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IliJTRO.DUCT IOH 

The thermal decor;q:,osition of acid azicLcs to :isocy.:mates and. nitrogen is 

'.k::.11own ecS the Curtius rearrangement. The ree,ction is a pre11arative met.hod for 

isocya:nates and for c01)rpo1md:s d.erivable frol"I isocy.zt:<1t1tes (La). 

The Curtiu.s rearrangement is o;uite similn.r to the Hoffn1a11 (L~l) and 

shift of an R grm:tp to the 11i trot;en atom, a11d the formation of isocya.nates: 

0 
R-C-N3 

0 
R-C-tlRX + 

0 
" R-c-mc 

W'Aen X is ~, h2,loit;0n at.om the reaction is ca1letl the Roffr.oo,n rei,rrEngement and 

whe:n X is an acid grolt:9 it; ls known as the Loss en rea:rrengeme:i:t'c. 

convenient :methods of re-

placing a carbo:xyl gro~.1;p C1Il , 17JXt the Loseen rearre,ngemont 

has little prcpe;rat:i.vE' v{:L,1<2 2:110. has 'been prim£1rily of theoretical i11terest. 

The fragment :i.ncloi;e1l :tu '.brackets is commonly :postulated as the inter-

mediate in the Cu:rtius, Eoffmen 

rqn,y be electronically re:presentec1 as :follows: 

o: - .,. -
C,: · rr· L--.>,. n· "!··c ··o·· • ·.J.:--· ' 7 •.b1•• h • 

+ R 
~(----'>> R·,fa:·-C :Q: 

I II 

e,nd. the driving force may be J)re,n.1mecl to arise from the tendency of the 

electro1tlcally def'foient nitrogen aton in I to }:ccqu.ire electrons from the 



(II) . 

In general two metho!'.1.s for the prerpa.r!:'.tic:n of 

e:,re..ilabl e ! 

0 
(b). •• R-C-Cl 

0 
- II 11-0-N

J 

+ 

+ (12) 

pre:ris..:red. from esters by reaction uith hydrazine. The aeid. eh.loria.0-soi1iw11 

p:racti.ua.l ono for highly :reactive ohloriclee or :for the pre:.pe;ration tJ'l.d. re-

It m.a;y be assumed that th~ sulf'onazid .. e loses :nitrogen :i.:n a manner 



electronically efieient nitrogen a tom. 'l"his fragment, ho mver, does not 

sta.1 ilize itself by a. rearranse. ent . Instead , it has been known t o react with 

uch inert .olvents as benzene and toluene fb~mine !-substitut ed sulfonalllides. 

In the case of toluene the ortho and para. substitution .. ro ucts -,ere o t ain

ed, the ortho deriva tive predominontly, but none of t he met a deriva tive could 

b isolated (10). Since the or t ho (lerivative is predo inant, one i s led to 

t he conclusion that the steric interoction of t he methyl roup in the t oluene 

and the ho ozygen atoms on tho sul u.r atom in the sulfona.zide residue ~ lays 

only a minor role in d.lrectinr~ t ho course of the r e"°ct ion . Furthermore, the 

appearance of the ort ho and para derivatives to t he exclusion of the meta 

deriv<>t ive indicates that a free radical t ype mechanism is involvedi although 

t his has not be,n investigated. The az i de r esidue of sulfonazides al so may 

act a s a de ydro enating 3gent on th reaction medium and generate f r om it, 

by dehydrogenation, charact eristic products which are f ormed by a union of 

the mol ecul r esidues formed. Fre<iuently t h are difficult t o i ol te and 

are uch compl ex compou..~ s th -t their met hod of fort'lation is obscure (2) (9) 

(11). 

I t is noteworthy ths t s· c dif ferences should exist betueen the oar

boxylic azides , d the sulfonazi de: the carboxylic azides lose nitrogen at 

cor.JI)arativel y 101 t emper atures, ;tl1ereas the evolution of nitro ·en f r oo 

sulfona zides occurs a t rel tively high t emperc turesi the carbo:xylic azides 

r earrange fornin. t e isocyanate, whereas the sulfonazides do not un'ereo 

rearrangement a t all . The comparat ively great thermal stabilit y of the sulf

onazide and its a -parent f ailure to un ergo rearran-?;ement may be expl ained by 

one or more of t he f ollowing reasons : (a.) the ·two oxygen a.tons connected to 

the sulfur atom in th sulfona ide resi ue s t erically hi nder the shift of the 

R group froo the sulfur to, to t he electronico11y defic i nt nitr ogen a tom; 



(1l) the srufur atom, being n..mch larger thw. the ce.rbon c,tom., places the R 

gr01.rp at so F;;rsat a distf".ince :from the electronically deficient nitrogen ts;tom 

that the reo.rrangeme~t is :prevented; {a) the electronegativity of the $\tlf'ur 

a.d~1aeent nitrogen atom or by tht!i sulfur f1,tom itself, and this ea.uses greater 

thermal stability of the sulfonazide E>.J1<1 prevents the :rearrangement oi the 

adde residue. ]JJ.ectronegativity, IS'.s "Q.sed here. refers to the power of' an 

atom in a molecu.le to attract elsotrolt..S to itself (JS). 

st:ru.ct1.U'e to the ea:rbo.1cy"lic azid.es a:m:l yet retain thE3 central sulfur r,tom. 

that of the carboxylic azides and that .of the s1.,1l.fon..~ddes. The :followinc~ 

onazides, e,.:m:l sulf'ina.zides will serve to d.emonstra.te the similDrities a.l!d 

clifiorences in structure that erist ~mong the three: 

:() 
11: a :]l' 

3 
III 

:o 

E 

B.:~:N3 ..,...< --> 

V 

) 

:0: 
R:O=N3 

+ 
IV 

,,_ 
:O: .. 

R:S=ll ;. J 
+ 
VI 

·.o .. + 
R ,l:,:\,'11'1' .L......>o. -~·.I.~, ,,.--------,. 

:o: .. _ 

..... 

.. -
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The similarity in electronic structure existing between III and V and between 

IV and VI is immediately evident, the only clifferenc being an unshared pair 

of electrons present on the ulfur a tom a.nd not present on the c bon ato . 

One would predict tho sulfonazide to be 4Uite stable because of the~ erous 

resonance forms th t contribute to i ts structure and also because of its 

similarity to the sul:fones , rhich are q_uite inert (1) . This is indeed the 

case. However, tho sulfina.zides are similar to the sulfoxi es in tructure, 

and therefore can be ex_r ccted to be very reactive. The unsharea_ pair of 

electrons (V, VI) would render the suJ.finazid.e highly susceptible to oxidation, 

whereas the true double bond character (V) would l ead. to ease of reduct ion, 

both reactions bein characteristic of sulfo:x:ide . T is muld indicate t hat 

auto oxi dation-reduction .rould be likely to occur . 

The sulfinic acids themselves a.re very unstable compounds . Rela tively 

feu refer ences are Ilade to iphatic sulfinic cids and some of the fairly 

si le members of the series are unkno\Jn, doubtless because of their instabil

ity. Since the aliphatic sulfinic acids decompo~e rapidly_ they usually st 

be isol t d as the zinc, 1) hun, or other saJ. ts . The omatic sulfinic aci ds, 

although a~parently ore staolc than the ali phatic, like1ise un er ~o de

composition on sta.n ing, The products of the decompositio o sulfinic acids 

are sulfonic acids 0nd thiolsulfonic esters . This ·eco ; osition is ~ t ually 

an auto oxidation-reduction. Sulfinic acids arc readily oxidized to ulfonic 

acids by air, hydrogen peroxide, nitric cid , and other oxidizine agents . In 

the preparation of suJ.finic acids by reduction of sulfonyl chlorides wi t h 

zinc dust merca.ptans a.re always obt ined in v ying amounts . In fact, if the 

solution is made sli • tl acic, the nercaptan is the principal product of the 

reduction (20). 



!f the sulf'iru:}zide does :resemble the carho:ic;rlio add.es in ability to :re-· 

arrange, the product of rearran..gerr.ent would 1,e a. thio:nyl a.mine, R-.lI=s=o: 

0 
R-tl-It 

j 
R-J:t:0:-:.0 + Il2 

0 
R-M-N 

3 
R-N=s--0 + }!2 

dioxide (29) • If~ hm1ever, the sulfi:nazide beh~ves as the s11lf omtzicle • the 

product of cleco:r,'l:'?Osition would be the sulfinatlide: 

0 .. 
.R-S-N 

II 3 0 

0 
II 

'.R-S-1:i 
3 

2 (H) 

2 (H) 

0 •• R-S-lffi 
0 2 

+ 

0 
ii 

+ R.-s-1m 
2 

N 2 

B2 

:BenzenesuJ.f inyl chloride iras treated. with hydro~:la;iine, but the product of' 

the re3ction WD,f! benzenesul.fonamide ::rnther than the byclronmic aeid derivative. 

5!he autho:rs assu.r.:1ea. that the h.ydroxamic acid deriva.tive had f orned a-nd he.d: 

,mo..ergone intramoleculer oxidation-rectuction. This tends to su;;)port the con.-

that the residtte from the a.zid.e trm:iJ.d be highly s.useeptiblo to oxidation. 

arrange to the thionyl e.mine: 

0 OlI- 0 -
.R- S-MOH --·-) R-S-NOB: 

li 
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!Freat:ment of' the ethyl est01"' of benzenesttlfinic acid with hydrazh1e h:,drs.te1 

houever, did not :-i:·esul t in. forP1e.tio:n. of the ex-pecte,1 1Jenzenemuf'inbyo.ra.zide. 

The only 2_"'.l?'Otlucts of the reactio'.a. isolnted. aiid id.entifie8. were dipher.1;11 di ... 

su..l..firle, nit1~-0g~n. ethanol e,nd water. The yield ot dipl1.e1-iyl disulfide wa.s 

01ily a'b0t1.t 101. of the theoretical yield and no eJ."I,llanation we.s atter~oted a.s 

to tl1e course of tb.e re,~tio:u. !l1e ethyl es.tor uaed in this_ ree.etion was 

p::rer,ar~d from s.odiUE benzenesulfinate o.nd ethyl chlorccarbonate (34). 



it 110111a. 

into:cest 

to 

yet, 

tho first 

fin.azitl.o; 

tio:n. of' 

nucleus. 



(a ). 

(b} . 

(c). 

0 (H) O 
" ' 0012> 

c6II5- S-Cl~ C6HS- -OH e, 

o mr 2 o 
C6HS- S-1,:r - lm2 _ ___;;_.,) C H - S- N 

H 6 5 3 

0 
C H - ~·Cl 
6 5 

9 
C H - S· OH 6 :5 

NaN 
3 ) 

'-fothod (a ) has been a tte ted by Curtius ui thout success. since treatment 

9 

of ethyl benzenesulfinate wit h hydrazine hydrate did not re ult in f'ornat ion 

of t he hydr a zi e (14) . 1et hod (b) has not yet been a ttempted but re uires 

the preparation of ben enesulf'inhydra zide , which snot been reported. as 

an intermedi ate in t he synthesis . Met hod (c) of-"'ers a short er. more direct 

r oute t o· the azide t han does either (a) or (b) d both int er ediates i n this 

synt . esis h ve been :prE'.3Pared and ch act erized. It w: therefore decid d to 

u se iet lod (c) i n t he attemp ted synthesis . 

A s tudy of the followine physical con t ants of benzoic acid. benzene-

sulfonic acid, benzenesulfi ic aci. and their der ivativesenabies a r o 

est imate t o be :ciade re ding the physical state of bcnzenesul inazi de : 



10 

Melti~ Points of Derivatives m:. 
J3enzoic a.cid n enzenesul~onic acid :Bonzenesulfinic acid 

0 (25} l.jJ/ (25) 
0 Acid 121 . 7 SJ- 84, (33) 

Chloride 0 ,...0 ( 2.5) 14 . .5° (,5) 38° . (2.3) - .:;; 
Azide 27° (32) li .._uid (_5) ? 

Uru:ortunatel y dat . a.re not ava ilable on the meltin<>' point of benzenesulfon-

az.i de . The sulf'inic acid and the sulfinyl c r loride both have hi gher melting 

points than do the corresponding sulfonic acid and the sulfonyl chloride, 

ancl this would indicate that tho melting point of the sulf i!k'tzido would 'be 

h i gh r than tlie sulfonazide. Since benzazide has a melting point 27 .:;° 

highor than benzoyl chloride, one 1ould expect the sulfinazi de to hc:ve a. 

melting point hieher tho.n the sulfinyl chloride . Althotl.{'.)l this analogy 

i by no means complete because of the J.imi ted. da.ta ave.ile.ble, one is led to 

sp ec a te that the benzenesulfinazide ou.ld be a. solid at room ton;por ature. 

Alt ough. no effort has been mado to etermine the effect of substituents 

on the Curtius rea.rrv,nge:ment, an inve tigation of t h is t;')'l)e has een con-

ducted on the Los en rearrangement . Since the t\lo rea:rra~emonts are quite 

similar, it may be ass· · ed t h~ t conclusions drawn fro1 a study of the Losse:n 

rea.rra.ngenent "111 also be valid for the Ctu-tius rearranzement. Renfrow and 

Hauser (37) in a atudy of t11e p ot a s sium s ts of a se:-ies of meta and p ara 

s bsti tuted dibenzhydro:ir.amic acids ha; e demonstrated that the rate-determining 

s tep in the Lassen rearrangement is dependent on the electron- releosi:ng or 

electro attracting power of t he R and R' group" . 

When R1 is electron-releasing the rearrangement proc eeds much , ore slo ,rly 

than when R1 is electron- attractil'lfg. Conversely, they were able to establish 
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more slouly than when R is eloctron-rcleasing. This means essenthtlly that 

firmly to the n.i trog,::m :sttom. 

pcn1er of the benzoyl, m.1lfonyl, a:n.d m1lf inyl ,g;roups by e:rcaminln1,5 the ioniza-

. ' D,CJ'1{l .• If the electrons are held quite fir:i::ily to the :E'rngl'llf.m.t of 2,n acid that 

l.rncomes the an.io:11, the h.ydrog;en is hold less f i:rmly flZKl is therefore in .a, 

more Ii:',:vorable position to beco:m.e a proton. The relative size ot t,he i.oniza-

tion con.stant of e.n acid. is thus indicative of th,'l rel13,tive eJ.ectron-attract-

ionization consta11.t indicates that the &.1l.io11 

tron-attracting or 

the ioniz2,tion con,:;itv.nts for the acids llstccl: 

is either 

b. 27 X 10-.5 
).0 X 10-2 

elec-

1le11zoic acid (2l.i;,) 
:Benze:nesulfinie ,?:ci<l (8) 
BenzEl?l.€/SU1fo11.ic :,c:ta (21.) stronger than hyclrochloric acid 
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Thi indicat s that t he electron-attracting power of the benzenesulfinyl 

group lies in a po ition int r diate between the benzoyl group and the 

benzenesulfonyl rou_ . It can therefore be expected tha t the benzenesulfin

azide will s o therma.1 instability at some temper a ture int rmediate b t,,een 

the decoi _o ition tenperaturcs of the benzazide nd the benzene uJ.fonazide . 

If this is indeed the case, it seems po sible tha t the course of the 

decomposit ion of benzen sulfinazide mi t be altered to resemble either the 

decomposition of th lJenzazide (readily measurable at 45° with rearr angement ) 

or that o the benzenesulfonazide (very slow a t 10.5° without r earrangement) . 

If the b nzene nucleus of t he benzenesulfinazide is substitute by sufficient

ly po~erful electro -repell ing groups the decomposition of t he sulfinazide 

mi t conceivably follo the course of t he benzenesulfonazide decom!)osi t ion. 

Ir the benzene nucl us is substituted by sufficiently r owerful electron

a.ttracti groups, the sulfinazide might possibly follO''I the course of the 

benzazide deco po ition. 
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All che foals usod in this experiment were reagent grade unless ot eriiise 

indicated. The petroleum ether (30- 60°) e loyed thro hout the experi ent 

had been dried and. stored The meltin.g point of all compo ds 

and derivatives were cletermined in a c er lock l oated by a. small fl e 

d e uncorrected . 

Pre"Oa.ration of benzenesulfinic a,cid 

l. ~ zinc du t red ction of benzene ulfonyl chloride 

1'he bon~enesulfinic acid 1ao first renared y re uction of bcnzenesul

fonyl chloride with zinc dust (44) . In a 2- 1 . , three-neck, round-bottom 

flas_ equip:pe with an electrically driven stirrer wa placed JO nl. . o 

water which wash ated to 7 ° y passing in dry steam. Th steam was sh t 

off d 4 C· of zinc dust (90 percent pure) wa added ith thorough stirring. 

Then 44 g . (0 . 25 mole) b nzenesulfonyl c ori e (t chnical rvde, .&est an 

Kodak Company) was added dr opwise over a perio of 10 minutes. The reaction 

mixture w~s stirred f or an ditional 10 minutes, t hen dry steam wa pas ed 

into the solution until t he te::;xperat ure had reache 90°. The ate~ dis

continue. and the reaction mi xt ure w ~ s tirred for anther 10 minutes . Ten 

12 g . (0 . 3 ~ole) of sodi hy roxide in 25 ml . of wat r added. Finely 

pow ereil sodi11.,n carbo· a te as rulded i n 5-g. ortions until the soluti n ra.s 

strongly basic to lit mus . The reaction nixture was filtere and t he iltrat 

was concentr ted t o on - fourth volume on a steDm bath. fuen 

the solution was cool ed in an ice bath crystals of sodium benzenesulfinate 

separated an e1ere coll ct d by · i].tretion. The filtrate was further con

centrated ~.nd cooled producing more s odi ben enesulfin t e . Th crystals 

were air dried overni~ht (no efflor escenc was noted as report d (44) wit h 
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sodium }l-tcYl'lie:ae~ulfinate). The yield of sod.fa:1111 'benzenesulfinate tIM 32. 9 

g .. ~ which eorrea.:ponfl.s to 65. 8 percent of the theorotica.l yield if the se-1 t 

The sod.i'tm salt (32.9 g.) was then dissolved in the minimum &'llou.nt of 

tate the acid. Tho acic1 was collectetl by filtr~tion, we.shod ttith c-0ld ,:.ratel", 

better yielcls tha:n theme reported by Smiles and :Bere 1:ere .o'bta1nod '!rthen a 

. . 0 0 
'l!Jater in n:n open be~ker. and th<:J solution ;Jas heated on the steru:n bo.th to o5 . 

Benzenesulfonyl chJ,ori11e (0.5 W:ilei 83g.) i11as then added over a.period. of 

t1.u-e '.:lf'J! allowed to cool 'before filtering. Concentrated hydrochloric _acid 

u~s &drJ.ea. ,mtil the sulfi:i.1ic acid 1;,recipi te;te :f.onned. The · sol11tion wtts then 

chilleJ_, and. the acid: was collect eel b;v £11 tration. vashed uith ice uater e,nd 
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a,cid. The ;rielrl of 

oil (17). 

Technical 

tageous. 

~-Ciel~ which is :practically insoluble in this $Olvent. IfoHEnrert 1:;hen the acid 

Sniles (23), the ;yielcls r1e:r03 1.rory poo::c (less tha11 ten ·percent) h1 the three 
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hours by a clrop:pin funnel . The r eaction proceea.ed vigorously. 1as 

en o thermic, and was con idered c ompl ete 1hcm the acid residue dis :'?PO ed 

d no .o~e odor of sulfur dio~ide or hyr.ro.:;en chloride t·m.s detected . The 

ti ,o re _uired. vos 1:mally 1 ~ to 18 hours . r-:xcess thionyl chl oride was re

moved. by the o.. ::;, irator at room te erature . The yield of onzenesulfinyl 

chloride ·.ras l r5,ctically (:.U,'J_.t i t a tive . The reactio mixture was not , a s 

Hild.itch v.n S iles d1rectecl ( 2J), heat eel oa the water be th . Invariably this 

ca.us· d L1 for.nr.t i on. o n.: insolu'Jle gu .. r esidue '.ihich ans ;ered the c_e-

scriptlon of th dLulfo:xide f m1 , by ild.i tch (22) . 

The benz • . si.1lfinic o.cid tt eel. i the I_)re~arc ti ,n of the benze:'.lesulf:i.nyl 

chloride nm.st be tborot .cr l ~r o.riecl fore t ree.t.ent with t.hioryl chloride. 

' en t _ e aci,l :h! dry, t e reactfrn mix.t"Li.rc becomes :rle ye.110•,1 i2 color; 

b t when tl e r-.cid. is n t .,,.y t he rc:;,ction · ture develo:9s S'.!l. e.m er .,_J.8 e 

nd eve 1 y be oar: r.rmm :i.n color. 

D.c t ions of benzeno ·ulfin,.yJ. chlor:i.de 'irli th sod!.1Y:'! ozid.e 

In E:zr,eriment _, o . . th~ be zene"tufiny1 chl rid.e wai_:1 trca.te with sodium 

az:i.cl.e i n etrolew:1 et.her at room temper .. t u1·e in the presence of a.ir . Iri 

E . erir::ci.t fo . 2 t he r .n~tion bet ,1ee benzene ul inyl chlori e ~.nd S;)d.i'UX'! 

e.zido w ... s :perfor . ed in petro1etun et .er at dry ice- acetone temp r :;.turo in t n 

inert r t O" here, an. before .-nrm.in.g up to r oo::m temperature the solvent \<las 

cha ~·c ' to -etone. The concentra tions of the rni. t .:mts :in 'fil.xnerim0 nts lfo . 

1 and o . 2 were the s ,1e , :x--y:er iment Ho . 3 ·1a.s pe1·i'or:med essentially a e 

'.FJ erimont Jo , 2 'l.'it only t\-10 excep tions: the concentra tions of react[lnts 

were only one-t ird of the c oncentra tion~ in Experiment No. 2; the solvent 

was pt ·lirole- , ether througbou.t. 
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Experiment !£ . .! 

The reactio:u was conducted at room ten~pere.tu.:re hi ,a 250-w.l. j three-neck, 

rount'!.-botto111 flask protected :from moisture by t:a .. calciu.ID chloride clrying tube. 

The solvent wcs 100 ,ml. of petroleum ether dried over sodhun. To t.he acid: 

chlorio.o, prepo.red fr01n 2? g. (0.19 mole) of benzenesuJ.finic e,,cid. •.1&s added. 

lL} g. (0.21 mole) -of activatod soo.ium ~zicle. The reaction mixture 1-;a~ 

stirred constantly by an electrical sti:rrei. 

lfo reo.c.tio:n w--.;1s evident for a1)ou.t five minutes. ~4.t thb. time evolution 

of ge.s uas noted a,,nd the ree,ction f"l;t,.sk becane q_uite wa:rm. The solution 

ttu-ned f'rol:l very pale yellow to a deeper yollOtlT color and aome crystalliza

tion of a yellow substa.:.i'lee ,.ras noted.. The reaction was rulot.:red to continue 

f'or 2lt, hom·s. About a milliliter of" the J.?etroleum e.ther solution wa.s i·dth

<'l.ra:w:n by a :pipette to mrJ:.:a a ea.rbylami:ne test for aniline ag describe& later 

(psge 22), 'but the results were negti.tive. The reaction. mixture was :filtered 

&i.t1. the fil t.:rate uas ov~iporated. by nn aspirator l0avin,::; ::,bout :3-4 ml. of a 

:pale yellow oil. The 1:>reoipH;ate was cl:tracted 1::ri th acetone and the acetone 

was ev~JoratGd by an aspirator leaving 6 g. of a crude, :pale yello.w produ.ct 

(u.1lq 135-139°). Recrystallization of' this solicl :from etho'1.ZJ.Ol go;ve a 11hite 

solid ,:11th m.p •• ll./-0-148°. Thia product was subsequently identified as 

beuzenesu.lfona:mide, as cl.escribe<1. on page22 . The pale yellow oil was not 

.identified at this time. but sulfur w::,s fou.nrJ. to be present a:f'ter sodium 

fusion. 

The inorgiEwtic salt residuo (1.'.3 g.) left from the acetone extraction of 

the solict was pi~es11rned. to be a inixture of aocl.hllil azide and sodium. _chlorio.e. 

A.dd.ition of five percent s;queoua silver nitrate yroduced a white p:reci:vitate 

ullich wm,s partfaJ,ly soluble in dilute nitric acia.. Silver Eizide is soluble 
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mads to isolate the silver salts at thhi timo bec~au.se of the highly explosive 

na.ture of sil var azide (J.6) • 

. ~ s..c1n .. (.58 g •. , O .41 mole) Has placed in 200 ml. of 

petroloum ether in a 500-rnl. ~ three-neck, round-bottom. :t'l~sk. The &Clid 

The reaction flask uas plMed i11 a dry i.ce-aeetone 'bath encl an electri-

activated sodium adde {2'? .7 g., O .41 mole) VG.a- add~c1 to the rea.ctio:;:i flask .. 

Aftel" 2l} hours the petroloo.1t1 ether was withdrawn by suction :filtri.1tion us~ 

a sinterecl-gla.ss fil tor etick1 · e,nd. 100 m:j.. of pre-cooled,, reagent aeeto:ne 11as 

acetone bath ancL stir:rhig rr.as aJ.scontinu.od. The t('..mperatute of the flask 

to the solution 1:rh.en evolution of gas was noteo.. The tenrperatu.:re at thia 

evolution of {l;as ceased. 

A. SOO-.td. gas burette vas mo·unted and the evolvoo. gas \:las passed through 

the f ollovring absor;,,tion train; 

J. A dry iee--aceto:ne t:i.'f.'.:P to catch oondensable va:-pora, 
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;. 

ible, \':J'Ci,$ 7.3'7 1 . ,9.t 

th rd; it c2w.ne J':l?Olll the 

of the theo:ret 

e:rnrc 

1\oetcm.e solv.:Uon t-nas &llouecl to 

15 ml. of a 



?8 percent sodium c1,lo,d.d® '.by woig!::i.t, ·d,::l.ich mon.ns 80 percent of the o:rig::i:!,W'J,. 

~eriment ii9.• .1 

sulffo.io acid t·ra.s co1tvert0d to the acid chloricle in 200 ml. ot pet:eolaut1 

three-neck, rom'l.ct-bottom flask fror.J ;,1hich air wa.s oxcJ:uded in the memier 

h.ouTs. 

the lost stugea of thlil reaction. The volume of nitrogen. };"1'ltrifiod. and eel
. () ' 

lectod o.s in EZ[10rh:1ent Ho, ::'.\ amounti$d to o.S liter at ;2 ·, which rep:t"esents 

and. fil tared.. The crystalline TI!9..es thu.s o'b'tai:ned v1as extracted with lO ml. 
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pale yellot: 0:rystds (1,i.1) •. ~ 112-117°). On reoryr,italli~ation from ethanol the 

mel tling ,o:i.nt tras 11'7-119 °. The f olltruinr; morning the mel tine; poin"l:, was· 

0 
92-112 an.cl. the pale yollou color he.t.l dise,ppea:r·ecl,., Rec.ryst.nllizatio:n £1~0:m 

loft fil. ymle y~11ot.r liquid. iclenti:fied ::.s tlliophenol (p~;o 22). The c:rystalp 

eva}'.)orated 11y the as:pi:!'t\tor leo.vin.g benzene.av.lf on.B.rd.cl.e (m, }J., 1l}5-llJ..?). 1:Tone 

of tho COll'f!)Ouml (m.y., 11 ?-119°) presui~ecl to be hen~e..71.0:sulfi:rremide wa.!!'! o'.h-

tained. 
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(o. mole) (0.036 mole) of thio:phcnol, 7 g. 

f 1:1:int oclo:r of 

titre;t 

mrn ethe:r. 

(36) 

i·,,c:,," + .... , ( 7• ··) 
' ,·,,-.' "-'I V ~-" 

0 
(m.g., 161 ) ('?). 
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A :fe · dr op s of the ixture suspec t d of containing aniline · ere ple.eed in a 

tes t tube containi:1g l} dr ops of chloro.forro aru:l 2 • of 2 .:J uot ::.ssium : -- -
clroxi a.e in - thanol. The i x tu.re ,ms \-,.,,,rmetl light ly a..71. t he odor noted . 

Aniline, if :presant, · o l d ref' ct wit h the c:C,..lo-·o.form a.:.1d po t assi' hydr ~ i e 

to f or phenyl i soc rnr i de , tl1ic 1 'as a nauseating odor eesily detectRbl0 i n 

extreBely Hinuta quantiti es(?) . 



DISCUSSIOl\T 

The red't1ctio:n. ot 'benzenesulfonyl chlo:rid.e ~d.nc dust (LY!·) t.licl not 

tion .of the 

yields mrxy be obti::.inei:l 1w the so,liu:m. s1,ufite :mcthocl of' Smilos 3 . .:n.d Bero (ll-0) ll 

arn.ottnt. 

chlo:dde 

of tho 
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study. 

Sin.ce thermal instaJri..lity 

.azid.e. 
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e:ny nource other tlin11. the i:,c'.i.d. azid.e. 

U benz~nesulfinazide fli0. exist &is a produc·t of th~ :re.action of benzene

sulfinyl chlorirle arn1 sodiUJil azi(te, th~ a1,.lf'inazide coUltl £olloi1 one, or both, 

o.f' t,::ro courses in its thermal <leeom,position (1w.ge 6). l:f its deconrposition 

:i:olJ.ows the cou:rze of the ca.rboxylic azio.es. thiO!l.J"l aniline wot!ld b~ produced. 

Eot-1ev0r, if it 1',ehc:ves ns the sulfol1'.'>,zid.es. benzenesUlfinainia.e Ol' ~- su11ati

tu.ted benzen.estr.lf'intai}lid.e (or the o:Kida:tion prod:uct, the sulfonamide) would 

result :from its deoa!t'rpos:i.tion, :l:heretol"\9 the :p::resenc~ of either thioeyl 

aniline ox a bonzen.esuli':lnamide (or bonger:1esttlfm.1amido) woUltl l(;:J:'l.d f,~i·ther 

supr,ort to the asswn-.,;?ticm the.t henzenesu.lfine,zide hB.d. been prese:nt. Onl;y 

nege.tbre evi<lence t.-1as obtained fo:r the preseri.ce of th:i..onyl 8.IJ.iline, but it 

WSill :possible on one OCCa.sion (pa{},;e 21 ), to identify a CC,:lpOttnd by :il.'J-,)l ting point 

as 1)enzenemi:l±'in@.mide, which l)reem.mc,bly 1mde:rwent air orldtl.tion overnight to 

bensenest/J.f.on.~ii;J.e. :?'.he identific£.,tion nf' this co!.lrpound (l<~rinitely establish

ed. that a su.l:f'ur-nitTo~en bond had been formed. in the course of t11e .1 .. eaction,. 

and h1dicated that tho eulf\u•-n.itroge:u bend h.2.d on,t]e been of an Etcid azide-

nature. 

If tlw reaction bet:mle11 t'.Hn1zenesrufinyl cfhloride and sot1.iw11 add.e pro

cee1.,~ with. the :f ol'!'.lk·ttion of 1,en1::enes'lu.finazide. the ino'.t'ganie sal 'b 1,roduct. 

of the roactlon would contain sodium chloTido (po.ge 9 ) • ·The s.xi-8J.yr:lis of the 

ino1~ga:r1.ic scl t residue shO;,Jetl that 80 }?ercent of tho original snd.im.1 adde 

(p8.ge 20) heii. been convertecl to sodium chloricl.et uhich is a sl14htly greater 

JH:1:t•eente,sf;e tha:n would. be precl.ict.ed from the volu..me of uitrogm1 evolved (73 

percent), if. both s.110,l;yaes are substm1.tially correct. The,t p~t of the 

sodium cb.lor:hle in e::roesB of that ®"-"POCted from the nitrogen evolved could 

rest.tl t from traces of inp1.iri ties 1~em...""-i:..'dT4~ fFot1 the prepn.ration of the benzene-



the 

0 
C6H5-S-113 

chlo:ritle 

Another 

luter (pe:r;e 28) 

22)--

of this 



chlorici.e 

Thiophc:,101 
Tien:zenei:rttlfi11ic acid 

(recla.:tmect by hy1trolysio) 

Unsaturr1t:loi:1 }J\cvbroleu;n 0ther 
( or r;,,:ui rie) 

hydr~1zoic acid. 

0.044 
0.0.36 
0. Ol/{~ 

0.122. 

0.0007 
o.oori 
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The small amount of' unsatu.ratiop.. f'ou:nd i:u the pet.roleltlil ether is not 

eonsidered. a major obstacle to the i:leffo.ition of tl'le petrola'U'.1 ether as the 

sowce of hytl:rogen in the :i:·eaction, booamse the molecrulfil.r residues fOrmed b;y 

clehydrogenation coulrl condense without the ±\>l'l!U:',tio:11 of IL:.© unsatu:rated. 

:product (:page, J). I.n &ddition low molecular l'Jeight unsaturated products 

could. hnve been lost beeause- of their hii1?;h volatility. Oonside:ring ~J.1 thist 

it is reLY.'.?:Xlro..'ble that ~ \msaturation uas c1eteetect at all. 



Jut er :reviewi'.'1{;,; the resuJ. ts of this exp(,ri:mental uc,:rk, the a:n.thor 

feels tl'l.8,t wlcU t:i.or,a1 Gtudy of this Jiro1i1E)m 1:1ould. }Jrove f:ru.itf'ttl. :J.1he 

£c1llmr:t:r.[; sn2tgestionr1 are 1,resentec1: (tr) th19,t tho reaction bet1:1eeit1 the 

ac hl cblo:r-id.e an.d [-!f.1><U:i:1.m azide 11e performecl in noriLJ,"~l heptane or normal 

a:ud eoncl.en£Jed protlu.ctr,i of the :reactio!.l. r:w,0r be more ei1.sily a.eteeted and 

idm1tifie,l; (b) that nitx·otren 1Je er:1]ploy•:1Jd as the inert ;;,;tmosphere 1:'l\ther 

(e) that n.11 

JO 

attrnTot he made to rn~epa.re the :31.t.lf imizicle ·by -the 

(f) and that the rec:1,ction be exte:t¥1ed to h1.chtclo 

t:ives, .s,:<.ch r::.s ]l-tcl't:1.fml,ffU.lfinyl chlo:rid.e, etc. 

snlfinic ;s,cii!. ileriva-
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suJ.fi:n.lc D.cid. h~s "been crnJ9ared. ui th tho ~inc cl:t,.st method DWl has 1)0en :ihetm 

to 1:ie :m.01ne satisfo,ctory from the stm1dJloint of time, :;7·ield, e,11.d. cost. 

the sodiu:m. rmlfi to mothocl have beev. de-

vised which e;ave even 1Jetter yielcl.s of a nm7e stt\lJle :r:iro(lu.ct. 

2. :By vo.r;r:tr"i Hrn ri:rocelh1.re uEH,cri'bed ·n;;r Hi1ditcb. 2cnd Smiles (23) it 

was possible to increase su1)sku1th,1ly the yirald. of l)imzenesulfinyl chloride 

from the ;21ction of thio11.;y·1 chloria.e on benze:il.esu.lfinic £:;Cid. 

ether were f ou.ncl to rec.ct 8,t dry ice-iICetone teraperatu:re f orrni:n.g a coi::1:::,01.UlCl. 

that is the:n:isJly 1:mst1;;,J)le t.1t temper.<:J.tu.:eeti above ... 25°. 

J<1,. .lU though the com:potmrl formed by the :i~eo,ction of 1Je11z.:?Jn.es,.;tlfi2zy1 

c:hlorid.e ena. sod.it111 .,.1z:i.d.e was z10t isol2.teil ax1d_ char&,cterized 0.s ,n1ch, it 

S. .li. scheme t:a.s su.g3ested to t,ceou.nt fo:c the :major :proch:wts of the 

dec01,1cosition, thioph,c:l:no1 t1,1nd. benzenesulfin.amicle { the ernJ.fizi.a:mi,J.e is roD,d.ily 

ox:i.(lized to su.lfononid.e). 

6. !i.110 compou.'l'i.d. }Jl'O!J1Jmed to be 1van:;;E.u .. esu,lf'inadde vas 0vEm more u.:n

st:ihl e therm.eJ.ly thr::,n llenzo,dd.e althou.{:;h the co1trse of its dJ,mom:ros:i.tion 

f' ol Jot,,ed that of bcnzene::rnJ.f onv,zide. 



2. J3e:rt11n.. ..~t. :?'\ .. ,·.· _"'tiP.J.·,t'.:t.. c· lJ.F .. -m-') , .. , ·1?/)1 qa ('1--(:J?e,)· · . , ~· eJ __ • -· -" . ::'':1,, ll,; ,, ,,,0. ,, 

'.Be:r. , 5.Z, 121, (1929). 

6. ;"'.''.t .. r"'l·.' nl Jl.,)::i.i·.r~C:3.~... 11); ;,l r-'.-<".fil'.11 5£:19,. •(102· J) 
-··"'-'- .. v, --"'' ,,., .. ,, •• ' ~. ' • ' 7., .• 

? , (U1e1•011is ~~nd · Jlr1t:eik:_i:n .. , n SerffiTI1ic2'"0 tta.rili tEt.t i ve Ot~c;z:.::1:lc· ,i\11:~lysi.sU i 

2ho:mas Y. Crowell Oo., ;iSfe1:1 York, 19L1.7. 

8. 

10. 

11. 

13. 

Cu.rtius arnl. 1' 
t ~- -· 

Soe., ( 1 olJn.) .-;, rv -· • 

.. .,, ]!, (1 o. 1·· 3' t:-.,.... ·t "':"-"/"· .. ! • 

r,,r::,Js:t. Chtrn1 •• £U, 428 {1901). 

lh. Ou.rtius an.d. Lore11zen. lbicL., .22, 161 (1898). 

32 

16. It;,hr,:\.:tm, Thorne, arn:1 Ro r)erfa,, 11 l!wrc;c;,11ic Chemi str;;,,ll, 5th ed. , G11rltey s.J.1..::l 
J ackso:n. ,. J-,1011.do :r:1 i 19L!B , p • 67lt. 

1'7. 

18. 

20. 

J?iese1• 1 ll}iJrpc:rimontn in Orgi.;.w1ic 
Co .• , 11~11 Yo-:rl\:t, 19Lr~l e 1).. 381 .. 

Chen. Soc., 

Gilrno.n~ 1101\2;g2ic Clh"•n.ist,i•;yH, 
Yo:rk,. 191+3v p. 91:3, 

ea .. , D. e. 

f1· QN)) 
\ ~1\,,,/ / • 

21. H;.:1cc:1ett i 11:?hysic/"J. 0:rt;a:u.ic OhGmietrya, McGraw'-IIi1l :Book Co., l:1c.. lfoN 
lo:t."'k, 19t}O, }J. 261. 

Hila:U teh, J. Ollom. Soc •. , 2,2_, 1091 (1911 J. 



2.5. Lanee~ n&i,ndbook of Chen1is.tryn, 6th ed., HG.ntl'book Publisliers, Inc., 
St:Xt'li:l.u.sky. Ohio,. 1946. 

28. 1221 (1925). 

31. ~D,egeli and Ste:f&.l1ovic!:~ Ibi<1 .• , ll, 609 (194BL via C. A. ll, 11.3. 

J2. Newr:J1Gm, Lee.,. and Garrett, .r. Am. Cho.m.. Soc.,~. 113 (194?') .. 

'.33. Otto, J. prakt. Ohen. • J.Q., 177 (1884) .. 

31.i,. O·l;to aw .. R8ssinc, n~l:'--, .J.!l,,. ~~J.:.·t, (188.5) • 

. 35. Fauling. flT"ne Tiut-u.re of the Chemic;ml :Boi.l.dn. Cornell. TJ'niv0:rsity Pre.as.,. 
N'ew Yo:rkt 191¥2, ·p. 58. 

36. Phill1:ps end Frruik, J. Org. Oh.em., .2.,. 9 (19144). 

37, Reufrow .and. IJ:,miser, J. Am. Oher.1. Soc., ~; 2)08 (1937). 

:33. S0h.i:'oeter1 Ber., ~. 2336 (1909). 

39. Schroeter.,. Ibid., !;g. 33.56 (1909). 

4o. Srliles and :Bere,, Organic. Syntheses, Coll. Vol. .!, ? (19J2). 

J) 

41. Smith, 110rga11.ie Rea.ct ions, H John. l'1iley and Son~. lno., New York. 191w5. 
Vol. III, Chs,;p. 9. 

1+2. !i;:;;>e&{h1el1 .::md. R0J.i, tt.Analytical Chemistry'\ 8th Eng. ed., John Wiloy 
tmd Sons. Inc., 1932, Vi::-,1. I, :P·· 368. 

43~ WheJ.en ax;..d Jones, J. An. Chem. Soe. i !£2.~ 135:3 (1925). 

4L~. Hhitmo:re <'.!X!.d Ii.amilton, Orga:"lic ii.;,y'll.theses, Coll. fol. I, 1n9 (1932). 



Cent1•::,J_ Hit:;;~1 School, !'!l'.1;,skog(1e, Old2lloma~ in lfa.;:r, 191:-3, 

In. ,Yuly., 19Li-3 he enter,xl ·the Uaitei:1 St.ates Ji-.X~f ·,_:he1~e 1H£i seirved. 3.3 

degree of Bechelor cf Scie:1ce d,.emisi,ry in 

ser,n:,it in. thnt pod tion for one yc:Jar. 

In l!"le1>r1:t?.ry, 19L:B he i'1l.f::!,rried. J,{r;,J;'f;ilerite !~o'hbs of EmwluJ_u, E:auaii, 



T'.m!:$IS TI!t!ti ~e P.e~J'itipn: of 1lenzenasulf1111'1 Clalorid-e -· l'dad. 
Sod1wn ,tiz!;d.e --

The eon.tent -and :form h~ve b-een. checked ~d. approved. b7 t.h.e 
a-u.thor and. thesis adviser.,. ,.in11i.ructions for fyping; and 
Arranging the Theaislt are ~:V1J.ila.ble in the. Gr~du-'1'.t& Seho(!ll 
oftiee.. Oh.P..ngee or co1":reetions in the thesis a.re not made 
b7 the Gr-adunte Sehool offiee or ))7 tJ.n.1 aom1tt•e• ~e 
copies .!>?'-e sent to the bindery Ju.st aw the7 are !lipproved 
by the att:thtJr an-d f~ulty ndvise:r. 




