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+&at-The reaction of 4,4’-di~~boxy~ylmethanimine with carbon disuifide in bromofonn was 
istudidd at temperatures of 4O*, SO”, and 60° in sealed t&w, Tbc products from this reaction are 4,4’- 
~~~~rno~ and 4,~~~o~~~y~~~~i~ thiocyaoate. The proposed 
mechanism postulatea primary attack on the carbon atom of carbon disul6de by the imiuc nitrogen 
leadiag to a nsommce stabilized intermediate followed by ring closure with formation of a 4-membered 

- =s 

-37 i+l&R --N--H, wiGi is unstable and decompowa to form thiokctonc and isotboicyanic acid. 
k 

Supporting evidence for the proposed me&&m was drawn from kinetic studies, NMR studies, the effect 
of coppa on the nxtion system and the reaction of the bewyl substituted imine N-bnyl4,4’- 
~~~~~~ (Scbonbeq’s Reagent) with carbon disut6de at 43*. The formation of 
buuyl isothiocyanate iu tbe system was in&xred tirn the presence of N~~~l~~~ The 
preaewe of bmzyl isotbkqmate in the subsritared imioe-CS, system auggeat6 that the initial decom- 
positloo product from the four membered ring intermediate io the imine-CS, system is HNCS, 

The work suggests &at dithkwrbamic acida in oxidizing metallic copper may not react tluougb a 
ditbi0carboxyI group in a classical scI1se but tbrougb a zwitterionic fckm of the molecule where the 
bydfogen is attached to the nitrogen &om. 

SEVERAL investigations,’ stemming from the reaction of N-benxy1_4,4’-dimethoxy- 
diph~y~~~~~e, (C~~~~~~C=NCH~C~~, with elemental sulfur* led to the 
isolation and identification of 4,4’-dimethoxydipheaylmethanimine.3 It was shown 
that this imine reacts with HxS and with CS, to form the blue 4,4’dimethoxy- 
thiobenzophenone’ and that the reaction gives welldefinti products in reproducible 
reaotions. We have experimentally established the fact that diph~y~e~~~~e also 
reads to produce the corresponding thioketone, presumably a characteristic reaction 
of diarylmethanimines. Apparently, the corresponding reaction does not occur 
however when there are two hydrogen atoms on the carbon alpha to the azomethiue 
Iinkage.s In such cases there are formed equ~i~~ mixtures of ~~yI~~o- 
dithiocarbamic acid and the corresponding di-sulthydryl imino compound. 

RESULTS AND DISCUSSiON 

‘Ibe reaction of 4,4’dimethoxydiphmylme$hanimme (I) with carbon disuMde gave 
4,4’diethoxythiobensophenone (II) and isothiocyanic acid (III) as products. The 
HNCS could not be isolated since it readily forms an isomeric mixture with IV and 

* This inv&aation was gupportal in part by a Grant from the Humble 08 and Refining Company; 
b ta&an in part frcm the Ph.D. Tbe& of K.N.Y., August (1965). 
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both may react with I to form 4,~d~e~oxydiph~y~~~~~ium thiocyanate 
(V). 
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The NMR spectrum of the imine, I, includes an absorption at 8.95 (NH), and that 
of the salt, V, includes one at 10.66 @I-IJ. In the NMR spectrum of a mixture of I 
and V, however, both of these absorptions are replaced by an intermediate one, 
signaling rapid proton exchange. During the course of reaction between I and CS, a 
downfield drift of the NH peak was observed. This change in chemical shift, which 
extendedto 112Hzafter 150minutesat60°andto60HzaRer530minat400,wasa 
measure of the progress of the reaction. The resistance of a saturated solution of V in 
CHBr, was measured. In a cell of cell constant O-014 cm-i the solution resistance was 
2.5 megohms, indicating an undissociated salt or intimate ion pair. 

We propose two intermediates in the mechanism of the reaction between CS, and 
imine to form thioketone. The i&t results from electrondonating attack on the 
carbon atom for CS, by the imme nitrogen, and the second from closure, to form a 
molecule containing a four membered ring. 

CH,O~r-; =s 

vf - ZH,UwcTN-H 

‘“,a-7 =s 

CH,CC_“” 

VII 

Both VI and VII should have been forming since the early stages of the reaction and 
might also undergo proton exchange in the system. ERorts to follow NH proton peak 
by NMR when the imine was reacted with CS, in the absence of lwomoform of other 
solvent resulted in only an apparent slight upfield drift of the order of 2-3 Hz. Failure 
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to observe a downfield drift was attributed to the fact that V is completely insoluble in 
carbon disuhide and in fact crystaIIi.zed from the solution being investigated. 

Attempts were made to achieve mass balances for I reacting with CS, in bromoform 
at 40’. 50”. and 60°C. Within experimental error, moles of II and V were the same at 
all times. Imine (I) was determined by absorbance at 887 CM-‘. 

At 40’ mass balance was apparently maintained throughout the reaction with the 
amount of imine reacted being accounted for within experimental error. The observa- 
tion indicated that, at 40°C and for the 520 min during which the reaction was 
followed, the concentration of intermediate did not reach a level detectable by this 
method even though the products II and V were formed in appreciable amounts. At 
50° and 60°, mass balance was not achieved in the early stages of the reaction, a fact 

6.0 r 

t- 1 I I i 1 I 1 I 

0 30 60 SO I20 150 160 210 240 

Time (minutes) 

FIG. 1. Rate of disappearance of I in CS, at 40* in presence of copper metal. 

which we attribute to a buildup of the intermediate(s), VI and/or VII. Apparently a 
rise in temperature enhanced the rate of the initial reaction between I and CS, to a 
greater extent than it increased the rate of decomposition of VII to form II. The data 
indicate that the rate of formation of the intermediate(s) was greater than its rate of 
decay, and that maximum intermediate concentration occurred after about 50 min at 
600. 

The influence of metallic copper and certain other metals on the reaction is an effect 
which we have only begun to study and which we encountered accidentally when 
infrared cells were used which utilized spacers composed of a copper contaimng ahoy. 
Fig. 1 shows the rate of disappearance of imine in CS, solution under this condition. 
Whea the imine was dissolved in CS, under identical conditious as above except that 
no metal was presen% the imine concentration decmese was approximated by the 
dashed line in Fig. 1. The rate of disappearance of imine in CS, solution at 4O* was 
rougbfy ten times greater, and the disappearance of thioketone was ahout 50 times 
greater. in the presence of copper metal (cell spacers) than in the absence of copper for a 
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210 min time of reaction. The reaction of I with CS, in the presence of copper metal 
produces II, V and a copper containing compound, VIII. 

The rate of disappearance of I was more rapid in the presence of copper and the 
rates of formation of II and V were also greater. It is possible that copper may have 
catalyzed one reaction (step) and functioned as a reactant in another. Evidence that 
VIII contains CU I was obtained from EPR, NMR and magnetic balance studies. The 
compound is not paramagnetic and is, in fact, slightly diamagnetic. The empirical 
formula of VIII was conhrmed by analysis. 

None of the known reactants or products react individually with copper metal 
under the conditions of these reactions, yet the reaction mixture readily attacks copper 
and without the liberation of hydrogen. We interpret the reaction of imine in CS, with 
copper metal to be indicative of the presence of the zwitterionic intermediate (VI) and 
thy it oxidizes copper metal to produce VIII or a tautomeric compound possessing a 

-7 
-N==C ‘moiety. A four-center mechanism by which VII is formed directly from 

H 
CS, and I thus appears to be unlikely. Compounds similar to VIII are known.“* It is 
also possible, that the copper surface functions catalytically to provide sites for the 
imine (I) and CS, to interact and form intermediate VI or sites which enhance the 
conversion of VI to intermediate VII. 

Reaction mechanism: Consistent with the experiments and our interpretation of the 
observed phenomena, the mechanism indicated in Scheme I is proposed to be the most 
suitable for the present reaction.* One effect of copper being in contact with the 

SCHEME1 

V 

I 
I 

- VII 2% 
rut 

11 + 111 

l Totc=3tforredii occwrcncc, the reachon between CS, and 4,4’dim&oxydiphenylmctha1dmiae 
~carriedoutinbothtbepreecncccmdabscnceofgrarmlarmdalliccoppainsolntioascontaining~u- 
diplwnyl-~picrylhydrcrylhydradnc. The pra3axx of tbc piaylhydrazhc cawed no appaat rcdwtb iu the rate 
of production or ti qua&y of thiokcbnc. No picryhydrazyl radical waft obwved. 
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system is the conversion of some of VI to VIII. The rate of conversion of VI to VII is 
fast and compares with the rate of formation of VIII. The formation of VII presum- 
ably is not reversible. Birum and Matthews9 report a cycloaddition of CS, and 
triphenyl-phosphoranylideneketene with loss of COS and formation of triphenyl- 
phosphoranylidenethioketene. The thioketene group of this product, R&C==C==S, 
is isoelectronic with the isothiocyanate function of H-N=C=S. 

Although reactions have been reported between dialkylthiuramdisulfides and cop- 
per bronzeLo to form copper dithiocarbamate complexes we have been unable to find 
any accounts of reactions between dithiocsrbamic acids and copper. However, we 
have experimentally established that diethyldithiocarbamic acid reacts with copper 
and without the evolution of hydrogen gas. Our work dealing with the imine-CS,- 
copper system suggest that for dithiocarbamic acids reacting with copper the oxida- 
tion product retains the acid hydrogen in the molecule. It further implies, not that a 
dithiocarbamic acid is necessarily present in the imine-CS, system, but that the 
species which oxidizes copper in an established dithiocarbamic acid system is perhaps 
similar to our proposed intermediate VI. 

We have no data that settle the manner by which the presence of copper enhances 
the formation of thioketone; however, it seems probable that VI becomes associated 
with the copper surface where it can react either with copper directly or, from its new 
orientation, be converted more readily to VII than it is in solution in the absence of the 
coppr surface. 

An altermate path for our system would involve rearrangement of VII with the 
formation of IX, Scheme 2. Compound IX would give II and thiocyanic acid (IV) as 
products. 

SCHJZME 2. 

S-C-S-H 

R,I II I 
VII - 

R’ 
C-N - II + IV - v 

IX 

Soheme I leads to the formation of isothiocyanic acid Since these compounds 
readiIy isomer& no choice can be made between the two schemes on the basis of 
product formation from unsubstituted imine. In an attempt to distinguish between the 
two possibilities, we studied the reaction between the benzyl substituted imine N- 
benzyl-4,4.dimethoxydiphenylmethanimine (CH,OC&)&=NCH,C&, X and 
carbon disulfide to determine if either benzyl isothiocyanate (C&I#ZHpCS, XI or 
benzyl thiocyanate (C&I&HSCN, XII) was a product. XI would result from Scheme 
1 and XII from Scheme 2. The products from this reaction at 43O were thioketone (II), 
and N,N’dibenzylthiourea (XIII) and some 4,4’dimethoxybenzophenone, presum- 
ably formed by the reaction of the thioketone with oxygen in the presence of light. The 
tranqlent existence of XI was inferred from the formation of XIII, which probably 
occurred by reaction of XI with benzylamine, XIV (equation 5). Benzylamine would 
have resulted form the reaction of XI with small amounts of moisture in the system. A 

x + cs, - II + 
;I 

CH,-NH-C-NH-CH, (4) 
XIII 
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further suggestion that XI was in the reaction mixture was the appearance of an 
absorption band at 2100 cm-’ during the course of the reaction. Though this absorp 
tion frequency is characteristic of isothiocyanates,“* I2 we were unable to isolate the 
responsible species. 

XI + CH,-NH, - Xlll 

XIV 

Since the likelihood of the isomerization of benzyl thiocyanate to the isothiocyanate 
is extremely slight under the condition of this experiment,13-1J the presence of XIV in 
the substituted imine+CS, system suggests that the initial decomposition product from 
VI is III and that the reaction follows the mechanism given in Scheme I. Although we 
may not exclude a sulfur protonated species as a form present in the mixture it is 
excluded as a necessary reactant. 

EXPERIMENTAL 

M.ps were taken on a Thomas-Hoover apparatus and are uncorrected. Visible spectra were obtained 
with a Beckman DB spe&ophotome&r. Standard KBr techniques waz used for solids, and matched 
NaCl cavity cells were used for solns. NMR spectra were obtained with a Vmian Associates A-6OA o 

HA- 100 spctror~~%~‘using TMS as the intcmai standard. Conductivity measurements were made with a 
model RC 16 conductivity bridge (Industrial Instruments, Inc.) using a 50 ml cell with Pt electrodes and 
a cell constant of 0.0140 cm-i. An ‘alga” micrometer syringe was used for quantiMve react&i mixture 
preparation. Temperature control during reactions was maintained with a Sargent water bath. Reaction 
temperatures within the NMR sample cavity were controlled by a constantstreamofN,passedovera 
nichrome Blament heater. Elemental analyses were performed by Galbraith Laboratories of Knoxville, 
Temlesoce. 

Mutericls. Compound X, 4,4’dimethoxy~enone, reagent grade CS, and Cu metal were corn- 
mercial materials used as received. CHBr, was obtained commerically and used after distillation. 4,4’- 
dimethoxythiobcnzophenone was prepared as described previously.’ 

4,4-Dbne~~ybr&animine (I). To 81 g (0.335 mole) 4.4’dimethoxyhenxophenone was 
added 100 g (084 mole) SOCI, The reaction mixture was retluxed 3 hr, letI overnight, and excess SOCI, 
was removed under vacuum. The residue or red, crystalline dichloride was dissolved in 500 ml CHCI, In a 
2- 1. Rask, which was Btted with a solid COene filled condenser, was condensed 500 ml of ammonia. 
Tothiswereadded 15~3gofNainsmallpiecesand0~2gferricnitrate.TheCHCl,solnofdichloridewas 
then added dropwise. The COracetone condenser was replaced by a water condenser and the mixture was 
stirred for 2 hr. The mixture was filtered and the NM was washed with CHCl, Dry HCl was passed through 
the liltrate to adjust the pH to 6. solid NH&l was faltered off and the filtrate was concentrated to 200 ml by 
passing a stream of dry Nxthrough it. The addition of 800 ml ice-cold ligroin caused crystallixatioo ofcrude 
I (77g. 0.32 mole, 95% yield), m.p. 130.5-131.5°. 

‘IbeIRspectrnmofthecrudcimineshowedabsorptionat1650cm-1duetothepresemxof4,4’- 
dimetboxykenxophaume. Puri8cation was accompli&d by m the imine from ether solut.km into 
cold (blow loo) dil HCl, adjusting the pH of the aqueous soln to 9 with concu~trated NaOH soln (temp 
kept below loo). and extracting the free imine tepidly into ether. The ether extract was dried OVQ 
Na&O, and most of the ether was evaporated with a stream of dry N, The remaining etber was decanted 
from the resulting crystals of I, m.p. 131-131.5”. About one-half of the yield of I was lost in the 
purification process. The IR spe&um of the product was identical to that of an authentic sample of IUs 
and showed no carhonyl absorption at 1650 cm-‘. 

4,4’-Dimethcq@henylmethadw&iwn thsocyOnare 0. V was ppucd by reacting I with CS, in 
CHBr, V is soluble in water and CHBr, but insoluble in CS, An aqueous soln of V gives a positive 
thiocyanate test with Fe(IlT). I can be recovered from an aqueous soln of V by the addition of base. 
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. . 
Rq~&~~~ofVbydiiitinCHBr,ondaddiugCS,ga~naadla,m.p. 152i163°(&c);IR 
2070 cm-‘(-SCN)“. Found: C, 63.84; H. 5.27; N. 9.21; S, 10.80. Cakd. far C,&&O#: C, 64.00; 
H. 5.38; N, 9.36; S, 10.70%). 

Reaction qfN-bmqvl-4~dbnetha+@eny lmuhanfmfme(X)wi!hCarbcmDisn@de.Asoluof0~1g 
(3 x 10Jntde)ofXin2mlCS*~hclrtsdinastoppaedtubert430fa28~.The~mixbun 
ch~fromcdorlgstoycllowtopr&ntoMue,mdaystsls~from~~Atthecnd 
oFthshutingpaiodtbere~~mixturcwasBltaedRaaw~ofCS*Fromtheftlhrtcgavc0~040goT 
blue crystals indcnti!kd by visible and IR spectra as a mixture of II,’ XV, vc_,, 1645 cm-’ and a trace of an 
oil with abeo+on at 2100 cm-‘. This yellow oil was removed under vacuum. Wlun the blue-white 
crystUs (0.083 9). wue washed with bauac, a blue tUtrate and white crystak wcxc obtakcd. Removal 
ofbcizcncfromthe~~g~blue~s(0.064g)whichwae~~~by~aasamixhvcofn. 
llndXV.ThtIR~oftbewhitecryatelswpsidcnticlllwiththetofXIII.”TbcyieldofXmwas 
0.012 g (4.7 x 101 mole, 31%). m.p. 147-148“ (iii” m-p. 148“); NMR &y 7.25 (-C&l, IOH). 
6.08 (-NH, W, broad), 4.60 (C&-C&-N-, 4H). Dilfcnmtial thermal analysis gave a single, 

procadwrfor~prcpcrrotbnrmdbdotbnqf~~roppcrbwing~.~vm.F~yprep~ 
0.1m~ofIinCS,with2.5gfrcahCuturningspa10mlofBdnswaemechanicallyahalrcnand 
reacted fat 35 min. and then partially immuucd ia an zxetone-solid CO, bath to retard the dccomposi- 
tionofVmtoII.The~mixturcw~~thcn~aaepPpa.Thefiltrate~dilutLd 
withcoldEtOH,7Omlpcr lOmlfiltrate,tndsubjectedtoaspirationuntilmostofthcCs,hsdbacn 
remotredCompoPndYIII~thcn~byfiltr~PndmaintPinedinthedarkinadry~Tht 
yidd of Vlll wan O-114 g (3.0 x IO-’ mole, 10-O%, bsxd on imiac). Found: (dupIkate analysat) C, 
50.63; H, 3.89; N, 3.60; S, 16.65; Cu, 16.53; C, 50.36; H, 3.96; N, 3.55; S, 16.87;Cu, 16.77. Cdcd. 
for C,&OJ’JS$u: C, 50.44; H, 3.97; N, 3.68; S, 16.83; Cu, 16.68%). 

prwsdum /or ana&&al mtanm?me& ofpwdnctsfivm reaction of CS, uith I in CHBr, The 
rc&ans d CS, and I wac cprisd out in scakd glass tubes of 6 ml volume. To O-282 g (0.0013 
mole) of I in a tgt tube wan a&kd 0.850 ml CHllr, ‘Iben 0.015 ml CS, wan added with main~ancc of 
the liquid interface. The tube was equil~bratal unda dry N, at 25“ and scakd with a torch. Twelve tubes 
~uJedfaeachrun.‘lhestaledtubeswatbouehttoreactioatcmpwitham~~ofin~~ 
dishubmcc,vieoroPslyshaLcnbyhmd~~tothtthamostetResctiontime~~tedFrom 
tbe~eofsh~ing.Onranoval~omthetbamostat,thereactioamixturesaraequarchedat-18osod 
sto&lina~at-7°untiIanaly7.cd. 

A@rtjbr V isolaradfiom reaction. lndiiaI tubes wue warmed to 25O and opcllcd. Tbc conta1t.3 
wae dissolved iu 20 ml CS, aad cooled to loo. Those samplea in which crystals formed waz llltexcd 
~weiehed~aucibks.The~wae~withCS,dried~~iehsdaV.Thewash 
frornvwclsddedtothtffl~~,~itwacldiluttdto25.omlwithcs,forfurthcrpnalyses. 

AltotysbforsdvblcV.AQnallamountofVdidnotprecipadeFnnnbdnandwas~~ss 
thiocymatc ion. A 1OKUl ml pro&o of the diluted liltrate was extractad with two 20 ml portione ofO.596 
KOH and tier treated by staadard mctbods fcx the spcurophotom&ic dctaminatian of ferric 
thiocyanatc at 461 mp. Be&s Law obalia~~ was dammstrated at these concentrations of CNS; 

All&S& for wmncted I IR spectra m taken of the diluted tUtrate at 887 cm-‘, a wavekngth at whii 
x&b& CS, nor CHBr, abeo~& Bee’s Law behavior was cstablii in the concu~tration range stud4 
ad a molar u&&ion mt of 3 11 (a&&aucc cm-’ mdc 1) was d&am&d. 

An&M/or Il. lEc diMal filtrate wan tinther dilutal with CS, to give a cancaltration of Il whae 
box’8 Law Mavim was demo&rated (O.CUXM to 0eO018 M) Vis~Mc spectra were taken at a wavda@ 
of 59B m. Mdpr cxt&tkn co&cknts for II in various solv~ts wclc cited in an r&ii public&on.’ 

prpadkn~~~NMRwwk.~~srmpktubtsfmniahodbyVllri~nwaCCS,w~ 
ddtdtoasdutionofIinbromoform~thcn;rctioatcmp.’Ihttubtwasauledwithacat,vie~y 
8hak4llaQdpI&xdiIlthetbamMaM NMRprobcRcldiontimC~CWlltCdfromthCtimCOftbC 
tubc’a pI vrmntiutotheprobc. 

R&am&m ~dkthykitthiucarbnmic ocld and ia reactbn uith cqqrer metal. Appnximatcly dium 
dicth$MMxdmn~tew;rs~in 1Omlwcltcraud 1OmlCCI,waaa&d.Tothewatcrphasewas 
w sufficimt 6M HCI to produce the white Boccuknt dkthyklitboi &d which was extracted 
intotbeccl,ph~withshL~.Tbe~pb~wasacpu~~thtorg~kphrstandCu~ga 
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As a check on the above the same visible results were obtained by adding die&y1 amine to a test h&c 
c&aining Cu tumiogs covered with chilled CS, Ncitbcr the amine nor the CS, produced the obsavcd 
reaction whco singly placed in contact with Cu. 
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