild rifter reacti·m . 
I 

su_fficient molecular -v.-ei;ht t1qt ~'ie rr·oduct will be a solid • 

.:iin?..lly , as a riatter of' conve'1ience , t 1·1e solid ,,.,roduct s:1auld 

'10t Y1elt ':lbove 250° sinr,e 1:_ ; r;h te1p8rf't 11ros ro(]_nire additional 

apncratus a'1d Pre1uently lead to inaccuracies . h co~:on ~ea~ent 

Llth--:>u~l-i the mrjority on the com11on rea~ents for c~rbonyl 

cm,inounds 9.re "'lono"'mctionol , bi f'unctiori_c1-l rear;ent2 }1ave been 

s· 1~h as -o - hydrazi::10benzoic aci i 1 and h:rdt\razinoacetic acid 1 c'J.1ld 

be extracted wtt 1 d~lute base sol~tio~s an~ , in addition , tne 

~olecular wei-ht oP t~eir ~roducts could be readily obtained 

throuGh a neutral enuivalent o 

been used Jn t}1e y'esol-1tion O'~ on~ically act-tve alcohols 9.nd it 

wa~ 1oped to apply tre cm.e ~rincipla to the resolution of 
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ontically active cqrbonyl co~no£nds . 

In the p9.st it ha,; been C'OrJJ'.Ylon nr'.3.ctice to qt:;e'1"1pt resolu

tion o" outically act.i.vo c'lrbon-;/1 co1n-Jnnls tr-rou !1 the :J.Se of 

reap.mLs ,J' icr1 i,,,ore ~n r1Selves optically active . 

ca.mhor and J-r1et1-1ylcycloh exanone s 1ch r1ctno •s proved successf1 • .i.l . 

S<:par9.tio' c:enended uron couplirn; a d or 1 re'lr;ent i:·t1-i a d , l 

carbonyl cor1pound s.nd }ion'nr; that bhe di2.stereois O"".er::; inuld have 

physiral nroperties sufriciently dif"erent to ~ernit separation 

by "ract ional recrys talli z::1 t { on or extract ion . If t · 'C nart icu-

oPf che rea,..,.ent a' 1 (l react tl,e c'lrb:!nyl compound ~- · tL a ne',,r 

optically active rea~9nt . This hydroly1is resulted in ~he loss 

of both cor1nound and roa -ent 'lrid -iP,YJ.Ce Y1ot very satisfqctory . 

I tt:; t t 1 t r. 1"1" •1---,·1, . +- ,,, ..... 0 1 2 D ari 'l . ey1p O :10 ve llS nro, B 1 Jc.l c 1nr u,)n , v • ...... 

bera.n a i,eries of studi0s tJ develop bifunctiori2.l rea,.,.ents, ::me 

of ~tl1ich inv~lved the synthesis ~f the carboxymethoxi~e 1 op the 

carbonyl cor1pound . .3y for""ltnri; a :ml t w.i th such naturally occur

inr optically active bases as brucine, the resultin~ d,l or 11 

pairs ~ay be separated . I+> pnysical pronerties are not suffi-

ciently dif+>erent , all th~t is necessary is to acidif:, recover 

lh8 soli- acid by I'iltr~tiori, and react w~th a new op~ically 

active base . T 1is nrocess sno'1ld res'"'lt iri no si,,.nificant losses . 

The only Y1a5or disadva"1ta('e i_s tr1e los3 which occurs ·"' the tin 

step synthesis J 0 the ~arboxyrn_ethoxi1'11e o.(> the C'1Y•½on7'l corrin'Jund 

and Ln thP. ~jn•·l0,, ft"1c.1 hyclrolysis o 

T~1is MPthod stlr:1ulated t11c se'1rch -001, other rea(i'ents con-

taininr a free carboTy ri-roup nrl nos s es sin ri; t1,1e ::,ropertiGs desired 
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2:t .,,,o:. rer'1':t~ned +;o solect a satisfac-

sntisfactory moiety on J'ic-::, to a.t-ac:.1 these r,rouri::,. /,fter 

s:rn1e consi 1er·1ticm it became obvious t'l.8.t P Dhen:;l rinr• would 

be the y'lost rracticnl 'Y "ldation . '1.1he followi"l; ,Tere ay10n;:; the 

reasons fo!' t: ~s choice : .1.The phenyl 'ina is "lore readily sub

st t+;uted than Most aliphatic ~roiris ; ~ .}he distance between the 

car oxy r,roup and the other functional r::rouris , particu, rly in 

th"' 1)arB position, would tend to --,revP>1t cyclization; 3.J ince 

tho acidity of phenyl c.1rboxy gro 

that of aliphatic carboxy ?rotns , 

~3 is sli~htly ~reater than 

i, :0 • . • J... 
Si"!!8 PI t.! ~ il_!i ~ 8?1 OOX:\f 

the ~rue i "lL salts "r10uld for'Yl r10re readily . 41-l-l,inally the phenyl 

carboxy salts should be less soluble than aliphatic carboxy 

salts . 

It remained now to select~ sqtisf~ct0~~ ~roup to react 

ui th the carbon:rl compound . In the' se<:irc11., hy1 razine~, such as 

a p-substi tutPd nhen7,7l hydraz t:-10, uero considered ')Ut rejected 

because of instability . Hydrazides were rejected because of 

lower reactivity . Half acid hydrazides and se~ioxamides were 

considered but rejected . vactors be~an to noint to thP se~i 

carbazide as the sattsractory 7roup . It was rea tive, stable 

a1d usually rave ~ood crystals . The addition the ketone could 

be readil:r recovered by add in• phthalic anhydride to a solution 

of' ,, 1e compound and stea-:1 distillino- or by :lisnlacement of the 

c~rbonyl corop0und b: uyruvic acid o 

fin vi_r1-: decided on trrn des ired rean;ent t ere remained the 

problem of synthesizin"; it f'rom lo,J - cJst, ,,..eadily nvail9.ble 



materials . Considerinrr tint phenyl rinr with a carboxy ;:;;roup 

a ttaci--ied ·/'las roac ily ava ~ 11ble t 11e problem centered on a means 

of sub'1titutinr: a se•-:ii - cnrbazide P.;rc.mp on t·1c rinc; . Three possi 

ble methods of' synthesis seemed to be available . '2he transamina

tion of a semi - carb9zone by an aNine hr d bPen atte~pted but 

'1ad not been successful3 1ey1 8. ner;ative 0'r01.1T' suc11 e.s a carboxy 

was oresent on the rlnr . Greenou~h4 nttemntod to synthesize the 

semi - cArbazide by trea~inr a substituted ctrbonic ~c 1 Aster 

with h7:c:razine but uas unsuccessful . 'I'he remaininG po~sibility 

involved the reaction of' a YYJ.ono substituted urea with hydrazin~ . 

Tue study of t 1is process is +;he ba:'sis f'or this thesis . 



.~esol'-ltion op Carbonyl Compounds 

The history of the resolution of racenic ca·--.bonyl compounds 

is s~rpris~nsly brief since success has been achieved only dur 

in~ the past twenty- five years . Each net~od 0° re3olvin~ 

optically active carbonyl compounds , to date , has i.nvol ved th8 

use of an onticaliy active - reacent . ~he earliest successful 

resolut · :m o"' a racemic cPrbon:;rl cor1.pound was reported in 19305 

usin~ a:-( a::•.)Gnz~rla:"lir:o) naphthol . A ketone was fi.,.,,st success 

fully resolved by Cra·Jf'ord & Jtlson6 in 193~- usinr l-r•0 enthylser1i 

carbazide . In 19L~O 7, d- L:. - ( d- nhenyipropyl) serlicarbazide was 

used and in 1941 , l - 'TIPnthylhycrazide 8 was sy~thesized qnd found 

to be s~tisf~ctor~ . 7inally in 1950 , 5 - {l - phenylethyl) semi -

oxs.'Tiiazide 9 was 1 rned in resolvin~ 3 - mothvlcvclo½exanone . 
V V 

attempt in 19L~9lO to resolve optical1-y active aldehydes through 

the use of optically active bisulf'ites was not successful yet 

it wac felt to be ~romisin~ . It can be seen from these refer 

ences tnat the field o-P resolvin,--; opti08.lly active C8.2bonyl com

pounc sis open to i'Tiprovement . 

4- ( 1+- Carboxyphe~l) s emic8.rbazide 

The primary interest of t-:.,is thesis is in ,},e s:·nthesis o+> 

4- {4 carboxyshen~l)seMiccrbazide , a rea~ent ~or carbonyl com

pounds trrn t :ntroJuces a new principle -!..nto the resolution of 

optic1lly active carbonyl c,"'1pounds . 

priDcinle used snccessf'ul_y in t;hc resolution o,, opLically acti.ve 



0.lco'.101s - tl:i-tt on for' 0 inr0 •) so.lt i:it1 a n".tural,y 0cc 1 rinrr; 

opt i ca 11 y a c t '_ v e bas e s 1 ,. _ 1 '3. s b r u c in e • L 9. v ~ n de c id e d to J. s e 

C'.)"'lD )Und c0n3ic't · n(1' of s 1Jl1 011.yl ri.nfJ' substi tnted wi tl a carboxy 

n•r oun ~ ... no a seni - c3.rbazide gro ir , a literature scGrch ,Ja'> made 

to deter "line i :' such a compounc: '1.ad been c,ynt,'es j zed previously . 

l'he search revealed th:.J.t no compound containin~ a free ca.rboxy 

p;r,)up f1'1d a free semi - c&rbazL e r:roup 1-J.8c1 bee11. built but it re 

vealed th.,,.,ee ossible vr1et'1ods for its synthesis . 

The first possibln ~et 1Od was develoned i~ 1925 by ilson 

r:111.d C.,,..awfora11 in s7n- l"'"iz i_n,.... ), (3 - co.rbethoxyphenyl ) cer1i - c11r -

-+-

C H.s 
~ " , - \,; - N - N == <! 

I 
C 1,.13 

I 

7 

II ,f 1-1 
/'l-e -N-N 1-14. 

+ 
COL. £t. I 

v,'3.s successf'ul in the 8'1e o~ t-ie l"J.etP isYner but t11e para decom-

posod . rhe tran~'':"Ylin•t ' o 11 of 'c 1 1e ort'10 -r>.)rr,1 d i.d '10t ocr:ur . 

fi.tter 1Dts to hydrolyse p, ~ es cor to ":j- e tt +>ree c··rboxy , roup 1ere 

'J.n "J.ccessful due to deco"lnosit -i on of t1e nl9cule . 

a uret•'R.11 or a clo ely rel ~ec:1 co11poun • Ir l9L!O , l1- - c·1rl:,,.yl 

s0 11:"~ - c '1rbazides 12 .rnr 

'" ,,o ti ,? K.- N - c - N - C - o - C l+J 
+<:.../.I.OU 
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II~ Of/ 

In 19SJ Crcenou ;h~! ntternpted -the synthesis of' 11.- (4-c'.lrboxy

nhenyl) semi c arb 0 zicJe (II) by tr hydrazirw.tir:m of' n - carboxyp'.er -

I 
.1.+:'ter sev"ral at'cer1.pts under V'ri.ous con 'itio"ls 'l 11d C:J"lcentra -

•~ · )ns lw ,2.,; 'J.n'tble to reDo,..,t ~tny s·1ccess . 

The finr 1 ros~itili t-y i.n,f')lVAd the tra'1 Lydrazi"1'.J..t:.on of' a 

.. mbstituted Urea . 7arrrf i1.d .Pi 0 11. ~lJ+ ~n 19L~l synt:oesized 

.t''...rallelirn; t11is svnt10sis .J11illinr-•ton2 atte;rroted the . , 

hycirazination ::J" n - ur9ldob0i-1~_joic acid wit;'. s0 :e '.l.p"'rrent sur: -



"re ,.., <1 r 1 t ; o '1 o f r, a r a - ur e i d ob e • z o ~ c a c i c • ·ii r ' : ;h ' r '--' v: rn s s tu-

dies of Greenou~h~ and Jhillin~Lon2 a synthesis ~as dAvised 

based on the ~o~k of' 11~ncha~d and D~vis . 1 5, lb 

Ure& l~ i tra te 

.cvin· no availabl~ c;rectlons for the synthesis ~f the 

sta ,tin,: :r,mterial , urea nitrcte , it 1-10s easily prep·,red by add

inz cJncentrated nitric ccid to a water solution of urea o TIIB 

res .::1 tinr; i-:'1.i te crys+;r,ls ·.,ere dried in rrenar , t io 1 f'-Jr the syn-

.:i trouroa 

~la;:--:{ . Du:'.'in'" this nreoar ,t~,m it was essential to ,ceep the 

t0 1pers.t1.;re belO)-J 3° to prevPnt Vrn dec'JP11,0'dtlon of nitr 1urea 

in acid .101 'J.tion . The final step i nvol v0,d po,1rin -i; tho so lu-1.:, ion 

over 1 1~ . or Jee to rrecipit<1te the nitrourea . It 1.r1as found to 

be i. n0ortant to sur"o'c.lnd t, e beG 1{er cortainlnr· the ;_ce ui th ar 

ice - salt r1ixture to prevent excos s 1 ve 1.rmrr1 inr- o ... fter t:"e n ·oduc t 

wa1 filtered o"" , coolinr- t·rn r0 other liquor p::.0 oduced ::i. sizeable 
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a •iaunt of nrocuc t ( ?? • l ,.,. ) • f'' r in · t 1--ie f':l._r t run tlio --_other 

~,·10. ,,roduct 1.:n · 1i .~ -. · ci;_l t t) f'i 7 ter 'Fl< }i_1J '-o be nressed 

ac1.dity o" .1.itrourea 1 ·1dc it nccess'lr: to 'J.30 ,..,_ic'1:i:'o 1e spn.tul'ls 

-in.,teac3 of t'1e st'lndnrd V'ri0ty . 

rara - Ureidobenzoic ncid 

Para -1reidobenzoic acid ~qs nrep~red 'Jstn· 'l nroceedure 

found satisfactory by S iil Lirrton? . TJ,e substituu1 011. af 9Sj:1 

etlwnol for 1oor 8tl1.anol t_1 ic not seem to aff' ct the yield . 'The 
I 

use , r1O1rnver , o ~ tec:Fl ·_ca 1 ~rade n - a 1inobenza ic acid 1qy have 

affected the yield ano t'1e color nnd purity o~ t}v-. p-v,oduct . It 

i recom1ended that ~a~~Ma~ .~i~e Label or a rimtlar ~r ado of 

n - ami'1)b8!1ZOic acir, bo 11sed . 

~XD"'r ience s rioweo t·18.t the ser-qra ti on af t·1c, pro duet "r0r1 

a~~:- mreact0d n - a 1i.nobenzaic 'cirl c:) 11 1 be accomplis½ed by first 

ovaroratinr ~~e rcacti0n 1ixtu~e to dryne1s and ~~on triturutln~ 

eth2~ol to -v,c~ove the p - a11nobenzoic acid . 

p- Dre idobenzo ic 2 c id i · 1. 2 n,irt.::,/1OO soluble i 11. et'.-ianol at room 

te 1perat'Jre 1., 1ile n - .~rnin)benz::ii.c acic'l is 1::. o]YJ:...rt:0 /1OO soluble 

in alcohol at 10° . ,!1--it: n 'lis 1 roce, dure wa..:; follo'.Jed in t'1.e 

second run and thP resultin~ alcohol solution evaponated to dry

ness , tritur9t0d with w:,ter , :f'iltered ar.Ld dried , the Droduc~ ,Nas 

a soli~ 1k:ch qelted over a r~n~0 rro~ 1eo 0 to 190° . ~- ~~inoben

z~ic acid nelts at 1S7- e0 • 18 
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It w.q f'.)und to l;e Jif ·icu.lt t) c•et th:- ri - ureiaobenzJic 

recrystallizat · o~s tne sa1ple ~elted over '1.J 

r.s.n;C' • .Lt .i ht be better, in fact , +,o cJnsiJer it CJ, a decom 

position r',ther than 1oltin , ,.or softeniro- ~;i_1 s .'.Jcr:orrrianied by 

dar.rnnin~ and in 11ost CD.Jes t 110 ev1d l)roduct v,as a dark 1.__ro·,,,,n, 

shr.mken solid . 

11 • s 

c; ''"'ered by o. 7'., f'ror,1 'i v 0 .l1~e calc 1 il1.ted "'or C5."E,u3.,:2 - lG0 . 16 . 

l'hi•, error '7a~r h'J.ve bee,1 d·ie in r,af t to the fact tr.at t:.e burette 

0 sec foy, the ~1 trati on or t)-,e sa'Tinlo W'l~· not thP one used in 

sta~dardizin~ t ~ base o 

k - (4- Carboxyphenyl)se1icarbazide 

The synthesis of 11- - (4- cEJ rboxyphenyl) semic' rbazide ,,,_ra2 

atte~pterl ~01:owin~ a procedure A.lch Shillin~ton2 had used 

irlith succes . • rhe isolation of t.10 product seemed t'J be a r'Ju-

tine proposition following a very si~ple synthesis e It first 

be c a'7e anparent t 1st 4:;1-1e synthes · s ims viot "'oin irnll 1,1hcn the 

yroduct fa " led to nelt in tlle 215- 25° raY\r;e 1here ~h"3 products 

of 0reviou~ nuccessful rims had '7"lted . At ..,irst i-z, ~"as b 0 lieved 

U1e desired r'l'1 ~e . .~ ;1 ixed '1Cl tin~ noint 2 had been run r:m a 

rour-h -~0/S0 riixtu:r'e 1).., ·'.) - uro icoben 7.0 ic acid to L• - ( \ - c'3 rboxynhe nyl) 

ser1icnrbaz i Je . T:1i s r'1:xture had not rne 1 ted n t 275° e ,. rour;h 

7 ~/25 11- - Oi-- c rboxyohen:rl) ser1ic:J.r½azide/p- ureidobenzoir> acid nix -



-11-

ture .1eltsd f'lt 2;6-S7° . 11''1ese results tended to indicate that 

t'10 nres e;1.ce of as much 8..S 25r, o ~ t' ie p-ure idobe11zo ic acid w:mlc 

raise Vie mo 1 tin Do int into the ran re of' t.~e sa11rile isolated 

fron run I o ;1::ien recr:rs tal1. -i za tio11 fro 0. 2. dine Lbyl fo\ r'nar,1ide-

co1:1·Jared w:!.t 1 nrevious successful r 1.x1s to deter'1~ne s.ry pos::1ible 

s )11rce s 0f er-ror . 

:Ge fore the inve '1 ~ i ,..,.,, t ion had proceeded very far , 'J. second 

run :119. s rm rl c • Jhen t1e product or t~is second run ~elted at 

212 - 15° it ar0used none that the 8fnthesis had been successful . 

Recrystall'zation oft •is nroduct from a dimet~ylformqmide 

wuter p~ir resulted in a 1elting point as folloi s : Shrin'{'ng 

and darkenino~ at 263° '.lnd el tin,:,; at ?66- 67° o :.t ti.1is point , 

it ~as decided to investi~ate the uossibility t~~t the di~ethyl

f'ormamide r1i ~ht be respons·ble for tho raised r1eltinn· point . A 

nickel chloride-carbon, d~sulfide test for secon'ary anines 

was riin on trie d ir,methylfor'1my1ide to te·,t for decomposition and 

sl1 0 1.:ed on 1y traces or sPcondur~T anine to be --,resent . A sar1ple 

of the pro duet:; fro· 1 r,m II :JRE1 dissolved in 5~; sodium hydrox tde 

and reac id i fi ed ~-J~ t:i ~lac 1,., 1 ~-' ce L ic acid to Hhere a 

nreciriitate "orned, ',ms f'ilterod of+· anc1 set to dry . 'l'his solid 

berran shrinki11.r· at 2}~7° a1c1 wa-:i co"lpletel;c,7 nelted c..t 263° . 'This 

see~ed to lndicqte thqt t~e cli~ethylformamlde was not at fault 0 

.:-, cle'.ln- 1Jp of t 1'0 noth9r liquor frori r :m II save a tan solid 

wh '_cli. '101 tecl be tween 220° and 230° and r;a ve a neutral equi vo lerit 
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of 179 . 7 c~Mp3red wit1 a calculcted v~1 ue of lSO ol for p-ureido

ben-:,;oic ac-i l a'1d 195 . 2 "or 4(4-carboxypheYJ.yl)seMicarbazide . It 

was felt that t'--, is tan solid ·-J&s n - ureidobenzoic aci with some 

>muri ty o" hydrazine u i '1. drochloride ( M • .t' . - 198°) 1:), in,.,. re spon-

s ible for th0 lowered ·e 1 ti ni_:; point • 

.::.a vinr; been 1ma ½le to is ala te any s a tis f~c t'Jry nroduc t 

fro~ the first t;Jo runs even after careful recr •stallizat5on , 

"it ,ra" decL.•ed ;:;o cons'J.1-'- tne reforencelL~ :1~1ich .•Pd formed the 

basis for t:ie ori";ins;l syy-,thesis follo ·ed by :.>hillin,,.,·ton . It 

was ~iscov~rod t. rt both Shillin-ton ' s successf~l run ~nd the 

synbiies i . .3 ';Jrl '. cn 1,-1e nae ri'lr[~lleled the "lixtu.,.,e D'" d been refluxed 

f'or 11b ho'J.rs or lon-er . i' 1is waci in sharp co---itrast to the 21~ 

ho 1.1rs :, lc'1 the urn~cJ.ccess ... ul runs h8.d b~en refluxed . '"2his n i s -

take was probably due to r1isri:;adin,; the recorded data on the 

successful preparation . ~nvesti~stion is now underway to deter

mine the effect of refluxing the nixture for an additional 24 

hours . 

'l1he res 1,;lts o"' the recrystallization of' the product from 

run II have more meaninc) .:.n vie~ of tne effect of tinie on the 

co•'n.nletenes s of the reaction . I::; wqs founc7 tnr t a "ter tvrn 

recr:tstallizations t:ie nroc1uct :'ro 'l run II gave a neutral eq iva -

calculqted ~or n - 11reid0benzolc ccid ir 3 . 77 . The iPf'erence be 

t:Jecn the calculri tcd neutr', l equivalent o rn Ji - (h- carboxyphenyl ) 

ser.1icarba~ide ancl -o - ureidobenzoic a 0,id is 15 . J. "½s X IO O ~ o2 $ % 

rrh-; s would seem to inrHc., te t]y, t a f'ter 21~ 11ours of reflux-inn; 

r:i nproxirna tely ?5,, of' the p - urP-ido benzo ic acid had reacted to 
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form Ji-_ (!~ - co.rbox';nhenyl) se"'1ic~,rbazido . ·,Ji tl1 so s ,.,all a rercent

ase oP ~roduct P0r1ed, recrystalliz2ti0n would tend t0 result :n 

p 1J.rified p-ure idob-;;1zoic nc id s1 nc e it Ls t· 1e ];<Jro;er corrnonent 

of> the 'lixture o 

Canphor L~- (4-c['rboxyphenyl) seriic -1rbazone 

The atternpted s~mthesis ')f ca'71phor 4 - {L~- c8rboxynhenyl)semi

carbazone r~sulted in failure . It became ap~arent after three 

trials thrt the material used as reagent was p - ureidobenzoic acid 

ra thor than 4 - (4-carboxyphenyl) semic<:irbazide . '11he discovery of 

this led to renewed ef"orts to perfect the synthesis of the 
I 

rear;ent o 



Urea ~itrfite o -In JOC ~l o o~ oistilled ~ater , 200 S o o+> urea 

wore c3i.ssolved anc1 tho res...i.ltin~ solution i"1.s cooled in an ice 

salt bat:r.1 . To this sol1-.1 tion , 2?0 rnl . op concentrated nitric 

acid were adc~ed and the res tltina; 11ixture was nlaced in the 

refri~erator and coo l ed to 2-3° . the ,J'ite crystals ¾ere fil 

tered ') nf and set to dry . The a verr:..se yield o+> tuo r:.:ms was 

__ i trourea . - The procedn.re f'0l lowed :rns es sent iall·" that of 

Or~anic .)Ynthesesl7 w-i.th on0 chanre . "-'- 2 - 1 . 1-ie"' 1rnr vas sub2ti -
-"'- · / 

tuted .,_.,or ti-ie 2 - 1 . ,;:rlenmeyer fla1 1 • to +>o.cilitate adoit-i on of 

"rea nitrate . It .:s 'l.lso recorn. 1i::.mded that Vie 2 - 1 . ';eaker con-
ef 

tain i nr; the lciloc3ramA ice used in dilutinri; the sul furii: acid 

nixture be surrounded by nn ice - salt ~ixture to ~qinta1 n ~he lo:J 

tenuerature necessary to prevent the decompos ition o f the nitro 

ureo in an acid solut i on . Coolin°; the .1other l i riuor nroduced an 

additional 27 r . The averar;e y · eld of 2 recrystallizations W8.S 

11O . L er . , 65 . • 

para- Ur idobonzoic 1.cirl . - -:::'he procedure f·)l Lowed was essen 

ti2lly t>~,t o+> ..)hil~in,·ton2 • ro boo ml . of 95'. ethunol in a 

2 - 1 . teaker , 85 ~ e (O . 62 ~oles) of n - a~in0benzoic 4cid ( a~tman 

fuite ~aoel) an~ 75 ~ . (0 . 71 Moles) or nitrourea were "dded . 

':.."';.1 i.s ::'.'lixtuc"e was war"1od :m a Jtearn b''th +>or 6 ho',.'r!: . The mixture 

.;:- .i.11 nel t i.n ~ noints are uncorrec-ted arn taken in sealed ti1.bes . 
• I1}1e dir1e~h•~1rornw11i 0 '·!"" f'Jr,1l!~her: t'1r)U"h the c::mrtesv oP t"ie 
C'ru,s0lli di~is-iori :J.,_., t 0 nu rcmt c,r,..,..,rmy , ':rir· .~ohm a!1d -i:;,n.,s . 



wa,- then pl'lccd iYJ. an evaporat;_n...,. dish w·:tr ,ne li~er of' dis 

tilled ·,;,.ter ond ';his slurry evaporater• o.b10st to arynes., , tri

turrc ted ,Ji L1 100 ml . o" 9 >, e th,m Jl , -f'i_l tered a 1d set t'J 6ry . 

l't1e cr-:.J.d o yi A ld wa.1 91 . 9 ~. , 02;; . 

1-1.•tpr? recryst·1llizattons fro 1 di"'let'l~•l-f'orn2"niae! water 

?5G0 , followed ry dar 1 ·eTin 1,J-i +;h a chaYJ.r-:e to a .JO'li - 1.lnuid waxy 

~ub½lin be' an at 265° anG con-

t-irn.1.ed wit1 darkeninrr un~:il the :1ubsta,1ce beca11e 1~one1 - like at 

~71 J . Above t:1is teyVier ..... turo L1e ~1ubs ,ance darkened TJ-i tr10ut 

the . • ;;, • calcd . 

rea(jld: fied ·,rt t .,_ 1 'lcial acetic 8.cid to p.: 11.- 5 , "il ter-od off and 

dried , waJ 176 . 73 . 

'"'.:'hP Atte.mted -~~mtLesis ~f:. Jt- (l,.- '.:::8.rboxyn~JJ_se1n · c··rbazide . Th3 

nrctnr· ti.on followed :ms esentir,lly t·, t of Shi.ll.'..n"'tcm2 • In a 

:1 . r . b . rr . . 

(0 . 2 ·1oles) of n - 1 .. reinobenzoic acid ,wre acJccd 8.nd set to reflux 

all +:;rial r ms o or "::;'10 re mi'1der r r t 1e rrocec1ure , dct'liL, .r~ll 

b0 i ven 'mder indivit ual W'ldin...,.s . 

ivi o. bea rnr cooled in 'ln -; ce - salt b t 1:.. ay1d 162 Y"l . o"" a ·olution 

o" ~ mcer :rated hyJroc',10,.,ic acid/ rrtcr(l : l) .J~.ec r· '1nl 7 ~ £0'..J. 1 •d 
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-..ri L1 , I 

11.es~; s.n ,e·~red f0ll..)t,E J b~, " coa,;ulation 1 .. ich scened t'.) require 

all 

,y ad in·· J,,,,_ter t') t~c mocher li 1iuor , an adc'i -

tional O. ~l-4 c . vJOre f'0rcecJ out . I 

1 , -· 1 ,, n.r in ,._ -

sorr1e liqiid 0,m.:1 formed , i th bub bl in" . n1 he 3 . 71 , . • W'"=re .s.r•ain 

recrys tt1lllzed fron J. diy!et·,y1 f'or:as.mide - tw.ter ,,air . n1is yielded 

1 . 9!: c;rar;1s ,uich r•1elted as follovrn : Shrinking ot 267° , at 

26L - 9° bro.,_,m spots ap')O''red a'1c at 270 - 5° ancl above the sample 

bec~~e honey - like wtth some liq~iri spots and bubblin~ . Acdin~ 

,mter to this 1other liquor prouuced an ad(1 iti•Jnal l . OF, r; . Thts 

,Jlli te YJ.Pedle - like crystal l ci ,rnre is ol ', tPd . r7'1e se uere recr~, s tal -

l ·.zer1 fro"l concentr<i. tcd 1y0rocr' lori c acid p;i v lw~ "-i.ne ,::ii te crys ta 1-

tosts and ~elted sharply et 206 - 70 0 
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r . r~un r:;:- . - l''1e riroceclure ) ,, the aec0no r 'n i,:':l.s essenti·'l 17 
-- -- V 

tlnt of tl1·2 qr,,t r1n Hith ~ 1 c PolloHin~·· exceyti.ms . 1"1 Hun II , 

seven nore 1ill ili ters of concen tre tod hydrochloric 1-1.cid - water 

(1 :1) sol 1 tio"1 ,rnre a c ed lo'.rerin'; the p I to 2- 3 . 'l'ho sol i d re

sultinr; for•"1 tni"' acicJi::'ic',_ti'Jn , ias filtered or.r- aYJ.d dried '3iv -

in"; ?1 . 1!~ ,..,. o of rrocJuct . ~his 7elted as follows: Shrinking at 

to dryness anc1 tl-in res 1.1lting solid tritur'ttod 1 J1 t•1 100 r1l . of 

water and filtPred , ~iel~in~ 11 . 57 ,..,. _ of q tannish solid w1ich 

'1eltec1 as follo,;s: Shri.nkinr bera:;'."m at the bottoc1 of' the r-10ltinci; 

point tube at 220° a'l.d contlrmed t6 rlse throur;r-1 t:,' e sar1ple 

until at 227° the solid had beco~e honey- like . ~bove 230° the 

sample bubbled and be~an to rise up the tube . It ~ove an d . b . 

of 179 - 7 ; the th l:.i . calcd . f'or C3He03 1i,? ' 180 . 16 , -f"'or CGH903]',;3 , 

195. 1 • 

• \ small sa~ple o.p the 20 . 14 u . was recrystallized from a 

dimethylfor~anide - water pair . 1he c~eck the efPect of oven- dry

in~ , part was dried in an oven at Go 0 and pqrt war air dried . 

'11he oven cried sample 1"lelted as follo',.rs : Shri11.ld.nc at 257 - C. 0 

and becane hoDey- like at 260° and above . mhe air dried sa~ple 

~eltod as ~allows : ~hrinkin- and darkeni"1r be~an ~t 263° and 

:-1olted :Iith bul.Jblin ~t 265- 6° . Addi::w ,.rater to tcie r-iother 

lir,uor fro 1 this recrystalliz.o.tl on forced. out a snall amount of 

solid which ~elted as follows : 0 
_)nrinkin-i; at 241 , ~radually darx-

eninr and hone~r - lilce ,ri.t'-1 bub bl in·-- at 24_:i - 6° and b0cru11P. liquid 

at 255° . 



dimethylformqmide - water n'3.ir a~~ the res .ltin~ nroduct was sep

B.r'3.ted into an 'J.ir dried and <J.n oven dried si:i.r1ple a, before o 1'he 

oven drieC sa~ple Melted a3 follows : 3nri~ktn~ at 230° , became 

honey- 1 ike .ri tl-1 '::iubbl in,.... at 231-i-- 8° and revn.ained cmc 11.anr;ed t1hen 

hea ;:;ed to 2Lr4 °. r:::'he air dried sample Ple l ted as -rol lows: ShrL1 k 

inr" at 232° and between 2)~_0° and 2L~5° it r;radually darkened ~1ith 

the rJr~ot!on of some li~~ld and bubblin~ . 

'l'o cl1ec:c the effect of re distil 1- inr· the d ii1e thylfort11amide , 

a sm'1ple o,., the 20 . l!~ r.; . Prom the tee ond run ims T'ecrys tall i zed 

fro·ri a dimethyl for' a. 011i de - water pair , using redistil 1_ed dimethyl 

f'or~amide . The product ~'1elted as f'ollo1,2: .,roiF1 spots <1.t 245° , 

shr!nkin~ at 257° , more darkenin~ a~d shri~kin,.... occured as it 

becan1e deep '1rown at 261 ° , at ?62 - 3° bubblincr be0 an ~nct at 

26R - 9° , the sa,upl1:; W9.s entirely liq11id . 'T1his material was recrys

tallized a second time from a diqethylformamide - water pair . The 

resultlnci; product melted as pollo,Js : brown spots 8.t 253° , shrink

inr,; at 25b- 9° , and 260° bub bl in · ber~an and by 268° the sa"Ylple 

had all turned to liquid . r_:i;_1e lI . E . of this sw'1ple was 183 . b7 . 

A sw1ple 0 f the 20 o ll~ ~ . was dissolved in 5:; sodium hydroxide 

and reacidi f ied with ·lac ial a c8 tic aci<:1 to a pH of' 4-5, r;a ve a 

N. E . of 181 . 98 . ~he N. ~ . coled . for C3He03N2 , 180 . 16 , for 

C5H9o3.,3 , 193. 1 

The crude -yields fror1? runs ,,rere H3 o5 g . , L~6); and 20 . ll~ g . , 

50,; ; the Meltina noints were as Pollows: Shrinkinr at 24? 0 , melt -
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inr at 2l~6 - Sl 0 und shriri~cin'r at ?10° and FJ.eltirn-i; at 212 - 15° , 

'I'he H. t ceri.pt ed S;mthes is of Camphor 4- (4-Carboxyphenyl) semicarbazone . 

A. Run I . - In a 50 ml . erlen.meyer Pitcod vJ:t>1 a reflux con

denser , 0.5 ~ (o . 00256 moles) of k - (l~- carboxyphenyl)senicarbazide 

an~ 0 . 9 ~ . (0 o0059 noles ) of sodiwn acetate were dissolved in 

S ml . of di~ethylf'ormamide and; ml . oP Methyl alcohol arid set 

t0 ..,,e.-,lux for 6 hou~•J . Thls l'esulted in a yellou liauid to ,Jh1 ch 

5 ~ sodiun hydroxicle wa::1 added untll t·-1e solutiori became basic 

to litmus . An et~er Axtraction was attemnted at this point but 
I 

ether nroved to be roa,Jily soluble in the dimet'1yl Por11m:rnide -

meth>i.nol - water mixture . ,,_.__, t'1is noint , it wa2 dedJ('d to return 

the "'1ixture to neutrality acid boil off tl-ie other . After this 

was done , 25 ml . or distilled water were added to produce a 

cream col ored precipitate w'1icl-i wa:1 filtered oP+> and )laced in 

a stoppered erlenmeyer to rrevent possible subli~ation . The 

yield was 0 . 35 S •, 41, , of o. crcacr solid which nel ted a.:i fol lows : 

Craclual softenin~ above 169° wlt½ no sharp meltin~ point . The 

sol id ims only partly soluble in 5,~ sodium bic·,rbona te and 57; 

::10,0 i_um hydroxide , so the ,,,,1,:_xture HflS extrac tr-;d ui th et'--ler '.lnd 

reac-ldi'"'ied to congo red us · n--: ~1ac•a1 s_cet i c acid . 'I'he res 1Jlt 

in~ creav: <' olored nrecipi,tate ',Ja.s filtered off' '.lnd !Jet to c:Jry . 

"..':,7 i_s sol id "iel ted as fol lo.JS ; rrurncd bro,,m qnd r1el ted at 26[; - 9° 

wlth bubhlin- . After bein~ recrystallized fron a dimethylforma

mide - water pair it nelted as follows : Jome liquid at 269° , t~rn 

inf; to a dark liquid i;~ tri b 1,1bblin ~ at 272- 3 °. !\ yriixed '1e l tin,~ 
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point iras tn.:rnn ~:i tli .,,.,ecrystal 7 ized nara-ureidoberizoic ar;id . 

follo,rs: so:-10 dark 1 iquid 

f'orned at 27r;o and bubblinr.,. 1e,...,.an at 276° . 

tl1E~ t it ~m ', nroport ipn~1 te ly inc re ·i. c, ed 5 tines and a di .Pf'erent 

In this r'm n tan solid ;-Jas left 

after the r0fluxinr; und ·:as fi 1 tered off . '~'he "lother liquor 

was placed in an evapora tln~ di sh on a s tea·1 b•1 V1 ' ' 1d evaporated 

]ritil a t~P precipitate n~rmed . r .. 1is 1-Jas .fj_l te1.,ed off and set 

to dry . An excess or :,'lter was added to the ~11other liquor forc 

j_n,...,. out a wlite solid . :i:1.0 yields/were respectively 0 . 6 , 1 . 06 , 

and 4.3 c!; • 

,1. port i or1 o-'"· che O. 6 i; . sample was tri turn tea ,Ii. t 1 ether 

'n dater to ~ive an ~pnrox:~· tely neutrnl 1~lu~ion qnd an acid -

The prec:pitate war dried and a sa~~le ~as heated on a plati~u1 

cruci½le cover un+--1.1 all trar;ns of blacl, had rlisapneared . ,\. 

drop of w"l.ter on the cover r~ave a nH 10 v.-i_t1 p lydrion naner . 

r.2he soliri r1elted a::; follo·,:s : Heated to 3LJ+ 0 ·,-i t:10ut chan--;e . 

r, . Run III . - To check tre e f'fect of sod-iui'l'l acetate on the 

reaction , run III was made usirir the saMe a~ount of all co~ponents 

except renlacin~ tne solvent of 5 ml . of' methanol snd 5 nl . of 

di~ethylfor1anide witn 10 nl . of di~ethyl~or~a~lde alone . ·1ater 

Has adried to precipit:: ';e the 1 roduct :;·iich was f'iltered 'lnd set 

to dry . 
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bel1eved 

that exq~ination wtll show that rrq. 1 ous runs fq:led beca 1se 

~proper tiMe was allo~ed ror refluxin~ . 
I 

l1he atte•1pts to :::-,reps.re th~ C9.rrphor deriv·:i.tive w9re 

unsuccessful . 
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